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FINITE ELEMENT MODELLING TO EVALUATE THE EFFECTS OF INJECTION PARAMETERS ON BLEB SHAPE
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INTRODUCTION

Subretinal injections are being used to deliver arange of
advanced therapies for several blinding retinal diseases.
Predicting the direction of propagation, shape and size
of the created subretinal bleb after injection is a
significant clinical problem. We are developing a finite
element model to simulate the propagation of a subretinal
bleb. To better inform the model, we measured the
biomechanical properties of the porcine retina
performing tensile testing and integrated this data to
accurately define the material properties of the retina
within the model. This study aims to determine the
effects of physical parameters on bleb shape and bleb
propagation.

MATERIALS AND METHODS

A total of 130 retinal strips, dissected from the eyes of 6-
month old pigs, underwent tensile testing. Vertical and
horizontal strips were extracted from each retina
quadrant; N=10 for each group. Testing was executed at
a 9 mm/min strain rate in a balanced salt solution at room
temperature. Using Abaqus CAE finite element software,
a two-dimensional finite element model was created to
mimic the adhesion between the retina and the retinal
pigment  epithelium (RPE), incorporating the
biomechanical properties of theretina. The simulation of
subretinal injections take into account the drug viscosity,
total injection volume, intraocular pressure (IOP), and
the rate of fluid injection into the subretinal space. The
biomechanical properties across theretina were assumed
uniform and defined by a mean value derived from the
tensile test data. A parametric study was performed to
assess the impact of these injection parameters on bleb
shape, using parameter values from published studies.

RESULTS

The tensile strength and the tangent modulus of the
porcine retina were determined to be, respectively, 1.4 +
0.4 kPa, 2.7 £ 1.1 kPa in the temporal horizontal group
and 2.3+ 0.5kPa, 5.2+ 1.5 kPain the blood vessel group.
Simulations using the 2D model showed that both IOP
and the injection rate significantly influenced the bleb
shape, whith higher IOP and faster injection rates leading
to increased bleb height. However, variations in drug
viscosity did not affect bleb shape.
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Figurel Two-dimensional finite element model showing the
generation of a bleb following the injection of fluid in the
subretinal space.

DISCUSSION

The findings suggest that our computational model can
effectively simulate the impact of injection parameters
like rate and 10P on bleb propagation. However, this 2D
model has limitations, including an assumption of
homogeneous biomechanical properties across the retina
and a constant retinal thickness, which may affect its
prediction accuracy. Further evaluation are in progress to
validate the model using videos of in vivo porcine
subretinal bleb creation with the ultimate aim of refining
the model based on human tissue and videos.
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