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Background: The conventional diagnosis and treatment for highly suspected malignant pulmonary 
nodules (PNs) can avoid unnecessary treatment to some extent. However, the relatively separate puncture 
processes may not only increase puncture-related complications, but also increase the patient’s radiation 
exposure and hospitalization costs. The purpose of this study was to retrospectively analyze the effectiveness 
of simultaneous percutaneous microwave ablation (MWA) and percutaneous biopsy (PB) for PNs.
Methods: From August 2015 to August 2022, 65 consecutive patients [48 solid nodules, 6 ground glass 
opacities (GGOs), 11 mixed nodules] with suspected single malignant PN underwent MWA and PB 
combination treatments at the First Affiliated Hospital of Zhengzhou University. The total of 30 patients 
in Group A underwent synchronous PB and MWA (strategy: low-power MWA-PB-high-power MWA), 
whereas 35 patients in Group B underwent asynchronous PB and MWA. The technical success, complete 
ablation (CA), complications, total procedure time (TPT), patient exposure dose (PED), hospitalization 
time, and costs were compared. An independent samples t-, χ2, or Fisher’s exact tests were used.
Results: The technical success (100% vs. 100%) and CA (100% vs. 97.1%) rates were not significantly 
different between Groups A and B. The complications of intrapulmonary hemorrhage (16.7% vs. 41.4%, 
P=0.02) and hemoptysis (0% vs. 8.6%, P=0.04) were significantly different between Groups A and B. TPT 
(41.6±7.9 vs. 57.3±8.8 min, P<0.001), PED (12.9±1.4 vs. 19.4±2.3 mSv, P<0.001), hospitalization stay (4.7±1.3 
vs. 9.1±2.1 days, P<0.001) and costs (3,768.8±652.9 vs. 4,508.0±514.1 USD, P<0.001) also showed significant 
differences between Groups A and B.
Conclusions: Synchronous PB and MWA for PNs is a safe and effective strategy that can decrease 
bleeding, PED, the hospitalization stay, and costs.
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Introduction

The incidence rate of lung cancer in China ranks first 
among malignant tumors (57.26/100,000), with 631,000 
lung cancer deaths every year (1). A 10-year study with a 
large sample size showed that 85% of stage I lung cancer 
cases can be found by annual chest low-dose computed 
tomography (CT) screening (2). The National Cancer 
Institute (NCI) conducted a large-scale randomized 
controlled study that included 53,454 high-risk lung cancer 
patients, and the results showed that CT screening could 
reduce the mortality of lung cancer by 20% (3). Except in 
primary lung cancer, lung metastasis is prone to develop 
from malignant tumors, such as digestive, urogenital, 
and head/neck tumors, in the process of natural disease 
development, and the development of lung metastases 
means that the tumor has entered an advanced stage (4). 
For patients in whom there is a high suspicion of malignant 
pulmonary nodules (PNs), microwave ablation (MWA) 
can be performed directly without pathological results 
when the medical imaging findings and tumor histories are 
concordant with each other (5). However, percutaneous 
biopsy (PB) is necessary when there are doubts about 
the clinical diagnosis or when there is a need to obtain 
evidence of metastasis gene mutations for further treatment 
adjustments.

MWA is a new effective technology in which the MWA 
applicator is inserted into the tumor, and the heat energy 
generated by the MWA generator is transmitted to the 
tumor through the applicator and results in local tumor 
necrosis through thermal conduction (6). In clinical 
diagnosis and treatment, PB of nodules is still an important 
method to obtain the patient’s histopathological results 
before MWA. Previous research has shown that if the lesion 
is smaller and the solid component is smaller, the probability 
of bleeding during PB is higher (7). Therefore, how to 
reduce bleeding and synchronously complete PB has always 
been a great concern to clinical interventional experts. 
In addition, for some patients, PB is performed first, and 
further treatment is initiated when the pathological results 
are available (the routine pathological results take 2–5 days 
at our center), which will prolong the hospital stay, increase 
the total costs, and prolong patient discomfort (8).

Previous research has shown that MWA can rapidly 
cauterize small blood vessels and tracheal tissue through 
heat production to reduce local bleeding, but too high a 
temperature can lead to local carbonization (9). Clasen  
et al. (10) performed CT-guided PN radiofrequency ablation 

(RFA). Then, 3 days after surgical resection, a pathologic 
examination was performed, which found that the 
morphologic characteristics postablation were still visible 
by hematoxylin and eosin (HE) staining, but the local tissue 
was determined to be in regression toward coagulative 
necrosis. Therefore, the tumor morphology can be a 
feasible diagnostic test in the postablation area. However, 
their pilot study focused on RFA, with less attention paid to 
MWA. Theoretically, the frequency of RFA and WMA are 
460 KHz and 2,450 MHz respectively, which means that 
the latter has higher heat generation efficiency. We assumed 
that the biopsy needle and MWA applicator puncture the 
PN synchronously and then fix the PN with low-power 
MWA (to avoid severe carbonization) to cauterize the 
blood vessels and tracheal tissue around the nodule (to 
reduce bleeding). After successful sampling, the nodule was 
completely damaged with another high-power MWA. This 
retrospective cohort study showed our initial experience. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-23-138/rc).

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This 
retrospective study was approved by the institutional 
review board, and informed consent was provided by all 
the participants. From August 2015 to August 2022, 65 
consecutive patients [48 solid nodules, 6 ground glass 
opacities (GGOs), 11 mixed nodules] with suspected 
malignant single PNs (malignant signs such as lobulation 
sign, hairpin sign, pleural indentation sign, bronchial 
inflation sign, vascular bundle sign within the PNs, or 
diameter enlargement during follow-up) underwent MWA 
and PB combination treatment at our hospital (Heyi 
District and Huiji District, the First Affiliated Hospital of 
Zhengzhou University). The 30 participants in Group A 
underwent synchronous PB and MWA (strategy: low power 
MWA-biopsy-high power MWA), and the 35 patients 
in Group B underwent asynchronous PB and MWA. All 
procedures were performed by the same 2 experienced 
operators (Jiao D and Du K, who had 16 and 13 years of 
experience in lung puncture, respectively). The inclusion 
criteria were as follows: (I) age ≥18 years; (II) highly 
suspected to have malignant PNs; (III) maximum diameter of 

https://qims.amegroups.com/article/view/10.21037/qims-23-138/rc
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single PN ≤30 mm; (IV) Karnofsky score ≥80; (V) platelet 
count ≥50×109/L and prothrombin time ≤21 s; (VI) distance 
from the nodule to a major vessel or a main bronchus of the 
lung hilar ≥2 cm; and (VII) forced vital capacity ≥50%. The 
exclusion criteria were as follows: (I) number of PNs ≥2; (II) 
severe cardiopulmonary dysfunction; and (III) severe pleural 
effusion on the puncture approach. All patients undergoing 
MWA were determined after multidisciplinary consultation 
about the tumor. The workflow and detailed information 
are listed in Figure 1 and Table 1.

The procedures of Group A

The patient’s body position was adjusted according to 
the PN position to ensure a suitable puncture pathway. 
Dexmedetomidine (0.5 μg/kg) and dezocine (10 mg) were 
administered intravenously to achieve a satisfactory sedation 
state, and general anesthesia could be used if the patients 
(especially those with very small lesions close to the pleura) 
could not cooperate with the breathing requirements.

Step 1 (position): the nodule was positioned by chest CT 
(Brilliance16; Philips, Best, The Netherlands; current: 90 mA;  
voltage: 120 kV and thickness: 3 mm), and the puncture 
path was designed according to the operator’s experience. 
Considering that the biopsy needle and MWA applicator 
will be inserted into the PN synchronously, it is necessary 
to set 2 puncture paths with a certain angle between the 
puncture paths to reduce the risk of pneumothorax. After 
local disinfection, 2% lidocaine (5–10 mL) was used for 
local puncture site anesthesia.

Step 2 (puncture): the MWA applicator with a diameter 
of 1.6 mm (150 mm in length; Eco Co., Ltd., Nanjing, 
China) was inserted into the PN “step by step” for the 
guidance of CT.

Step 3 (solidification): when the MWA applicator 
punctures the nodule, ablation can be performed with 
low power/short time mode (20–25 W/30–60 s) to fix the 
nodule.

Step 4 (biopsy): the 17G biopsy needle (Argon, Athens, 
TX, USA) was inserted into the PN “step by step” according 
to the treatment plan. Then, the 18G biopsy gun was used 
to insert the needle core for tissue sampling, which was 
performed 1–3 times to obtain enough tissue (length 1.3 or 
2.3 cm), and specimens were preserved in 10% formalin for 
pathological examination. Further immunohistochemistry 
and gene mutation tests (GMTs) were carried out according 
to the patients’ requirements.

Step 5 (radical ablation): MWA was performed again 
to obtain radical ablation. The ablation parameter 
(35–40 W/3–6 min) was selected according to the PN 
characteristics. It is recommended that the ablation range 
should cover the nodule margin by more than 5–10 mm on 
postablation CT (Figures 2-4).

Step 6 (verification): another CT was performed to 
exclude immediate complications such as pneumothorax 
and hemoptysis. Chest CT or X-ray examination was 
performed regularly 6–8 hours later to monitor for the 
occurrence of pneumothorax, and if the patient had any 
signs of exacerbation of dyspnea, CT or X-ray examination 
was performed immediately.

Percutaneous biopsy and ablation combination (n=164)

Excluded (n=99)
1. Radiofrequecy ablation (n=35)
2. pulmonary nodules ≥2 (n=32)
3. Incomplete data (n=21)
4. Tumor diameter >3 cm (n=11)

Group A: synchronous PB + MWA (n=30) Group B: asynchronous PB + MWA (n=35)

Primary endpoint: technical success, complete albaion rate, complications
Secondary endpoint: total procedure time, patient exposure dose, hospitalization stay, and costs

Figure 1 Workflow of the study. PB, percutaneous biopsy; MWA, microwave ablation. 
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Table 1 Baseline characteristics

Parameters Group A (n=30) Group B (n=35) P value

Age (years) 56.3±11.6 56.7±10.1 0.93

Sex (male/female) 18/12 22/13 0.81

Primary malignant tumor history (yes/no) 13/17 14/21 0.79

Tobacco smoker (active/former/never) 16/12/2 19/14/2 0.90

Nodule diameter (cm) 2.3±0.5 2.2±0.5 0.52

Diameter stratification (≤2.0/>2.0 cm) 7/23 11/24 0.47

Image characteristic (solid/partial solid/GGO) 23/4/3 25/7/3

Nodule lung location (left/right) 21/9 20/15 0.28

Nodule location (central/peripheral) 6/24 6/29 0.77

ECOG score (0/1/2) 23/5/2 18/14/3 0.10

COPD (yes/no) 14/16 13/22 0.88

Pathologic results

Adenocarcinoma 10 (33.3) 16 (45.7) 0.45

Metastasis 11 (36.7) 14 (40.0) 0.80

Atypical adenomatous hyperplasia 2 (6.7) 4 (11.4) 0.68

SCLC 1 (3.3) 1 (2.9) 0.91

Data are presented as mean ± standard deviation or number (frequency)/n (%). Group A underwent synchronous PB and MWA (strategy: 
low-power MWA-PB-high-power MWA). Group B underwent asynchronous PB and MWA. GGO, ground glass opacities; ECOG, Eastern 
Cooperative Oncology Group; COPD, chronic obstructive pulmonary disease; SCLC, small cell lung cancer; PB, percutaneous biopsy; 
MWA, microwave ablation. 

Figure 2 Female, 68 years old, no smoking history. (A) A GGO lesion that was highly suspected of being a malignancy located in the left 
lung was found on preoperative CT (arrow). (B) The microwave applicator was inserted into the lesion with CT guidance, and ablation  
(20 W/60 s) was performed to fix the lesion. (C) The puncture biopsy was inserted into the lesion, and the cutting biopsy was completed 
(circle; staining method: hematoxylin-eosin staining; magnification: ×40). (D) Radical ablation (35 W/4 min) was performed with a 5–10 mm 
ablation zone (arrow) larger than the primary lesion. GGO, ground glass opacity; CT, computed tomography. 

A B C D
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The procedures of Group B

The steps of nodule positioning, puncture, biopsy, and 
complication treatment processes were the same as 
Group A. The difference is that PB and PMA were done 

asynchronously and at a different time, and the ablation 

parameters (35–40 W/3–6 min) were selected directly to fulfill 

radical ablation. The abovementioned Step 3 to fix the nodule 

using the lowpower/short time strategy was not included.

A B C D

Figure 3 Male, 61 years old, a new small nodule occurred in the left lung after symptomatic treatment for right lung adenocarcinoma. (A) 
A pulmonary nodule in the left lung was found on preoperative CT (arrow). (B) The microwave applicator was inserted into the lesion 
with CT guidance, and ablation (25 W/40 s) was performed to fix the lesion. (C) The puncture biopsy was inserted into the lesion, and the 
cutting biopsy was completed (circle; staining method: hematoxylin-eosin staining; magnification: ×40). (D) Radical ablation (40 W/3 min) was 
performed with a 5–10 mm ablation zone larger than the primary lesion (arrow). CT, computed tomography. 

A B C D

Figure 4 Female, 58 years old, a new small nodule occurred in the left lung during breast cancer chemotherapy. (A) A pulmonary nodule 
in the left lung was found on preoperative CT (arrow). (B) The microwave applicator was inserted into the lesion with CT guidance, and 
ablation (25 W/40 s) was performed to fix the lesion. Then, the puncture biopsy was inserted into the lesion, and the cutting biopsy was 
completed (circle; staining method: hematoxylin-eosin staining; magnification: ×40). (C) Radical ablation (40 W/4 min) was performed with 
a 5–10 mm ablation zone larger than the primary lesion (arrow). (D) Two months later, CT reexamination showed that the local metastatic 
tumor disappeared, and only a small amount of scar tissue was seen (arrow). CT, computed tomography. 
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Definition and follow-up

Technical success was defined as successful completion of 
PB and MWA in both groups. Complete ablation (CA) was 
defined as imaging changes such as fibrotic progression, 
solid nodule involution, cavitation, disappearance, and 
atelectasis, and there were contrast-enhanced signs on CT. 
Incomplete ablation was defined as remaining enhanced 
solid residues, partial fibrosis with solid residues, and 
increased size with irregular peripheral enhancement on 
subsequent CT (11). Total procedure time (TPT) was 
defined as the time from Step 1 to Step 6.

The complications included intrapulmonary hemorrhage 
(a small amount of bleeding: the bleeding was limited to 2 cm 
from the edge of the lesion; moderate amount of bleeding: 
the bleeding range exceeded 2 cm from the edge of the 
lesion or extended into other lung lobes); and hemoptysis 
(a small amount of hemoptysis: hemoptysis ≤10 mL;  
moderate amount of hemoptysis: 10 mL < hemoptysis  
≤100 mL; large amount of hemoptysis: hemoptysis >100 mL);  
pneumothorax (a small  amount of pneumothorax: 
pulmonary compression ≤20%; moderate amount of 
pneumothorax: 20% < pulmonary compression ≤40%; large 
amount of pneumothorax: pulmonary compression >40%). 
The following conditions were met for the patients in need 
of GMT: DNA extraction ≥30 ng/case, average sequencing 
depth ≥1,000×, and sequence reply ratio/coverage ≥95%. 
Combined with the above parameters, the overall quality of 
the sample was comprehensively evaluated and divided into 
3 levels: qualified, alert, and unqualified. Follow-up was 
performed 1, 3, 6, 9, 12, 15, and 18 months after MWA. 
Since the patients in Group B needed to complete PB and 
MWA at different time points, the complications were 
recorded if any pneumothorax or hemorrhage occurred, 
and the complication analysis was based on a total of 70 
patients. Patient exposure dose (PED; mSV) was calculated 
as follows: PED = κDLP × dose-length product (mGy·cm), 
κDLP = 0.015 mSv/mGy·cm.

Statistical analysis

The software SPSS 22.0 (IBM Corp., Armonk, NY, USA) 
was used for statistical analysis. All data were expressed as 
numbers (mean ± standard deviation), and percentages. 
All parameters between both groups were compared by an 
independent samples t-test, χ2 test or Fisher’s exact test. 
Statistical significance was considered when P<0.05.

Results

From August 2015 to August 2022, a total of 164 patients 
underwent wet lung PB combined with MWA treatments, 
of whom 65 patients met the retrospective study criteria, 
including 48 solid nodules, 6 GGOs, and 11 mixed nodules 
with highly suspected malignant PNs. There was no 
significant difference between the 2 groups in terms of age, 
sex, characteristics, nodule location, Eastern Cooperative 
Oncology Group (ECOG) score and so on (P>0.05) (Table 1). 
All the patients in Group B underwent direct MWA when 
those patients were first confirmed to have malignancy by 
PB. The technical success rate of both groups was 100%, 
and the malignant result rate of biopsy pathology in the 
synchronous group was 80.0% (24/30). The results are 
listed in Table 1. Among them, 11 patients required GMT, 
and the qualified rate of the samples was 81.8% (9/11).

The local CA rates in Group A and Group B were 100% 
and 97.1%, respectively, which showed no significance 
(P=0.26). The TPT and PED were 41.6±7.9 and 57.3±8.8 min  
and 12.9±1.4 and 19.4±2.3 mSv in Groups A and B, 
respectively, which showed significance (P<0.001). The 
hospitalization stay and cost were 4.7±1.3 and 9.1±2.1 days 
and 3,768.8±652.9 and 4,508.0±514.1 USD, respectively, 
and both parameters showed significance (P<0.001). More 
detailed information is listed in Table 2.

The incidences of intrapulmonary hemorrhage and 
hemoptysis in Groups A and B were 16.7% and 41.4% 
and 0% and 8.6%, respectively; there was a significant 
difference between the 2 groups (P<0.05). The incidence 
of pneumothorax was 30% and 17.1%, respectively, and 
the incidence of pleural effusion was 26.7% and 17.1%, 
respectively; there were no significant differences between 
the 2 groups (P>0.05) (Table 3). No serious complications, 
such as  a ir  embolism, fatal  massive hemorrhage, 
bronchopleural fistula, pulmonary pseudoaneurysm, or 
needle implantation metastasis, occurred in either group.

Discussion

With the improvement of people’s health awareness and 
the high incidence rate of malignant tumors, more PNs 
have been found by the widespread use of CT scans, and a 
large number of early lung adenocarcinomas or metastases 
are suspected according to the imaging morphological 
characteristics and the patient’s medical history (12). 
Therefore, how to accurately diagnose PNs and make 
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Table 2 Intra-and post-operative parameters

Parameters Group A (n=30) Group B (n=35) P value

Technical success rate 100% 100% –

Patient position (supine/prone/lateral position) 18/9/3 20/10/5 0.87

Distance from nodule to pleural (cm) 6.5±1.6 6.1±1.5 0.32

Total procedure time (min) 41.6±7.9 57.3±8.8 <0.001

Radical ablation cycle 1.3±0.5 1.3±0.4 0.51

Radical ablation power (W) 37.5±2.5 37.5±2.8 0.45

Radical ablation time (min) 4.2±0.8 4.3±0.8 0.70

Irradiation dose (mSv) 12.9±1.4 19.4±2.3 <0.001

Complete ablation rate 100% 97.1% 0.26

Hospitalization stay (days) 4.7±1.3 9.1±2.1 <0.001

Hospitalization cost (USD) 3,768.8±652.9 4,508.0±514.1 <0.001

Follow up time (months) 43.6±17.2 39.2±18.7 0.33

Follow up treatments (C/R/others) 12/4/18 14/5/20 0.99

Data are presented as mean ± standard deviation or number (frequency)/n (%). Group A underwent synchronous PB and MWA (strategy: 
low-power MWA-PB-high-power MWA). Group B underwent asynchronous PB and MWA. C, chemotherapy; R, radiotherapy; PB, 
percutaneous biopsy; MWA, microwave ablation. 

Table 3 Complications between two groups

Parameters Group A (n=30)
Group B (n=70)

P value
PB stage (n=35) MWA stage (n=35)

Intrapulmonary hemorrhage 5 (16.7) 24 (68.6) 5 (14.3) 0.02

Hemoptysis 0 (0.0) 5 (14.3) 1 (2.9) 0.04

Pneumothorax 9 (30.0) 8 (22.9) 4 (11.4) 0.16

Pleural effusion 8 (26.7) 7 (20.0) 5 (14.3) 0.28

Data are presented as n (%). Group A underwent synchronous PB and MWA (strategy: low-power MWA-PB-high-power MWA). Group B 
underwent asynchronous PB and MWA. PB, percutaneous biopsy; MWA, microwave ablation. 

appropriate treatment strategies has become an urgent 
problem to be solved. In the former, the pathological 
sensitivity needs to be optimized, and the treatment needs 
to be followed. For the latter, the nature needs to clarified 
to determine the tumor stage, and the GMT needs to be 
understood to adjust further treatment plans (13). Although 
the treatment and pathological results can be obtained 
by one-time surgery, many patients cannot undergo or 
refuse surgery because of subjective or objective reasons 
(advanced age, poor cardiopulmonary function, late tumor 
staging, etc.); therefore, percutaneous ablation can become 
an effective alternative because of its high efficiency, 

repeatability, fast recovery, and low cost.
However, the PN malignant probability correlates with 

different densities on CT. Among them, the malignant 
probability of some solid nodules is the highest, followed 
by ground glass density nodules and solid nodules (14). 
However, all these morphological characteristics cannot 
replace the gold standard status of PB. The conventional 
process is that PB is followed by ablation to avoid 
unnecessary treatment to some extent (15), but the above 
relatively separate puncture processes may not only increase 
puncture-related complications, such as hemoptysis and 
pneumothorax, but also increase the patient’s radiation 
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exposure dose and hospitalization costs, which may result in 
long waiting times and psychological burdens. Therefore, 
how to combine PB with ablation has always been the key 
to improving efficiency.

A recent meta-analysis from Heerink et al. (6) showed 
that the incidence of pneumothorax and intrapulmonary 
hemorrhage after CT-guided PN biopsy was 34.3–43.5% 
and 18.2–30.8%, respectively, and the incidence of 
intrapulmonary hemorrhage of GGOs may exceed 60%. 
As the focus of PNs (especially GGOs) is small during 
needle biopsy, a violent cough may cause blood or air to 
enter the patient’s bronchus and cause hemoptysis or a gas 
embolism. Theoretically, the thermal ablation technology 
represented by MWA or RFA can occlude the blood vessels 
in the ablation area, which has a certain hemostatic effect (16).  
The combination of the 2 techniques can theoretically 
reduce the risk of pulmonary hemorrhage or hemoptysis, 
truncate the operation process, and shorten the hospital 
stay, so the extent to which ablation will affect the biopsy 
results is clinically unknown. The most recent 5 years of 
papers on PB followed by ablation synchronously for PNs 
were retrieved from the PubMed website (Table 4). All 
those studies (17-22) showed that the technical success rate 
was 100%, with rates of pneumothorax and pulmonary 
hemorrhage of 25–60.8% and 5–72.7%, respectively. 
Tselikas et al. (21) showed that 90% of patients have a 

malignant pathology by PB after RFA. Wang et al. (19) 
performed PB before and after MWA, and the diagnostic 
sensitivity was 85.1% and 74.3%, reaching 90.5% when 
2 biopsy results were combined. Hasegawa et al. (22) 
performed GMT analysis using biopsy specimens obtained 
after RFA, and 74% of the patients benefited. The 
antigens weakened but did not disappear, which should 
be considered when performing immunohistochemistry. 
Chi et al. (23) reported that 17G coaxial punctures were 
performed on 31 cases of GGOs (mean diameter 12 mm), 
and biopsies were performed before and after low-power 
(20 W) MWA. The pathological diagnosis of biopsy after 
MWA was significantly different from that before MWA 
(100% vs. 75%, P=0.008). Low-power ablation can improve 
the biopsy sensitivity of GGOs by 25%. Therefore, low-
power MWA at the same time may play a dual role in GGO 
lesions by providing hemostasis and improving the biopsy 
sensitivity due to local cell aggregation.

The present study showed that the technical success and 
CA rate of PB and MWA synchronously were both 100%, 
with a 3.3% hemoptysis rate and a 16.7% intrapulmonary 
hemorrhage rate. The biopsy sensitivity and GMT were 
80% and 81.8%, respectively, which is equivalent to the 
relevant data reported in previous CT-guided needle 
biopsies (73–96%) (24,25).

Excessive ablation may lead to local tissue carbonization 

Table 4 Recent paper on percutaneous biopsy following by ablation synchronously for pulmonary nodules

References Design Sample
Mean age 

(years)

Mean diameter 

(cm)

Nodule 

characteristics

Biopsy sensitivity 

(%)
Complications

Complete 

ablation rate (%)

Kong et al., 2021, 

China (17)

Rs 66 64.1 1.38 Ground-glass 

opacities

69.7 Pneumothorax (36.4%)/ 

hemorrhage (72.7%)

100.0

Wang et al., 2019, 

China (18)

Rs 74 61.3 1.71 Ground-glass 

opacities

85.1 (Group A1)/ 

74.3 (Group B1)

Pneumothorax (60.8%)/ 

hemoptysis (32.4%)/ 

pleural effusion (52.7%)/ 

pulmonary infection (13.5%)

–

Wang et al., 2019, 

China (19)

Rs 54 65.5 2.1 (Group A2)/ 

2.2 (Group B2)

NA 88.9 (Group A2)/ 

100.0 (Group B2)

Pneumothorax (29.6% vs. 57.1%)/ 

hemoptysis (22.2% vs. 20.0%)

100.0

Wei et al., 2018, 

China (20)

Rs 68 67.0 NA NA 85.3 (Group A3)/ 

69.1 (Group B3)

Major complications (25.0%)/ 

minor complications (35.3%)

78.9 (Group A3)/ 

71.4 (Group B3)

Tselikas et al., 2017, 

France (21)

Rs 20 62.7 1.73 Solid nodules 90.0 Pneumothorax (25.0%)/ 

hemoptysis (5.0%)

95.0

Hasegawa et al., 

2016, Japan (22)

Rs 3 69.3 1.93 Solid nodules 100.0 Pneumothorax (66.7%) 66.7

Rs, retrospective study; Group A1, pre-microwave ablation; Group B1, post-microwave ablation; Group A2, synchronous mode; Group 
B2, asynchronous mode; NA, not applicable; Group A3, post-microwave ablation pathology as pre-microwave ablation; Group B3, paired 
histology as pre-microwave ablation biopsy. 
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and destruction of the double strand structure of tissue 
DNA. Low power/short time thermal MWA was used to 
solidify local tissues without destroying the tumor cell target 
antigen. Biopsy immediately after thermal ablation will 
still allow the tissue to retain the original cell morphology. 
Therefore, pathological and genetic examination of biopsy 
tissues after thermal ablation is feasible. The experience 
of our center is as follows (26,27): (I) it is very important 
to reasonably control the temperature ablation time 
during MWA. The local temperature of the low power/
short time mode generally does not exceed 80°, and the 
DNA activity in the tissue can still be retained (II). The 
temperature destroys the fourth-order folding structure 
of proteins, but the first-order amino acid structure 
remains. The antigenicity might lead to the weakening of 
immunohistochemistry, but it does not affect the diagnostic 
results (III). The tumor components in the PNs are uneven. 
Low-power WMA is characterized by shrinkage of the cell 
components and an increase in the local cell components. 
For mixed nodules and GGO biopsy, the tissue sample 
content can be increased theoretically.

Pneumothorax and hemorrhage are the most common 
complications of PB. This study shows that intraoperative PB 
and MWA do not increase the incidence of pneumothorax 
but significantly reduce the risk of bleeding, especially 
hemoptysis. The TPT and PED in Group A decreased by 
27.4% and 33.5%, respectively, because the positioning 
and puncture of the MWA applicator and biopsy needle 
can be carried out synchronously. The hospitalization stay 
and costs in Group A were decreased by 48.4% and 16.4%, 
respectively, which showed that synchronous MWA and PB 
are feasible to improve the efficiency of the treatment plan 
for PNs.

The study also had some limitations. The sample size 
of this study was small, with a high case bias limiting the 
accuracy of statistical results, a retrospective design, and 
a single-center experience, and patient cost comparison 
between both groups only referred to the direct hospital 
cost without considering different regions medical charges, 
insurance payment, and indirect patient costs during 
hospitalization. Although all case enrollments were from 
2 different periods, past ordinary operation experience 
suggests that the more punctures, the higher the incidence 
of pneumothorax. Therefore, subjective intention of the 
operator may have contributed to the selection bias. Further 
prospective, multicenter, randomized controlled research 
evidence is needed.
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