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Background: Augmented reality navigation system for percutaneous computed tomography (CT)-guided
pulmonary biopsies has recently been introduced. There are no studies in literature about its use for ground
glass lesions biopsies. The aim of this study is to evaluate the effectiveness of an augmented reality infrared
navigation system performance on CT-guided percutaneous lung ground glass opacity (GGO) biopsy
compared to a standard CT-guided technique.

Methods: A total of 80 patients with lung GGO who underwent to a percutaneous CT-guided lung biopsy
with an augmented reality infrared navigation system were retrospectively enrolled in the study. Comparison
was performed with a group of 80 patients who underwent to lung biopsy with the standard CT-guided
technique. Evaluation of maximum lesion diameter (MLD), distance between lesion and pleural surface
(DPS), distance travelled by the needle (DTP), procedural time, validity of histological sample, procedural
complications and the radiation dose to the patient’s chest were recorded for each patient of both groups. In
addition, each group was divided into two subgroups based on lesion size, according to a cut-off of 1.5 cm
(<1.5 cm; >1.5 cm).

Results: Augmented reality navigation system showed a significant reduction in procedural time, radiation
dose administrated to patients and complications rate compared to a standard CT-guided technique.
Technical success was achieved in the 100% of cases in both groups, but the diagnostical success was higher
in the group where patients underwent to lung biopsies with the use of navigation system. We also found
that using an augmented reality navigation system increases the diagnostical success rate for lesion <1.5 cm.
MLD, DPS and DTP did not differ significantly between the two groups of patients.

Conclusions: The use of an augmented reality navigation system for percutaneous CT-guided pulmonary
GGO biopsies has demonstrated a lower incidence of post-procedural complications, a significantly

reduction of the radiation dose administered to patients and a higher diagnostical success rate.
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Introduction

Pulmonary ground glass opacity (GGO) is a non-specific
sign, defined as an area of increased attenuation in the
lung on computed tomography (CT) that does not obscure
underlying bronchial structures or pulmonary vessels. It
includes both benign and malignant lesions. Recently,
the incidence of GGO lesions has increased because of
the widespread use of low-dose CT screening for lung
cancer detection. There is no conclusive classification of
lung GGO, but according to some authors, it could be
distinguished in two types, pure and mixed; while others
classify it in pure, heterogeneous, and part-solid (1). Table 1
shows the guidelines for management of incidentally
detected lung GGO in adults according to Fleischner
Society, 2017. Less than 1% of all patients has a malignant
transformation of a pure GGO <5 mm in size and this
is a strong evidence for a conservative treatment to the
most of these typically non-invasive lesions (2). However,
several studies have shown that persistent GGO on CT
should be suspected with a high risk of malignancy, in fact
the incidence of lung cancer is higher in persistent pure
ground-glass nodules (GGNs) >10 mm in diameter (about
78%) (3,4). So, biopsy should be considered in case of
persistent GGOs.

Percutaneous lung biopsy (PLB) has been shown to have
high sensitivity, specificity and accuracy for characterization
of pulmonary nodules, particularly if malignancy is suspected.
Augmented reality navigation system for percutaneous CT-
guided pulmonary biopsies has recently been introduced (5).
Such systems afford optical, electromagnetic or hybrid
tracking of the devices during procedures, allowing a more
accurate targeting of small or heterogeneous lung lesions, in
order to have an adequate and representative tissue sample,
necessary for the identification of specific biomarkers and
activated pathways (6-8). Relatively new navigation models
are based on an infrared optical localization system with a
3D-visualization to identify the position and direction of the
interventional instruments in relation to both patient and
lesion. In a previous experience, we have already shown that
this navigation system (intra-operative robotic interventional
system “SIRIO”, MASMEC BIOMED Spa, Modugno, Italy)
reduces procedural time, pneumothorax rate and gives a better
histological result in lesions <20 mm compared to a standard
CT-guided technique (9). We validated a low dose protocol
to reduce significative patients’ radiation exposure (10).
In addition, we demonstrated that navigation system is a
safe and effective CT-guided navigation system for PLB,
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independently on lesion size and location in a larger sample
of patients with solid lung nodules (11).

There are no studies in literature about the use of an
augmented reality navigation system for ground glass
lesions biopsies.

"The aim of this study is to evaluate the effectiveness of an
augmented reality infrared navigation system performance
on CT-guided percutaneous lung ground-glass opacity
biopsy compared to a standard CT-guided technique.

We present the following article in accordance with
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-21-1285/rc).

Methods

We retrospectively included in the study a total of 80
patients with lung GGO suspected of malignancy who had
percutaneous CT-guided biopsy using navigation system
at the Department of Interventional Radiology of our
institution from June 2017 to September 2019. For the
control group, we retrospectively reviewed the cases of 80
patients with GGO who underwent to CT-guided lung
biopsy without using SIRIO. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). This study was approved by the Institutional Review
Board of the University Hospital of Campus Bio-Medico
in Rome (01/17 OSS ComEt CBM) and we obtained a
written informed consent from each enrolled patient both
to undergo percutaneous CT-guided lung biopsy and to be
included in the study.

Inclusion criteria for GGO PLB were considered: GGO
with part solid >5 mm, GGO increasing in size during
imaging follow-up and persistent GGO in patient with
family history or with past lung tumour surgery.

Exclusion criteria were: anticoagulant medication not
stopped at least 5 days before the procedure, personal
history of coagulopathy, ECOG/WHO Performance Status
Score >3, the absence of patient’s compliance, age <18 years
and pregnancy.

Both inclusion and exclusion criteria were the same for
the two groups.

The navigation system works with infrared light and it
includes an infrared localization apparatus to detect position
and orientation of the needle, a processing unit for 3D
reconstruction of the lung region, a disposable sterile kit
with both patient and needle sensors and a tracking system
for monitoring patient’s movements and breathing. The
infrared light is reflected by some spheres located on the
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Table 1 Fleischner Society 2017 guidelines for management of incidentally detected pulmonary GGO in adults

GGN type Size <6 mm Size =6 mm Comments

Single No routine follow-up CT at 6-12 months to confirm In certain suspicious nodules, 6 mm, consider
persistence, then CT every 2 years until follow-up at 2 and 4 years. If solid component(s)
5 years or growth develops, consider resection

Multiple CT at 3-6 months. If stable, CT at 3-6 months. Subsequent Multiple, 6 mm pure GGNs are usually benign, but

consider CT at 2 and 4 years
suspicious nodule(s)

management based on the most

consider follow-up in selected patients at high
risk at 2 and 4 years

GGO, ground glass opacity; GGN, ground-glass nodules; CT, computed tomography.
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Figure 1 Navigation system elements. CT scanner, elaboration and visualization SIRIO unit and the sensors system (composed by needle

sensor, patient’s sensor and photo sensor positioned in the room roof) are shown. CT, computed tomography.

needle handle and on the patient’s chest and it is detected
by a photo sensor positioned in the room roof. The
navigation system manages DICOM CT-images providing
the position of the passive spheres placed on the patient’s
chest: a 3D patient’s chest virtual model is created. Needle
advancement is done with the help of the feedback from
the needle path shown on the elaborating unit, considering
patient’s breathing, and it do not require a CT re-imaging
for each progression. The navigation system is supported by
a compensation feature for respiratory movement artifacts
that allows to perform the procedure independently of
patient free breathing.

Practically, we want to illustrate all the steps required to
perform a lung biopsy with SIRIO. A chest CT is necessary,
and it must also include the sensor located on the patient’s
chest. The DICOM imagines obtained are sent from the
CT console to the SIRIO elaboration unit by cable. When
the 3D imagine is available on the SIRIO visualization unit,
needle calibration is required, and it is done by putting the
needle sensor on the patient’s sensor. The needle is now
recognized, and it can be moved using the photo sensor
positioned in the room roof.

© Journal of Thoracic Disease. All rights reserved.

Navigation system elements are summarized in Figure 1.

We used a 64-MDCT scanner (Somatom Sensation,
Siemens, Forchheim, Germany) with a low-dose
protocol. The following parameters were utilized: 100 kV,
35 mAs, 64x0.6-mm detector configuration, table speed
0.81 mm/rotation, pitch 1.4, 0.33-s gantry rotation, slice
thickness 2.3 mm, reconstruction interval 1 mm. In all
cases, a soft tissue kernel was performed. For each patient,
CT imaging was focused to the target area identified
by reviewing the previous medical and radiological
records available. An 18-gauge core-needle biopsy with
a 17-gauge coaxial technique in blocked breathing was
performed for each patient (examples in Figures 2,3) to
obtain more than one sample using a single pleural path,
reducing pneumothorax and seeding complications. The
coaxial technique consists in positioning a guide needle in
correspondence of the target lesion. Then a biopsy needle
is introduced through the coaxial guide needle to reach the
lesion and to obtain the sample. In non-coaxial biopsy the
same procedure is performed only with the biopsy needle
without the use of a coaxial guide needle. So, the needle
is moved many times to obtain more samples of tissue,
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Figure 2 Low dose CT images showing GGO in upper segment of LRL about 13x7 mm in diameter next to the hilum and adherent to the
pleural fissure in 84 years old female patient under double antiplatelet therapy. Axial (A) and reformatted axial plane (B) along needle path
images showing the correct needle placement into GGO. Final post-PLB CT control (C) showing a self-limited small focus of haemorrhage
without PTX. Histological analysis reveals adenocarcinoma. CT, computed tomography; GGO, ground glass opacity; LRL, lower right
lobe; PLB, percutaneous lung biopsy; PTX, pneumothorax.

Figure 3 Low dose CT image (A) showing GGO in upper segment of LRL about 14x9 mm in 72 years old man patient with a history
of chronic lymphocytic leukemia and prostatic adenocarcinoma. Axial MPR (B) and sagittal MIP reconstruction (C) images along needle
track. Histological analysis was adenocarcinoma. CT, computed tomography; GGO, ground glass opacity; LRL, lower right lobe; MPR,
multiplanar reconstruction; MIP, maximum intensity projection.
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Grou MLD DPS DTP PT Effective radiation Major complications Minor complications Diagnostical success
P (mm) (mm) (mm) (min) dose (mSv) rate (%) rate (%) rate (%)

Trial 16 13.5 71 15 5.5 2.5 (2/80) 30 (24/80) 95 (76/80)

Control 17 13.5 76.5 23 9.6 10 (8/80) 34 (27/80) 80 (64/80)

MLD, DPS, DTP, PT and effective radiation dose are reported as mean. We also indicated the complications rate, including both major
and minor complications, and the diagnostical success rate. All data are reported for both trial and control groups. MLD, maximum lesion
diameter; DPS, distance between lesion and pleural surface; DTP, distance travelled by the needle; PT, procedure timing.

increasing the number of passages through the pleura. The
advantage of coaxial technique is that the introduction and
fire of the biopsy needle can be repeated many times in
order to obtain adequate specimens with only one access
through the pleura surface.

In our study, for each patient, a single pleural access
was achieved and at least two core-biopsy specimens were
obtained. Whenever the stylet of the coaxial needle was
removed to replace the biopsy needle, it was filled with
saline in order to reduce the risk of air embolism.

A local anaesthesia (10-20 mL mepivacaine
hydrochloride 2% on the parietal surface of the pleura) and
a conscious mild sedation (1-2 mg of midazolam e.v.) were
administered to the patient during procedures, to reduce
patient’s movement and improve procedure compliance
during the biopsy, performing faster biopsies with more
than one sample at the same time.

Evaluation of maximum lesion diameter (MLD), distance
between lesion and pleural surface (DPS), distance travelled
by the needle (DTP), procedure timing (PT), validity of
histological sample and procedural complications were
recorded for each patient of both groups.

The radiation dose to the patient’s chest was estimated in
trial and control groups by means of the total dose-length
product (I'DLP) and then the effective dose was obtained
by applying the following formula:

Effective Radiation Dose = TDLP xk [1]

where k is the conversion factor (chest: k =0.017 mGy+*cm) (12).

PT was calculated from the first CT scan to the final CT
post-biopsy control.

We described the technical success and diagnostic
success for each group. We defined technical success as
a complete biopsy in which the target lesion is achieved,
while diagnostic success is to refer to the achievement of a
histological result.

According to Society of Interventional Radiology
(SIR) standards of practice committee classification of
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complications by outcome, procedural complications were
divided into two groups: minor and major. Haemoptysis
requiring hospitalization or specific therapy, thoracostomy
tube placement requiring prolonged admission, catheter
exchange or pleurodesis and air embolism were recorded as
major complications (13).

All other complication that did not require further
treatment were considered as minor.

We performed a comparison between the two groups
for each variable using the #-test (P<0.01). Then it was
represented by boxplot graphs.

In addition, each group was divided into two subgroups
based on lesion size, according to a cut-off of 1.5 cm
(<1.5 cmj >1.5 cm). We analysed the diagnostical success
rate for each subgroup.

Statistical analysis

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

Results

Both trial and control groups had the same demographics
features. Each group was made of a total of 80 patients.
There were no important differences between the trial and
control groups in terms of age (mean age of 68 and 70 years
respectively) and gender (40 men and 40 women in both
groups).

Descriptive statistical analysis of both groups is reported
in Table 2.

MLD, DPS and DTP did not differ significantly
between the trial and the control groups (P=0.65; P=0,94;
P=0.06, respectively). We reported a significantly lower PT
in patients who had lung biopsy CT guided using SIRIO,
with mean difference of 9.8 min (95% CI: 6.825-12.775;
P<0.05). The radiation effective dose to the patient’s chest
was significantly decreased in patients of the trial group,
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Figure 4 Boxplots show not significantly differences between the trial and the control groups for MLD (A), DPS (B) and DTP (C), while

a significantly lower PT was reported in patients who had lung biopsy CT guided using SIRIO (D). In addition, we demonstrated that the

radiation effective dose to the patient’s chest was significantly decreased in patients of the trial group (E). MLD, maximum lesion diameter;

DPS, distance between lesion and pleural surface; DTP, distance travelled by the needle; PT, procedure timing; CT, computed tomography.

with a mean difference of 5.1 min (95% CI: 4.207-5.993;
P<0.05).

Boxplots of the five variables for each group are shown in
Figure 4.

Technical success was achieved in the 100% of cases
in both groups. Histopathological diagnosis was obtained
in 76/80 cases in the trial group and in 64/80 cases in
the control one, so diagnostical success was higher in the
trial group (95%). Lung adenocarcinoma was the most
frequent histological result with an incidence in trial and
control groups of 72.5% and 68% respectively. In the trial
group we did not obtain a definitive histopathological
in only 4 patients, hence two of these patients were
evaluated with a CT follow-up showing no progression and
two patients had surgery, with a definitive histological result
of adenocarcinoma. In 16 patients of the control group a
definitive histopathological diagnosis was not obtained;
10 of these patients underwent a second biopsy without
a definitive diagnosis so they had surgery with the result
of adenocarcinoma and the other 6 patients went to CT

© Journal of Thoracic Disease. All rights reserved.

follow-up showing no progression.

We divided each group into two subgroups based on
lesion size, according to a cut-off of 1.5 cm (<1.5 cmy;
>1.5 cm). The trial group was composed by 37 patients
with GGO <1.5 cm and 43 with GGO >1.5 cm. In the
control group there were 28 patients with GGO <1.5 cm
and 52 with GGO 21.5 cm. We found that using SIRIO
increases the diagnostical success rate for lesion <1.5 cm.
We reported a diagnostical success rate of 89% and of 50%
in the subgroup of patients with GGO <1.5 c¢m in the trial
and the control group, respectively, as is shown in Table 3.

Complications were recorded in 26 (32.5%) and 35
(43.7%) patients, respectively in the trial and control
group, with a significant difference for major complications
(P<0.05). No significant differences were reported for
minor complications between the two groups.

In particular, in the trial group we reported only
2 cases of pneumothorax that required a thoracostomy tube
positioning. The other 24 patients had minor complications;
8 patients had self-limited pneumothorax and 16 patients

7 Thorac Dis 2022;14(2):247-256 | https://dx.doi.org/10.21037/jtd-21-1285



Journal of Thoracic Disease, Vol 14, No 2 February 2022

253

Table 3 The table describes the number of patients with a definitive histopathological diagnosis and the diagnostical success rate for both trial

and control groups, according to GGO size (<1.5 cm and =1.5 cm)

Trial Control
Groups
GGO <1.5¢cm GGO =1.5¢cm GGO <1.5¢cm GGO =1.5¢cm
Patients with a definitive histopathological diagnosis 33/37 43/43 14/28 50/52
Diagnostical success rate (%) 89 100 50 96

GGO, ground glass opacity.

self-limited haemoptysis. In the control group there were
8 pneumothorax that required chest tube drainage. The
other 27 patients had minor complications. In particular, we
reported 12 self-limited pneumothorax and 15 self-limited
haemoptysis.

Discussion

Percutaneous image-guided biopsy is a common and
well-established procedure used for the diagnosis of lung
nodules. It plays a very important role in oncology and it
is improving thanks to progress in knowledge of targeted
therapies (14). CT is the most common imaging modality
used to guide the biopsy, followed by ultrasound (US)
used when lesions are next to the pleural surface (15).
The patient’s positioning should be chosen depending on
different criteria, particularly the lesion’s location and the
patient’s ability to tolerate positioning; when it is possible,
the prone position is preferred (16). The coaxial core biopsy
with an 18-gauge needle was used to reduce complications
rate (17). The most common complication of PLB is
pneumothorax, followed by pulmonary haemorrhage.
From 1% to 14% of cases, pneumothorax can be severe
and it requires placement of a drainage. Tumour seeding
and air embolism are extremely rare. But the latter is a life-
threatening complication (18-21).

Few studies exist in literature about CT-guided
pulmonary GGO biopsy.

Shimizu er al. (22) reported a very low diagnostic
accuracy of CT-guided needle aspiration for GGO. In
particular, it is reported to be lower than that for solid
lesions because GGOs aspiration may result inadequate and
poor in cellularity.

Zheng et al. (23) analysed 38 patients with persistent
pulmonary GGO lesions <2 cm in size, who underwent
to percutaneous CT-guided lung biopsies using an
18-gauge Monopty fully automated cutting needle. All
patients received diagnostic chest-CT before the biopsy
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and during the procedure to plan the needle path. The
incidence of cancer was about 68.4%. Three (7.9%)
patients had pneumothorax and 4 (10.5%) patients had mild
parenchymal haemorrhage.

Lu er al. 24) performed CT-guided lung biopsy on
1,612 patients with a coaxial technique using a 19G guiding
needle and a 20G spring-loaded semi-automatic. Only
47 patients were diagnosed with lung adenocarcinomas
with a high incidence of pneumothorax (47.3%) and of self-
limited haemoptysis (20.0%).

Unfortunately, estimated radiation dose to the patients is
not comparable because it has not been evaluated in these
previous studies.

A good alternative to the standard CT-guided technique
is represented by CT fluoroscopy-guided biopsy. It allows
a real-time visualization, but with the risk of a high amount
of radiation both to patients and doctors (25,26). Yamagami
et al. (27) analysed 85 percutaneous lung biopsies performed
under CT-fluoroscopic guidance for GGO lesions. They
used both 18-gauge Monopty fully automated needle and
18-gauge Temno needle, which is a semiautomated cutting
needle. A CT-fluoroscopic imaging system was used for all
CT-guided biopsy procedures. Rates of adequate specimens
obtained and of precise diagnosis by needle biopsy were
92.9% and 90.6% of evaluated lung lesions, respectively.
The incidence of pneumothorax and haemoptysis was about
51.8% and 10.6% respectively. The mean time required for
biopsy procedures was 19.7+6.4 min. Moreover, the patient
radiation dose is lower in our study than that reported in
literature for PLB CT-fluoroscopy guided.

Relatively recently, Cone-Beam CT (CBCT) has been
introduced. It is a system composed by an X-ray tube, a C-arc
and a flat-panel-type detector (28). Its use has increased the
spatial resolution thanks to its real-time fluoroscopic and 3D
abilities (29). A recent study (30) evaluated the diagnostic
capacity of CBCT-guided transthoracic percutaneous
biopsies on lung lesions in a group of 94 patients with
98 biopsies. They reported a technical success of about
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96.8%, similar to that we had in our study. However,
a higher incidence of major complications has been
demonstrated. In terms of radiation dose, the use of CBCT
for PLB shows the limitation due to the significant radiation
burden both to operators and patients. The effective
radiation dose of the patients estimated with CBCT was
higher than the one reported in our trial group.

According to our knowledge, there are not studies in
literature about the use of an augmented reality navigation
system for percutaneous CT-guided pulmonary GGO
biopsies.

In previous studies we have already demonstrated that
this CT-guided navigation system is safe and effective for
lung biopsy, independently on lesion size and location. In
addition, it reduces procedural time, pneumothorax rate
and gives a better histological result in lesions <20 mm
compared to a standard CT-guided technique with a lower
radiation exposure.

The radiation dose to the patients reported in our study
is similar to that we have already demonstrated for lung
biopsies of both solid and ground glass nodules (9). This is
to refer to the same low dose CT-protocol we have used.

The aim of this study is to evaluate the effectiveness
of this augmented reality infrared navigation system
performance on CT-guided percutaneous lung GGO biopsy
compared to a standard CT-guided technique.

The use of augmented reality system has shown
high safety, technical reliability and effectiveness for
percutaneous CT-guided pulmonary ground-glass
opacity biopsies. In fact, it can give real-time information
about position of anatomical structures and instruments,
particularly needle progression during biopsy with a low
incidence of complications and a reduction of the radiation
dose administered to patients.

The great advantage of augmented reality navigation
system, compared to the traditional CT-guided biopsy,
is to perform a real-time procedure: the needle can be
advanced through the thorax wall and the lung parenchyma
using infrared (as in our system) or electromagnetic
fields. The CT scan is performed only at the beginning
of the procedure, when DICOM images are sent to the
visualization unit, and they are not necessary to control
every single needle advancement, as requested in the
standard technique. This means a faster procedure,
reducing CT scans acquisitions and radiation dose exposure,
improving patient comfort and increasing the number of
samples in the same procedural time. The result is a more
safe and effective procedure than the standard CT-guided
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one, with advantageous benefits/costs ratio.

Thanks to procedural time reduction and patient comfort
improvement, using a coaxial technique, it is possible
to perform more than one sample of the same ground
glass lesion in order to improve the result of histological
diagnosis. The latter, in fact, may frequently result
inadequate because of the low cellularity of GGO lesions.

For these reasons, a navigation system could impact the
results of PLB, in particular for GGO.

The limitations of our study are that it is monocentric
and retrospective. Nevertheless, it counts a high number
of cases among other similar studies in the literature about
pulmonary GGO biopsy. In particular, to our knowledge,
there are no studies in the literature about the use of an
augmented reality navigation system for GGO percutaneous
CT-guided biopsies.

Conclusions

In conclusion, the use of an augmented reality navigation
system for percutaneous CT-guided pulmonary GGO
biopsies has demonstrated a lot of advantages compared to a
standard CT-guided technique. It showed a lower incidence
of post-procedural complications and a significantly
reduction of the radiation dose administered to patients.
We also demonstrated a higher diagnostical success rate
in patients who underwent to GGO biopsies with SIRIO,
particularly when GGO were <1.5 cm in size.
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