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Background: A recent increase in the incidental detection of ground glass nodules 
(GGNs) has created a need for improved diagnostic accuracy in screening for malignan-
cies. However, surgical diagnosis remains challenging, especially via video-assisted tho-
racoscopic surgery (VATS). Herein, we present the efficacy of a novel electrical navigation 
system for perioperative percutaneous transthoracic nodule localization.
Methods: Eighteen patients with GGNs who underwent electromagnetic navigated 
percutaneous transthoracic needle localization (ETTNL), followed by 1-stage diagnostic 
wedge resections via VATS between January and December 2020, were included in the 
analysis. Data on patient characteristics, nodules, procedures, and pathological diagnoses 
were collected and retrospectively reviewed.
Results: Of the 18 nodules, 17 were successfully localized. Nine nodules were pure GGNs, 
and the remaining 9 were part-solid GGNs. The median nodule size was 9.0 mm (range, 
4.0–20.0 mm); and the median depth from the visceral pleura was 5.2 mm (range, 0.0–14.4 
mm). The median procedure time was 10 minutes (range, 7–20 minutes). The final patho-
logic results showed benign lesions in 3 cases and malignant lesions in 15 cases.
Conclusion: Perioperative ETTNL appears to be an effective method for the localization 
of GGNs, providing guidance for a 1-stage VATS procedure.

Keywords: Ground glass nodule, Percutaneous localization, Electromagnetic bronchos-
copy, Transthoracic localization
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Introduction

In recent years, computed tomography (CT) has been in-
creasingly used to screen high-risk patients for lung cancer. 
Widespread CT screening has led to an increased number 
of incidental detections of small pulmonary nodules (PNs), 
including ground glass nodules (GGNs). A significant pro-
portion of these cases may be malignant [1,2]. Therefore, 
an accurate and definitive histologic diagnosis is essential. 
However, resection of GGNs or PNs, especially using vid-
eo-assisted thoracoscopic surgery (VATS), is a challenging 
task [3,4]. To address this problem, perioperative localiza-
tion can be used as a helpful method for achieving success-
ful resection.

Several conventional methods are currently used to lo-
calize PNs. Most methods require either CT or fluoroscop-

ic guidance, using a hookwire, dye, microcoil, fiducial 
marker, or radiotracer [5]. Although these methods have 
been widely used, they are associated with several compli-
cations, including pneumothorax, bleeding, dislodgement 
or migration of markers, and dye diffusion [5].

A new, electromagnetic navigation bronchoscopy (EN-
B)-guided percutaneous transthoracic approach has recent-
ly been introduced to localize PNs [6,7]. Unlike the con-
ventional ENB-guided method, this new approach uses an 
intraoperative electromagnetic tracking sensor for percuta-
neous transthoracic localization. In this study, we assessed 
the efficacy of the intraoperative electromagnetic navigated 
percutaneous transthoracic needle localization (ETTNL) 
method.
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Methods

Patient selection and retrospective review

A retrospective electronic chart review was performed 
for all patients who underwent intraoperative ETTNL us-
ing the SPiN Perc (Veran Medical Technologies, St. Louis, 
MO, USA) between January and December 2020 at Gang-
nam Severance Hospital. Patient data, such as demograph-
ics, imaging studies, details of surgery, pathological infor-
mation, and details of the postoperative course were collected 
for review. This study was conducted in accordance with 
the Declaration of Helsinki (revised in 2013) and was ap-
proved by the Institutional Review Board of Gangnam 
Severance Hospital (approval no., 3-2020-0419). Informed 
consent was obtained from all participants.

Indications

Patients who had pure or part-solid GGNs that were ob-
served for longer than 3 months underwent the ETTNL 
procedure, regardless of nodule size. Patients with solid 
nodules were excluded from the study.

Nodule localization procedure

All patients underwent preoperative chest CT (1) to ob-
tain baseline inspiration and expiration images and (2) to 
create virtual airway images after attaching a navigational 
tracking pad to the patient’s chest. Based on the location of 
the lesion, the patient was placed in either the supine or 
lateral decubitus position. These images were saved in the 
Digital Imaging and Communications in Medicine format 

and transferred to dedicated software (SPiNDrive/Perc; 
Veran Medical Technologies). After the target lesion was 
identified by the software, the registration process was per-
formed to create a virtual airway map under ENB guid-
ance after general anesthesia in the operating room. The 
patient was intubated with a single lumen endotracheal 
tube during the registration phase. Thereafter, a naviga-
tional pathway from the entry point of the skin to the tar-
get lesion was created. Upon completion of the registration 
process, the ENB was removed, and the patient’s chest was 
prepared and draped using a sterile technique at the deter-
mined entry site. A 19G Chiba electromagnetic real-time 
tracking needle was introduced with navigational guidance 
during the expiration breathing phase. When the needle 
reached the distal margin of the target lesion, the tracking 
sensor in the inner cannula was removed, and dye (methy-
lene blue) was injected for marking (Figs. 1, 2). In 5 cases, a 
microcoil was used for dual localization. Using the same 
19G Chiba needle cannula, the microcoil was deployed be-
fore dye injection [6,7].

Surgical procedure

The ETTNL system was removed after lesion marking. 
The endotracheal tube was changed from a single lumen to 
a double lumen. The patient was positioned and then pre-
pared and draped for surgery using a sterile technique. 
Two expert surgeons performed the surgical procedure via 
VATS. A thoracoscope was inserted under 1-lung ventila-
tion, and the lung was carefully inspected to identify the 
target lesion. In patients with dual localization, the lesion 
was identified either by dye or by using C-arm fluoroscopy 
guidance. The target lesion was resected via diagnostic 

Fig. 1. Schematic diagram of percutaneous electromagnetic trans
thoracic nodule localization.

A B C

Fig. 2. The entrance point (A), the path (B), and the target (C) 
shown on screen.
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wedge resection. The specimens were collected and sent for 
a frozen pathologic diagnosis. Depending on the pathology 
findings, additional segmentectomy or lobectomy with 
mediastinal lymph node dissection was performed.

Definitions

The depth from the visceral pleura was defined as the 
distance between the visceral pleura and the proximal 
margin of the target lesion, whereas the depth from the en-
try point was defined as the distance from the entry point 
of the skin to the distal margin of the target lesion. The 
procedure time was defined as the time interval between 
the start of the registration phase and the withdrawal of 
the localization needle (the end of nodule marking).

Statistical analysis

The characteristics of the patients, procedures, and pa-
thologies were summarized using descriptive statistics. 
Categorical variables were expressed as counts and per-
centages, whereas continuous variables were expressed as 
median and range. All analyses were performed using IBM 
SPSS ver. 25.0 (IBM Corp., Armonk, NY, USA).

Results

The patients included 11 men, with a median age of 58 
years (range, 29–74 years). There were 9 pure and 9 part- 
solid GGNs. The nodules were located mostly in the upper 
lobes of both sides (6 in the right upper lobe and 7 in the 
left upper lobe). In total, 14 patients underwent wedge re-
section, 1 underwent segmentectomy, and 3 underwent lo-
bectomy. The median procedure time was 10 minutes 
(range, 7–20 minutes) (Table 1). The target lesion was suc-
cessfully localized in 17 patients (94.4%). All surgical resec-
tions were performed using VATS. No complications were 
associated with either localization or surgical resection.

The median nodule size was 9.0 mm (range, 4.0–20.0 
mm). The median depth from the visceral pleura was 5.2 
mm (range, 0.0–14.4 mm) with a median depth from the 
entry point of 69.1 mm (range, 36.8–104.7 mm). After di-
agnostic wedge resection, the median safety margin was 8.5 
(range, 0.0–18.0) mm (Table 2). There were 3 benign lesions 
(1 case each of smoking-related interstitial fibrosis, granu-
lomatous inf lammation, and interstitial fibrosis) and 15 
cancerous or precancerous lesions (2 cases of atypical ade-
nomatous hyperplasia, 4 cases of adenocarcinoma in situ, 6 
cases of minimally invasive adenocarcinoma, and 3 cases 
of invasive adenocarcinoma) (Table 3).

Discussion

The detection of focal GGNs has increased with the adop-
tion of CT as the primary modality for screening high-risk 

Table 1. Baseline characteristics of patients and procedures (n=18)

Characteristic Value

Age (yr) 58 (29–74)
Sex
   Male 11 (61.1)
   Female 7 (38.9)
Type of ground glass nodule
   Pure 9 (50.0)
   Partsolid 9 (50.0)
Location
   Right upper lobe 6 (33.3)
   Right middle lobe 1 (5.6)
   Right lower lobe 3 (16.6)
   Left upper lobe 7 (38.9)
   Left lower lobe 1 (5.6)
Type of surgery
   Wedge resection 14 (77.8)
   Segmentectomy 1 (5.6)
   Lobectomy 3 (16.6)
Procedure time (min) 10 (7–20)
Localization
   Dye only 13 (72.2)
   Dye+microcoil 5 (27.8)
Success 17 (94.4)

Values are presented as number (range) or number of patients (%).

Table 2. Baseline characteristics of nodules (n=18)

Characteristic Value

Size (mm) 9.0 (4.0–20.0)
Depth from visceral pleura (mm) 5.2 (0.0–14.4)
Depth from entry point (mm) 69.1 (36.8–104.7)
Safety margin (mm) 8.5 (0.0–18.0)

Values are presented as number (range).

Table 3. Pathologic characteristics of nodules (n=18)

Characteristic No. of patients (%)

Benign  
   Smokingrelated interstitial fibrosis 1 (5.6)
   Granulomatous inflammation 1 (5.6)
   Interstitial fibrosis 1 (5.6)
Atypical adenomatous hyperplasia 2 (11.1)
Adenocarcinoma in situ 4 (22.2)
Minimally invasive adenocarcinoma 6 (33.3)
Invasive adenocarcinoma 3 (16.6)
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patients for lung cancer. Previous studies have demonstrat-
ed a correlation between GGNs and early-stage lung can-
cer. Nakata et al. [8] reported that a persistent focal GGN 
might suggest early adenocarcinoma or its precursor, espe-
cially for lesions larger than 1 cm or with a solid compo-
nent. Asamura et al. [9] also described both non-solid and 
part-solid GGN lesions as early lung cancers. These find-
ings suggest the importance of an accurate and prompt 
histologic diagnosis of GGNs after observation for several 
months.

Although VATS is known to be a safe and definitive di-
agnostic method for PNs, it has been considered to be 
challenging to identify lesions clearly using a thoracoscope. 
Suzuki et al. [3] reported that VATS failed to localize small 
PNs in approximately 54% of cases; they also reported that 
the rate of conversion to thoracotomy was approximately 
63% when the distance from the pleural surface was >5 
mm and the diameter ≤10 mm. These data have led to the 
development of a variety of localization methods. Among 
them, CT-guided localization using a hookwire, lipiodol, 
or microcoil has been widely adopted [10]. These methods 
have shown a high success rate, but have several limitations 
despite their accuracy. First, CT-guided localization is as-
sociated with numerous complications, including pneumo-
thorax, bleeding, dislodgement or migration of markers, 
and dye diffusion [5]. Second, CT-guided localization is 
performed under local anesthesia, possibly inducing un-
necessary anxiety in patients during the procedure. Finally, 
the procedure is not performed in the operating room, re-
sulting in a potential delay between the time of localization 
and surgery. Unlike the traditional CT-guided localization 
technique, ETTNL is performed under general anesthesia 
in the operating room, with precise targeting and in a brief 
time. The surgical procedure under 1-lung ventilation was 
performed immediately after localization. Therefore, com-
plications such as pneumothorax or hemothorax could be 
handled securely and immediately. Furthermore, patients 
do not experience unnecessary anxiety or pain during the 
procedure.

ENB has been used to enhance the diagnostic yield. Gil-
dea et al. [11] performed one of the first prospective studies 
evaluating the diagnostic capabilities of ENB in targeting 
lesions located at the periphery of the lung or mediastinal 
lymph nodes. The reported overall success rate was 80%, 
with a 74% diagnostic yield for peripheral lung lesions. An-
other study by Eberhardt et al. [12] evaluated the diagnos-
tic yield of ENB and reported an overall success rate of 
67%. Based on these studies, the American College of 
Chest Physicians guidelines has suggested that ENB is use-

ful [13]. However, recent prospective and randomized trial 
data have shown that the diagnostic yield of ENB may only 
be approximately 38% [14,15]. This indicates that ENB 
alone may not be adequate for the diagnosis of peripheral 
lung nodules.

In response to recent findings, the ETTNL method, a 
newly developed technique, was introduced to improve the 
diagnostic yield. Hsu and Wu [6] recently presented 6 cases 
using perioperative ETTNL via VATS to localize and resect 
small PNs. They used a microcoil with dye or indocyanine 
green for ETTNL during VATS, and all cases were success-
ful. Furthermore, Long et al. [7] reported 31 cases of ETTNL 
localization using dye, with a success rate of 94%. These 
data presented a shorter procedure time than was reported 
for ENB [6,7]. For these reasons, it seems that ETTNL 
could be more advantageous than ENB in terms of both 
accuracy and procedure duration. The ENB procedure can 
be performed simultaneously in the operating room. How-
ever, there are several differences between the ETTNL and 
ENB procedures. Using ENB, only the bronchoscopic ap-
proach is available, and this procedure is unfamiliar to 
surgeons. However, both bronchoscopic and transthoracic 
approaches are available for ETTNL, and the procedure is 
familiar to surgeons.

In this study, we performed ETTNL in 18 patients. In the 
first 13 cases, localization was performed using dye only, 
whereas both dye and a microcoil were used in the 5 sub-
sequent cases. Using dye alone was successful in specifying 
the location of the lesion. However, in order to estimate the 
depth of the lesion, we used dual localization (dye and mi-
crocoil), and lung resection was performed under C-arm 
guidance. In the present study, 1 patient had a 5-mm lesion 
in the superior segment of the right lower lobe. The depth 
from the visceral pleura was 6.7 mm. To obtain an ade-
quate safety margin, we performed superior segmentecto-
my of the right lower lobe, and the pathologic diagnosis 
was atypical adenomatous hyperplasia.

Three unplanned lobectomies were performed in this 
study. Among the cases of lobectomy, localization succeed-
ed in 2 cases and failed in 1 case. In the 2 successful cases, 
the lesions were located in the right middle lobe and the 
left upper lobe, with sizes of 12.0 mm and 14.0 mm, re-
spectively. After wedge resection, the safety margins were 
0.0 mm and 2.0 mm, respectively. We had to consider more 
extensive resection to obtain an appropriate margin. Fur-
thermore, the distance to the intersegmental plane was in-
appropriately close for performing segmentectomy. There-
fore, lobectomy was performed in these patients. There was 
1 case of localization failure among the 3 lobectomies; this 
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patient had a part-solid nodule in the right upper lobe. The 
nodule was located 13.4 mm from the visceral pleura and 
the size was 15.0 mm on CT images. After dual localiza-
tion, diagnostic wedge resection was performed. Although 
the microcoil was revealed, the lesion was not identified on 
frozen pathology. Following this, complete lobectomy of 
the right upper lobe was performed, and the final patho-
logical diagnosis was invasive adenocarcinoma. A possible 
explanation for this may be that the microcoil was dis-
lodged or migrated during the procedure.

Based on our experience, several factors must be consid-
ered when performing ETTNL. First, the position of the 
patient may be important for both CT and ETTNL. The 
patient’s position during chest CT prior to localization, ei-
ther lateral or supine, based on the location of the lesion, 
should be maintained for the localization procedure in the 
operating room. Second, the location of the lesion may be 
another important consideration for localization. If the le-
sion is at the posterior side of the lung, it may hinder the 
localization procedure; in such cases, the prone position 
should be chosen during CT and the localization proce-
dure. Third, in contrast to previous ETTNL studies, the 
targeted lesions were confined to GGNs in this study. 
Meanwhile, upper lobe predominance was observed in this 
study, with 6 right upper lobe cases and 7 left upper lobe 
cases. However, this was a coincidence, and there is no 
limitation of ETTNL for lower lobe lesions. Some studies 
have shown that GGNs may be closely associated with lung 
adenocarcinoma, and their management should be distinct 
from that of solid nodules. Sublobar resection has been ac-
cepted as the treatment strategy for small GGNs, unlike 
solid lesions, because of its invasiveness [16-18]. As such, 
the efficacy of ETTNL in GGNs was the focus of this study.

This study has some limitations. The data were collected 
and analyzed retrospectively, and the study population was 
small. Moreover, there was no experimental or control 
group to compare ETTNL with other localization methods 
or no localization. Therefore, further large-scale and fol-
low-up studies are required. Despite these limitations, 
however, a major strength of the study is that it attempted 
to reveal the efficacy of a newly developed technique.

This study indicates that ETTNL may be an effective and 
promising technique for the localization of small and 
non-palpable GGNs. ETTNL may also lead to safe and 
confirmative resection via VATS and a definitive diagnosis, 
all in 1 stage.
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