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1 Purpose

Percutaneous needle-based procedures such as radiofrequency ablation (RFA)
and electrochemotherapy are becoming more prevalent in the treatment of hep-
atocellular carcinoma [6][3]. Ultrasound is a common imaging modality used
in RFA, and numerous studies have demonstrated its effectiveness in treating
shallow or superficial hepatic lesions (> 2cm) [7]. For smaller tumours, fusion
imaging or contrast-enhanced US is often necessary [4]. Ultrasound-guided RFA
in conjunction with electromagnetic tracking may improve instrument visualisa-
tion by providing out-of-plane electrode tracking and identifying the needle tip
in difficult liver environments (e.g subcutaneous fat or ablation artefacts as well
as needle tip obstruction [5]).

The purpose of this work is to offer a complimentary workflow for electro-
magnetic tracking (EMT) of needles in deep-seated liver targeting for RFA or
other therapies where ultrasound is not suitable and where CBCT is limited or
undesireable. Benchtop and in vivo preclinical studies sought to validate RFA
using the Anser EMT [2] and CustusX [1] navigation platforms.

2 Methods

For pre-clinical investigations, a 34 kg female swine was anaesthetised using stan-
dard procedures (IHU Strasbourg), and 8 radiopaque markers were applied to
the animals skin at bony protrusions around the liver. Percutaneous injection of
a proprietary biotumour model was achieved at four deep-seated liver locations
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in the right lobe (see Fig. 1) using an 11 gauge needle (Cook Osteo-Site Mur-
phy Diamond Bevel Bone Biopsy Needle) under ultrasound guidance (Siemens
Acuson S3000).

Abdominal CT (Siemens Sonatom Definition AS) using a soft tissue recon-
struction filter (120 kV and 273 mAs tube parameters and 1 mm slice thickness
with 0.7 mm slice overlap and 512×512 resolution) was used to visualise the liver
and ITK-Snap was used to segment the liver surface, vessels, rib cage and tumour
models from the preoperative CT scan (see Fig. 1). Following surface registration
to the skin fiducials, percutaneous cannula introduction with visualisation in the
CustusX platform was performed by an expert user with EM tracking provided
by the 19 gauge Veran tracked stylet (Always-On Tip Tracked Bx Needle, Veran
Medical, St. Louis, MO) inserted through the 11 gauge Murphy cannula. The
needle was subject to movement due to respiration and the virtual needle was
aimed to coincide with the virtual target on inhalation. The CustusX visualisa-
tion platform allowed for tool-tip extension for trajectory planning/prediction
and real-time distance-to-target display. Once targeting was complete, the track-
ing stylet was replaced with a fitted RF electrode probe. RFA was applied to
each target for 3 minutes using standard hepatic protocols before the electrode
was removed (see Fig. 2a). A postoperative CT and necropsy were performed to
analyse targeting and ablation accuracy.

Fig. 1. The positions of the Veran EM tracked needles after targeting tumours, visu-
alised in the CustusX navigation platform.

3 Results

Radiofrequency ablation in conjunction with EM guidance was performed on
two tumours. RFA was applied to each target for 3 mins at a temperature of 55
◦C. Tumour targets 2 and 3 (both right posterior lobe) were targeted from two
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different angles and trajectories (see Fig. 1). Tumour targets 1 and 4 (suspected
leakage) were not targeted. The average targeting time from point of EM needle
insertion to removal was 3.44 min (range, 2 to 5.49 min). A single puncture was
used in all cases. The mean size of targets was 1.58 × 0.89 cm (see Table. 1).
The closest distance of separation between the needle and target 3 was {1.12cm,
1.11cm, 0cm}, this was verified using postoperative CT where {x, y, z} are ref-
erenced to the CT global imaging frame (see Table. 2). Necropsy indicated two
ablations within 5mm of biotumours 2 and 3 (see Fig. 2b). Errors are considered
primarily due to breathing as needle deformation due to the 11 gauge cannula
are thought to be insignificant.

Table 1. The location and characteristics of the biotumours

Tumour Size [cm] Position Segment

T1 1.36 x 0.82 Anterior right S8
T2 1.04 x 1.04 Posterior right S7
T3 2.12 x 0.73 Posterior right S6
T4 0.65 x 0.74 Posterior right S7

Table 2. Summary of targeting results

Needle Tumour Virtual Dist. [cm] Actual Dist. [cm] Time [mins]

1 T3 0.61 - 1.28 1.29 / 1.11 / 0 5.49
2 T3 0.45 - 1.10 1.12 / 1.10 / 0 2.00
3 T2 1.85 - 2.67 3.22 / 2.88 / 3.31 3.23

4 Conclusion

Radiofrequency ablation is an effective minimally invasive treatment for primary
hepatic tumours near the liver surface and shallow tumours larger than 2cm [7].
Ultrasound-guidance may be ineffective for deep-seated targets or when no line of
puncture is available due to obstacles, such as blood vessels and the gallbladder
[5]. In this study, we present preliminary findings from a potential solution using
electromagnetic tracking in deep-seated liver targets for RFA or other therapies
where ultrasound is not suitable. Open software and hardware solutions (Anser
EMT and CustsusX) were used for continuous needle tip tracking, visualised in
3D environments with intraoperative trajectory planning and multiple medical
imaging modalities can help ablate difficult to access and obscure lesions and
avoid anatomical structures.
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Fig. 2. a) 11 Ga Murphy Needles with RFA probes. b) Two ablations in close proximity
to the blue biotumour (T3). The gallbladder is also visible. c) Postoperative CT showing
estimated needle-to-target distance.
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