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Thermal ablation of irregular tumor shapes
using robotic needle guidance

Abstract: When it comes to percutaneous thermal ablation,
lack of treatment standardization gives poor results for
treatment of larger and irregularly shaped liver tumors. To
address this need, we have introduced a prospective solution
consisting of dynamic ablation energy delivery with reference
to robotically driven ablation needle. Our results demonstrate
its clinical applicability by creating ablation shapes derived
from clinical cases in a polymeric phantom and give a first
look into its implementation.
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1 Introduction

Percutaneous thermal ablation appears as a good treatment
option for patients suffering from unresectable malignant liver
tumors [1]. Yet, for the most part, the treatment is not
standardized, and it is still widely used only with palliative
intent [2]. For instance, tumors that are larger in size or
irregular in shape, as well as those that are in critical locations,
are difficult to treat safely and efficiently with conventional
ablative techniques [3]. Therefore, these cases seek particular
attention concerning the accuracy of ablation needle
placement, and the effectiveness of thermal energy delivery.
While the problem of accurate needle positioning has been
solved by stereotactic image-guidance and robotic solutions
[4], the thermal energy delivery problem is still uncertain.
Achieving a sufficient ablation margin is critical for local
tumor control [5], but unnecessarily ablating large portions of
healthy tissue. Specifically, achieving an ablation volume,
customized to the tumor shape and an additional safety
margin, remains a challenge.
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Thus, to account for the stated need, we describe a novel
approach for configuring ablation volumes and investigate its
potential clinical application by creating custom ablation
shapes in a technical phantom based on tumor shapes from real
clinical cases.

2 Methods

To augment the process of conventional ablation where the
volumes are overlapped manually, we aimed to regulate the
ablation energy with respect to the needle position and
depending on the target shape of the tumor. In such scenario,
the output energy is monitored, and the needle is driven by a
robot.

The experimental setup consisted of a thermal ablation
system (Solero, AngioDynamics, USA), a surgical robot [6]
and a tissue mimicking phantom [7] (Figure 1). The robot end
effector was custom-built to hold the ablation needle in place.
The phantom was a thermochromic polymer that changes
colour when heated above necrosis-inducing temperatures
(60°C) [8]. The ablation device and the robot were managed
separately by the operator based on the status output from the
robotic device.

In an effort to demonstrate clinical applicability of this
concept, we searched for potential use cases that were
considered fit for ablation (< 5 cm in diameter) and could
benefit from non-spherical/ellipsoidal ablation shapes. We

Figure 1 Display of the experimental setup. The ablation
needle is attached to the robot arm. The phantom specimen is
held in 2 dl containers.



Thermal ablation of irregular tumor shapes using robotic needle guidance

selected four use cases from public datasets (3D-IRCADD,
LiTS) and drafted corresponding ablation profiles consisting
of ablation time, ablation power and needle position (Figure
2). The phantom samples were then ablated according to these
profiles. After ablation, the phantom samples were cut along
the needle axis to visualize and measure the ablation shape.
The samples were measured using a custom software tool.

3 Results

Four representative cases were identified from the public
datasets: (i) elongated tumor, (ii) irregularly shaped tumor, (ii)
tumor adjacent to the skin, and (iv) tumor enclosing the portal
vein.

We found that elongation of regular ablation volumes can be
achieved by moving the needle with constant velocity and
power throughout the trajectory (i). Increased velocity led to
narrower ablations and increased power to wider ablations.
Further, shape irregularities could be introduced by pauses in
energy delivery between the segments (ii), whereas volume
narrowing required decrease in power (iii). Lastly,
superimposing multiple irregularly shaped volumes could
create more complex shapes (iv).
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Figure 2 Example of a use case (top left) with its respective 3D reconstruction
(top right), an ablation profile (bottom left) with the resulting volume in the
phantom (bottom right). Corresponding (start and stop) points are marked in
symbols (triangle and diamond). The scale bar measures 1 cm.

4 Discussion

Presently, we have employed our concept in a laboratory
setting where we showed that the ablation volume could be
customized discerning the tumor shape by using a robotic
device. However, there were some limitations. The ablation
device was controlled manually and lacked integration with
the robot. Moreover, the phantom was homogenous, and the
environment controlled so it did not depict real clinical
scenarios. However, this setup allowed for a reproducible
environment and consistent results and will set the base for
future experiments.

In the future, we plan to address the mentioned
shortcomings by integrating automated treatment planning,
energy delivery fused with needle insertion, and quantitative
treatment control.

5 Conclusion

To conclude, in this work we have demonstrated that the shape
of the ablation volumes can be configured by modulation of
ablation energy with reference to the needle position. We
estimate that this methodology could be used to treat complex
ablation cases with reproducible clinical results, ultimately
thriving to treatment standardization.
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