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Abstract

Microwave ablation (MWA) of lung lesions under guidance of computed tomography (CT) and SIRIO system
(Sistema robotizzato assistito per il puntamento intraoperatorio) is providing accurate and real time visualization
system. We present a case of 65 y male patient with multiple metastatic lung lesions from gluteal mesenchymal
tumor confirmed histopathologically, MWA of two lesions under general anesthesia using double lumen endotracheal
tube to exclude LT lung. Complete ablation of lesions was achieved, post-procedure pneumothorax was treated by
(Heimlich valve) insertion, 24 hours follow up revealed complete resolution of pneumothorax. In this case report we
found that the total procedure time and the total effective radiation dose of the whole procedure were reduced in
compared with a previous case of MW ablation of similar sizes lesions under CT guidance only.

Keywords: SIRIO; Real time visualization; Microwave ablation; Post-
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Introduction

MWaA is recently widely applied in treatment of lung cancer, lung
metastases, kidney cancers, hepaticlesions, etc [1]. Percutaneous thermal
ablation of lung lesions under guidance of CT or CT-fluoroscopy is a
well-established technique, however, some limitations for this system
have been reported, one of the most important limitations is the patient
exposure to high radiation dose, also the lack of real time visualization
is a big limitation for CT guidance [2]. On the other hand, one of the
main advantages of CT fluoroscopy is providing real-time visualization,
but with the same limitation of high radiation dose exposure for the
patients and operators [3]. Even though, the recently developed C-arm
cone beam CT (CBCT) has an advantage of increased spatial resolution
due to its real-time fluoroscopic &3D properties, however the main
limitation of high radiation dose is still present [3]. Nowadays, Research
steps are moving towards using tracking systems providing high spatial
navigation in real time visualization with low radiation dose exposure,
these systems depend on electromagnetic, optical or hybrid tracking
of instruments during surgeries or interventional procedures with real
time visualization of previously obtained CT or MRI images [4]. Several
electromagnetic [5,6], optical [7,8], or hybrid [9,10] navigation systems
have been examined and introduced in different medical fields.

There have been more and more reports on the application of MWA
for treating lung metastasis under CT guidance, but according to our
knowledge only few papers studied the guidance of CT with tracking
navigation system and only on percutaneous lung biopsy [11,12].
However, as far as we know, there are no previous case reports or
studies on the application of optical-based navigation system (SIRIO) in
combination with CT scanners to perform MWA of lung lesions which
provide the property of augmented reality.

Case Presentation

We present a case of 65 y male patient with history of RT gluteal
muscle metastatic mesenchymal tumor, the patient presented with
three LT sided pulmonary metastatic lesions:1%'one was centrally located
adherent to the LT ventricle, the other two lesions were peripherally
located measuring about (20 x 14 mm) and (34 x 24 mm) (Figure 1).

According to our multidisciplinary team approach we decided to treat
the first central lesion by radiotherapy to avoid any thermal injury to
the heart and the other two lesions by MWA guided by CT optical
navigation system (SIRIO), MWA has been proved to be effective in
different tumors ablation with more and more previous reports on
the application of MWA as a treatment for lung Metastases [13,14].
After obtaining patient informed consent and IRB (institutional review
board) and under general anesthesia, the patient was placed in the prone
position. Double lumen endotracheal tube was introduced to exclude the
LT lung and stop respiratory movements, as any fine movement during
needle introduction & ablation process may cause severe complications
to surrounding critical structures, adjustment of the SIRIO system
settings (MASMEC S.P.A,21-Modugno70026-BARI-ITALY) was done
in the following order: in the initial phase, placing of the patient tool at
first adjacent to lesion site, the optional use of postural markers allows
to detect rib cage movements due to breathing and posture changes.
Furthermore, to minimize the tracking error it is necessary to prevent
needle bending during needle recording and during surgery, after that
the operative phase started with performing MSCT of the chest, then
sending the CT image series from the CT to the SIRIO system which are
connected together with internal cable network, after that the recording
antenna (needle tool) is fixed to the ablation needle and coupled with
the sensors in the SIRIO system by infrared connection and the needle
tract appears as a dotted line on the CT images which are already
stored and displayed on the SIRIO system screen. so that when the
needle is moved and introduced, the direction of this tract line changes
according to the needle's direction, as demonstrated in the flowchart
for intervention steps using SIRIO system (Figure 2). As the lesion was
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Figure 1: (A and B) Non-contract MSCT chest showing two LT lung metastatic lesions, (C and D) showing the patient marker attached to patient skin and needle
marker fixed in the ablation antenna, (E and F) CT images showing the LT lung before inflation, (E) after inflation, (F) with the lesion displaced away from aorta.
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very close to the aorta, hyperinflation of LT lung was done through the
endotracheal tube to displace the lesion away from the aorta avoiding
any injury (Figure 1), structures displacement and thermal insulation
is very important during ablation to avoid any thermal damage to it.

After accurate adjustment of the entry point and needle approach
for each lesion under guidance of SIRIO, the microwave antenna was
carefully inserted into the lesions then control CT was done confirming
antenna tip position (Figure 3) the energy used during ablation
process was of 75 W for 7 min for large lesion and 75 W for 3min

for the smaller one. After finishing procedure, a control CT revealed
marked LT sided pneumothorax, treatment was done immediately
by insertion of (Heilmich valve) catheter and aspiration of the air.
Another CT was done showed significant reduction in pneumothorax
amount, another follow up contrast CT was performed 24 hours later
demonstrated complete resolution of pneumothorax with complete
devascularization of the ablated lesions (Figure 4) indicating complete
lesion ablation, with complete resolution of complication then the
patient had a regular clinical course and was discharged from the
hospital the day after treatment. The total procedure time was 18
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Figure 2: Flow chart illustrating steps of intervention with SIRIO.
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Figure 3: (A) Image of the SIRIO device showing light emitting source and the screen displaying CT images aquired from CT throught ethernet system, (B) accurate
adjustment of needle position in to the lesion with real time visualization of the needle track on the screen, (C) the virtual needle track formed by the navigation system
showing needle tip within the lesion, (D and E) control CT scans confirming the needle tip position inside the lesion in each time before ablation.

minutes divided as following: 8 minutes for system adjustment, image
transfer, needle adjustment & insertion in both lesions and 10 minutes
for the ablation process itself in both lesions. While the Effective dose
was determined by multiplying the dose length product for each CT
scan obtained in different phases during the procedure by a conversion
factor (0.015 mSv/mGy-cm) and calculating the sum for each phase of
the procedure: initial preoperative phase, operative monitoring phase,
and post-ablation survey., Effective dose for the whole procedure was
42 mSv. In comparing with our previous procedure of MW ablation
of similar sizes lesions under CT Guidance only, the total procedure
time was 27 minutes divided as the following: 17 minutes for planning,
targeting, needle's adjustment and insertion, which requires continuous
monitoring by CT scans and 10 minutes for the ablation process. While
the effective dose of the whole procedure 79 mSv obtained from all CT
scans performed in different procedure's phases.

Discussion and Conclusion

Using SIRIO real-time navigation system as a guidance system
significantly reduced the time needed for adjustment of the needle
inside the lesion, in terms of reduction of number of required CT scans
and therefore, the radiation exposure compared with standard CT
guidance [2]. The operator exposure to radiation is zero as it is a real
time visualization, so no need to CT fluoroscopy or CBCT for guidance
of needle insertion. The significant time reduction is due to ability of
introducing the needle for a long distance towards the lesion under
real time visualization without performing multiple CT scans to check
needle tip position every fine movement of needle [3,15].

Another advantage of SIRIO is the ability to track any fine
movements due to respiratory movements or CT bed horizontal

movement occur during the procedure so it will adequately compensate
these movements by the marker placed on the patient and the other
one fixed to the needle which detect any position change [2]. The main
goal of tracking systems is to avoid damage to vulnerable structures
adjacent to the target lesion [6]. SIRIO proved to be an effective, feasible
guidance tool as the patient marker and needle marker are made of light
plastic material which gives more flexibility in operator's manipulation
of the needle as it is not attached to heavy, bulky instruments [11].
One of the most common limitations of optic guidance systems is the
necessity of (free line of sight) between the source of light (emitting
diodes) and the receiving markers [6], but on the other hand, optic
guidance has a major advantage over electromagnetic guidance systems
which is very sensitive and easily affected by susceptibility effect of
metal objects [5], the future of the optical navigation system (SIRIO)
is to be used in other thermal ablation procedures in other anatomical
locations rather than lung lesions. In conclusion: In our case report
we found that the total procedure time and the total effective radiation
dose of the whole procedure were reduced significantly in compared
with a previous case of MW ablation of similar sizes pulmonary lesions
under CT guidance only (as detailed above). Also, under this guidance
tool we found it is much easier to navigate the needle precisely
towards the lesions reducing the risk of damage to surrounding vital
structures in compared with guidance under CT only, however this
case was complicated with pneumothorax which is the most common
complication following ablation of pulmonary lesions with incidence
of 11 to 52% and may be accompanied by subcutaneous emphysema
[16,17]. Risk factors for pneumothorax included male gender, no
history of pulmonary surgery, high number of tumors ablated, treated
tumors in the lower lungs, increased length of the aerated lung traversed
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Figure 4: CT scan showing (A) marked LT sided pneumothorax, (B and C) significant reduction of pneumothorax immediately after Heilmich valve insertion, (D and
E) 24 hours later: Contrast CT showing complete devascularization of the treated lesions with complete pneumothorax resolution.

by the electrode, pulmonary emphysema, advanced age, small tumors,
and traversal of the major fissure by the electrode [18]. As regarding
the ablation technique, itself, Microwave ablation allows delivery of
high energy in a short time which can achieve a larger ablation zone
in a short time, in compared with radiofrequency ablation [19,20].
Protective measurement of inflation of the lung in this case to displace

the lesion away from the aorta was successfully reported to displace
the surrounding vital structures (aorta) away from the ablation zone,
avoiding any risks of thermal damage.

One of the main limitations of this report was the short follow up
period due to limited duration of my fellowship, further prospective
studies with long-term follow-up are recommended.
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