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Introduction

Lung cancer is the leading cause of cancer-related deaths in 
both males and females worldwide (1). Most patients have 
entered the advanced stage at diagnosis and have lost the 
opportunity for a complete cure. Thus, the early detection 
of lung cancer is particularly important (2). Computed 
tomography (CT)-guided percutaneous lung biopsy are widely 

used in clinical practice for obtaining tissue diagnoses from 
peripheral lung nodules. The technology has a high diagnostic 
accuracy (3,4). However, the surgery cannot be monitored 
with real-time imaging, and thus relies on the surgeon’s 
experience. Many complications such as pneumothorax and 
hemoptysis may arise after biopsy (5). Repeating CT scans 
can also cause significant radiation-related damage to patients. 

Previous studies have reported that electromagnetic 
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navigation system-assisted bronchoscopy can be used safely 
and efficiently to diagnose lung lesions (6). The technology 
uses electromagnetic tracking technology to obtain spatial 
navigation information in real time, thus making it possible 
to accurately use therapeutic and real-time navigation 
during surgery. Compared to conventional approaches, 
it provides many benefits such as increased accuracy, 
reduction of surgical times, and reduction of complications 
and risks for patients (7-9). Considering the effective use of 
the electromagnetic navigation system in bronchoscopy, we 
reasoned that the electromagnetic navigation system could 
also be used for CT-guided percutaneous lung biopsy.

In this study, we used the electromagnetic navigation 
system for CT-guided percutaneous lung biopsy of 
peripheral lung lesions, and the clinical value of this new 
technology was compared with conventional CT-guided 
percutaneous lung biopsy. We present the following article 
in accordance with the STROBE reporting checklist 
(available at https://dx.doi.org/10.21037/jtd-21-395).

Methods

Study population

Patients with peripheral lung lesions who underwent lung 
biopsy assisted by the electromagnetic navigation system 
(Group A) or used conventional CT-guided percutaneous lung 
biopsy (Group B) between January 2019 and December 2020 
in our institution were included in the study. The inclusion 
criteria involved patients whose spiral CT showed peripheral 

lung lesions, which were suspected of lung cancer. All patients 
were over 18 years of age, and written informed consent for 
the CT-guided biopsy was obtained from each patient.

Study procedure

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by institutional review board of Shanghai Chest 
Hospital (KS1814), and written informed consent was taken 
from all patients before invasive procedures. 

All biopsy procedures were conducted under local 
anesthesia by the same physician, who had more than  
20 years of experience. All patients underwent coaxial fine 
needle aspiration or core biopsy according to the physician’s 
decision. The physician also selected the suitable size of the 
biopsy needle, which ranged from 18–20 gauge, according 
to the condition of the lesions. All procedures were 
performed under CT guidance. The following parameters 
were used: image thickness =1.5 mm, mA =234, and KvP 
=120. The CT scan was performed by two radiologists with 
more than 15 years of experience in radiology. All the CT 
images were obtained at end expiration.

In group A, patients with peripheral lung lesions were 
treated with an electromagnetic navigation system (Lung 
Care; China, Figure 1) for CT-guided percutaneous lung 
biopsy. Before surgery, the patients were subjected to 
a CT scan. The resulting images were uploaded to an 
electromagnetic navigation system and then after reviewing 
the images, a proper puncture route was selected and 

Computer and monitor

Field emitter
Patch sensor

Data collection chip

A B

C

Figure 1 The components of Electromagnetic navigation system components. (A) Computer and monitor (yellow arrow), field emitter (red 
arrow); (B) data collection chip (arrow); (C) patch sensor (arrow).
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marked on the skin. The patients were told to assume a 
position according to the original CT scan, then the data 
collection chip was added and the patch sensor was installed 
near lesions on the skin to connect the electromagnetic 
navigation system, and the biopsy needle was then 
connected to the sensor. The electromagnetic navigation 

system superimposes the needle tip on the pre-procedural 
CT dataset, and then guided the biopsy needle to the target 
tissue according to the planned puncture route in real 
time (Figure 2). The system generated images viewed as 
axial, sagittal, coronal, or oblique to assist placement of the 
puncture needle (Figure 3). When the system showed that 

A B

Figure 2 The electromagnetic navigation system guided lung biopsy. (A) The operator can visualize the needle advancement using the 
electromagnetic navigation system in real time; (B) the enlarged view of the screen.
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Figure 3 The electromagnetic navigation system’s screen capture, which shows the position of the digital tip (cross) of the biopsy needle and 
needle route (line) in the axial and sagittal planes.
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the needle tip was within the target tissue, CT scanning was 
again used to confirm the needle placement to obtain tissues 
for cytopathological or histopathological analyses.

In group B, patients with peripheral lung lesions were 
operated using conventional CT-guided biopsy. Before the 
procedure began, the surgeon used CT images in planning 
the lesion position and biopsy route. The surgeon then 
slowly advanced the needle. After using the CT scan to 
confirm that the needle tip was within the lesion, the tissues 
were obtained using a suitable biopsy needle. 

The number of obtained specimen depended on 
lesion characteristics and surgeon’s experience. All biopsy 
tissues were submitted for pathological analysis. If such 
examination failed to yield the diagnosis, we would take 
a second biopsy or perform the 3–6 months follow-up 
according to the patient condition.

Data collection

All patients had a CT scan, which was conducted after the 
procedure to check for complications. We recorded clinical 
and technical information in both groups. In addition, we 
evaluated the precise performance of the electromagnetic 
navigation system-assisted CT-guided lung biopsy and 
conventional CT-guided percutaneous lung biopsy in 
disease diagnosis, and compared the precise of disease 
diagnoses in the two groups. Technical success was defined 
as completion of the biopsy procedure and acquisition of 
lesion tissues (i.e., the procedure was completed successfully 
and was not terminated). 

Technical efficacy was defined as the acquisition of 
adequate pulmonary lesion tissues, which had a definite 
pathological diagnosis (whether the pathological results 
were benign or malignant). The technical inefficacy was 
defined as follows: (I) the tissue was obtained in amounts 
too small to make pathological slides; (II) the pathological 
results were benign, but further bronchoscopy biopsy/
surgery yielded malignant results; and (III) there were only 
uncertain cytopathological results.

Safety was evaluated according to the occurrence of 
related complications such as pneumothorax, hemoptysis, 
and bleeding. The complications were classified according 
to the Society of  Interventional  Radiology (SIR) 
Guidelines (10). 

Statistical analysis

Continuous parameters are presented as the mean ± 

standard deviation (SD) or median (range), compared using 
an independent t-test or Mann-Whitney U test between 
the two groups. The categorical variables are presented as 
the number and percentage, and the chi-square test was 
used to compare categorical variables. We used SPSS (SPSS 
statistical software for Windows, version 23; IBM, Chicago, 
IL, USA) to perform statistical analyses, and P<0.05 was 
considered statistically significant. 

Results 

Patient and lesion characteristics 

A total of 141 patients were included in Group A (78 males 
and 63 females; median age, 65 years; range, 32–79 years), 
and 96 patients were included in group B (57 males and  
39 females; median age, 65 years; range, 34–80 years). There 
was no statistical difference in the sex and age distribution 
of the two groups (P>0.05). The mean lesion maximum 
sizes were 19.8±6.4 mm for group A and 20.9±5.9 mm  
for group B (P=0.211). There was no significant difference 
in the puncture position and lesion maximum diameter, 
lesion lobar location, distance from the pleura, and other 
lesion parameters, and there was no significant difference 
in the solidity of lesions between the two groups. In Group 
A, of the 141 patients, 86 were diagnosed as malignant, 
compared with 63 of 96 patients in group B, and there 
was no significant difference between the two groups. As 
many lesions only submitted for cytopathological analysis, 
there were no specific pathological subtypes. The specific 
characteristics of the patients and pulmonary lesions in both 
groups are summarized in Table 1.

Technique and efficacy

All patients successfully completed the procedure. The 
technical success rate was 100% in Groups A and B. There 
was no significant statistical difference in the surgical time 
and number of adjusted times in CT scanning between 
Groups A and B (Table 2). We found that the shortest 
surgical time was only three minutes in Group A. The 
electromagnetic navigation system was therefore a highly 
efficient tool for CT-guided percutaneous lung biopsy of 
peripheral lung lesions. There was no significant statistical 
difference in the distance between the skin entry point 
and the target lesion. The overall technical efficacy rate 
of biopsy were 92.9% for group A and 90.6% for group B 
(P=0.525). 
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Table 1 Clinical characteristics of patients and their lesions

Variables Group A (n=141) Group B (n=96) P value

Age, year (median, range) 65 [32–79] 65 [34–80] 0.1871

Sex, n (%) 0.5362

Male 78 (55.3) 57 (59.4)

Female 63 (44.7) 39 (40.6)

Puncture position, n (%) 0.2182

Supine 67 (47.5) 39 (40.6)

Lateral 5 (3.5) 8 (8.3)

Prone 69 (48.9) 49 (51.0)

Lesion maximum diameter, mm (mean ± SD) 19.8±6.4 20.9±5.9 0.2113

Lesion lobar location, n (%) 0.8232

Right upper 33 (23.4) 21 (21.9)

Right middle 13 (9.2) 6 (6.3)

Right lower 23 (16.3) 19 (19.8)

Left upper 46 (32.6) 29 (30.2)

Left lower 26 (18.4) 21 (21.9)

Distance from pleura, n (%) 0.8242

≤2 cm 95 (67.4) 66 (68.8)

>2 cm 46 (32.6) 30 (31.3)

Lesion characteristics, n (%) 0.3912

Mixed ground glass opacity 20 (14.2) 8 (8.3)

Pure solid 113 (80.1) 82 (85.4)

Others 8 (5.7) 6 (6.3)

Lesion histopathology, n (%) 0.0662

Benign 51 (36.2) 25 (26.0)

Malignant 86 (61.0) 63 (65.6)

Non-defined 4 (2.8) 8 (8.3)

Emphysema, n (%) 30 (21.3) 15 (15.6) 0.2762

Pulmonary fibrosis, n (%) 13 (9.2) 5 (5.2) 0.2522

Pulmonary bullae, n (%) 26 (18.4) 12 (12.5) 0.2212

1, Mann-Whitney U test; 2, Chi-square test/Fishers’ exact test; 3, independent t-test.

Complications

Many kinds of observed complications are listed in Table 3,  
including pneumothorax [A vs. B: 29 (20.6%) vs. 16 
(16.7%), P=0.452], hemorrhage [A vs. B: 20 (14.2%) vs. 17 

(17.7%), P=0.463] and hemoptysis [A vs. B: 3 (2.1%) vs. 2 
(2.1%), P=1.000]. There was no significant difference in 
the incidences of all types of complications between the 
two groups, and no other serious complications occurred in 
both groups. We observed that there were only grade 1–2 
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Table 2 Technical information

Variables Group A (n=141) Group B (n=96) P value

Operation time, min (median, range) 20 [3–48] 18 [6–42] 0.8511

Number of adjust times in CT-scanning, n (median, range) 3 [0–15] 3 [1–11] 0.7511

Distance between skin entry point and target lesion, mm (mean ± SD) 65.7±19.1 67.1±19.0 0.5852

Technical success rate, n (%) 141 (100.0) 96 (100.0) –

Technical efficacy rate, n (%) 131 (92.9) 87 (90.6) 0.5253

1, Mann-Whitney U test; 2, independent t-test; 3, Chi-square test/Fishers’ exact test.

Table 3 Biopsy-related complications and grading by the Society of Interventional Radiology guidelines

Complications Group A (n=141) (%) Group B (n=96) (%) P value*

Incidence of complications 52 (36.9) 35 (36.5) 0.947

Grade of complications

Grade 1–2 52 (36.9) 35 (36.5) –

Type of complications

Pneumothorax 29 (20.6) 16 (16.7) 0.452

Hemorrhage 20 (14.2) 17 (17.7) 0.463

Hemoptysis 3 (2.1) 2 (2.1) 1.000

*, the P value was calculated using the chi-square test.

minor complications in the patients. 

Discussion

With the popular application of spiral CT in patients, a 
multitude of lung lesions have been found, with definite 
diagnosis in the early stage of these lung lesions being 
especially important. CT-guided percutaneous biopsies 
have been widely used in the diagnoses of peripheral lung 
lesions (11). Traditional biopsy methods only use repeated 
CT scans to determine the angle and depth for puncture 
surgery. During surgery, the technical success depends 
on the operator’s personal experiences, so repeated CT 
scanning may be necessary to verify the correct needle 
position. The repeat CT scan also requires a long time and 
is prone to increase the occurrences of complications and 
radiation damage (12,13). The electromagnetic navigation 
system is a new technique, which has been previously used 
to assist bronchoscopy for the diagnosis of lung cancer (14).  
However, it is necessary to improve the technical 
efficacy without the disadvantages of radiation and time 
consumption, to identify targeted positions in real time (15). 

It is possible for the electromagnetic navigation system 

to locate the needle tip position in real time, and to 
overlay real-time instrument tracking information using 
CT-imaging (16). Based on this feature, the technical 
success and the probability of obtaining effective tissues 
are increased. Yarmus et al. (17) showed that navigation 
bronchoscopy combined with the electromagnetic 
guidance system increased the diagnostic yield, which 
uses electromagnetic tracking technology to obtain spatial 
navigation information in real time, thus making it possible 
to accurately use therapeutic and real-time navigation 
during surgery, but the technical is suitable for bronchus 
central lesions. In contrast to previous surgical procedures, 
which were only based on the operators’ experiences, 
because of the real-time check on the needle tip position, 
the success of beginning surgeons has increased. Santos 
et al. (18) reported that electromagnetic navigation was 
successful in all patients, which was consistent with our 
results. The technical success rate was 100% and technical 
efficacy rate was 92.9% in our study, which showed that the 
electromagnetic navigation system was an efficient and safe 
auxiliary tool for CT-guided percutaneous lung biopsies 
of peripheral lung lesions. In a previous study by Grand  
et al. (19), 8 patients (30.8%) failed to complete the biopsy 
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procedure using electromagnetic navigation, the reasons 
for technical failures included technical difficulties and 
the surgeons’ lack of experience. All of our surgeries were 
performed by experienced physicians and radiologists.

Grand et al.  (19) compared the electromagnetic 
navigation system (n=26) to conventional CT fluoroscopy 
biopsies (n=34), and reported that there was no significant 
difference in procedural times between the two groups. The 
results were probably due to the inclusion criteria restricted 
to small masses (<2.5 cm) in the study, which is consistent 
with our results. There was also no significant difference in 
surgical time and in the number of CT scans in our study. 
The reason may be that electromagnetic navigation system-
assisted CT-guided percutaneous lung biopsy involves a 
novel technology, so the operator needs to be very careful 
during surgery. In contrast, Grasso et al. (15) performed 
electromagnetic navigation-assisted CT-guided percutaneous 
lung biopsy on 197 patients, and found this procedure was 
superior to conventional CT-guided biopsies in terms of 
surgical times and numbers of CT scans, which was even 
better than our results. The reason may be that the numbers 
of patients enrolled in this study were higher than our study, 
so the surgeon became more proficient with continuous 
practice. Furthermore, the instrument we used was the first 
electromagnetic navigation system used in China. 

Although the CT-guided percutaneous lung biopsy 
is an efficient and safe method to diagnose peripheral 
lung lesions, postoperative complications are inevitable. 
In terms of safety, there was no statistical difference in 
the occurrence of complications between the two groups 
(P=0.947). The most common complication in the two 
groups was pneumothorax (29, 20.6%) and hemorrhage 
(17, 17.7%). According to a previous report, pneumothorax 
and pulmonary hemorrhage were the most common 
complications for CT-guided biopsy (20), which is 
consistent with our study results. In a study by Hiraki  
et al. (21), the overall pneumothorax percentage was 42.3%, 
which was significantly higher than our results. Additionally, 
all complications occurring in both groups were divided into 
grades I–II using SIR Guidelines (10). Most complications 
were self-limiting and did not require further interventions. 

In addition, the patient movement between pre-
procedural CT scan and needle tip placement may lead to 
inaccurate registration. In Grand’s study (19), they use a 
multi-center CT scanner during acquisition of initial dataset 
to avoid the above problem. In our study, once the pre-
procedural CT scan accomplished and a proper puncture 
route was selected, we kept the patient from moving and let 

the patient breathe slowly and softly, and we used different 
angles CT image to show the position of the digital tip of 
the biopsy needle and needle route.

Although the electromagnetic navigation system is not 
superior to conventional CT guidance, the new technical 
is suitable for young doctor who was lack of experience in 
biopsy. And as experiences increase, we can improve the 
utilization efficiency of electromagnetic navigation system.

Inevitably, our study had several limitations. First, 
this study was a single center retrospective study, which 
may have had certain selection bias. Second, the number 
of patients was too small to show statistically significant 
differences between the two groups, so more patients 
are needed to confirm our results. Third, this navigation 
system (Lung Care) was a totally new system, so additional 
surgeries need to be performed in the future. Finally, we did 
not completely follow up patients with benign pathological 
diagnoses. 

In conclusion, the clinical application of electromagnetic 
navigation was an effective and safe auxiliary tool for 
CT-guided percutaneous lung biopsy. We are presently 
conducting more extensive research to confirm our 
promising results.
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