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INTRODUCTION

Brain tumours, in particular glioblastomas, pose major challenges for 

effective treatment and patient survivability due to the highly malignant 

biology of the cancerous cells. The EDEN2020 project aims to enhance 

the treatment of brain cancer by delivering an integrated technology 

platform for minimally invasive surgery. The work presented here focuses 

on providing both in-vitro and computational models simulating the 

neurosurgical procedures prior to in-vivo trials. A synthetic hydrogel blend 

of PVA and phytagel, which mimics the mechanical behaviour of brain, has 

been developed for use in the in-vitro trials. Additionally, imaging 

techniques are used to separate the solid and liquid phases of the brain’s 

microstructure, allowing computational models to be built based on 

accurate tissue geometries.

MATERIAL DEVELOPMENT FOR IN-VITRO STUDIES

A composite hydrogel (CH) constituting of PVA and phytagel was tuned in 

terms of wt% composition to match the mechanical behaviour of brain.

The optimal composition of CH that matches the mechanical behaviour of 

porcine brain tissue was found to be 5 wt% PVA 0.59 wt% phytagel.

Cell seeding on the hydrogel phantom with different coatings of (A) 

collagen, (B) poly-L-lysine and (C) gelatine was conducted to evaluate cell 

attachment and viability to study the impact of needle insertion on live 

cells, in future tests.

The collagen coating achieves the greatest cell viability with over 97% live 

cells. In comparison to the number of cells attached onto the collagen 

coating, the poly-L-lysine and gelatin coating achieved an attachment rate 

of respectively, 76% and 8%. 

Real size geometries of a human brain can be obtained from MRI scans, 

which will be used for future in-vitro surgical system tests. 

The hydrogel can be cast in a patient specific silicon mould to reproduce 

the surgical scenario. The scenario can also be modelled with finite 

element techniques for surgical pre-operative planning.
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DRUG DELIVERY COMPUTATIONAL MODEL

As the brain is composed of two main types of tissues, namely grey and 

white matter, the computational model focuses on the latter, as this is 

where glioblastomas are localised. In the white matter, mechanically 

porous Extra Cellular Matrix (ECM) made of accessory cells embeds the 

axons. Due to the level of myelination, the axons can be modelled as an 

impermeable (because of the lipidic sheath) fibrous component while the 

ECM is a permeable, porous viscoelastic media filled with fluid. Therefore, 

a fibrous biphasic porous-viscoelastic model is used.

The brain can be considered as a porous (organic) media filled with 

Interstitial Fluid (ISF), which is in turn in contact with the Cerebrospinal 

Fluid (CSF). The project is also concerned with the mathematical 

modelling and numerical prediction of the therapeutic agent diffusion in the 

brain. 

Here preliminary geometric models of the brain microstructure have been 

constructed from SEM images. Image processing techniques were used to 

isolate individual features of the brain microstructure, providing insight into 

the directionality of brain microstructure, which may affect therapeutic drug 

diffusion.
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CONCLUSIONS AND FUTURE WORK

It is possible to reproduce the mechanical behaviour of human soft tissues 

using a custom designed synthetic material called CH. The use of realistic 

phantoms enable more controlled experimental setups that offer a reliable 

ground truth for advanced computational modelling for surgical/traumatic 

scenarios.

The cell viability results of collagen coated CH unlocks opportunities to 

investigate the mechanobiological effects of minimally invasive surgical 

loads on live cells in the future.

By stacking SEM images, we are able to isolate individual features of real 

brain microstructure, which provides an accurate geometry for future 

computational models. Ultimately, the proposed model will be taking into 

account all four brain tissue constituents; the tissue cells, the vascular 

system, ISF and the therapeutic solutes.


