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INTRODUCTION

Minimally invasive robotic percutaneous treatments
are a popular research area in medical robotics due
to the clear clinical benefits they deliver [1]. Min-
imally invasive procedures are a key part of mod-
ern surgery; however, they remain a difficult task
to carry out, particularly in neurosurgery. Neuro-
surgeons are required to perform procedures with
limited visibility and tool maneuverability, in an en-
vironment where the target and tissue surrounding
it deform due to the tissue-tool interactions, phys-
iological motion, deliquoration, etc. Percutaneous
treatments such as brachytherapy, radio frequency
ablation, cryoablation or chemotherapy require the
introduction of a needle into a cancerous area; how-
ever, minimally invasive neurosurgical instruments
are generally constrained to straight line trajecto-
ries, which limit the treatment choices available to
the surgeon to those requiring a straight insertion.
These are some of the current open issues which
fuel the EDEN2020 European project, which aims
to develop an innovative neurosurgical tool for ap-
plication to Convection Enhanced drug Delivery
(CED,[2][3]). Based on the concept of a nonholo-
nomic ”programmable bevel-tip” (PBN) bio-inspired
steerable needle [4], the proposed platform will al-
low surgeons to plan therapies around delicate tis-
sue structures and will provide a method for direct
and precise infusion of drugs in near proximity of tu-
mours.

However, planning for an appropriate three-
dimensional (3D) insertion trajectory for the pro-
posed EDEN2020 PBN is particularly challenging
with a complete solution yet to be published. This
is due to factors like kinematic constraints, the pres-
ence of complex anatomical structures such as brain
vessels, and constraints on the required start and tar-
get poses. First, a predictive brain diffusion model
is developed to compute a target pose which opti-
mize the drug transport; subsequently, we propose a
new parallelisable 3D path planning approach, code-
named Adaptive Hefmite Fractal Tree (AHFT), able
to generate 3D obstacle-free pre-operative trajecto-
ries meeting all of EDEN2020’s requirements.

MATERIALS AND METHODS

A Predictive brain diffusion model is developed with
the aim to optimize the infusion parameters to
achieve homogeneous and efficient drug penetration
and accumulation. Incorporating the modules of
fluid-tissue interaction and drug transport mecha-
nisms, the numerical framework is designed to pre-
dict drug distribution within the tumour based on
patient specific geometric and transport properties
that are derived from diffusion tensor MR (Magnetic
Resonance) images and tractography. The delivery
volume and special characteristics of drug distribu-
tion serve as the key criteria for determining an ap-
propriate infusion regime and needle tip configura-
tion for each patient.

Once the target pose is calculated, an entry point,
with approach angle perpendicular to the patient’s
skull, is desired in order to facilitate the creation of a
suitable burr-hole. To aid in this process, the AHF'T
highlights an area on the patient’s skull (Figure 1)
containing multiple possible entry poses, from which
it is feasible to reach the required target pose meeting
the kinematic constraints of the PBN. However, due
to the presence of obstacles (brain arteries and ven-
tricles), the feasibility of a start and target pair does
not guarantee the existence of at least one obstacle-
free path. Therefore, the AHFT is called recursively
for each pair in order to assist the surgeon in iden-
tifying a suitable location for the burr-hole, which
guarantees a solution. This algorithm combines the
efficiency of a parametrised Adaptive Fractal Tree
(AFT) [5], able to densely sample the obstacle-free
search space with a parallel architecture, with opti-
mised geometric Hérmite (OGH) [6] curves, able to
account for heading constraints accurately. This spe-
cific property allows us to use OGHs to extend the
AFT obstacle-free paths at different positions along
candidate trajectories connecting the AFT path to
the desired target pose. Finally, an obstacle collision
and a maximum curvature check are performed so
that only feasible paths are returned.

RESULTS

Results from the predictive diffusion model suggest
that CED infusion can effectively enhance the drug
convective migration in tumour extracellular space
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Fig. 1: The skull region containing suitable entry points
for a given target pose is highlighted in green. Multi-
ple entry poses (in red), normal to the patient’s skull
are provided to the surgeon to assist the selection of the
insertion point.

to enlarge the distribution volume. Drug penetra-
tion into deep tumour regions is highly dependent
on the intratumoural hydraulic environment in which
the tissue permeability plays an important role. The
targeted pose for infusion needle must be optimized
with respect to the original interstitial fluid flow,
which is direction dependent and heterogeneous for
each patient.

A simulated pre-operative environment, where the
infusion pose is optimized by the prediction model
is considered to asses the AHFT’s ability of generat-
ing a pre-operative trajectory for a patient specific
case. Each vertex of the skull mesh is considered
in turn, where the coordinates represent a possible
entry point, and the associated vertex normal repre-
sents the corresponding desired start approach vec-
tor. All feasible entry points for a given target pose
are then identified by executing a feasibility check
for each pair based on kinematic constraints of the
PBN and the required start and target heading con-
straints 1. In this specific scenario, 217 entry points
out of 1702 skull mesh vertexes are found to be feasi-
ble. Each start and target pair is used by the AHF'T
path planner to look for obstacle-free trajectories. At
least one path is found for 18 entry points belonging
to a feasible combination. In Figure 2 one of these
successful pairs is considered. Multiple solutions are
generated, but only the one that better accounts for
the PBN preferential path characteristics is selected.

DISCUSSION

The EDEN2020 project will contribute to the wider
clinical challenge of extending and enhancing the
quality of life of cancer patients through a PBN-
based minimally invasive neurosurgical platform, for
application to CED. The simulation results demon-
strate that the AHFT is able to identify a path
planning solution if one can be found, and that the
method can be used to identify the complete set of vi-
able skull entry points for a given target pose and set
of needle constraints, automatically. In this way, the
surgeon can be assisted in identifying a suitable lo-
cation for the burr-hole, which is both clinically safe

Fig. 2: AHFT trajectories connecting a start pose on the
skull of the patient with and target pose in proximity of
the tumor. The preoperative selected path is highlighted
with a continuous line.

and feasible, with full control over both the entry
and target needle poses. Further studies will con-
centrate on the AHFT performances which is cur-
rently being reimplemented within a parallel archi-
tecture. In addition to the improving on the target
approach accuracy and kinematic constraints control
with respect to the AFT, we also aim to reach similar
AFT computational time to provide quantitatively
comparisons with online surgical path planning al-
gorithms.
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