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Background: This study sought to evaluate the safety and diagnostic performance of computed 
tomography (CT)-guided fine-needle aspiration (FNA) immediately before microwave ablation (MWA) for 
pulmonary ground-glass nodules (GGNs).
Methods: This retrospective study analyzed the synchronous CT-guided biopsy and MWA data of  
92 GGNs (male to female ratio 37:55; age 60.4±12.5 years; size 1.4±0.6 cm). FNA was performed in all 
patients, and sequential core-needle biopsy (CNB) was performed in 62 patients. The positive diagnosis rate 
was determined. The diagnostic yield was compared on the basis of the biopsy methods (FNA, CNB, or 
both), the nodule diameter (<1.5 and ≥1.5 cm), and the lesion component (pure GGN or part-solid GGN). 
The procedure-related complications were recorded.
Results: The technical success rate was 100%. The positive rates of FNA and CNB were 70.7% and 72.6% 
respectively, but did not differ significantly (P=0.8). Sequential FNA and CNB showed better diagnostic 
performance (88.7%) than did either alone (P=0.008 and P=0.023, respectively). The diagnostic yield of 
CNB for pure GGNs was significantly lower than that for part-solid GGNs (P=0.016). The diagnostic yield 
was lower for smaller nodules (78.3% vs. 87.5%; P=0.28), but the differences were not significant. Grade 1 
pulmonary hemorrhages were observed in 10 (10.9%) sessions after FNA, including 8 cases of hemorrhage 
along the needle track and 2 cases of perilesional hemorrhage, but these hemorrhages did not hamper the 
accuracy of the antenna placement.
Conclusions: FNA immediately before MWA is a reliable technique for the diagnosis of GGNs that does 
not alter the accuracy of the antenna placement. Sequential FNA and CNB improves the diagnostic ability of 
GGNs compared to either method used alone.
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Introduction

Due to rapid advances in and the widespread use of 
computed tomography (CT), the detection of pulmonary 
ground-glass nodules (GGNs) is increasing. Pulmonary 
GGNs comprise pure GGNs and part-solid nodules 
(which comprise both ground-glass and solid components). 
GGNs should not be ignored, as some may be malignant 
or develop into cancer. Approximately 75% of persistent 
GGNs are malignant (1). Size progression and/or the 
appearance of solid components usually indicate malignancy. 
When there is a high suspicion of malignancy, surgical 
resection is recommended. Additionally, due to the low risk 
of metastasis, minimally percutaneous invasive therapies, 
such as image-guided microwave ablation (MWA) and 
radiofrequency ablation (RFA), have been widely applied 
(2-4), improving the survival of patients, particularly those 
unsuited for surgery. 

However, unlike surgical resection, thermal ablation 
cannot provide a histopathologic diagnosis (5). This 
limitation could be addressed and unnecessary interventions 
could be avoided by using percutaneous CT-guided fine-
needle aspiration (FNA) or core-needle biopsy (CNB) 
before MWA to acquire a pathological diagnosis. However, 
in clinical practice, it may be suboptimal to perform a 
percutaneous biopsy in a separate session before the thermal 
ablation of GGNs. Patients who choose to undergo thermal 
ablation are usually nonsurgical candidates due to poor 
respiratory function or a severe comorbidity and thus may 
not tolerate CT-guided percutaneous biopsy and MWA over 
2 sessions. Performing the biopsy and MWA separately also 
increases the risk of complications, including pneumothorax, 
hemorrhage, gas embolism, and tumor seeding.

To address this limitation, some physicians have tried to 
perform percutaneous CNB and thermal ablation of lung 
malignancies synchronously. The performance of CNB 
either before or after ablation is effective and relatively safe 
(6,7). However, GGNs preserve normal pulmonary vessels 
and are highly susceptible to bleeding when biopsied. In 
such cases, the performance of CNB immediately before 
the ablation may affect the accuracy of GGN targeting and 
the ablation effect, as postbiopsy hemorrhages may blur the 
tumor. Some physicians have tried to perform percutaneous 
CNB immediately after thermal ablation to address this 

issue. Several studies have demonstrated that a malignancy 
diagnosis is feasible for the postablation pathological 
examinations of GGNs. Wang et al. (8) and Kong et al. (9) 
reported positive CNB diagnosis rates for GGNs post-
MWA of 74.3% and 69.7%, respectively. One limitation of 
performing a biopsy immediately after the ablation of the 
GGNs includes the risk that a diagnosis will be infeasible if 
the samples are inadequate (e.g., if they have been severely 
damaged or carbonized).

Previous studies have mainly focused on percutaneous 
CNB (6-9). Percutaneous FNA is another useful diagnostic 
technique for GGNs with a low complication rate (10). 
However, no reports have assessed the diagnostic ability 
of synchronous CT-guided FNA and MWA for GGNs. In 
September 2021, FNA immediately before MWA became 
the standard procedure for obtaining specimens for the 
diagnosis of GGNs at Department of Minimally Invasive 
Tumor Therapies Center of Beijing Hospital. Our initial 
experience provided us with an excellent opportunity to 
evaluate the efficacy of synchronous FNA and WMA. This 
study sought to evaluate the diagnostic yield and safety of 
FNA pre-MWA for pulmonary GGNs. We hypothesized 
that performing FNA immediately before MWA would 
yield good diagnostic performance and safety. We present 
the following article in accordance with the STARD 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-22-1001/rc).

Methods

The study was approved by the Institutional Review Board 
of Beijing Hospital. Due to the retrospective nature of this 
analysis, the requirement for written informed consent was 
waived. Written informed consent was obtained from those 
patients who underwent biopsy and MWA. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Patients

Searches of the radiology database and electronic medical 
records were performed to identify patients who underwent 
simultaneous CT-guided needle biopsy and MWA for 
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GGNs at Beijing Hospital from September 2021 (after 
FNA had been adopted as a routine protocol) to March 
2022. The indication for lung MWA was determined by 
a multidisciplinary team comprising medical oncologists, 
thoracic surgeons, interventional radiologists, and radiation 
therapists. To be eligible for inclusion in this study, the 
patients had to meet the following inclusion criteria: (I) be a 
poor candidate for surgery due to comorbid disease or have 
refused surgery; (II) have an Eastern Cooperative Oncology 
Group performance status of 0–1; and (III) have undergone 
FNA, CNB, or both synchronously with MWA. Ultimately, 
92 consecutive patients were included in the study.

The abstracted data of the patients’ demographics as well 
as the size, location, and component of the nodule (pure 
or part-solid GGN) were reviewed. The pathologic results 
of the biopsy samples and complications of the procedures 
were recorded.

Biopsy and MWA procedures

The biopsy and MWA procedures were performed by 3 

interventional radiologists with >5 years of experience in 
thermal ablation. All the procedures were conducted under 
local anesthesia and CT guidance. The patients were placed 
in a prone, supine, or lateral decubitus position to provide 
access to the best puncture pathway based on the location of 
the nodule.

All the patients underwent FNA biopsy first. All biopsies 
were performed with a 15-gauge coaxial introducer needle 
(Argon Medical Devices). After advancement the coaxial 
needle to the edge of the nodule, the inner stylet was 
replaced with a 22-gauge Chiba needle (BD) (Figure 1A,1B). 
A CT scan was performed to confirm the needle position. 
The aspiration specimens were then collected with negative 
pressure suction using an attached 10-ml syringe. The 
aspiration specimens were placed on sterile glass slides and 
immersed in 95% alcohol. All the aspiration specimens 
were transferred for cytologic diagnosis after staining with 
hematoxylin and eosin. Immunostaining with thyroid 
transcription factor 1 was performed as necessary. This 
procedure was performed only once without a rapid onsite 
evaluation (ROSE).

A B

C D

Figure 1 A left upper lobe part-solid ground-glass nodule (1.9 cm) in a 66-year-old woman. (A) Puncture and coaxial needle placement. (B) 
Axial CT confirmed that the Chiba needle had adequately penetrated the lesion to obtain an appropriate sample. (C) Microwave antenna 
placement in the middle of the lesion. A core-needle biopsy was performed after MWA using the same coaxial needle. (D) Axial CT after 
MWA showed an ablation zone covering the initial nodule. Both the FNA and CNB results indicated adenocarcinoma. CT, computed 
tomography; MWA, microwave ablation; FNA, fine needle aspiration; CNB, core-needle biopsy.
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Immediately after the FNA, an 18-gauge microwave 
antenna (Vision-China Medical Devices R&D Center) 
was introduced into the GGN through the coaxial system. 
Ablation was then started to achieve complete ablation 
(Figure 1C,1D). The ablation parameters for the GGNs at 
our institution have been described previously. In brief, the 
ablation power output was set to 30–40 W, and the duration 
ranged from 5 to 15 minutes (9).

Post-MWA CNB was performed if the nodule location 
did not preclude the use of an 18-gauge core biopsy 
needle (Argon Medical Devices) with a 1.3- or 2.3-cm 
needle through the coaxial cannula. For nodules adjacent 
to the hilum or with a traversing segmental pulmonary 
artery, CNB was not routinely performed. The obtained 
specimen was placed in 10% formalin and transferred for 
histopathological diagnosis.

Chest CT was obtained immediately and 24 hours 
after the procedure to rule out complications, especially 
pulmonary hemorrhage post-FNA. Complications were 
assessed on the basis of the Common Terminology Criteria 
for Adverse Events (version 5.0) (11). A pulmonary 
hemorrhage was classified as a hemorrhage along the needle 
track or a perilesional hemorrhage.

Statistical analysis

The technical success for all patients was assessed. A 
technical success was defined as the accomplishment of both 
the biopsy and MWA. A technical failure was defined as an 
inability to obtain specimens or perform the MWA.

The biopsy results were divided into the following  
2 categories: the positive group and the negative group. 

Both definite malignant and premalignant diagnoses 
were allocated to the positive group. Malignant diagnoses 
included diagnoses of adenocarcinoma, squamous cell 
carcinoma, or any other types of malignant tumors. 
Atypical adenomatous hyperplasia (AAH) was defined as 
a premalignant diagnosis. Normal lung tissues, red blood 
cells, and chronic inflammation were assigned to the 
negative group. The positive rates were calculated.

The statistical analyses were performed using SPSS 23.0 
(IBM Corp.). The continuous variables are presented as 
the mean ± standard deviation and were compared using 
the Student t-test. The categorical variables are expressed 
as the frequency and percentage and were compared using 
Pearson chi-squared test or Fisher exact test. The FNA 
results were compared to the CNB-alone results and the 
combination results of the 2 procedures. Patients were 
allocated to 2 subgroups based on the nodule size (<1.5 and 
≥1.5 cm) and GGO components (pure GGN and part-solid 
GGN). A comparison of the positive diagnosis rate was 
performed between the different groups. The diagnostical 
yields between different biopsy methods and subgroups 
were compared using Pearson chi-squared test. A P value 
<0.05 was considered statistically significant.

Results

In total, 95 patients were treated with MWA for a lung 
GGN between September 2021 and March 2022. All the  
95 GGNs were considered malignant based on the 
radiologic findings. Ultimately, 92 patients with 92 GGNs 
were enrolled in the study. Of the excluded patients,  
3 patients refused to undergo a biopsy (Figure 2). FNA was 
performed in all the nodules, and CNB was performed 
in 62 nodules. The demographics of the patients and the 
characteristics of the lesions are summarized in Table 1. 
There were no significant differences in terms of age, sex, 
nodule size, location, and nodule component (P>0.05).

Both a biopsy and MWA were successfully performed 
for 92 patients with 92 nodules. The technical success rate 
was 100%. FNA was completed for all patients, and an 
additional CNB was accomplished in 62 patients (Table 2). 
The FNA added only 1–2 minutes to the overall procedure 
time. The additional cost per patient for using the FNA 
technique was about USD $50–100. Thus, the FNA 
application did not significantly increase the procedure time 
and cost. The final diagnosis consisted of a summary of the 
FNA and CNB pathological results. Of the 92 GGNs, 75 
were neoplasms, including 65 adenocarcinomas, 9 AAHs,  

Total cases
n=95

Non-biopsied
n=3

Biopsied
n=92

FNA
n=92

CNB
n=62

Figure 2 Patient selection flowchart. The study cohort of 
synchronous CT-guided biopsy and MWA for ground-glass 
nodules included 92 cases. FNA, fine-needle aspiration; CNB, 
core-needle biopsy; CT, computed tomography; MWA, microwave 
ablation.
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and 1 mucosa-associated lymphoid tissue (MALT), 
representing a positive rate of 81.5% (75/92). Among the 
remaining 17 negative cases, 12 samples turned out to be 
lung tissue, 3 specimens had red blood cells, and 2 samples 
contained inflammatory cells (mainly lymphocytes). For 
further details, see Table 3.

The positive diagnosis rate of FNA was 70.7% (65/92). 
Of the 65 positive results, there were 53 adenocarcinomas, 
11 AAHs, and 1 non-small cell lung cancer (NSCLC). 
The remaining 27 FNA results were negative. The CNB 

identified 45 positive results and 17 negative results, 
representing a positive rate of 72.6%. Of the 45 nodules that 
had positive results, there were 41 were adenocarcinomas, 
3 AAHs, and 1 MALT. The positive rate of the nodules 
that had samples obtained by sequential FNA and CNB 
was 88.7% (55/62). Of these 55 nodules, the CNB was 
diagnostic while the FNA was not diagnostic in 10 patients. 
In 5 cases, the FNA identified 4 AAHs and 1 NSCLC, while 
the CNB identified adenocarcinomas. Interestingly, the 
FNA made a positive diagnosis in 10 nodules not diagnosed 
by the CNB. For further details, see Table 4.

There was no significant difference between the FNA 
and CNB in terms of their abilities to achieve a positive 
diagnosis (P=0.8). The sequential FNA and CNB had a 
significantly better diagnostic performance than did either 
method alone (P=0.008 and P=0.023, respectively). The 
diagnostic performance values are presented in Table 5. In 
total, the diagnostic yield for nodules <1.5 cm was 78.3% 
(47/60), which did not differ significantly to that for nodules 
≥1.5 cm (87.5%, 28/32) (P=0.28). The positive rate for pure 
GGNs was 75.5% (40/53), which did not differ significantly 

Table 1 Patient demographics and nodule characteristics

Characteristics FNA CNB P value

Age, years (mean ± SD) 60.4±12.5 62.1±12.4 0.401

Gender, n (%) 0.851

Male 37 (40.2) 24 (38.7)

Female 55 (59.8) 38 (61.3)

Nodule size, cm (mean ± SD) 1.4±0.6 1.6±0.7 0.109

<1.5, n (%) 60 (65.2) 33 (53.2)

≥1.5, n (%) 32 (34.8) 29 (46.8)

Location, n (%) 0.901

Right lobe 51 (55.4) 35 (56.5)

Left lobe 41 (44.6) 27 (43.5)

Component of nodule, n (%) 0.463

Pure GGN 53 (57.6) 32 (51.6)

Part-solid GGN 39 (42.4) 30 (48.4)

Compared with previous CT, n (%) 0.960

Growth 79 (85.8) 54 (87.1)

Stable 11 (12.0) 7 (11.3)

No previous CT 2 (2.2) 1 (1.6)

FNA, fine-needle aspiration; CNB, core-needle biopsy; GGN, ground-glass nodule; CT, computed tomography.

Table 2 Diagnostic performances of FNA, CNB, and their 
sequential combination (FNA + CNB) in 92 patients (positive 
diagnosis n=75)

Procedure Samples Positive rate, % [n]

FNA 92 70.7 [65]

CNB 62 72.6 [45]

FNA + CNB 62 88.7 [55]

FNA, fine-needle aspiration; CNB, core-needle biopsy.
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Table 3 Final pathology diagnoses of 92 nodules

Pathology results Pure GGN Part-solid GGN Total

Adenocarcinoma 35 30 65

AAH 5 4 9

MALT 0 1 1

Lung tissue 8 4 12

Red blood cells 3 0 3

Inflammatory cells 2 0 2

Total 53 39 92

AAH, atypical adenomatous hyperplasia; GGN, ground-glass 
nodule; MALT, mucosa-associated lymphoid tissue.

Table 4 Pathological findings for patients who underwent 
sequential FNA and CNB (n=62)

FNA/CNB results No. of cases

Adenocarcinoma/adenocarcinoma 29

Adenocarcinoma/negative 8

AAH/ adenocarcinoma 4

AAH/AAH 1

AAH/negative 2

NSCLC/adenocarcinoma 1

Negative/adenocarcinoma 7

Negative/AAH 2

Negative/MALT 1

Negative/negative 7

Negative = negative for malignancy and pre-malignancy. FNA, 
fine-needle aspiration; CNB, core-needle biopsy; AAH, atypical 
adenomatous hyperplasia; NSCLC, non-small cell lung cancer; 
MALT, mucosa-associated lymphoid tissue. 

Table 5 Summary of the diagnostic performance values in relation 
to the biopsy modalities, size, and type of nodule

Modality Positive rate (%) Significance

FNA vs. CNB 70.7 vs. 72.6 P=0.8

FNA+CNB vs. FNA 88.7 vs. 70.7 P=0.008

FNA+CNB vs. CNB 88.7 vs. 72.6 P=0.023

FNA, fine needle aspiration; CNB, core-needle biopsy.

Table 6 Comparison of diagnostic performances based on 
components of GGN

Variables
GGN

P value
Pure Part-solid

FNA 66.0% (35/53) 76.9% (30/39) 0.26

CNB 59.4% (19/32) 86.7% (26/30) 0.016

Both FNA and CNB 84.4% (27/32) 93.3% (28/30) 0.43

Total 75.5% (40/53) 89.7% (35/39) 0.08

FNA, fine needle aspiration; CNB, core-needle biopsy; GGN, 
ground glass nodule.

Table 7 Comparison of diagnostic performances based on lesion size

Variables
Lesion size

P value
<1.5 cm ≥1.5 cm

FNA 71.6% (43/60) 68.8% (22/32) 0.77

CNB 66.7% (22/33) 79.3% (23/29) 0.27

Both FNA and CNB 87.9% (29/33) 89.7% (26/29) 0.83

Total 78.3% (47/60) 87.5% (28/32) 0.28

FNA, fine needle aspiration; CNB, core-needle biopsy.

from that for part-solid nodules (89.7%, 35/39) (P=0.08). 
As for the pure GGNs and part-solid GGNs, only the CNB 
showed a significant difference in terms of its diagnostic 
performance. The diagnostic yield of the CNB for pure 
GGNs was significantly lower than that for part-solid 
GGNs (P=0.016; Table 6). The differences in the diagnostic 
performance of the FNA, CNB, and both between the  
<1.5 cm lesions and ≥1.5 cm lesions were not significant 
(Table 7).

No procedure-related deaths occurred. The mortality 
rate was 0.0% within 30 and 90 days of the MWA. Grade 1 
pulmonary hemorrhages occurred in 10 of the 92 (10.9%) 
procedures immediately after FNA and included 8 cases 
of hemorrhage along the needle track and 2 cases of 
perilesional hemorrhage; however, these did not hamper 
the accuracy of the initial MW antenna placement. Small 
pneumothoraxes were observed in 2 (2.2%) sessions on 
post-FNA CT, but chest tube insertion was not required. 
The overall pulmonary hemorrhage rate after biopsy and 
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MWA was 22.8% (21/92), but no further interventions were 
required. The overall pneumothorax rate was 16.3% (15/92). 
Of these patients, 9 (9.8%) required chest tube insertion. 
The median length of the tube drainage after MWA was 
1 day (range: 1–3 days). Additionally, 2 patients developed 
small pleural effusion, but drainage was not required.

Discussion

The results of the present study showed that the sequential 
use of FNA and MWA for GGNs had a high rate of 
technical success and acceptable complication rates. The 
findings suggest that FNA and CNB are comparable at 
achieving positive diagnoses, and no significant differences 
were observed. The results also demonstrated that the 
sequential FNA and CNB improved the diagnosis of GGNs.

Treatment options need not be limited to surgery but 
could also include minimally invasive strategies, such as 
thermal ablation and radiotherapy, if the malignant GGN 
is an early-phase cancer that has not yet metastasized (12).  
One of the challenges of MWA lies in arriving at a 
pathological diagnosis. As a general rule, a malignant 
diagnosis of GGN by biopsy should be performed before 
the MWA. A correct preablation diagnosis can prevent 
unnecessary interventions for benign GGNs. However, 
the performance of the biopsy and MWA in 2 separate 
sessions could increase patients’ discomfort and the risk of 
complications. Choi et al. (13) found a significantly higher 
risk of pulmonary hemorrhage in CT-guided biopsies of 
GGNs compared to solid nodules.

Separate biopsies for GGNs before the MWA are not 
performed at our clinic. If malignancy is highly suspected, 
the biopsy and MWA are performed synchronously. There 
is no consensus as to the biopsy modality of choice. FNA 
is preferred by some interventionalists and pathologists, 
while CNB is preferred by others. Previously, we preferred 
to perform the CNB after the MWA of the GGNs for the 
following 2 reasons. First, several studies have demonstrated 
that malignancy can be identified on postablation 
pathological examinations for lung tumors even after 
complete ablation (5,7,8). Clasen et al. reported that tumor 
tissue appeared to be thermally fixed 3 days after RFA and 
still preserved the histological features of tumor cells in 
standard histological staining; however, an ultrastructural 
analysis and terminal deoxynucleotidyl transferase-
mediated nick end-labeling confirmed that the tissue 
showed coagulative necrosis (14). Second, postablation 
biopsy prevents the accuracy of the initial MW antenna or 

RF probe placement being hampered due to postbiopsy 
hemorrhage or pneumothorax before ablation.

An earlier investigation reported an immediate post-
MWA positive diagnosis rate for GGNs of 69.7% (9). This 
result is similar to the positive diagnosis rate reported in 
a study of Wang et al. (8) of 74.3%. Both of these studies 
showed that the characteristics of the tumor cells were 
preserved and the histological types could be distinguished 
immediately in the post-MWA biopsy samples. Postablation 
CNB is a useful diagnostic tool for GGNs; however, due to 
its diagnostic yield, it is not ideal for clinical use. Thus, we 
investigated the performance of FNA immediately before 
MWA, focusing on the diagnostic yield and safety.

Our results suggest that FNA is comparable to CNB, 
and sequential FNA and CNB improve the diagnostic 
yield of the GGNs. There is insufficient evidence to 
support a significant difference between FNA and CNB 
in determining lung malignancies in patients with lung 
nodules (15). Our study demonstrated that the FNA result 
was similar to the CNB result, with positive rates of 70.7% 
and 72.6%, respectively. The sequential FNA and CNB had 
a significantly better diagnostic yield than did either FNA 
or CNB alone (P=0.008 and P=0.023, respectively). This is 
in line with the findings of some previous reports (16,17). 
However, other studies have shown that FNA, CNB, and 
their combination are comparable in arriving at a diagnosis 
of malignancy (10,18). Kiranantawat et al. (10) reported 
that the diagnostic yield of malignancy for GGNs was 
86.0% with a sensitivity of 97%. Their improved results 
may be related to the availability of ROSE. The process of 
FNA was repeated several times as needed according to the 
adequacy of each cytologic specimen for diagnosis. Our low 
positive rate could be partly explained by there being only  
1 FNA without a ROSE.

FNA and CNB can compensate for each other’s 
inadequacies to provide an accurate diagnosis. In this study, 
20 patients had a positive diagnosis according to either FNA 
or CNB but not both modalities. Additionally 5 cases had a 
diagnosis of AAH or NSCLC according to FNA that were 
finally confirmed to be adenocarcinomas by the sequential 
CNBs. Thus, the sequential FNA and CNB minimizes the 
risk of inadequate specimen sampling for diagnosis.

In relation to the tumor size, the positive rate was 78.3% 
for tumors <1.5 cm and 87.5% for tumors ≥1.5 cm. The 
diagnostic yield was lower in the smaller-size group but did 
not reach statistical significance (P>0.05). These findings 
are comparable to those reported by Kiranantawat et al. (10)  
and Hur et al. (19). Conversely, Shimizu et al. (20) 
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demonstrated that the diagnostic accuracy significantly 
decreased in relation to the smaller nodules. The lower 
diagnostic value of the smaller nodules may be partly 
explained by the difficulty of hitting a smaller nodule. We 
also evaluated the difference in the diagnostic yield between 
the pure and part-solid GGNs. The results showed that 
the pure GGNs had a relatively lower diagnostic yield than 
did the part-solid GGNs. Only CNB showed a significant 
difference (P=0.016). However, there was no significant 
difference for FNA or both FNA and CNB (P>0.05). This 
supports the findings of a few related studies (10,12,21). 
Conversely, other studies have reported significantly lower 
diagnostic yields for pure GGNs than for part-solid GGNs 
(19,20,22). The lower diagnostic accuracy of pure GGNs 
is probably due to the lower cellularity of pure GGNs 
compared to part-solid GGNs (20).

The study confirmed that synchronous CT-guided biopsy 
and the MWA of GGNs is a relatively safe procedure with 
an acceptable rate of complications. A biopsy performed 
immediately before MWA carries a risk of bleeding or 
pneumothorax, which may alter the accuracy of the MW 
antenna placement for lung nodules, especially in CNBs 
(7,10). FNA had a pulmonary hemorrhage rate of 10.9% 
and a pneumothorax rate of 2.2% before MWA. Notably, 
none of the pulmonary hemorrhages hampered the accuracy 
of the subsequent MW antenna placement by blurring the 
lesion. The 2 cases of pneumothorax post-FNA were mild 
and did not induce the needle to slip away from the tumor 
for the MWA. Thus, FNA immediately before MWA can 
be performed safely with the best puncture path preserved 
for tumor ablation. The overall pulmonary hemorrhage and 
pneumothorax rates were 22.8% and 16.3%, respectively, 
which are comparable to those reported previously (2-4,23). 
Most of the complications were minor, and no interventions 
were required. Thus, synchronous FNA and MWA with 
a coaxial technique was found to be a safe and effective 
method for obtaining a histopathological diagnosis.

This study had several limitations. First, it was a 
retrospective, single-center study, which might have led to 
selection bias. Second, the study was limited by a lack of 
ROSEs, which might have resulted in a relatively reduced 
diagnostic yield. The overall positive rate was 81.5%, 
which is in line with the 64.6–87.5% rate reported for CT-
guided biopsies of GGNs (20,24-26). However, some of 
the remaining 18.5% negative biopsy results may be false 
negatives, as most cases were selected for the intervention 
based on the persistence or growth of the nodules and 
malignant image morphology. Molecular imaging (MI) has 

recently emerged as an important tool for precision surgery 
and has demonstrated considerable success in identifying 
the pathology of lung tumors by facilitating tumor  
removal (27). MI-guided tissue sampling may be a future 
research direction to improve the diagnostic accuracy of 
lung nodule biopsies.

Conclusions

FNA immediately before MWA is a reliable technique for 
the histological diagnosis of lung GGNs and does not alter 
the accuracy of the MW antenna placement. Sequential 
FNA pre-MWA and CNB post-MWA can improve the 
diagnosis of GGNs.
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