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Abstract
Radiofrequency ablation (RFA) offers localized and minimally invasive 
treatment of small-to-medium sized inoperable tumors. In RFA, tissue is 
ablated with high temperatures obtained from electrodes (needles) inserted 
percutaneously or via open surgery into the target. RFA treatments are 
generally not planned in a systematic way, and do not account for nearby 
organs-at-risk (OARs), potentially leading to sub-optimal treatments 
and inconsistent treatment quality. We therefore develop a mathematical 
framework to design RFA treatment plans that provide complete ablation 
while minimizing healthy tissue damage. Borrowing techniques from 
radiosurgery inverse planning, we design a two-stage approach where we 
first identify needle positions and orientations, called needle orientation 
optimization, and then compute the treatment time for optimal thermal 
dose delivery, called thermal dose optimization. Several different damage 
models are used to determine both target and OAR damage. We present 
numerical results on three clinical case studies. Our findings indicate a 
need for high source voltage for short tip length (conducting portion of 
the needle) or fewer needles, and low source voltage for long tip length 
or more needles to achieve full coverage. Further, more needles yields a 
larger ablation volume and consequently more OAR damage. Finally, the 
choice of damage model impacts the source voltage, tip length, and needle 
quantity.
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both yields a challenging and intractable model.

5 Conclusion and future work

While the current state-of-the-art in ablation planning performs simultaneous optimization, these methods
lack in computational tractability and flexibility to accommodate different needle types and ablation modal-
ity. In this work, we present a novel systematic approach to radiofrequency ablation where we present a
dissociated needle placement and thermal dose computation methodology that can be extended to other
ablation modalities (e.g., microwave ablation). We eliminate the need to iteratively compute thermal dose
thereby improving the computational tractability of developing a treatment plan. Further, our framework
considers NOO and TDO for eight different needle types and is able to accommodate other needles (e.g.,
umbrella-shaped needles).

We designed fast convex NOO models for single and clustered needles that can be solved to optimality
as well as fast heuristic approach for multiple random needle placement. We are also able to compute the
Laplacian, BHTE, ATDM, and percent damage models in reasonable amount on time. However, the use of
commercial PDE solvers that include RF modules (COMSOL Inc., 2017) can enhance the quality of these
solutions, and therefore treatment plans, since several physiological, thermal, and electrical process (e.g,
change in tissue thermal properties with temperature change) are difficult to capture by mathematical simu-
lations presented here. Further extensions to this work include addressing uncertainties in needle placement
and deflection. Although trajectory planning and thermal dose validations must be performed before clinical
applicability, we present a promising framework that gives 100% target coverage while, for the first time,
performing OAR damage analysis using several different thermal damage models. We analyse the effect of
different needle types (needle tip length and number of needles) on target and OAR damage using several
damage models when operated under different source voltages. Finally, our methods culminate to the best
needle configuration based on full target and minimum OAR coverage.
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A Finite difference schemes: Laplacian and BHTE

The electrostatic equation given by Laplacian is solved using an explicit central finite difference scheme as
follows:

∂2Φ

∂x2
≈ ∇2Φ

∇2x
=

Φ(x+ v, y, z) + Φ(x− v, y, z)− 2Φ(x, y, z)

v2

∂2Φ

∂y2
≈ ∇2Φ

∇2y
=

Φ(x, y + v, z) + Φ(x, y − v, z)− 2Φ(x, y, z)

v2

∂2Φ

∂z2
≈ ∇2Φ

∇2y
=

Φ(x, y, z + v) + Φ(x, y, z − v)− 2Φ(x, y, z)

v2

where Φ(x, y, z) is the voltage at position (x, y, z) and v is the dimension of the voxel.
Let Ψ represent the problem domain, and Ψb ⊂ Ψ represent the voxels at the boundary of the domain.

T ⊂ Ψ be the set of voxels representing the tumor, TN ⊂ T be the voxels in contact with the needle, and
S ⊂ Ψ be the voxels representing the OARs.
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