
Satarupa Biswas, Dr. Soumen Das, Dr. Manjunatha
Mahadevappa

Advanced Technology Development Center

Indian Institute of Technology Kharagpur



Optic Pathway

10/18/2013 2



Blindness

 Loss of visual perception due to physiological/neurological 
factors

 Damage to optical pathway or light receiving neurons may 
cause blindness

 Age related Macular Degeneration (AMD) and retinitis 
pigmentosa (RP) are major diseases causing blindness
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Visual Prosthesis

 Microelectronic implants that can partially provide 
visual perception to the blind.

 The principle behind it is externally stimulating small 
area of surviving neurons along the visual pathway.

 The different approaches are
 Cortical implant

 Optic nerve implant

 Subretinal implant

 Epiretinal implant
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Background of epiretinal prosthesis

 Visual perception, called “phosphenes” could be elicited in 
human trials by electrically stimulating the inner surviving 
RGC layers first shown by Brindley and Lewin (1968)

 M Humayun and his co-workers and J Rizzo  are among the 
few groups working with Multi-electrode arrays (MEA) for 
stimulating retinal cells in blind to obtain a good quality of 
perception.

 Starting with 4 electrodes, currently researchers use a 60 
electrode array for better temporal and spatial resolution.

 This, on human trial, was able to differentiate basic forms of 
motion, perceive light and dark and even shoot baskets.

10/18/2013 5



Why simulation of electrical 
stimulation?
 Epiretinally placed electrodes when interfaces with the 

retinal tissue, the effects can be studied 

 electric potential generated

 electric field distribution 

 charge distribution 

 Optimization of the design of MEA and effect of 
varying pulse width are the main objectives behind 
simulation study.

 The electric current physics of AC/DC module of 
COMSOL 4.3a is used to solve the electrode tissue 
interface problem.
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Assumptions

 Inhomogeneous retinal tissue layers (9 layers) 
differentiated by conductivity and permittivity values

 Electrode placed epiretinally i.e.,  above vitreous layer

 Biphasic 1 millisecond current pulse used at the 
stimulating electrode surface for electrical stimulation 
of RGC layer
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Electrode specification

 Electrode Substrate
 Polymide

 Electrode material
 Platinum

 Thickness of electrode
 1 micron

 Safe limit for charge injection

I = (d/2T)(π*10k)0.5 k=1.5

10/18/2013 8



Equations Involved
Considering electric current in a conductive media, the 
model solves the continuity equation with a current source 
Qj given by

∆.J=Qj
From Ohm’s law, 

J = σE + Je 
where σ is the electrical conductivity (SI unit: S/m), and Je is 

an externally generated current density (unit: A/m2). 

The static form of the equation of continuity then states

· J = - · J (σ V - Je) = 0

To handle current sources, it can be generalized to

- · J (σ V - Je) = Qj
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Boundary Conditions

Domain/Boundary 
name

Type of condition Equation (s)

Vitreous fluid
Retinal layers
Electrode thickness
Insulating substrate

Current Conservation ∇ · J = 0
J = σE
E = -∇V

Bounding box Electric insulation -n · J = 0

Entire domain Initial Value V2=0

Stimulation electrode Electric current I = pulse(t)

Ground electrode Ground V = 0

Notations: 
J - current density on the electrode,  E - electric field vector,
Pulse(t) - amplitude of the current pulse stimulus at time t, σ - conductivity of 
the physiological medium, n - normal vector.

Interfaces between different media and interior boundaries is continuity, 
n 2· ( J1- J2)= 0  which is the natural boundary condition.
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Study steps

 Time domain study
 Varying electrode diameter (10 to 500 

micron)

 Varying pulse train parameters

 Frequency domain study
 Impedance study with varying distance 

between the retina
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Meshing

Free triangular meshing with refinement at the layer of interest
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Results
 2 D representation of the electrode tissue interface

Electric potential distribution across the retinal layers at the onset of positive cycle 
of the biphasic pulse 10/18/2013 13



Variation of Electric potential
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Variation of Electric field
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Variation of pulse train

Variation of amplitude
 Proportional increase in output response

Variation of interpulse duration/delay
 Duration of peak charge delivery time 

inversely proportional

Variation of frequency
 Yet to be studied
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Impedance Study

 The electrode tissue impedance was observed 
with varying frequency (1-105 Hz). 

 The impedance varied to a large extent with 
the variation of vitreous thickness below 1 kHz 

Figure shows Impedance within 
the retinal layer with varying 
distance from electrode 
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Future work

 Extending geometry to 3D for design 
optimization

 Variation of frequency of the input pulse

 Heat generated due to the electrodes at 
the retinal layers

 Validation with experimental data.
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Conclusions

 A theoretical study on stimulation of retinal tissue by
epi-retinal electrodes.

 Electric potential at a point in the RGC layer increased
with increasing diameter

 Electric field decreases exponentially with increasing
diameter

 Impedance was found to be a function of frequency as
well as distance from the electrode.

 Variation of amplitude has proportional change in
output response.

 Increased interpulse delay caused decreased peak
stimulation time

10/18/2013 19



References
 J.L. Stone, W.E. Barlow, M.S. Humayun, Morphometric analysis of macular 

photoreceptors and ganglion cells in retinas with retinitis pigmentosa, Arch. 
Ophthalmol, 110(11):1634–9, (Nov 1992) 

 G. S. Brindley, & W. S.Lewin, The sensations produced by electrical 
stimulation of the visual cortex, Journal of Physiology (Lond), 196, 479–493, 
(1968). 

 Humayun, M. S., Weiland, J. D., Fujii, G. Y., Greenberg, R., Williamson, R., 
Little, J.,et al. Visual perception in a blind subject with a chronic 
microelectronicretinal prosthesis. Vision Research, 43, 2573–2581, (2003). 

 Humayun, M., Yanai, D., Greenberg, R. J., Little, J., Mech, B. V., Mahadevappa, 
M., et al. Clinical results with the model 1IRP implant. In Neural networks, 
2004. IEEE international joint conference, (2004). 

 Chloe´ de Balthasa, Factors Affecting Perceptual Thresholds in Epiretinal
Prostheses. Investigative Ophthalmology & Visual Science, Vol. 49, No. 6pg 
2303-14, ( June 2008). 

 Rizzo JF III, Wyatt J, Loewenstein J, Kelly S, Shire D, Perceptual efficacy of 
electrical stimulation of human retina with a microelectrode array during 
short-term surgical trials. Invest Ophthalmol Vis Sci.;44(12):5362–5369, 
(2003) 

10/18/2013 20



References
 T. T. Kien, T. Maul and A. Bargiela, A Review Of Retinal Prosthesis 

Approaches. International Journal of Modern Physics: Conference Series 
Vol. 9, 209–231,(2012). 

 Ahuja et al.: In Vitro Model Of A Retinal Prosthesis. Ieee Transactions On 
Biomedical Engineering, Vol. 55, No. 6, pg1744-53, ( June 2008). 

 Gita Khalili Moghaddam et al, Electrode Design to Optimize Ganglion 
Cell Activation in a Retinal Neuroprosthesis: A Modeling Study. 
Proceedings of the 5th International IEEE EMBS Conference on Neural 
Engineering Cancun, Mexico, April 27 - May 1, (2011) 

 Kasi et al., Simulation of epiretinal prostheses - Evaluation of geometrical 
factors affecting stimulation thresholds Journal of NeuroEngineering and 
Rehabilitation, 8:44,(2011) 

10/18/2013 21



10/18/2013 22


