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Introduction

Lung cancer has taken the place of liver cancer as the most 
common malignancy in China, and is the leading cause of 
cancer-related mortality among the Chinese population (1).  
Thoracoscopic surgery is the traditional treatment for 
localized non-small cell lung cancer (NSCLC). However, 
25% of patients diagnosed with lung cancer are deemed 
to be inoperable due to poor cardiopulmonary reserve and 
the presence of medical comorbidities (2). Radiofrequency 
(RF) energy has been used successfully for local control 
and palliative treatment of various soft tissue malignancies, 
including thoracic neoplasms. Over the past decade, 
other image-guided, minimally invasive, and lung-sparing 
therapies, such as stereotactic body radiation therapy 

(SBRT), radiofrequency ablation (RFA), microwave ablation 
(MWA), cryoablation, chemical ablation, and laser ablation, 
have also been widely applied in patients with inoperable 
lung cancer (3-6). 

MWA is a well-tolerated technique that involves an 
acceptable level of surgical trauma. It has all the benefits 
of RF ablation and also offers substantial advantages (7). 
MWA is widely used in the treatment of many malignant 
carcinomas including, among others, liver cancer, lung 
cancer, and metastatic bone tumors (7). Patient groups 
treated with MWA for stage I NSCLC have shown similar 
outcomes to those treated with RFA, indicating that MWA 
may be an effective minimally invasive treatment for lung 
cancers (8,9). In most cases, ablation is performed with 
computed tomography (CT) guidance, while magnetic 
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resonance (MR)-guided ablation is rare. At present, there 
are no reports of MR-guided MWA being applied for 
lung cancer. Therefore, the purpose of our study was to 
retrospectively evaluate the safety, practicality, and efficacy 
of MR imaging (MRI)-guided MWA in the case of a patient 
with intraparenchymal pulmonary malignancies.

Case presentation

On December 1, 2017, a 69-year-old male was admitted 
to the Department of Thoracic Surgery of the Affiliated 
Cancer Hospital of Nanjing Medical University. The 
patient had no smoking history or clinical symptoms. He 
had previously been diagnosed with lung adenocarcinoma 
in the right lower lobe in January, 2016 (Figure 1). A CT-
based radiomics analysis for this patient indicated clinical 
stage IIIA lung cancer, and spirometry revealed a forced 
expiratory volume in 1 second (FEV1) of 1.6 L (52% 
predicted) and a forced vital capacity (FVC) of 3.0 L (75% 
predicted). 

The patient refused to undergo radical surgical 
intervention. Subsequently, he was administered pemetrexed 
(PEM) 500 mg/m2, day 1, and cisplatin (DDP) 20.0 mg/m2,  
day 1–day 3, every 21 days for a total of six cycles of 
chemotherapy, starting in February, 2016. A follow-up 
examination in April 2017 indicated an enlarged lesion in 
the right lower lung. The patient underwent two CT-guided 
MWA sessions; however, the tumor continued to grow. 

On December 4, 2017, the patient received percutaneous 
MWA under the guidance of MRI at our hospital. Our 
surgical team comprised two interventional radiologists with 
more than 8 years of experience in thoracic surgery and 
proficiency in managing pneumothorax, hemoptysis, and 

other surgical complications, as well as a technician and an 
experienced radiologist. All preoperative and postoperative 
MRI scans were performed using a 3.0 T MR scanner 
(PHILIPS-Ingenia 3.0T, Amsterdam, The Netherlands). 

Before his procedure, the patient was instructed to fast 
for 6 hours and underwent complete routine lab tests. MRI-
guided MWA was performed using an ECO-100A MWA 
system (ECO Medical Instrument Co., Ltd. Nanjing, China; 
CFDA Certificated No.: 20173251268) and a 16-gauge 
cooled-shaft ceramic antenna. All metal equipment was 
kept in a safe area by the radiologist. The power output was 
set at 50–60 W for the entire operation. The procedure 
was performed in the interventional radiology room. Based 
on the location of the lesion, the patient was placed in the 
supine position on the surgical bed. A skin marker was 
applied to locate the needle insertion site. In order to obtain 
a satisfactory image, the patient was instructed to hold 
his breath for approximately 10 seconds during the scan 
so the location of the puncture could be determined. T2-
weighted images were used to confirm the needle placement  
(Figure 2A). The distance from the skin marker to the 
center of the tumor location was 91 mm in the axial, 
coronal, and sagittal images. These measurements were 
helpful in determining the relative spatial location of 
the needle tip and the irregular tumor. Satisfactory local 
anesthesia was achieved with 1% lidocaine. According to 
the preoperative plan, the 16-gauge microwave antenna was 
placed into the tumor at an angle of approximately 90˚ in a 
step-by-step manner. To ensure that the ablation antenna 
had been placed in the appropriate position, another MRI 
scan was performed after the needle had been inserted 
[T1-weighted skin echo (T1W_SE) images, Figure 2B]. 
Two 8-minute ablation cycles were applied to achieve an 
ablation zone that was 5–10 mm larger than the tumor site 
(Figure 2C). Subsequently, a track ablation using 20 W was 
performed to prevent tumor implantation metastasis and to 
stop bleeding at the puncture site. The patient’s vital signs 
including blood pressure, oxygen saturation, and heart rate 
were stable throughout the procedure. No pneumothorax, 
severe hemoptysis, or pleural effusion occurred during the 
operation. Following the removal of the ablation antenna, 
the patient was returned to the ward, and routine oxygen 
was given, along with other monitoring measures, under the 
care of a nurse.

A follow-up CT scan was performed immediately after 
ablation to assess the efficacy of the MRI-guided MWA 
(Figure 2D). An ideal ablation zone, measuring 53 mm × 
54 mm, was observed. CT and MRI follow-up at 6 months 

Figure 1  The patient’s pathological diagnosis was lung 
adenocarcinoma (H&E stain, 400×).
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Figure 2 Ablation procedure and post-ablation evaluation. (A) T2-weighted image (T2WI). Skin markers were applied to locate the needle 
insertion site under magnetic resonance imaging (MRI) guidance. (B) In the supine position, the patient received the MWA antenna under 
MRI guidance: (I) T1WI image shows that the 16G-ablation antenna was placed in the appropriate position; (II) using coronal MRI, we can 
see that the needle is in the center of the tumor. (C) T2WI image. After two 8-minute ablation cycles, we achieved a satisfactory ablation 
area, including a coagulation necrosis area as well as a circumferential rim of peripheral hyperemia that resulted from an acute inflammatory 
reaction. (D) Unenhanced soft tissue window image. A computed tomography (CT) scan was performed immediately after ablation to assess 
the effects of MRI-guided MWA. The ablation zone was satisfactory, measuring 53 mm × 54 mm. (E) Arterial phase soft tissue window 
image. At the 6-month follow-up, the tumor size was decreased, measuring 43 mm × 32 mm. (F) Lung window image. Follow-up computed 
tomography scan at 18 months showed a fibrous scar at the site of the ablated lesion. The tumor had increased in size to 43 mm × 45 mm.
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postoperatively revealed a significant reduction in the 
ablation zone. The tumor size had decreased, and measured 
43 mm × 32 mm (Figure 2E). However, at the 18-month 
postoperative evaluation, the tumor size had increased to 
43 mm × 45 mm on CT (Figure 2F). Up to this point, the 
patient is still alive and has reported no obvious clinical 
symptoms.

Discussion

Numerous studies have reported that MWA is a novel 
minimally invasive approach for patients with primary 
lung tumors and pulmonary metastasis who are not 
suitable for surgical resection (8-10). In recent years, CT-
guided percutaneous MWA has been widely established 
as a complementary therapy for the treatment of thoracic 
malignancies. Our research adds to the existing body of 

knowledge and confirms that MRI-guided MWA can 
effectively destroy tumor cells, as suggested by other 
studies (11).

Compared with CT-guided MWA, MRI-guided MWA 
has obvious advantages. In particular, the outstanding 
advances made in MRI can reduce or eliminate artifacts 
resulting from breathing and heart function. The 
application of MRI is a rapidly growing field, and with the 
recent development of diagnostic modalities, MRI has come 
to play an important role in the diagnosis of thoracic disease 
(12,13). MRI is an established alternative to CT for the 
evaluation of thoracic vasculature, as well as mediastinal, 
hilar, and chest wall abnormalities, and can be performed 
without contrast agents (14). It can also avoid injury to 
pulmonary blood vessels and reduce the complications of 
hemoptysis during puncture. Images of the cross section, 
sagittal plane, coronal plane, and any tangent plane can 
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be obtained directly from an MRI, which facilitates more 
precise guidance of the antenna to the lesion and helps to 
avoid multiple procedures that expose patients to potentially 
ionizing radiation.

CT is commonly used for evaluation following MWA 
therapy on the basis of morphologic criteria (15,16), as there 
are no quantitative identification parameters to evaluate. 
The obvious metal artifacts produced by the MWA antenna 
during CT scanning can easily cover the lesions, which is 
likely to lead to incomplete ablation. This may explain the 
failure of the previous two CT-guided ablations in the case 
reported here. With MRI-guided MWA, the procedure can 
be monitored in near real time, allowing the entire periphery 
of the treatment effects to be assessed during the procedure. 
In our patient, T2-weighted image (T2WI) sequence 
scanning was routinely performed during the two 8-minute 
ablation periods to monitor changes in the ablation zone as 
well as secondary changes, such as peripheral exudation. For 
most lesions, multiple step ablation is required. Following 
the ablation of each ablation site, it is impossible to perform 
repeated contrast-enhanced scans within a short period of 
time. Therefore, in the continuous ablation process, the 
T2WI sequence, which consumes less time and is relatively 
sensitive to the response of the lesion and the exudation 
around the lesion after ablation, was adopted to monitor 
the intraoperative ablation effect. The sequence scanning 
time, acquisition time, was 14.9 seconds, while its spatial 
resolution, voxel, was 1.5 mm × 1.7 mm × 3.0 mm.

Through MRI evaluation, we observed an early increase 
in the volume of the ablated zone (a low signal intensity on 
T2-weighted MR images which is surrounded by a small 
hyperacute signal). Also, the difference between the ablated 
and unablated tissue is significantly more obvious on MRI 
than on CT. MRI has also been demonstrated to clearly reflect 
changes in the ablation zone after RFA of liver lesions (17),   
which is consistent with our findings. MRI guidance allows 
physicians to determine how a lesion has changed in multiple 
planes in real time (18). Moreover, the potential radiation 
dose from multiple CT scans can be avoided. 

As with all CT-guided MWA therapies, MRI guidance is 
associated with specific risks. Due to the low proton density 
of the lung and the fast signal decay at air-tissue interfaces, 
patients need to be able to hold their breath for a certain 
period of time to enhance the quality of the MRI (19). In 
our study, the patient was instructed to hold his breath at 
normal end-expiration to avoid motion-related artifacts. 
Considering the requirement of patient cooperation during 
the MRI process and the long acquisition time of the MRI 

system compared with CT, effective preoperative education 
for patients is crucial. As with CT-guided percutaneous 
MWA, pneumothorax, hemoptysis, and uncontrolled 
pain are the most common complications of MRI-guided  
MWA (20). In this case, the patient had hemoptysis, 
presumably caused by ruptured capillaries after the 
insertion of the probe. Fortunately, the transient symptoms 
disappeared within 24 hours postoperatively.

This case study has several limitations that should be 
noted. Firstly, the targeted lesions were not confirmed 
pathologically post ablation. Another limitation was the 
relatively insufficient continuous follow-up observations. 
Lastly, there were no CT follow-up images at 1 and  
3 months postoperatively.

In conclusion, MRI-guided percutaneous MWA may 
be a suitable adjunctive therapeutic option for patients 
with advanced lung cancer. Comprehensive treatment 
plans combining MWA with other treatment strategies can 
achieve good therapeutic results for patients. 
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