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Simple Summary: Lung cancer is the leading cause of cancer mortality worldwide. In recent years,
numerous technologies have been used to perform image-guided percutaneous thermal ablation,
mainly including radiofrequency ablation, microwave ablation, and cryoablation. These image-
guided ablation techniques have emerged as a safe, cost-effective, minimally invasive treatment
alternative for patients who do not require surgery. Procedural planning, monitoring, and lesion
targeting are generally performed with the help of computed tomography; navigation systems are
emerging as valid tool to reduce procedural time and radiation dose administration. In the present
paper, we investigate the efficacy of an optical-based navigation system (SIRIO) to perform lung
thermal ablation. SIRIO proved to be a reliable and effective tool when performing CT-guided LTA,
displaying a significant decrease in the number of required CT scans, procedure time, and radiation
doses administered to patients.

Abstract: (1) Background: The aim of this retrospective study is to assess safety and efficacy of lung
radiofrequency (RFA) and microwave ablation (MWA) using an augmented reality computed tomog-
raphy (CT) navigation system (SIRIO) and to compare it with the standard CT-guided technique.
(2) Methods: Lung RFA and MWA were performed with an augmented reality CT 3D navigation
system (SIRIO) in 52 patients. A comparison was then performed with a group of 49 patients under-
going the standard CT-guided technique. All the procedures were divided into four groups based on
the lesion diameter (>2 cm or ≤2 cm), and procedural time, the number of CT scans, radiation dose
administered, and complications rate were evaluated. Technical success was defined as the presence
of a “ground glass” area completely covering the target lesion at the immediate post-procedural CT.
(3) Results: Full technical success was achieved in all treated malignant lesions for all the considered
groups. SIRIO-guided lung thermo-ablations (LTA) displayed a significant decrease in the number of
CT scans, procedure time, and patients’ radiation exposure (p < 0.001). This also resulted in a dosage
reduction in hypnotics and opioids administrated for sedation during LTA. No significant differences
were observed between the SIRIO and non-SIRIO group in terms of complications incidence. (4) Con-
clusions: SIRIO is an efficient tool to perform CT-guided LTA, displaying a significant reduction
(p < 0.001) in the number of required CT scans, procedure time, and patients’ radiation exposure.

Keywords: lung ablation; navigation system; microwave ablation; radiation dose; radiofrequency

1. Introduction

Over the past two decades there has been a progressive increase in the number of
patients treated with percutaneous lung thermal ablation (LTA) [1–6]. This technique is
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applied in early-stage non-small cell lung carcinoma (NSCLC) for non-surgical patients,
local recurrence, or oligometastatic patients [1–13]. The main technologies applied today
for LTA are radiofrequency ablation (RFA), microwave ablation (MWA), and cryoablation
(CA) [1,14–18].

Procedural planning, monitoring, and lesion targeting are generally performed with
the help of computed tomography (CT) [1,14,19]. More recently, the implementation of
C-arm cone-beam CT (CBCT) technology has introduced a new image guidance strategy,
even though concerns are still raised due to the significant radiations amount to patients
and operators [19].

Thus, navigation systems are emerging as a valid tool to reduce procedural times
and administration of radiation doses, allowing electromagnetic [20,21], optical [22–24], or
hybrid tracking [25–27] of the devices used during percutaneous interventions and their
real-time visualization in a model obtained from a previously acquired CT scan.

In the present paper, we investigate the efficacy of an optical-based navigation system
(SIRIO, MASMEC S.p.A., Modugno, BA, Italy, http://www.masmec.org/ accessed on
1 July 2021) to perform LTA.

To our knowledge, this is the first experience centered around CT-guided lung thermo-
ablation performed with an optical navigation system in a large cohort of patients.

2. Materials and Methods
2.1. Populations

This study was accepted by our local institutional review board; all the enrolled pa-
tients provided their written informed consent to undergo lung thermo-ablation. Data
regarding patients referred to our department for LTA due to primary or metastatic biopsy-
proven lung tumors between January 2010 and November 2020 were retrospectively re-
viewed. Inclusion criteria were as follows: solid lesions or ground-glass opacities biopsy-
proved to be malignant, unsuitable for surgical approach, and previously discussed in a
tumor board.

SIRIO-guided LTA were performed in 52 patients (29 male, 22 female, mean age
66.8 ± 12 years) and data collected from this group were compared with those obtained
from the cohort of 48 patients (27 male, 21 female, 69.1 ± 10 years), who received standard
CT-guided LTA. For each group we also considered two subgroups based on the size of the
lesions, according to a cut-off of 2 cm (>2 cm or ≤2 cm); extensive population characteristics
are displayed in Table 1.

Table 1. Displaying the mean maximum diameter, histology and localization of lesions for each
group (RUL = right upper lobe, ML = medial lobe, RLL = right lower lobe, LUL = left upper lobe,
LLL = left lower lobe).

Lobe N Cases %

CT < 2 cm (n = 32)

lesion diameter (cm) mean SD RUL 8 25
13.75 3.86047 ML 3 9.4

Histology N cases % RLL 6 18.8
metastases 27 84.4 LUL 5 15.6

adenocarcinoma 3 9.4 LINGULA 1 3.1
squamous carcinoma 2 6.3 LLL 9 28.1

CT > 2 cm (n = 29)

lesion diameter (cm) mean SD RUL 4 25
34.94 10.50377 ML 0 0

Histology N cases % RLL 4 25
metastases 8 50 LUL 2 12.5

adenocarcinoma 5 31.3 LINGULA 1 6.3
squamous carcinoma 3 18.8 LLL 5 31.3

http://www.masmec.org/
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Table 1. Cont.

Lobe N Cases %

SIRIO < 2 cm (n = 16)

lesion diameter mean SD RUL 8 27.6
13.38 4.32 ML 2 6.9

Histology N cases % RLL 9 31
metastases 16 55.2 LUL 8 27.6

adenocarcinoma 8 27.6 LINGULA 0 0
squamous carcinoma 5 17.2 LLL 2 6.9

SIRIO > 2 cm (n = 23)

lesion diameter (cm) mean SD RUL 7 30.4
35.74 13.47461 ML 3 13

Histology N cases % RLL 1 4.3
metastases 11 47.8 LUL 5 21.7

adenocarcinoma 6 26.1 LINGULA 1 4.3
squamous carcinoma 6 26.1 LLL 6 26.1

2.2. Procedure

The navigation system was installed in a CT suite (Somaton Sensation 64, Siemens,
Forchheim, Germany). Parameters used were 64 × 0.6-mm detector configuration, pitch
was 1.45, table speed was 2.54 mm/rotation, gantry rotation was 0.33-s, 100 kV and
100 mAs, with a CT scan restricted to the target area and a soft tissue kernel, predictable by
the mean of the previous radiological records available for each single patient.

Two radiologists with more than 10 years of experience in percutaneous ablation per-
formed LTA (R.F.G. and E.F.) under local anesthesia (10–20 mL mepivacaine hydrochloride
2% on the parietal surface of the pleura) and deep sedation. Dosage of hypnotics and
opioids for sedation during LTA were as follows: 0.5–1 mg/kg of propofol was used as a
loading dose, 1–3 mg/kg/h as maintenance; 0.02–0.1 mg/kg of midazolam was used as a
bolus dose, and 0.5–1 mcg/kg of fentanyl was also used as a bolus dose, with 25–30 min of
time interval. Conscious sedation was preferred to general anesthesia as the latter increases
the procedure’s total cost, duration, and pneumothorax risk when positive pressure is
used [28,29]. Moreover, conscious sedation performed after the probe positioning ensures
a better control over patient’s respiratory motion, as the radiologist can ask the patient not
to breathe while positioning the probe.

2.2.1. Standard CT-Guided Procedures

A row of needles were positioned on the patient’s chest to mark the sagittal plane and
the CT gantry laser line was used to achieve spatial orientation. When the path was chosen,
the physician advanced the needle in small steps, with a reimaging performed to measure
the new needle location after each advancement.

2.2.2. SIRIO-Guided Procedures

A photo sensor fixed on the CT room ceiling which perceives infrared light reflected
by passive spheres was placed on the needle handgrip and on the patient’s chest (Figure 1);
this ensured that needle progressions towards the lesion were recognized and displayed
on a 3D virtual model of the patient’s chest basing on DICOM CT images reconstructed by
the navigation system. This resulted in needle advancement without the need for a new
CT acquisition for each movement.

A last CT scan was acquired at the end of all the procedures to assess technical success
of the procedure and complications, e.g., pneumothorax (PNX), hemoptysis, pulmonary
hemorrhage, hemothorax, and pleural effusion. If the patient developed no symptoms after
the ablation, a chest CT scan was performed 12–24 h following the LTA and the patient
was dismissed.
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Figure 1. Percutaneous lung MW ablation of a breast cancer metastasis: needle and patient tools positioning (A); the
navigation system, creating a 3D virtual model of the patient’s chest, where needle progressions into the patient’s chest
are shown (B); post procedural MPR CT reconstructions displaying a small PNX adjacent to the ablation zone, without
evidence of residual disease (C,D).

2.3. Data Collection

The patients’ age and sex, and procedure-related data such as lesion size and location,
were collected (Table 1). The number of CT scans for each procedure was obtained by the
data saved on the local picture archiving and communication system (PACS). Radiation
exposure was estimated by the total dose-length product (TDLP) obtained by summing
the DLP of each CT scan performed during the entire PLB procedure; then, the following
formula was used to obtain the dose:

Effective Radiation Dose = TDLP * conversion factor k (chest; 0.017 mSv * mGy−1 *
cm−1) [22].

Procedural time was assessed by recording the difference between the clock reading
on the scout view and the time on the last acquired CT-scan performed after the removal of
the ablation instrument.

Technical success was defined as the presence of a “ground glass” area completely
covering the target lesion at the immediate post-procedural CT. This imaging appearance
was a rough approximation of margin of tissue necrosis, thus suggesting if the lesion was
treated with a safety margin of approximately 1 cm [1,30,31].

Dosage of hypnotics and opioids administer for sedation during each procedure were
recorded. Data regarding major complications (PNX or massive pleural effusion which
required drain tube positioning, hemorrhages and broncho-pleural fistulas) were collected.

2.4. Statistics

The differences in terms of the number of CT scans, patient radiation exposure, and
procedural time were analyzed between the procedures performed with SIRIO and without
SIRIO in both dimensional groups (<2 cm and > 2 cm). A comparison between SIRIO
and non-SIRIO groups was performed for each variable with the t-test (p < 0.01) and was
represented by boxplot graphs.

All the statistics were elaborated using IBM SPSS Statistics for Windows, version 26
(IBM Corp., Armonk, NY, USA).

3. Results

We analyzed a total of 101 procedures; 52 were performed with a CT navigation
system (SIRIO) and 49 with standard CT-guided technique.
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Full technical success was achieved in all treated malignant lesions for all the consid-
ered groups.

A statistically significant reduction (p < 0.05) in the number of CT-scans, procedural
time, and radiation dose was observed for LTAs performed under SIRIO guidance com-
pared to those performed under standard CT-guidance, in both ≤2 cm and >2cm groups.
Mean values of each variable and for each group are showed in Table 2. For lesions ≤2 cm
we report the mean procedural time of 57.2 ± 9 min, the mean number of CT scans of
9.4 ± 2.7, and mean radiation dose of 14.8 ± 4.5 mSv for the non-SIRIO group, while, for
SIRIO group, we report32.6 ± 11.8 min, 4.9 ± 2.3 CT scans, and 8 ± 4.5 mSv, respectively.

Table 2. Showing mean procedural time, number of CT scans and Radiation Dose for each group.

Lesions ≤ 2 cm

Variable Non-SIRIO SIRIO p value
Mean SD Mean SD

Time (min) 57.25 9 32.65 11.8 <0.005
No. scans 9.47 2.78 4.93 2.37 <0.005

Dose (mSv) 14.87 4.50 8 4.59 <0.005

Lesions > 2 cm

Variable Non-SIRIO SIRIO p value
Mean SD Mean SD

Time (min) 47.375 8.421203398 27.2608696 13.45773651 <0.005
No. scans 8.50 2.25 4.74 2.03 <0.005

Dose (mSv) 13.36 4.38 7 4.02 <0.005

On the other hand, for lesions >2 cm we report the mean procedural time of 47.3 ± 8 min,
the mean number of CT scans of 8.5 ± 2.2, and a mean radiation dose of 13.3 ± 4.3 mSv for
the non-SIRIO group, while, for the SIRIO group, we report 27.2 ± 13.8 min, 4.7 ± 2 CT scans,
and 7 ± 4 mSv, respectively. Boxplots of the three variables for each group are shown in
Figure 2.
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dose (E,F) for each group.
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The decrease in procedural time in the SIRIO group determined a reduction in the
required dose of hypnotics and opioids of about one-third of that used for the conventional
CT-guided technique.

Complication types and the relatives’ rate are shown in Table 3. We report no com-
plications in the non-Sirio group in 43 cases, 12 PNX cases, 4 cases of pleural effusions,
and 1 case of hemopericarium and broncho-pleural fistula. In the SIRIO group, we report
30 cases without complications, 6 cases of PNX, and 1 case of pleural effusion, massive
subcutaneous emphysema, and broncho-pleural fistula (Figure 3).

Table 3. Complication types and relative rates.

Complication N Cases %

CT < 2 cm (n = 32)

None 22 68.8
PNX 5 15.6

Pleural effusion 3 9.4
Hemopericardium 1 3.1

Broncho-pleural fistula 1 3.1

CT > 2 cm (n = 29)

None 21 72.4
PNX 7 24.4

Pleural effusion 1 3.2
Hemopericardium 0 0

Broncho-pleural fistula 0 0

SIRIO < 2 cm (n = 16)

None 14 87.5
PNX 2 12.5

Pleural effusion 0 0
Hemopericardium 0 0

Broncho-pleural fistula 0 0

SIRIO > 2 cm (n = 23)

None 16 69.9
PNX 4 17.2

Pleural effusion 1 4.3
Massive subcutaneous emphysema 1 4.3

Broncho-pleural fistula 1 4.3
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Figure 3. Pulmonary adenocarcinoma treated with MWA (A); after 4 months the patient developed a broncho-pleural
fistula (B); MinPR reconstruction displaying the fistula (C).
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4. Discussion

CT is the most frequent technique employed to guide LTA which is still raising
concerns about the administration of a radiation dose to patients and the lack of real-time
control during the positioning of ablation probes. Fluoroscopic guidance could represent a
solution to track the instrumentation movements in the patient; however, it would not solve
the issue of patient irradiation and would add radiation exposure also for the operating
personnel [1,2,9].

In recent years, several guidance systems based on augmented reality navigation
have been introduced in different surgical settings [20–27], including SIRIO, which has
already been validated as an effective tool for the guidance of biopsy procedures on lung
lesions [22,24]. To our knowledge, this is the first study in which SIRIO is evaluated as a
tool to assist percutaneous LTA in comparison to standard CT-guidance which represents
the most used technique.

Our results show a significant reduction in the number of CT scans, procedural time,
and radiation dose in procedures performed under SIRIO guidance, permitting to reduce
the number of intra-procedural CT acquisitions to assess the instrument’s position, thus
reducing overall procedural times and radiation doses for the patient.

Moreover, our data display that the reduction in all variables for SIRIO-guided proce-
dures is greater for lesions ≤2 cm, as showed by boxplot graphs and p values calculated
applying statistical tests (t-test). This suggests the efficacy of SIRIO guide in reaching
smaller lesions; standard CT-guidance, on the contrary, is less efficient for small lesions for
which a high number of intra-procedural CT scans are required. Complications incidence
did not significantly differ for lesions >2 cm (p > 0.05), even though SIRIO guides ensured
87.5% of LTAs without complications for lesions ≤2 cm (vs. 68.8%), demonstrating that a
real-time control during ablative procedures guarantee a lower complications incidence.

Furthermore, the considerable reduction in time resulted in a reduction in the mainte-
nance dose of hypnotics and opioids administrated by about one-third of that used for the
conventional CT-guided technique. This allows for improvements in interventional room
occupancy and medical and paramedical staff employment, resulting in significant cost
savings for the hospital.

This study has some limitations: SIRIO-guided procedures were retrospectively evalu-
ated as the standard CT-guided procedure were performed before the availability of SIRIO
at our department. Moreover, procedural time for LTA includes the ablation time after
the instrument positioning within the lesions, which may differ between RFA and MWA.
However, the numbers of procedures performed using the different techniques are similar
between the SIRIO and non-SIRIO groups in both dimensional classes. Other limitations
include the absence of multi-center involvement and randomization. Other than for lungs,
SIRIO use may be considered to guide procedures on other parenchymatous organs and to
reach deep anatomical compartments.

5. Conclusions

SIRIO proved to be a reliable and effective tool when performing CT-guided LTA,
displaying a significant (p < 0.001) decrease in number of required CT scans, procedure
time, and radiation dose administered to patients. Our future perspective is to demonstrate
that navigation tools also improve clinical outcomes in terms of local tumor control.
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