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Background: With the rapid development of high-resolution computed tomography (HRCT), low-dose 
CT scanning and video-assisted thoracoscopic surgery (VATS), smaller pulmonary nodules can be detected. 
Subcentimeter ground-glass opacities (GGOs) are extremely difficult to diagnose and accurately locate 
during VATS and in surgically resected specimens. 
Methods: From September 2013 to September 2017, 42 subcentimeter GGO lesions (≤1 cm) in 31 patients 
who underwent CT-guided microcoil insertion followed by VATS resection were included. All HRCT 
images were assessed by two experienced radiologists, and CT-guided microcoil localization procedures were 
performed by two experienced interventional radiologists.
Results: A total of 42 subcentimeter GGOs included 28 malignancies (66.7%) and 14 benign lesions 
(33.3%). The diameter of malignant GGOs (8.52±1.46 mm) was significantly larger than that of benign 
lesions (7.04±1.52 mm) (P<0.05). Seven patients had more than one GGO nodule. There were no significant 
differences in the location, composition, shape, margins, presence of air bronchograms, presence of the 
pleural indentation sign and presence of the vascular convergence sign between benign and malignant GGOs 
(P>0.05). All the localization procedures were performed successfully. A small pneumothorax occurred in 9 
patients (21.4%), and minor hemorrhage in the lung parenchyma occurred in 8 patients (19.0%). All GGOs 
were easily identified during VATS and were definitively diagnosed.
Conclusions: Common HRCT features cannot be used as criteria for the differential diagnosis of 
subcentimeter benign and malignant pulmonary GGOs. CT-guided microcoil marking of these lesions prior 
to VATS is a feasible, safe, and effective procedure for the localization of subcentimeter pulmonary GGOs.
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Introduction

As the use of high-resolution computed tomography 
(HRCT) becomes widespread in clinical practice, we have 
increasingly encountered small or faint lesions on CT 
images (1). Low-dose CT scanning greatly increases the 
detection of small nodules during screening (2,3). Ground-
glass opacity (GGO), a finding on HRCT, is defined as 
hazy increased attenuation of the lung with preservation 
of bronchial and vascular margins (4). It is a nonspecific 
finding that may be associated with several disorders (e.g., 
inflammatory diseases, atypical adenomatous hyperplasia, 
focal fibrosis and carcinoma). A previous study reported 
that 51.7% of detected lung cancers found during 
baseline screening were GGOs (5). Therefore, accurate 
differentiation between benign and malignant lesions before 
surgery was crucial, particularly for surgical planning and 
prognostic assessment.

R e c e n t l y,  t h e  F l e i s c h n e r  S o c i e t y  p r o v i d e d 
recommendations for the management of GGOs (6). 
According to the statement, wedge, segmental, or 
subsegmental resections should be considered instead of a 
lobectomy. Video-assisted thoracoscopic surgery (VATS) is 
constantly evolving and becoming increasingly popular for 
the diagnosis and treatment of small pulmonary nodules 
and GGOs (7,8). However, it is very difficult to palpate 
and identify small lesions during VATS. Preoperative 
localization with CT-guided percutaneous lung puncture 
technology helps to guide resection via VATS by placing 
a medium, such as a hookwire, methylene blue dye or 
a microcoil, in the lung for intraoperative localization 
of lesions (9,10). Although there are several mediums 
used for localization of pulmonary lesions, CT-guided 
microcoil marking may be the most appropriate method for 
impalpable GGOs for several reasons. 

In this study, we retrospectively analyzed 31 patients and 
evaluated the diagnostic performance of HRCT and CT-
guided microcoil localization for subcentimeter pulmonary 
GGOs prior to VATS.

Methods

Study subjects

From September 2013 to September 2017, a consecutive 
group of patients who underwent CT-guided microcoil 
insertion followed by VATS resection were included. Of 
these patients, those who had subcentimeter GGO lesions 
(≤1 cm) that had been confirmed by HRCT scans, surgical 

pathology (paraffin block) and a clinical diagnosis were 
included in the retrospective analysis in this study. The 
other selection criteria included a distance from GGOs to 
the visceral pleura of ≥5 mm and complete medical records. 
A CT-guided biopsy was not required before VATS.

This retrospective study was approved by the institutional 
ethics review board at Qingdao Municipal Hospital (No. 
2018-006), and written informed consent was not required 
because of the strict maintenance of patient anonymity and 
the observational nature of the study.

CT imaging

Chest CT scans were performed using a Brilliance 64 
(Philips Healthcare, Best, The Netherlands) or a Somatom 
Sensation 16 (Siemens Healthcare, Erlangen, Germany). 
All patients were scanned in the supine position at full 
inspiration for as long as possible. The imaging parameters 
were as follows: 100–300 mA, 120 kVp, pitch 0.875–1.500, 
collimation 1.0–2.5 mm and rotation time 0.5–1.0 s. 
Reconstruction thicknesses and intervals were 1–1.5 and 
1–1.5 mm. 

Image assessment

CT images were assessed by observing the lesion number, 
size (the longest dimension), location (lobe), composition 
(pure GGO or mixed GGO), shape (irregular or round/
oval), margins (lobulation, spiculation/cusp angles/spine-
like processes), air bronchograms and adjacent structures 
(pleural indentation sign, vascular convergence sign). 

In this study, GGO were classified as pure GGO 
(pGGO) or mixed GGO (mGGO) according to whether an 
internal solid component existed or not (11,12). Marginal 
characteristics included lobulation and speculation/cusp 
angles/spine-like processes. Cusp angles and spine-like 
processes were both defined as structures extending from 
the lesion (13). Findings in adjacent structures included the 
pleural indentation sign and the vascular convergence sign.

CT-guided microcoil localization

All  pat ients  underwent CT-guided percutaneous 
pneumocentesis for localization in the supine, prone 
or lateral position on the same day prior to VATS. The 
patient’s posture must be convenient for subsequent CT 
examinations and puncture procedures. A CT scan was 
performed to confirm the position of nodules before the 
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localization procedure (Figure 1A). After injection of 2% 
lidocaine local into the puncture site on the chest wall, a 
20-gauge Chiba needle (Medical Device Technologies, 
Inc., Gainesville, FL, 32608, USA) was inserted under 
CT guidance. During the procedure, the needle pathway 
avoided the lesions, and the tip was inserted into the 
normal lung parenchyma close to the lesions (Figure 1B). 
Successful puncture was confirmed by a CT scan, and then 
a fiber-coated stainless steel microcoil that was 30–50 mm 
in length and 3–5 mm in diameter (William Cook Europe 
Aps, Bjaeverskov, Denmark) was pushed into the needle 
cannula by using the needle core. The needle core was 
advanced into the cannula up to the tip, and the microcoil 
was deployed into the lung parenchyma, where it assumed 
a tightly coiled ball configuration just beyond the tip of the 
needle. A localizing CT scan was performed to confirm 
the position of the microcoil, and the needle was then 
withdrawn (Figure 1C). The presence of pneumothorax or 
hemorrhage was assessed later. Complications were graded 
according to the National Cancer Institute Common 

Terminology Criteria for Adverse Events Version 4.0 
(CTCAE V4.0). In one patient with 6 GGOs, there were 
3 GGOs in left upper lobe and 3 in the left lower lobe. All 
the GGOs were distributed in a small area. Therefore, we 
placed two microcoils in each lobe. Among the 4 coils, two 
were located in superficial positions for localization, and 
two were used to mark depths.

During the following VATS procedures, palpation for the 
microcoils was performed by bypassing the main operating 
port. For cases in which palpation was unsuccessful, C-arm 
X-ray fluoroscopy was utilized to find the microcoil. When 
the marking microcoil was identified, a wedge resection 
was conducted if the lesions were adjacent to the pleural 
surface. Otherwise, a segmentectomy was performed. The 
incised specimen, including the lesion, the surrounding 
lung parenchyma and the marking microcoil, was sent for 
intraoperative frozen section histopathologic examination, 
and pathological examinations of paraffin slices of the 
specimen were performed after the resection. If the frozen 
section showed invasive adenocarcinoma or non-small 

Figure 1 A 61-year-old male patient with a subcentimeter GGO underwent a CT-guided microcoil marking procedure and VATS. (A) 
Transverse lung window showing an 8.9-mm GGO with pleural indentation in the RUL; (B) the needle was inserted along the optimal path 
closest to the nodule; (C) a microcoil was placed next to the lesion; (D) surgical histopathological analysis indicated a MIA (H&E stain, 
×400). MIA, minimally invasive adenocarcinoma; GGO, ground-glass opacity; VATS, video-assisted thoracoscopic surgery; RUL, right 
upper lobe.
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cell poorly differentiated adenocarcinoma, a segmental or 
subsegmental resection followed by lymph node sampling 
was performed, and the specimen was sent for pathological 
examination. If the lesion was benign, adenocarcinoma 
in situ, minimally invasive adenocarcinoma, or metastatic 
lung cancer, a chest tube was placed without any further 
resection. The patient was then recovered from anesthesia 
and taken to the recovery room.

Data collection

Demographic information (i.e., age and gender) and 
pathological results (i.e., surgical margins and pathological 
diagnosis) (Figure 1D) were collected from the medical 
records. CT image analysis was conducted independently 
by two experienced radiologists who were blinded to the 
patients’ pathological results. Discrepancies in terms of the 
CT findings between observers were resolved by consensus. 
The CT-guided microcoil localization procedures and the 
assessment of results were performed by two experienced 
interventional radiologists. All data were recorded and 
entered into SPSS software for analysis.

Statistical analysis

The enumeration data are expressed as proportions, and 
the measurement data are expressed as the mean ± standard 
deviation (SD). Statistical analysis of the difference between 
two means of continuous variables was performed using 
the independent samples t-test. The Pearson χ2 test, the 
continuity correction χ2 test and Fisher’s exact test were 
used to compare categorical variables. A two-sided P value 
of 0.05 or less was considered a statistically significant 
difference. Statistical Package for the Social Sciences (SPSS) 

(SPSS 15.0 for Windows, SPSS Inc., Chicago, IL, USA) 
was used to perform the statistical analysis of all data sets.

Results

In the study, 31 patients underwent HRCT scanning and 
CT-guided microcoil insertion (14 males and 17 females, 
mean age of 56.71±7.92 years, range, 38–76 years). Among 
all the 31 patients, a total of 42 subcentimeter GGOs 
were included in this study (28 malignancies vs. 14 benign 
lesions). The demographic data are listed in Table 1. There 
were no demographic characteristics that were significantly 
associated with benign and malignant GGOs (P>0.05).

HRCT findings of benign and malignant GGOs are 
reported in Table 2. The diameter of the lesions ranged 
from 4.1 to 10.4 mm, as measured by HRCT. There was 
a statistically significant difference between benign GGOs 
and malignancies in terms of nodule size (P<0.05). Seven 
patients had more than one GGO nodule (six patients had 
two nodules, and one patient had six nodules). Eighteen 
patients had a single malignancy, and 6 patients had a single 
benign GGO. With respect to the other HRCT findings 
of the 42 subcentimeter GGOs, there were more mixed 
GGOs, round/oval GGOs, GGOs with a lobulation sign, 
and GGOs with air bronchograms in the malignant group, 
and there were more benign GGOs with spiculation/
cusp angles/spine-like processes. However, there were 
no significant differences in the location, composition, 
shape, margins, presence of air bronchograms, presence of 
the pleural indentation sign and presence of the vascular 
convergence sign between benign and malignant GGOs 
(P>0.05).

All the localization procedures were performed 
successfully (42 GGOs were marked with 40 microcoils, 

Table 1 Demographic data of patients with benign and malignant GGOs (n=31)

Characteristics Benign Malignant
Significance

Statistics P value

N (%) 9 (29.0) 22 (71.0) –

Gender (n) 0.233a

Male 6 8

Female 3 14

Age (year) 57.78±8.32 56.27±7.91 t=0.474 0.639
a, χ2 test: Fisher’s exact test. GGO, ground-glass opacity.
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for a success rate of 100%) in this study. In terms of 
complications, a pneumothorax occurred in 9 patients 
(21.4%), but no patients required drainage. Although 
hemorrhage in the lung parenchyma occurred in 8 patients 
(19.0%), no patients were in serious condition, and no 
hemoptysis occurred. Patients only required observation. 
According to the CTCAE V4.0, all the complications were 
rated as grade 1.

Forty-two lesions (100.0%) were easily identified by 

locating the puncture hole and microcoil during VATS. The 
specimens were sent to the pathological department for 
examination. All GGOs were definitively diagnosed. The 
pathological results of the lesions are summarized in Table 3. 

Discussion

Lung cancer is the leading cause of cancer-related deaths 
worldwide. Early detection and early intervention can 

Table 2 HRCT findings of benign and malignant GGOs

Characteristics Benign Malignant
Significance

Statistics P value

NGGO (%) 14 (33.3) 28 (66.7)

Size (mm) t=3.040 0.004

Diameter 7.04±1.52 8.52±1.46

Nodule number, n (%) 0.384a

Single 6 (66.7) 18 (81.8)

≥2 3 (33.3) 4 (18.2)

Location, n (%) χ2=0.443 0.506

RUL 5 (35.7) 7 (25.0)

RML 1 (7.2) 0 (0.0)

RLL 3 (21.4) 6 (21.4)

LUL 3 (21.4) 9 (32.2)

LLL 2 (14.3) 6 (21.4)

Component, n (%) χ2=0.682 0.409b

pGGO 6 (42.9) 7 (25.0)

mGGO 8 (57.1) 21 (75.0)

Shape, n (%) χ2=1.867 0.172

Irregular 7 (50.0) 8 (28.6)

Round/oval 7 (50.0) 20 (71.4)

Margins, n (%)

Lobulation 5 (35.7) 15 (53.6) χ2=1.193 0.275

Spiculation/cusp angles/spine-like processes 8 (57.1) 11 (39.3) χ2=1.201 0.273

Air bronchograms, n (%) 1 (7.1) 4 (14.3) χ2=0.028 0.866b

Pleural indentation, n (%) 3 (21.4) 8 (28.6) χ2=0.015 0.901b

Vascular convergence, n (%) 3 (21.4) 5 (17.9) χ2=0.000 1.000b

a, χ2 test: Fisher’s exact test; b, χ2 test: continuity correction. LLL, left lower lobe; LUL, left upper lobe; RLL, right lower lobe; RML, right 
middle lobe; RUL, right upper lobe; HRCT, high-resolution computed tomography; GGO, ground-glass opacity.
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improve the prognosis of lung cancer. With the rapid 
development of HRCT and low-dose CT scanning, smaller 
pulmonary nodules can be clearly detected (13) and more 
patients with small nodules that are highly suspicious of lung 
cancer can undergo resection with VATS (14). However, it 
is widely known that these lesions, especially subcentimeter 
GGO nodules (≤1 cm) that are small in volume and low 
in density, can be extremely difficult to diagnose before 
VATS and accurately locate during surgery and in surgically 
resected specimens, leading to problems for radiologists, 
surgeons and pathologists. Therefore, the differential 
HRCT features of benign and malignant subcentimeter 
GGOs and CT-guided localization procedures need to 
be investigated. In clinical practice, our thoracic surgeons 
have performed a variety of localization methods, such as 
injections of methylene blue dye and microcoil placement, 
and non-localization surgery for GGO patients. To evaluate 

HRCT features and CT-guided microcoil localization 
methods, patients with subcentimeter GGOs were included 
in a study protocol at Qingdao Municipal Hospital, which 
is a general Hospital serving a population of 9.2 million in 
Qingdao (Shandong, China).

GGO lesions include benign and malignant lesions. Cho 
et al. (15) reported that among 330 GGOs resected without 
prior histologic confirmation, 314 GGOs (95.2%) were 
malignancies, and a larger size was found to be an independent 
predictor of malignancy (OR, 1.086). Heo et al. (16)  
and Yamaguchi et al. (17) also proved that most GGO 
lesions were malignant (90% and 87.2%, respectively) and 
found that a larger size was correlated with malignancy in 
GGO nodules (16). In this study, 28 GGO nodules (66.7%) 
from 22 patients were confirmed to be malignancies by 
surgical pathology. The diameter of malignant GGOs 
(8.52±1.46 mm) was significantly larger than that of 
benign lesions (7.04±1.52 mm) (P<0.05). These results are 
consistent with the previously reported data

GGOs can be classified as pure GGOs (pGGOs) or 
mixed GGOs (mGGOs) according to the presence of solid 
components. Several previous studies (18-20) have found 
that mGGOs are more likely to be malignant. Matsuguma 
et al. (19) classified GGOs into 5 groups based on the 
proportion of the GGO area to the whole tumor shadow 
on HRCT scans and demonstrated that the proportion of 
GGO area on thin-section CT scans was a strong predictor 
of tumor aggressiveness. Most of the previous studies 
have focused on lung adenocarcinomas. In our study, we 
examined 42 GGOs that included benign and malignant 
lesions. There were more mGGOs in the malignant group, 
but no significant difference was found in the composition 
of benign and malignant GGOs (P>0.05). 

Fan et al. (13) retrospectively analyzed 82 pathologically 
and clinically confirmed focal GGOs and suggested that 
GGOs with lobulation, spiculation, spine-like processes, 
bronchus cut-off, other air-containing spaces, pleural 
indentation and vascular convergence were associated a 
greater than average likelihood of being malignant. Heo  
et al. (16) performed a retrospective analysis on 113 
patients who underwent surgical resection without prior 
tissue diagnosis for highly suspicious pulmonary nodules 
and found that bubble lucencies and irregular margins 
were correlated with malignancy in GGO nodules 
(P<0.05). However, our results revealed that there were no 
significant differences in the shape, margins, presence of air 
bronchograms, presence of the pleural indentation sign and 
presence of the vascular convergence sign between benign 

Table 3 Pathological results of the lesions (n=42)

Pathological result N (%)

Surgical margin

Negative cases 31 (100.0)

Positive cases 0 (0.0)

Pathological diagnosis

Benign

AAH 5 (11.9)

DIPNECH 1 (2.4)

CIP 3 (7.1)

Fibrosis 2 (4.8)

Hamartoma 1 (2.4)

OP 2 (4.8)

Malignant

AIS 12 (28.6)

IA 4 (9.5)

MIA 5 (11.9)

MLC 5 (11.9)

NSCPDA 2 (4.8)

AAH, atypical adenomatous hyperplasia; AIS, adenocarcinoma 
in situ; DIPNECH, diffuse interstitial pulmonary neuroendocrine 
cell hyperplasia; CIP, chronic interstitial pneumonia; IA, invasive 
adenocarcinoma; MIA, minimally invasive adenocarcinoma; 
MLC, metastatic lung cancer; NSCPDA, Non-small cell poorly 
differentiated adenocarcinoma; OP, organized pneumonia.
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and malignant GGOs in this sample. We believe that the 
differences in the baseline characteristics, i.e., GGO size 
and pathological type, may have resulted in the different 
outcomes. In addition, the HRCT features may not have 
been significant because the study is underpowered. The 
specific pathology may have resulted in a lack of power in 
the study.

During VATS, it is difficult to palpate and locate GGO 
lesions because these nodules are faint and have a GGO 
appearance or have a thin wall with a cavity. In addition, 
small lesions lying more than 2 cm deep in the lung 
parenchyma are difficult to palpate during surgery (21). 
Sometimes, more than one GGO is localized to one lung 
lobe, and although the lobe can be resected, these GGOs 
are generally too small to be found pathologically without 
localization prior to VATS (22). Therefore, it is necessary to 
perform a localization procedure before VATS. Currently, 
there are several localization methods available, which 
including hookwire localization (23), dye localization (24), 
microcoil localization (25), fiducial marker localization (26),  
contrast medium localization (27), radiotracer guided 
localization (28) and dual localization (29), etc. These 
methods use different localizing materials and have 
their own respective advantages. CT-guided microcoil 
localization is one of the most appropriate methods for 
subcentimeter GGOs for several reasons; it is associated 
with higher success rates [93–98.4% (29)], less complications  
[17.3% (25)] and less patient discomfort (30). In our study, 
42 GGO nodules included 2 lung lobes with 2 GGOs and 
2 lung lobes with 3 GGOs. All the subcentimeter GGOs 
were labeled successfully with stainless steel microcoils that 
were 0.035 inches in diameter. Only minor complications, 
i.e., a small pneumothorax and hemorrhage in the lung 
parenchyma, were detected on CT images. Several recent 
studies indicated that localization performed on the same 
day of surgery within a hybrid theatre is more safe and 
feasible (31-33).

There are several limitations to our study. First, a key 
limitation was that the study subjects were a convenience 
sample of patients. The population was relatively small both 
in the benign lesion group and in the malignancy group. 
Therefore, selection bias might have been inherent, and the 
results must be considered preliminary. Another limitation 
of this study was the potential selection bias from the 
retrospective design. Further prospective studies with large 
samples are necessary to verify the results of this study.

In  conclus ion,  common HRCT features ,  e .g . , 
component, shape, margins, air bronchograms, pleural 

indentation sign and vascular convergence sign, cannot 
be used as criteria for the differential diagnosis of benign 
and malignant subcentimeter pulmonary GGOs. CT-
guided microcoil marking of these lesions prior to VATS is 
a feasible, safe, and effective procedure for localization of 
pulmonary subcentimeter GGO.
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