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With the widespread utilization of low-dose computed tomography (CT) screening, 
detection of early lung cancers, which manifest as small solid nodules or ground-
glass nodules (GGNs), has been possible. According to one large observational 

cohort study (1, 2), solitary noncalcified pulmonary nodules were detected at the rate of 
15%–20% among the high-risk population screened on baseline screening CT and 15% of 
these nodules proved to be malignant (1, 2). Therefore, it is crucial to safely and accurately 
diagnose these suspicious nodules that have a high probability of malignancy.

Bronchoscopic biopsy or percutaneous transthoracic needle biopsy (PTNB) using CT have 
been commonly used for tissue sampling and pathologic confirmation. However, these meth-
ods sometimes show limitations for tissue sampling of small or faint lesions. Furthermore, their 
ability to distinguish between pulmonary adenocarcinomas and their preinvasive lesions has 
been questioned (3, 4). In this context, video-assisted thoracoscopic surgery (VATS) excision 
has been utilized in clinical practice. Although VATS excision can be more invasive than PTNB or 
bronchoscopic biopsy, it can certainly offer a definitive diagnosis for suspicious pulmonary nod-
ules even if they are small or faint (5, 6). VATS excision also provides simultaneous treatment and 
diagnosis. However, resection of these targets through VATS can be very challenging, and com-
plete resection of the targets sometimes proves impossible, especially when the target nodules 
are too small or faint for surgeons to detect (7). Therefore, prior to VATS excision for small or faint 
lung nodules, percutaneous transthoracic localization (PTL) has been commonly performed un-
der imaging guidance using several marking devices or materials (8–10). 

Recently C-arm cone-beam CT (CBCT) and state-of-the-art CBCT virtual navigation systems 
have been introduced in the field of radiologic intervention (11–15). In particular, CBCT virtual 
navigation systems provide a virtual needle pathway as the needle approaches the target point 
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PURPOSE 
We aimed to describe our initial experience with percutaneous transthoracic localization (PTL) 
of pulmonary nodules using a C-arm cone-beam CT (CBCT) virtual navigation guidance system.

METHODS
From February 2013 to March 2014, 79 consecutive patients (mean age, 61±10 years) with 81 sol-
id or ground-glass nodules (mean size, 12.36±7.21 mm; range, 4.8–25 mm) underwent PTLs prior 
to video-assisted thoracoscopic surgery (VATS) excision under CBCT virtual navigation guidance 
using lipiodol (mean volume, 0.18±0.04 mL). Their procedural details, radiation dose, and com-
plication rates were described.

RESULTS
All 81 target nodules were successfully localized within 10 mm (mean distance, 2.54±3.24 mm) 
from the lipiodol markings. Mean number of CT acquisitions was 3.2±0.7, total procedure time 
was 14.6±5.14 min, and estimated radiation exposure during the localization was 5.21±2.51 mSv. 
Postprocedural complications occurred in 14 cases (17.3%); complications were minimal pneu-
mothorax (n=10, 12.3%), parenchymal hemorrhage (n=3, 3.7%), and a small amount of hemop-
tysis (n=1, 1.2%). All target nodules were completely resected; pathologic diagnosis included 
invasive adenocarcinoma (n=53), adenocarcinoma-in-situ (n=10), atypical adenomatous hyper-
plasia (n=4), metastasis (n=7), and benign lesions (n=7). 

CONCLUSION
PTL procedures can be performed safely and accurately under the guidance of a CBCT virtual 
navigation system.
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and additional navigation after the skin en-
try site and the target point within the body 
are located using preprocedural CBCT data 
(11). This brand-new guiding system has the 
technical advantage of additional safety fea-
tures, including accurate and flexible needle 
route selection based on three-dimensional 
(3D) volume CT data, real-time fluoroscopic 
navigation, and comfortable operating con-
ditions through an open gantry system (11). 
Due to its inherent advantages and virtual 
navigation systems, CBCT has great potential 
to provide very accurate and safe localiza-
tion of small or faint pulmonary nodules. To 
the best of our knowledge, there have been 
no studies dealing with CBCT virtual navi-
gation-guided PTL of pulmonary nodules to 
date. Thus, the purpose of our study was to 
describe our initial experiences with PTL of 
pulmonary nodules using a CBCT virtual nav-
igation guidance system.

Methods
The Institutional Review Board of Seoul 

National University Hospital approved this 
retrospective study with a waiver of the re-
quirement for patients’ informed consent 
for inclusion into this study. Written in-
formed consent for PTL under the guidance 
of a CBCT virtual navigation system was ob-
tained from each patient after explanation 
of all potential risks and benefits.

Patients and nodules characteristics
From February 2013 to March 2014, 81 

consecutive PTLs for 81 pulmonary nodules 
(mean size, 12.36±7.21 mm; range, 4.8–
25mm) in 79 consecutive patients (37 males 
and 42 females; mean age, 61±10 years; 
range, 39–80 years) were included in this 
study. There were seven solid nodules, 48 
pure GGNs, and 26 part-solid GGNs. Most of 
these pulmonary nodules (91.4%) present-
ed ground glass opacity and because these 
characteristics have high risk of malignancy, 

the surgeons requested lipiodol localization 
before VATS excision. The remaining seven 
solid nodules were requested to have lipi-
odol localization, because they showed rel-
atively small size (mean size, 7.7±1.86 mm) 
with suggestive findings of malignancy. The 
mean distance from nodule to the pleu-
ra was 24.9±13 mm (range, 0.4–66 mm). 
Nodules were detected on screening CTs 
in 53 patients, during diagnostic work-ups 
for underlying malignancies in 23 patients, 
and were detected for symptom evaluation 
of blood-tingled sputum in three. There 
were 52 never-smokers, 22 ex-smokers, and 
five current smokers. The average smoking 
amount was 21.5 pack-years (range, 4–75 
pack-years). Characteristics of the patients 
and nodules are summarized in Table 1.

Procedural details of CBCT virtual 
navigation-guided PTLs

All PTL procedures were performed un-
der the guidance of CBCT virtual navigation 
system in combination with CBCT system 

(AlluraXperFD20; Phillips Healthcare) and 
virtual guiding software (XperCT and Xper-
Guide software; Phillips Healthcare) by, or 
under the supervision of, a chest radiologist 
(C.M.P. with 10 years of experience in im-
age-guided thoracic intervention). All PTL 
procedures were performed on the same 
day or one day prior to VATS in collabora-
tion with the thoracic surgery team. The 
procedural details are as follows: 

1. Prior to the PTL procedure, the target 
nodule was carefully reviewed on the diag-
nostic CT previously taken and the optimal 
and safest trajectory was decided by the 
operators.

2. For PTL procedures, each patient was 
positioned on a CBCT table in either a su-
pine or prone position depending on the 
location of lung nodule (Fig. 1a). After prop-
erly positioning the patient, preprocedural 
CBCT was performed in the region of inter-
est during a single breath-hold in inspira-
tion or expiration, as appropriate. Simulta-
neously, C-arm rotated 240˚ in 5.2 seconds 

Main points

•	 C-arm cone-beam CT (CBCT) virtual navigation 
systems based on three-dimensional CBCT 
data could guide percutaneous transthoracic 
localization for the small lung nodule very 
accurately.

•	 Virtual navigation guidance enables safe 
localization procedures for small lung nodules 
prior to video-assisted thoracoscopic sugery 
(VATS).

•	 Nodule localization with lipiodol can be 
performed safely and precisely using CBCT.

Figure 1. a, b. Patients were placed in supine or prone position according to the proper needle 
trajectory established based on the prior diagnostic CT (a). After local anesthesia, a 21-gauge needle 
was introduced to the target nodule under the guidance of fluoroscopy (b).

a b

Table 1. Nodule characteristics

Characteristics	 Values

Nodule size (mm),  mean±SD	 12.36±7.21 (range; 4.8–25)

Distance from nodule to pleura (mm), mean±SD 	 24.90±13 (range; 0.4–66)

Nodule feature (n)

	 Solid nodule	 7

	 Pure GGN	 48

	 Part-solid GGN	 26

Location (n)

	 Right upper lobe	 23

	 Right middle lobe	 3

	 Right lower lobe	 26

	 Left upper lobe	 16

	 Left lower lobe	 13

SD, standard deviation; GGN, ground-glass nodule; n, number of patients.



generating 312 images in a 512×512 matrix 
(Fig. 2a).

3. After the preprocedural CBCT was per-
formed, the projectional images acquired 
were automatically transmitted to a com-
mercially-available dedicated workstation 
(Xtravision; Philips Healthcare) and 3D CT 
images were reconstructed using 1 mm 
thick multiplanar reformations in axial, cor-
onal, and sagittal planes with a total recon-
struction time of 25 seconds. Subsequently, 
operators determined the proper skin entry 
site, target points of localization-marker 
placement, and trajectories with distance 
to target points using the virtual navigation 
software (XperGuide) (Fig. 2b). Target points 
of localization were determined within a 10 
mm range around target lung nodules.

4. According to the needle trajectories 
determined using the virtual guidance soft-
ware, C-arm gantry of the CBCT system au-
tomatically rotated until the skin (red circle) 
and target points (green circle) were super-
imposed making a “bull’s eye view” and the 
virtual navigation system virtually marked 
the skin entry site on fluoroscopy (Fig. 2c). 
After local anesthesia at the point of entry 

with 2% lidocaine, a 21-gauge needle was 
carefully introduced to the intended local-
ization site through the planned skin-entry 
site under fluoroscopic guidance, keeping 
the needle angle in the “bull’s eye view” 
(Fig. 1b). After the needle was placed in the 
planned target point, intraprocedural CBCT 
was performed to check the exact loca-
tion of the needle tip around the targeted 
pulmonary nodule. If the needle tip was 
located exactly at the target point, the in-
ner stylet of the needle was withdrawn and 
lipiodol (Guerbet Laboratories) was slowly 
and carefully injected through the needle 
under surveillance via fluoroscopy. Maxi-
mum capacity of lipiodol was predefined 
as 0.2 mL (mean amount, 0.18±0.04 mL; 
range, 0.15–0.20 mL) considering the size of 
radiopaque markers of 1 cm and potential 
risk of lipiodol embolism (16). Also during 
lipiodol injection, we carefully monitored 
the movement of lipiodol droplets using 
fluoroscopy.

5. Afterwards, postprocedural CBCT was 
performed to identify the exact location of 
the lipiodol marker with respect to the tar-
get pulmonary nodules (Fig. 2d). Postpro-

cedural complications were also carefully 
investigated with CBCT images. Blood pres-
sure, heart rate, breathing rate, and the ar-
terial oxygen saturation of all patients were 
closely monitored throughout the entire 
procedure.

Data analysis
One radiologist identified the procedur-

al records that included technical success 
or failure, diameter of lipiodol marker, dis-
tance from nodule to lipiodol marker, num-
ber of CT exams, total procedure time, radi-
ation exposure through the PTL procedure, 
procedure-related complications, and the 
time interval between the PTL procedure 
and the VATS. Total procedural time was 
defined as the time period from the ad-
ministration of local anesthesia to the end 
of postprocedure CBCT. Technical success 
was defined as the location of the lipiodol 
markers within a 10 mm range around tar-
get nodules on postprocedural CBCT imag-
es. Radiation exposure was also recorded 
during the entire PTL procedures (both the 
fluoroscopy dose and the CBCT dose) and 
total dose area product (DAP) during the 
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Figures 2. a–e. A 63-year-old female who underwent a lower anterior resection due to colon cancer, followed by cone-beam CT (CBCT)-guided percutaneous 
transthoracic localization (PTL) for a 6 mm pure ground-glass nodule (GGN) in the right lower lobe of the lung. This nodule, undetectable by fluoroscopy, can 
be easily visualized through preprocedural CBCT (a). Proper skin entry site and target point of lipiodol marker placement were carefully planned using 3D 
CBCT data with virtual navigation guidance software (b). The CBCT virtual navigation system enables the automatic alignment of X-ray tube, target point and 
detector, providing “bull’s eye view,” then the needle was carefully introduced to the intended localization site under fluoroscopic guidance (c). Afterwards, 
lipiodol was slowly and carefully injected, with no procedure-related complications (d). Localized marker was easily detectable with intraoperative 
fluoroscopy before the excision of the target nodule and the lipiodol marker (e). This nodule was identified as adenocarcinoma-in-situ.

d

a

e

b c
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fluoroscopy and the CBCT acquisition was 
recorded for the absorbed radiation doses 
(mGy). Subsequently, DAPs were converted 
into effective doses using the conversion 
factor of 0.45 mSv/Gy∙cm2 obtained from 
our previous study (11). 

Surgical findings, such as the visibility of 
the radiopaque lipiodol marker under intra-
operative C-arm fluoroscopy and success in 
surgical resection of both the marker and 
the target nodule, were recorded (Fig. 2e). 
In addition, all pathologic reports of VATS 
specimens were reviewed to evaluate the 
final diagnosis of targeted lung nodules. 
All lesions were evaluated in terms of the 
pathologic diagnosis of the target nodule.

Results
The technical success rate of PTLs under 

CBCT virtual navigation guidance was 100% 
(81/81). The mean diameter of lipiodol 
markers was 9.75±9.09 mm (range, 5–19 
mm) and the distance from target nod-
ules to lipiodol markers was 2.54±3.24 mm 
(range, 0–10 mm). Mean overall DAP during 
the total procedure was 11730±5463.6 mGy 
cm2. Thus, the mean effective dose during 
CBCT virtual navigation-guided PTLs was 
5.21±2.51 mSv in the present study. The 
procedural records and radiation doses 
of the 81 cases are summarized in Table 
2. Postprocedural complications occurred 
in 14 cases (17.3%). Small pneumothorax 
occurred in 10 cases (12.3%), parenchymal 
hemorrhage in three cases (3.7%), and a 
small amount of hemoptysis occurred in 
one case (1.2%). However, there were no 
serious complications that required any 
further procedures such as chest drainage 
catheter insertion or embolism events.

VATS excision was performed on the 
same day in 68 patients (84%) and the next 
day in 13 patients (16%) after PTLs. Lipiodol 
markers were identifiable in all cases under 
intraoperative fluoroscopy (n=81) and all 
radiopaque lipiodol and targeted nodules 
were successfully resected with a negative 
surgical margin through VATS. Pathological-
ly, all nodules were definitively diagnosed. 
Diagnoses of the 81 nodules included in-
vasive adenocarcinoma (n=53), adenocar-
cinoma-in-situ (n=10), metastasis (n=7), 
atypical adenomatous hyperplasia (n=4), 
and nonspecific benign pathologies (n=7) 
(Table 3).

Discussion
In this study, we found that all 81 PTL 

procedures under CBCT virtual naviga-

tion guidance were successful, delivering 
lipiodol markers within 10 mm distance 
from the targeted pulmonary nodules be-
fore VATS excision. Postprocedural com-
plications were relatively low and total 
procedure time was short. These targeted 
nodules were successfully resected with a 
negative surgical margin through VATS. 

VATS excision has several benefits, includ-
ing shorter hospitalizations, less pain for 
patients, lower postoperative wound prob-
lems, and the preservation of normal lung 
parenchyma compared with conventional 

thoracic surgery. In general, the sensitivi-
ty and specificity of malignancy through 
VATS excision is known to be 100% (5, 6). 
However, VATS excision can sometimes be 
very challenging, especially when the pul-
monary nodules are too small, too faint, or 
too deeply located for surgeons to detect 
through palpation (7). In particular, pure or 
part-solid GGNs on CT, which represent ad-
enocarcinoma containing lepidic compo-
nents (or its preinvasive lesions), could be 
typical examples of this kind of challenge, 
even though these nodules are located just 

Table 2. Procedural details of CBCT virtual navigation-guided PTLs

Characteristics	 Values

Technical success rate, n/N (%) 	 81/81 (100)

Amount of lipiodol (mL), mean±SD	 0.18±0.04 (range; 0.15–0.2)

Diameter of lipiodol (mm), mean±SD	 9.75±9.09 (range; 5–19)

Distance from nodule to marking (mm), mean±SD	 2.54±3.24 (range; 0–10)

Patient’s position, n

	 Supine	 22

	 Prone	 59

Number of CBCT data acquisitions, mean±SD	 3.2±0.7 (3–7)

Total procedure time (min), mean±SD	 14.6±5.14 (range; 9–31)

Effective radiation dose (mSv), mean±SD	 5.21±2.51 (range; 0.67–13.09)

Postprocedural complications, n (%)

	 Small pneumothorax	 10 (12.3)

	 Parenchymal hemorrhage	 3 (3.7)

	 Small hemoptysis	 1 (1.2)

Time interval between PTL and operation, n (%)

	 Same day	 68 (84)

	 Next day	 13 (16)

CBCT, C-arm cone-beam computed tomography; PTL, percutaneous transthoracic localization; n, number of 
patients; SD, standard deviation.

Table 3. Pathologic diagnosis of nodules

Pathologic diagnosis	 Number of nodules

Invasive adenocarcinoma	 53

Adenocarcinoma-in-situ	 10

Metastatic nodule	 7

Atypical adenomatous hyperplasia	 4

Benign nodules	 7

Smooth muscular proliferation	 1

Nonspecific inflammation 	 2

Reactive hyperplasia	 1

Fibrotic nodule	 2

Anthracofibrotic lesion	 1



beneath the pleura (17). Therefore, it is es-
sential to perform PTL before VATS excision 
to guarantee the successful and effective 
resection of these faint or small, but clini-
cally relevant lesions. Furthermore, operat-
ing time has been reported to significantly 
decrease with PTL compared with patients 
not undergoing PTL (18). 

Several previous studies reported the 
effectiveness of CT- or CT fluoroscopy  
(CTF)-guided PTL on small pulmonary nod-
ules (10, 19). However, CT- or CTF-guided 
PTLs have several inherent disadvantages, 
such as small and deeply located closed 
gantry systems, limited real-time guidance, 
or limited imaging plane orientation of the 
needle trajectory, which has the potential 
to deteriorate the operators’ performance 
or confidence (20–23). 

Recently, CBCT and CBCT virtual naviga-
tion systems have been increasingly used 
in various fields of radiologic interventional 
procedures (24–26). CBCT-guided, or CBCT 
virtual navigation-guided PTNB have been 
reported to provide very excellent and, at 
least, equivalent diagnostic accuracy to 
state-of-the-art CTF-guided PTNB (11, 12, 
27). In fact, given the flexible tilting and 

open gantry system of CBCT, as well as im-
proved guidance of needle trajectory based 
on 3D volume CT data, operators can per-
form interventional procedures more com-
fortably and confidently (Fig. 3). Also we 
believe that these kinds of technical advan-
tages could be implemented even in local-
ization of small lung nodules, which could 
lead to lower postprocedural complication 
rates, providing improved awareness and 
avoidance of dangerous organs or vessels 
(Fig. 4).

In our study, technical success rate of PTL 
procedures was 100%. Technical success of 
PTL meant that the lipiodol markers were 
placed within 10 mm from target nod-
ules. The needle did not have to be exactly 
placed in the target nodule. So, the results 
of technical success of PTL may not be di-
rectly applied to other CBCT-guided pro-
cedures such as biopsy, where the needle 
should hit the nodule precisely.

Postprocedural complications occurred 
in 14 cases (17.3%) in our study. Small pneu-
mothorax occurred in 10 cases (12.3%), 
parenchymal hemorrhage in three cases 
(3.7%), and a small amount of hemoptysis 
in one case (1.2%). Moreover, there were no 

serious complications requiring any further 
procedures such as surgical intervention or 
needle aspiration. Considering that in CT- or 
CTF-guided biopsy, postprocedural pneu-
mothorax has been reported to occur up to 
17.7%–39% and hemoptysis in 5%–10% of 
all biopsy procedures (20, 28, 29), our post-
procedural complication rates of 17.3% are 
relatively low. One previous study showed 
that the use of virtual navigation guidance 
was able to significantly reduce the occur-
rence of biopsy-related pneumothorax and 
hemoptysis (12). We think that our relatively 
low complication rates could be attributed 
to the avoidance of emphysema and im-
portant vascular structures along the nee-
dle trajectory using accurate planning soft-
ware and navigation systems. 

In our study, the total procedure time 
was 14.6±5.14 min, which was substantial-
ly shorter than the reported time of a pre-
vious CT-guided localization study (25.6 
min) (12). Considering that additional time 
was spent in our study to determine the tra-
jectories using virtual navigation software, 
this result is noteworthy. We believe that 
CBCT and CBCT virtual navigation systems 
based on 3D CBCT data can enable easier 
and more precise needle guidance through 
PTL procedures in a more comfortable and 
confident manner, which can then lead to 
shorter total procedure times.

In our study, the mean effective dose of 
CBCT virtual navigation-guided PTL was 
5.21 mSv. This result is similar to that of the 
previous CBCT-guided PTNB study (5.72 
mSv) (11). As with the previous study (11), 
we performed CBCT approximately three 
times for each nodule (mean, 3.2±0.7): the 
initial CT for preprocedural planning, the 
second for the exact location of the coax-
ial needle tip around target points, and 
the third for evaluation of postprocedural 
complication. These results of radiation 
exposure are similar, or somewhat lower, 
compared with those of CTF-guided PTNB 
(6.53 mSv) (20). We believe that the cur-
rent radiation dose during CBCT virtual 
navigation-guided PTL is not a substantial 
hindrance. However, increased awareness 
and efforts such as the application of a rea-
sonably small field-of-view or collimation 
should be used to reduce radiation expo-
sure during PTL.

Although lipiodol-related acute pulmo-
nary embolism has been reported (16), 
small amounts of lipiodol usage have been 
reported to be safe for the localization of 
small pulmonary nodules (30, 31). Kawana-
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Figures 3. a–d. A 70-year-old male who had CBCT-guided PTL for two different GGNs. Chest CT 
for lung cancer screening shows an 8 mm pure GGN in the right upper lobe of the lung (a) and 
a 6 mm pure GGN in the right lower lobe of the lung (b). Panels (c) and (d) show the localization 
of GGNs under CBCT with virtual navigation guidance. Patient was placed in supine position for 
localization of the GGN in the right upper lobe (c). Then, patient’s position was changed to prone 
for localization of the GGN in the right lower lobe (d). GGN in the right upper lobe was identified 
as adenocarcinoma-in-situ, while the one in the right lower lobe was identified as atypical 
adenomatous hyperplasia.

c

a

d

b
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ka et al. (8) reported 0.3–0.5 mL of lipiodol 
marking was safe in their 107 cases without 
any lipiodol-related complication. In our 
study, 0.2 mL or less of lipiodol was used 
and there were no lipiodol-related compli-
cations with this minimal usage. However, 
it should be kept in mind that embolization 
can be a possible complication of lipiodol 
use; the placement of the needle tip within 
the pulmonary vessel and any movement 
of lipiodol droplets during the lipiodol in-
jection must be monitored carefully.

There are several limitations to our study. 
First, our study had a retrospective design 
with a relatively small study population. Sec-
ond, we did not review the resected surgical 
specimen containing lipiodol markers, thus 
we did not evaluate the histopathologic 
effects of lipiodol on the nodule patholo-
gy. However, according to several previous 
studies, lipiodol is a safe and inert material 
without adverse effects on the histologic 
diagnosis due to inflammatory reaction (17, 
27, 32–34). In the present study, there were 
no cases in which a definitive pathologic di-
agnosis had been hindered due to lipiodol 

markers. Third, our study was not designed 
to directly compare CBCT virtual naviga-
tion-guided PTL with CBCT-guided PTL with-
out navigation systems or CT- or CTF-guid-
ed PTL, thus we could not state definitively 
which guiding modality would be the best. 

In conclusion, PTL can be performed un-
der the guidance of CBCT virtual navigation 
system in a very accurate and safe manner.
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