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Introduction

Lung cancer is the leading cause of cancer-related deaths 
worldwide. The incidence of multiple primary lung cancer 
(MPLC) has increased in recent years. Such an increase 
can be explained, in part, by the development of low-dose 
chest computed tomography (LDCT) screening for lung 
cancer (1,2). Surgical resection is the standard treatment for 
early-stage MPLC (3); however, due to multiple nodules 
located in separate lung lobes and limited pulmonary 
reserve, a significant proportion of patients with MPLC 
are ineligible for surgical resection. For those patients who 
cannot tolerate surgery, local therapy is an optional strategy. 
Goldberg described successful radiofrequency ablation 
(RFA) in a lung animal model (4). Dupuy successfully 
applied RFA in three patients with lung malignancies (5). 

Recently, 54 medically-inoperable patients with stage IA 
non-small cell lung cancer (NSCLC) were enrolled from 
16 US centers, and those patients achieved an overall 
survival rate of 86.3% at 1 year and 69.8% at 2 years using 
CT-guided RFA therapy (6). Nevertheless, CT-guided 
percutaneous RFA treatment of lung tumors has not been 
widely accepted in clinical practice because of the high 
incidence of complications following repeated aspiration 
and needle adjustments (7). Electromagnetic navigation-
guided transthoracic wall positioning system is a new 
technique for the treatment of multiple primary pulmonary 
nodules, which can provide accurate pre-operative 
positioning and real-time intraoperative navigation, avoid 
important blood vessels and reduce complications.

In the present report, this is first case report of 
electromagnetic navigation-guided percutaneous RFA for 
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early peripheral lung cancer in a patient with MPLC, which 
demonstrate the feasibility of the new technique assisting 
percutaneous RFA for the treatment of early peripheral 
lung cancer. We present the following case in accordance 
with the CARE Guideline.

Case presentation

A 68-year-old Chinese man was  admitted to the 
Department of Pulmonary at Shanghai Chest Hospital on 
02 May 2019 after multiple nodules were detected in the 
two lungs. The patient had a 20-year smoking history and 
a history of a rib fracture in June 2003. The patient was 
diagnosed with chronic obstructive pulmonary disease in 
October 2013. Pulmonary function testing demonstrated 
that the FEV1-to-FVC ratio (FEV1/FVC) was <65.3% 
of normal; FEV1 was 56.7% of the predicted value. The 
chest CT examination showed two nodules in both lungs, 
and multiple malignant neoplasms were not excluded. 
The nodule in the upper lobe of the right lung was larger 
(18.74 mm × 11.75 mm) than the nodule in the upper lobe 
of the left lung (15.41 mm × 10.66 mm). Whole-body 

positron emission tomography (PET)-CT examination 
further showed an increase in F18 fluorodeoxyglucose 
(FDG) metabolism in both of the pulmonary nodules, 
indicating a strong possibility of peripheral MPLC. No 
abnormal increase in F18 FDG metabolism was noted 
in the mediastinal and hilar lymph nodes. Based on the 
multidisciplinary team discussion, the patient underwent 
RFA therapy for the targets in the lung, and both of the 
nodules were confirmed to be malignant based on intra-
procedural cytodiagnosis. 

With the guidance of an electromagnetic navigation 
system (Suzhou LungCare Medical Technologies Inc., 
China), the nodule in the right lung (Figure 1) and 
the nodule in the left lung (Figure 1) were treated by 
percutaneous RFA on 03 Jun 2019 and 11 Jul 2019, 
respectively. Before RFA therapy, local anesthesia was 
achieved with intradermal and subcutaneous lidocaine (1%). 
The sterile electromagnetic position sensor on the needle 
was locked to search for the entrance point and the right 
angle to the target was selected based on observation of the 
transverse and coronal views seen on the electromagnetic 
system screens. The electromagnetic system generates 

Figure 1 The timeline of the patient exhibits the nodes treated by RFA in the left and right lung respectively with computed tomography 
images. RFA, radiofrequency ablation.
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images in an axial, sagittal, coronal, or oblique plane to assist 
with needle-probe placement. When the electromagnetic 
system suggested the tip of the needle was within the 
nodule, a CT scan was performed for configuration, then 
fine-needle aspiration cytology of the pulmonary nodules 
was performed. Two 180-cm2 grounding pads were then 
placed on the patient’s thighs. Before treatment, the 
electromagnetic position sensor on the RFA electrode was 
locked for tracking the tip of the electrode. The areas treated 
with RFA covered the size of the tumor mass. The patient 
was treated with a 17-gauge, 3-cm active-tip RFA electrode 
(cool tip) and generator (Medsphere International Co., Ltd., 
China) for 10 min per lesion (Figure 2). RFA was initiated 
at a power of 5W and increased 5W every minute until the 
temperature reached 95 ℃. A post-procedural CT scan was 
obtained to assess for complications. No post-procedural 
pneumothorax, hemorrhage, pleural effusion, infection and 
other complications developed after the procedure. 

Discussion

The patient presented in the current report had two nodules 
in different lung lobes, and was not a candidate for surgical 
resection due to inadequate pulmonary function. In this 
case we present the feasibility of percutaneous RFA utilizing 
a electromagnetic navigation platform.

Local therapy has been shown to be a promising 
alternative therapy strategy for early-stage lung cancer 
patients who are poor surgical candidates. Several studies 
have reported comparable outcomes after stereotactic body 
radiotherapy SBRT treatment and surgical resections for 
patients with early stage NSCLC (8-10). SBRT is limited by 

respiratory movements, and the complication of radiation 
pneumonitis. Zemlyak et al. (11) demonstrated comparable 
survival after sub-lobar resection and ablative therapy at 
3 years, and suggested that RFA is a promising alternative 
in high-risk stage I NSCLC patients eligible for surgical 
resection. The advantage of RFA lies in the ability to 
locally heat tumors to a lethal temperature while incurring 
minimal damage to surrounding normal lung tissue (12). 
Results from the American College of Surgeons Oncology 
Group Z4033 (Alliance) trial demonstrated that RFA is a 
single, minimally invasive procedure that is well-tolerated 
in medically-inoperable patients, does not adversely affect 
pulmonary function testing, and provides a 2-year overall 
survival rate that is comparable to the rate reported after 
SBRT in similar patients (6). Indeed, RFA has been widely 
used via a percutaneous method with widespread application 
in the treatment of liver, kidney, lung, and bone tumors (13). 
CT-guided percutaneous RFA has limitations in lung tumor 
therapy because of the high incidence of complications, 
such as pneumothoraces, hemothoraces, and bronchopleural 
fistulas (7). Moreover, this technique cannot be guided in 
real time, thus it is difficult to accurately locate some small 
lesions, especially for early peripheral lung tumors <3 cm 
in size. In most cases, it is necessary to repeatedly scan and 
adjust the position of the puncture needle, which results in 
additional radiation exposure for the patient and increased 
complications.

RFA through bronchoscopy for  the  treatment 
of peripheral lung cancer is currently under active 
exploration. Xie, in our institution, reported that navigation 
bronchoscopy-guided (ENB) RFA is a safe and feasible 
procedure for stage IA lung cancer or lung metastasis (14). 
ENB is a technique in which the bronchoscope is guided 
through the bronchial tree to accurately reach a peripheral 
lesion. It has been reported that the diagnostic yield of 
bronchoscopy can be improved up to 88% by utilizing  
ENB (15). The NAVIGATE study demonstrated a 
sensitivity of 69% for malignancy (16). Although the 
bronchoscopic yield for solitary pulmonary nodules 
has been dramatically improved with the guide of an 
electromagnetic navigation system, some peripheral lung 
cancer is not reachable. 

Most early peripheral lung cancers close to the chest 
wall can be reached by CT-guided transthoracic needle 
aspiration. Previously, we developed an electromagnetic 
navigation-guided transthoracic wall positioning system 
that promises accurate navigation to peripheral pulmonary 
target lesions. This system provides pre-operative accurate 

Figure 2 The electromagnetic system generates images in an 
axial, sagittal, coronal, or oblique plane to assist with needle-probe 
placement.
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positioning and intra-operative real-time navigation. The 
electromagnetic navigation-guided transthoracic wall 
positioning system can shorten the puncture time, avoid 
important blood vessels, reduce the number of needle 
adjustments and puncture time, reduce the X-ray radiation 
dose to the patient, and reduce complications. Several 
studies have confirmed that electromagnetic navigation is a 
highly safe, and effective support tool in percutaneous CT-
guided lung biopsy (17-19). We have launched a study with 
a focus on comparing electromagnetic navigation- and CT-
guided TTNA in the diagnosis of pulmonary peripheral 
nodules (NCT03802266). 

Electromagnetic navigation-guided percutaneous needle-
based RFA has been successfully applied in the treatment 
of hepatocellular carcinoma (20). In the current case, we 
utilized the electromagnetic navigation system to assist the 
clinician in inserting the RFA electrode into lung tumors. 
During the procedure, there is no needle adjustment or 
complications, such as pneumothoraces and hemoptysis. 
We showed the feasibility of applying this technique in 
the treatment of early-stage lung cancer patients who 
are ineligible for surgical resection, such as MPLC. The 
limitation of this report is that we cannot pre-operatively 
confirm whether or not both of the nodules were MPLC 
based on histodiagnosis because of the high risk associated 
with pneumothorax biopsy in emphysema patients. Both of 
the nodules were confirmed to be malignant based on fine 
needle aspiration cytology during RFA therapy.

Conclusions

In conclusion, the transthoracic electromagnetic navigation 
positioning system can be applied in percutaneous RFA for 
early peripheral lung cancer. Further study is warranted to 
confirm the efficacy of this technique in the treatment of 
lung cancer.
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