
The Efficacy of Electromagnetic Navigation to Assist With
Computed TomographyYGuided Percutaneous Thermal

Ablation of Lung Tumors

Chaitan K. Narsule, MD,* Ricardo Sales dos Santos, MD,Þ Avneesh Gupta, MD,þ
Michael I. Ebright, MD,* Roberto Rivas, Jr., BS,* Benedict D.T. Daly, MD,*

and Hiran C. Fernando, MBBS, FRCS*

Objective: Electromagnetic (EM) navigation is increasingly used
to assist with bronchoscopic interventions such as biopsy or fiducial
placement. Electromagnetic navigation can also be a useful adjunct
to computed tomography (CT)Yguided thermal ablation and biopsy of
lung tumors. This study compares procedures carried out using an
EM navigation system (Veran Medical Technologies Inc, St Louis,
MO) with procedures using CT fluoroscopy only.
Methods: Over a 23-month period, 17 patients scheduled for thermal
ablation were prospectively enrolled in this study. The mean age was
72 years (range, 60Y84 years). Seven patients were women. Patients
were randomized to EM navigation (n = 7) or CT fluoroscopy alone
(n = 10). In some cases, additional ablation or biopsies were per-
formed with or without EM navigation depending on the randomiza-
tion arm. All procedures were performed under general anesthesia
either by a thoracic surgeon or a radiologist.
Results: A total of 23 procedures were performed in 17 patients:
20 were ablation procedures and 3 were biopsies. Fourteen were
performed for nonYsmall cell lung cancer, and 9 for pulmonary
metastases from other organs. Despite randomization, patients re-
ceiving EMnavigation had a trend for smaller tumors (mean diameter,
1.45 vs 2.90 cm; P = 0.06). For thermal ablation procedures, the time
to complete intervention was significantly less when EM navigation
was used (mean, 7.6 vs 19 minutes; P = 0.022). Although not sta-

tistically significant, there were fewer skin punctures (mean, 1 vs
1.25; P = 0.082), fewer adjustments (mean, 5.6 vs 11.8; P = 0.203),
less CT fluoroscopy time (mean, 21.3 vs 34.3 seconds; P = 0.345),
and fewer CT scans (mean, 7 vs 15; P = 0.204) whenever EM nav-
igation was used.
Conclusions: Electromagnetic navigation reduces the time to suc-
cessfully place an ablation probe in a target tumor. Further study is
required to determine whether EM navigation may also reduce the
number of adjustments, skin punctures, and CT scans as well as
decrease CT fluoroscopy time.

Key Words: Electromagnetic navigation, Thermal ablation,
Pulmonary tumors, Pulmonary metastases, CT-guided biopsy.

(Innovations 2012;7: 187Y190)

P ercutaneous thermal ablation, with either radiofrequency
ablation (RFA) or microwave ablation (MWA), of solid

organ tumors was originally described for the treatment of
hepatic tumors.1,2 For more than a decade, RFA and MWA
have also been used to treat medically inoperable patients with
lung cancer or pulmonary metastases.3,4 Although thermal
ablation procedures have traditionally been performed by in-
terventional radiologists, an increasing number of thoracic and
hepatobiliary surgeons have also been trained to perform them.

Thermal ablation of lung tumors or pulmonary metas-
tases is performed using computed tomographic (CT) guid-
ance. Initially, a baseline CT scan is acquired, which helps
identify both the target lesion for intervention and the optimal
trajectory for approach. While in the CT gantry, a suitable
axial plane to access the target lesion is marked on the
patient’s skin using the laser marker of the CT gantry as a
guide. The patient is moved out of the CT gantry and an ab-
lation probe is advanced through the skin at the marked entry
site and toward the target pulmonary lesion. As the probe is
advanced, serial CT scans are acquired to ensure that the probe
is not straying off the intended path. These additional CT scans
require both the patient tomove in and out of the CT gantry and
the radiology staff to leave the room between each probe ad-
justment to avoid radiation exposure. Alternatively, in many
centers, CT fluoroscopy is performed to limit the number of
CT slices needed to assess each instrument adjustment, but
even this approach involves some radiation exposure to both
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the patient and the staff and requires the radiology staff to
wear lead shielding to minimize exposure. For this reason, CT
fluoroscopy is not uniformly used.

Electromagnetic navigation (EMN) has been previously
used in conjunction with bronchoscopy to facilitate the biopsy
of peripheral lung lesions or placement of fiducials for ste-
reotactic body radiotherapy.5 It has also been used in con-
junction with image-guided percutaneous interventions.6,7We
have previously reported our preliminary experiencewith, and
demonstrated the feasibility of, using EMN to aid in the ther-
mal ablation of lung tumors.7

In this study, we aimed to determine if there is a benefit
to using EMN in patients undergoing CT-guided thermal ab-
lation of lung tumors compared with patients undergoing pro-
cedures with CT fluoroscopy alone, which is the standard
approach in our center.

METHODS
Technology

The EMN system (Veran Medical Technologies Inc,
St Louis, MO USA) is an accessory device that uses electro-
magnetic navigation to identify an instrument (in this study, a
percutaneous ablation probe or a biopsy needle) and track its
position relative to a CT-based image of the patient’s anatomy.
This technology uses real-time positioning information, ac-
quired from the movement of a probe within a magnetic
field, which is overlaid onto an existingCTor positron emission
tomography (PET)YCT image. The system works analogously to
a commercial GPS system and provides the interventional radi-
ologist or surgeon with a reconstructed CT image as she/he
manipulates a tracked ablation probe relative to other chest
structures during device placement. The image is considered
‘‘near’’ real timeVas opposed to ‘‘true’’ real timeVbecause
the technology uses a previously obtained CT reference
image (typically acquired just before the procedure). The
EMN system consists of an electromagnetic (EM) tracking ac-
cessory placed on the proximal end of a rigid needle or probe, a
matrix of thoracic markers placed on the chest wall, an EMfield
generator, and the tracking system. The matrix of thoracic mar-
kers placed on the chest allows the system to track respiratory
motion.

Patients
Our institutional review board approved this prospective

randomized trial, and informed consent was obtained from all
patients. Therewere 17 patientswith lung cancer or pulmonary
metastases who were prospectively enrolled and underwent a
total of 23 procedures under general anesthesia. All patients
were considered high risk for pulmonary resection (based on
poor pulmonary function, high cardiac risk, or other comor-
bidities), and percutaneous ablation was selected as the pri-
mary therapy. Patients with tumors that were suspicious for
either a primary lung cancer or pulmonary metastases were
included, and patients with central lung tumors were excluded.

The EM interventions included biopsy, RFA, or MWA.
All patients scheduled to undergo these interventions, who
could provide informed consent, were offered participation
in this study. Patients undergoing biopsy were offered par-

ticipation only if the biopsy was scheduled during the same
procedure as the thermal ablation.

Preferably, biopsies are performed before scheduling
ablation. However, in patients where either the risk of biopsy
or the potential impact of a pneumothorax is considered to
be high, the biopsy is performed immediately before ablation
so that patients are subjected only once to the risk of pneu-
mothorax, in a controlled situation inwhich the airway is secured
and a pigtail catheter or chest tube can be placed if required.

Procedural Details
All procedures are performed using a 16-slice CT scan-

ner with CT fluoroscopy (Lightspeed VCT, GE Healthcare,
Waukesha, WI USA). After induction of general anesthesia
and endotracheal intubation, patients are optimally positioned
for the ablation procedure (most commonly in the lateral decu-
bitus position). The tracking padsVconsisting of an array of
three pads placed in an L-shaped configurationVare placed
on the patient’s chest, typically away fromwhere the pathology
exists (and where the percutaneous ablation probe would be
placed or a tube thoracostomy would be performed if re-
quired). A reference CT scan is performed, and the images
are imported into the EMN system.

The EM field generator and tracking system are a por-
table unit with an articulating mechanical arm than can be
wheeled up to the scanner and positioned over the operative
field during needle or probe placement. After reviewing the
target lesion on the CT scan, an entry point for the percuta-
neous probe is selected, and the point is marked on the skin
using the CT laser marker system on the CT gantry. The patient
is then slid out of the gantry, and the EMN device is positioned
over the patient. The EMN device is used when advancing
the ablation probe or biopsy needle to the target lung tumor.
In this process, images are automatically reconstructed by
the EMN system in the axial, sagittal, coronal, and oblique
planesVusing data from the previously acquired CT imagi-
ngVthat correlate to the position of the advancing probe
or needle. Eventually, CT fluoroscopy is obtained to confirm
final placement of the ablation probe or biopsy needle and
also to achieve optimal positioning within the lung tumor
through fine adjustments if necessary.

For procedures performed without the use of EMN, an
initial CT scan is obtained and the patient is marked as de-
scribed above. The ablation probe or biopsy needle is then
advanced into the target tumor using CT fluoroscopy alone.
Computed tomographic fluoroscopy differs from standard
fluoroscopy because it requires moving the patient into the CT
gantry and then acquiring a scan of three successive images
in the axial plane. Needle or probe manipulations are then
made, and additional three-image scans acquired until suc-
cessful deployment is achieved.

Outcomes Measured
Each EM-guided procedure (biopsy or ablation) was de-

fined as an EM intervention. The following data were obtained:
tumor diameter, distance from skin to tumor, body mass index,
pathology of tumor, time for each intervention, number of read-
justments, number of CT scans for intervention, number of skin
punctures, CT fluoroscopy time, postoperative pneumothorax
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and the need for a tube thoracostomy, total days requiring a chest
tube, and hospital length of stay. Statistical analysis was under-
taken using SPSS (Windows, Version 11, SPSS Inc, Chicago,
IL USA). A P value G0.05 was considered significant.

RESULTS
Over a 23-month period, 17 patients were prospectively

enrolled. The mean age was 72 years (range, 60Y84 years).
Seven patients were women. The mean body mass index
was 29.8 kg/m2 (range, 22Y36.1 kg/m2). The mean tumor di-
ameter was 2.33 cm (range, 0.6Y7.9 cm). The mean (range)
of the pulmonary function tests for these patients are as fol-
lows: forced expiratory volume in one second (FEV1) 1.69
(0.66Y3.22) liters; FEV1 percentage predicted, 69.9%
(25%Y177%); force vital capacity (FVC), 2.73 (1.31Y3.94)
liters; FCV, percentage predicted, 78.5% (51Y144%); and dif-
fusing capacity of the lung for carbon monoxide percent-
age predicted, 52.6% (34%Y89%). In addition, 8 of 17
patients (47%) had emphysema. Patients were randomized
to EMN (n = 7) or CT fluoroscopy alone (n = 10). For
some patients, additional ablation or biopsy procedures were
performed and included in the study, and EMN was used
based on the randomization arm.

In total, 23 procedures were performed under general
anesthesia by either a thoracic surgeon or a radiologist. Twenty
were ablation procedures and 3 were biopsies. Fourteen were
performed for nonYsmall cell lung cancer (4 with EMN, 10 with
CTonly), and 9 for metastases from other organs (4 with EMN,
5 with CT only). Despite randomization, patients receiving
EMN had a trend for smaller tumors (mean diameter, 1.45 vs
2.90 cm; P = 0.06).

For the thermal ablation procedures, 11 lung tumors
were located in the right upper lobe, 1 in the right middle
lobe, 2 in the right lower lobe, 3 in the left upper lobe, and 3 in
the left lower lobe. The mean and median distance from the
skin to the lesion, in the axial plane, was 8.45 and 8.2 cm,
respectively (range, 2.5Y14.2 cm). The mean time to complete
intervention was significantly less when EMN was used
(mean, 7.6 vs 19 minutes; P = 0.022). Although not statis-
tically significant, there were fewer skin punctures (mean, 1
vs 1.25; P = 0.082), fewer instrument adjustments (mean,
5.6 vs 11.8; P = 0.203), less CT fluoroscopy time (mean,
21.3 vs 34.3 seconds; P = 0.345), and fewer CT scans
(mean, 7 vs 15; P = 0.204) whenever EMN was used.

Among all 17 patients, 14 developed a pneumothorax
and 13 required placement of a pleural (pigtail) catheter. No
patient required a large-bore chest tube or sclerosis. The me-
dian number of days with a pigtail catheter was 1 day (range,
1Y4 days). In addition, the median length of stay was 2 days
(range, 1Y4 days) and was not different between the two
groups.

DISCUSSION
Although CT guidance is the typical approach used in

the thermal ablation of lung tumors, there is a concern re-
garding radiation exposure to both the patient and radiology
staff. The theoretical risks associated with increased radiation
exposure are difficult to prove, yet this matter is a topic of
intense debate.8,9 For these reasons, strategies to reduce ra-

diation exposure, which include selecting low-dose CT scans,
reducing the time of radiation exposure, increasing the dis-
tance between the CT scanner and the radiology staff, and
routinely using lead shielding, are commonly used.

CT fluoroscopy is used in many centers to guide inter-
ventional procedures because it allows the radiology staff to
remain in the CT roomwhile the intervention is performed and
confirmatory imaging is acquired. Procedural times are faster
because there is less movement both of the patient in and out
of the CT gantry and the staff walking in and out of the room,
and minimal waiting to review the acquired image at the CT
workstation. CT fluoroscopy is particularly useful for more
lengthy procedures that require general anesthesia. However,
although the radiation exposure is less when a three-image CT
fluoroscopy scan is acquired for the interval assessment of de-
vice positioning thanwith a standard CT scan for the same pur-
pose, the additional exposure still remains a concern, so many
radiologists continue to use standard CT imaging alone with-
out CT fluoroscopy.

Electromagnetic navigation is a relatively new modality
that is becoming increasingly popular as an adjunct to bron-
choscopy to aid in the transbronchial biopsy of peripheral lung
lesions, the placement of fiducials to help guide stereotactic
body radiation therapy, and the dye marking of small lung
lesions before thoracoscopic resection.10 Previously, the fea-
sibility of using EMN for the CT-guided percutaneous abla-
tion of lung tumors had been established.7,11

When EMN is not used, the interventionalist advances
a needle or probe without the benefit of real-time (or near real-
time) imaging. This may require additional smaller incremen-
tal steps and adjustments, particularly for more deeply located
or smaller lesions. Because more interval images are typically
needed to confirm the position of the percutaneous device, the
overall time for completing the intervention is likely to be
higher with CT guidance alone. This was confirmed in our
study, where the use of EMN led to both a faster time and
a trend toward fewer skin punctures to the completion of an in-
tervention compared with CT fluoroscopy alone. In addition,
these outcomes were achieved in patients who tended to have
a smaller target lesion diameter.

However, EMN should not be used without CT con-
firmation of the device’s position. As the device is introduced,
the patient’s anatomy may change from the baseline scan used
for registering the EMN system. For instance, a pneumotho-
rax may develop, which changes the relative location of the
lung tumor from the baseline imaging. These factors can
cause a deviation in the trajectory that must be accounted for
by final confirmation of the device’s position with CT imaging.

Another potential benefit is reduction of radiation ex-
posure to the patient, interventionalist, and the radiology staff.
In our study, the mean overall CT fluoroscopy time and num-
ber of CT scans needed were smaller for the EMN group;
however, this differencewas not statistically significant. It may
be that our study was underpowered to demonstrate any dif-
ference because of the small sample size and will need to be
investigated in future studies.

In conclusion, EMN seems to be a useful adjunct to
assist with percutaneous pulmonary interventions such as
the thermal ablation of lung tumors or pulmonary metastases.
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Electromagnetic navigation reduces the amount of time needed
for the completion of CT-guided thermal ablation of lung
tumors. More study is required to conclusively determine if a
benefit exists in terms of reduced radiation exposure compared
with standard CT-guided approaches alone.
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CLINICAL PERSPECTIVE
Electromagnetic navigational bronchoscopy (ENB), a technology that provides us the ability to reproducibly reach pe-
ripheral pulmonary parenchymal nodules and masses for diagnostic and therapeutic indications, has continued to evolve
over the last several years. There have been few prospective, especially randomized, trials that demonstrate superiority of
ENB to other available technologies. In this article, Narsule and colleagues at Boston University performed a small trial that
demonstrated to us that ENB has an efficient role to play in the performance of thermal ablation of malignant lung lesions.
Perhaps, larger trials will better identify the role of this new technology.
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