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Thermal Elevation in the Human Eye and Head Due
to the Operation of a Retinal Prosthesis

Keyoor Gosalia, Student Member, IEEE, James Weiland, Member, IEEE, Mark Humayun, Member, IEEE, and
Gianluca Lazzi*, Senior Member, IEEE

Abstract—An explicit finite-difference time-domain formulation
of the bio-heat equation is employed with a three-dimensional
head eye model to evaluate the temperature increase in the eye and
surrounding head tissues due to the operation of the implanted
stimulator IC chip of a retinal prosthesis designed to restore partial
vision to the blind. As a first step, a validation of the thermal
model and method used is carried out by comparison with in vivo
measurements of intraocular heating performed in the eyes of dogs.
Induced temperature increase in the eye and surrounding tissues
is then estimated for several different operational conditions of
the implanted chip. In the vitreous cavity, temperature elevation
of 0.26 C is observed after 26 min for a chip dissipating 12.4 mW
when positioned in the mid-vitreous cavity while it is 0.16 C

when the chip is positioned in the anterior portion between the
eye’s ciliary muscles. Corresponding temperature rises observed
on chip are 0.82 C for both the positions of the chip. A
comprehensive account of temperature elevations in different
tissues under different operational conditions is presented.

Index Terms—Bio-heat equation, dosimetry, retinal prosthesis,
thermal elevation.

I. INTRODUCTION

I N A HEALTHY retina, photoreceptor cells (rods/cones)
initiate a neural signal in response to light. Progressive loss

of photoreceptors of the retina leads to diseases like retinitis
pigmentosa (RP) and age-related macular degeneration (AMD)
causing blindness in over 10 million people worldwide. In
end-stage RP and AMD patients, photoreceptors are almost
completely defective but the cells to which they synapse with-the
bipolar and ganglion cells-may survive at higher rates [1].
Clinically, it has been demonstrated that artificial electrical
stimulation of the surviving ganglion cells can elicit visual
perception in patients [2], [3].

Hence, a rehabilitative prosthetic device can be designed to
provide artificial pattern electrical stimulation on the retina and
thus partially reverse the visual loss [4]. Currently, several ef-
forts are underway to design such a retinal prosthesis [5]–[8].
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One of the proposed systems consists of an extraocular and an
intraocular unit [5]. The extraocular unit includes a camera for
image collection, data encoding chip and a primary coil for
inductive power and data communication. A secondary coil,
signal processing chips, current stimulator chip and an electrode
array make up the intraocular unit [9], [10].

Operation of the power and data communication (wireless
telemetry) link leads to electromagnetic (EM) power absorp-
tion in the eye and surrounding tissues and the physiological
hazards due to EM power deposition in tissues are known to be
largely thermal in nature [11]. Also, the power dissipation due
to operation of the implanted chip leads to increase in the nat-
ural steady-state temperature of the eye and surrounding head
tissues. Hence, both the deposited EM energy due to wireless
telemetry link (quantified in terms of specific absorption rate or
SAR) as well as the power dissipation in the implanted elec-
tronics account for the heating induced in the eye and head
tissues [12].

Several studies have been conducted to investigate the tem-
perature increase in head and eye due to cell phone usage [13],
[14] in the presence of wireless LANs [15] or to determine
heating induced in the eye and formation of cataracts [16]–[18].
In [12], SAR and thermal elevation in a two-dimensional (2-D)
model of the human head and eye due to the operation of the
retinal prosthesis is computed. As is mentioned in [12], a three-
dimensional (3-D) model is essential for a complete character-
ization of the temperature distribution in implanted electronics
and to model the heat flow in the head. In this paper, first we
present the methods and models employed to compute thermal
elevation in a 3-D human head-eye model due to the operation of
the wireless telemetry link and implanted electronics of a retinal
prosthesis. Finally, we present the computed temperature rise in
the various tissues of the head model.

This paper is organized into six main sections. A description
of the anatomically accurate head model (and its portions) used
in the computational domain is given in Section II followed by
a brief summary of the numerical methods employed in Sec-
tion III. Section IV shows a validation of the thermal model used
in simulations by comparison with measured data obtained from
experiments involving implanted heaters in the eyes of dogs.
Simulated results on power absorption due to operation of the
wireless link and temperature increase in the head model due to
the implanted chip power dissipation are reported in Section V.
Influence of different positions, orientations, sizes, and power
dissipation levels of the implanted chip on thermal elevation are
investigated. Finally, Section VI concludes with a summary of
results and insights gained into the thermal effects due to the
operation of a retinal prosthesis.
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Fig. 1. Head model utilized for computing the SAR induced due to wireless
telemetry link.

II. HUMAN HEAD MODEL

The data for the head model was obtained in the form of cross
sectional slices of 1 mm resolution from the National Library of
Medicine (NLM) “Visible Man Project” [19]. In this applica-
tion, since it was essential to represent the tissues of the eye and
head with a high degree of detail, the head model was discretized
further-to reach a spatial resolution of 0.25 mm (64 times the
original one) using a method of interpolation in all three dimen-
sions [20]. The detailed features of the eye were represented as
described in [12] and the dielectric properties of the body tis-
sues at the frequency of 10 MHz were obtained from the online
database compiled by Gabriel [21]. For the SAR computation,
a portion of this head model was extracted and used in the com-
putational domain, as shown in Fig. 1.

While computing the initial basal temperature distribution,
almost the whole upper portion of the head was included in the
computational domain as shown in Fig. 2. This was done to
ensure that the inaccuracies in the temperature distribution due
to the abrupt truncation of the head model occurred at regions
far removed from the eye and its surrounding head tissues. A
portion of the head model similar to the one shown in Fig. 1
was extracted and utilized in the computational domain for
thermal elevation computations. The resolution of the model
was reduced to 0.5 mm to reduce the size of the model and
hence save on the computational resources of time and memory.

The eye lens was removed in all cases of SAR computations
and simulations for thermal elevations since the intraocular unit
of the retinal prosthesis is meant to be encapsulated and hinged
in between the eye’s ciliary muscle.

III. METHODS FOR COMPUTATIONAL ANALYSIS

EM energy is deposited in the eye and surrounding head
tissues due to the operation of the wireless telemetry link-induc-
tive power and data transfer through coils at a low frequency
(2–10 MHz). The finite-difference time-domain (FDTD)
method is employed to quantify the power deposition in terms
of SAR and, depending on whether the SAR values are within
the stipulated guidelines [22], they are included along with the
power dissipation of the chip in the eye as the external sources
of thermal elevation in the thermal simulations.

Fig. 2. Head model utilized for computing the initial steady-state temperature
distribution.

A. SAR Computation

A 3-D D-H formulation of the FDTD method [23] is used to
compute the induced EM energy in a 0.25-mm resolution head
model. Material independent perfectly matched layer (PML) is
used as an absorbing boundary condition so that the model can
be immersed in the PML layers as mentioned in [24].

For computing the SAR induced by the wireless telemetry
link, a circular coil of approximately 37-mm diameter is mod-
eled at a distance of 20 mm from the eye and excited by a 2-A
current at 10 MHz. Absorbed power is quantified as

in [W/kg] for conductivity, , electric field , and
mass density, at each cell. In order to determine their confor-
mity to the IEEE/ANSI standard [22], peak 1-g SAR
are evaluated.

B. Thermal Model

Thermal elevation in biological tissue can be computed by
means of the bio-heat equation. The formulation of the bio-heat
equation for numerical implementation in this work closely par-
allels that in [12], [25], and will only be briefly summarized
here. Taking into account external thermal sources, the bio-heat
equation can be written as

(1)

where the expression on the left is the temperature increase per
unit time multiplied by the thermal capacitance per unit volume
(given as the product of the specific heat of that specific tissue

and density of that tissue ). The
terms on the right represent the different ways of heat accumu-
lation or removal from the tissue, where

thermal spatial diffusion term leading to heat
transfer through conduction ;
tissue-specific internal metabolic heat production

;
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TABLE I
THERMAL PARAMETERS OF THE HEAD MODEL TISSUES UNDER NATURAL STEADY STATE CONDITIONS AND MATERIAL COMPOSITION OF THE

HEATER PROBE AND IMPLANTED CHIP

tissue-specific capillary blood perfusion coeffi-
cient , leading to heat transfer
proportional to difference in tissue temperature

and blood temperature , and the external
heat sources due to induced EM power
deposition and due to implanted chip
power dissipation.

Heat exchange at the tissue interface with the surrounding en-
vironment is modeled by imposing the continuity of heat flow
perpendicular to the skin surface as the boundary condition and
is expressed as

(2)

where is the normal to the skin surface and the right hand ex-
pression models the heat losses from surface of the skin due to
convection and radiation which are proportional to the differ-
ence between the skin temperature and external envi-
ronment temperature ( assumed constant at 24 ), is the
convection coefficient for heat exchange with the external tem-
perature. Heat losses due to sweating are not considered in this
study.

Thermoregulatory mechanisms impart the capability to the
human body to regulate the temperature at an almost constant
value of approximately 37 at its core. Owing to the nature
of application for the thermal problem in the present work, ther-
moregulatory effects are considered to influence only two phys-
iological parameters in (1). The tissue-specific basal metabolic
rate and blood perfusion coefficient are modeled to be
temperature dependent. Thermal dependence of basal metabolic
rate is expressed as [25]

(3)

where is the basal temperature and is the basal metabolic
rate at cell . The regulatory mechanism affecting the
internal tissue blood perfusion coefficient is dependent on the
local tissue temperature and can be expressed as [25]

(4)

(5)

(6)

Lastly, thermoregulation in the skin due to vasodilatation is
considered by regulating the skin blood flow according to

(7)

where is the average skin temperature increase and is
the weight associated with it. The temperature of blood is as-
sumed to be constant at 37 and the external environment
temperature is fixed at 24 . is assumed to have a value
of 0.8 [25] and is assumed to be 10.5
[26]. It should be noted that this value of is used for both the
skin-air and cornea-air interfaces in this work. The value of
suggested for the cornea-air interface is 20 [27].
Though it is not explicitly reported here, simulations have been
performed for different values of and the variation in tem-
perature rise on the tissues due to the source of heat (implanted
chip power dissipation) was observed to be negligible and hence
a constant value of has been used for all
the simulations in this study. The thermoregulatory influence of
sweating is neglected. The thermal parameters for all the tissues
in the head model have been directly obtained from either [12]
or [25] and are reported in Table I. Thermal parameters of the
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choroid are determined on the basis of its physiological func-
tions. Since it is highly vascularized, it is modeled with the di-
electric and thermal properties as well as mass density of blood.
However, it should be noted that in all the thermal simulations
considered, choroidal temperature is not fixed at blood temper-
ature but is allowed to evolve in accordance with the bio-heat
equation. Also, the cooling influence of the choroid on the retina
is accounted for as mentioned in [12].

As outlined and implemented in [25], (1) and (2) were
spatially and temporally discretized to realize an explicit FDTD
formulation of the bio-heat equation in the computational
domain comprising of the 3-D head-eye model. As a first
step, it was necessary to determine the natural steady-state
thermal distribution in the head-eye model in the absence of
any external heat sources. This basal temperature distribution
was then used as the starting point for all thermal simulations
involving the operation of the retinal prosthesis.

In Section IV, a validation of the thermal method and model
is performed by comparing the simulated results with actual ex-
perimental observations in the eyes of dogs. It should be noted
that human thermal parameters as mentioned above are used for
this validation purpose even though they may not correspond
exactly with thermal parameters for dogs.

IV. THERMAL MODEL VALIDATION

Experiments have been performed [28] to investigate the
thermal effects of power dissipation from implanted electronics
on the vitreous cavity and retina in the eyes of dogs. The
main objectives of these studies were to determine the thermal
conditions harmful to the retina and aid in the development of
an implantable intraocular electronic retinal prosthesis. Two
different types of tests were carried out. In protocol 1, a heater
probe, each time dissipating a different amount of power was
positioned at different points of the retina to observe immediate
as well as chronic (four weeks later) thermal damage inflicted.
In protocol 2, a heater dissipating 500 mW of power was
mechanically held in the vitreous cavity for 2 h. These exper-
iments were carried out on dogs due to the similarity between
the eyes of dogs and those of humans. The heater utilized in
the experiments was a custom made probe which measured
approximately 1.4 1.4 1.0 mm. The teflon insulation of the
probe enclosed a 240 resistor to generate heat. The insulation
also included a thermocouple to measure temperature increase
right next to the heater. Another thermocouple was positioned
in the vitreous cavity to measure temperature increase in the
fluid environment.

Due to numerical and physical constraints (inability of the
head model to register damage), in this work, only protocol 2 of
the experimental study mentioned above was implemented and
investigated. The heater was modeled as a 1.5 1.5 1.0 mm
ceramic material connected to a copper wire. Since in the ex-
perimental study a teflon insulation was used around the heater
resistor, in the model a 1-mm-thick teflon coating insulated the
wire and the heater probe from the vitreous cavity. The heater
assembly was inserted from the side of the eyeball and the probe
was positioned in the center of the vitreous cavity. The relative
size of the head model used and placement of the heater is shown
in a cross-sectional slice in Fig. 3. As mentioned before, in the
thermal simulation the choroidal temperature was not fixed at

Fig. 3. Cross section of the head model.

but allowed to evolve naturally and the heater was allowed
to dissipate 500 mW uniformly for 1 h of simulated physical
time. Temperature increase above the basal distribution at sev-
eral points in the model was recorded and it was observed that
thermal elevation reached a steady state within 60 min of phys-
ical time.

In the experimental study, five breeds of dogs were subjected
to protocol 2 for 2 h and temperature increase in the vitreous
cavity and on the heater recorded at discrete intervals of time.
Approximately, an average of 6 to 8 temperature increase
was observed in the vitreous cavity, 2 to 3 on the retina
and about 50 to 60 increase was registered on the ther-
mocouple placed on the heater. Histological samples of the eye
taken (acutely as well as after four weeks) showed no retinal
damage. It was also observed that, despite the high tempera-
ture at the heater, the temperature increase in the vitreous cavity
remained within several degrees and it was concluded that the
fluid environment (vitreous humor) acted as an ideal heat sink in
dissipating the heat generated by the heater probe (or implanted
electronics).

Numerically, after 60 min of implementing protocol 2, the
temperature increase obtained in the vitreous cavity, retinal
tissue and at the heater showed good agreement with the
experimentally measured values. The mid-vitreous region
registered a temperature increase of approximately 8 to
9 while the temperature of the retinal tissue increased by
4 to 6 . Temperature at the heater also increased by
60 . In the numerical model, increases in temperature of
0.07 in white matter of the brain, 0.18 in the sinuses of
the forehead, 6.03 on the cornea, and 1.07 on the skin
of cheek were observed after 60 min of the mid-vitreous heater
dissipating 500 mW.

The experimental study did not outline the precise locations
of the thermocouple while recording the temperature increase
at the retina and in the mid vitreous. Computationally, this led
to some uncertainty in selecting specific points (in the mid-vit-
reous and on the retina) at which to record the temperature in-
crease. The slight difference in experimentally measured and
numerically obtained thermal elevation results is attributed to
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Fig. 4. Experimentally observed versus numerically obtained data.

this variation in the selection of specific points in the model.
Fig. 4 shows the experimental and simulated temperature data
monitored at definite intervals for a point next to the heater and
in the mid-vitreous. The close agreement observed between the
experimental and measured data indicates that the current model
and simulation method employed are sufficiently reliable for es-
timating the thermal elevation in biological tissues due to power
dissipated by prosthetic implants.

Since this was a validation of the thermal model and method
used, it was of interest to study the cooling effect of the
thermoregulatory mechanisms. Hence, two cases of numerical
implementation of the bio-heat equation were considered. In the
first case, the thermoregulatory mechanisms (time dependency
of and and vasodilatation) were included in the bio-heat
equation while in the second case thermoregulatory mecha-
nisms were neglected. Several tissue points were monitored and
it was observed that the difference in temperature rise between
the two cases was of the order of a few hundredths of a degree
despite the fact that the actual temperature of that tissue rose
by a few degrees in each case. Thus, in all the simulations with
implanted chips, the thermoregulatory effects were neglected.

V. NUMERICAL RESULTS FOR THERMAL ELEVATION

DUE TO OPERATION OF THE WIRELESS TELEMETRY

LINK AND IMPLANTED CHIP

A. SAR Results

Power absorption in the head and eye tissues due to the
wireless link was computed by modeling a 2-A current at
10 MHz excited in a single turn circular coil of approxi-
mately 37-mm diameter positioned 20 mm away from the
cornea. Peak 1-g SAR value was evaluated and observed to be

. Since at these currently estimated
operating power and current levels, the SAR values for the
inductive communication link do not exceed the IEEE safety
limits for power absorption [22], the contribution of SAR to the
final temperature elevation would be negligible as compared to
the rise in temperature due to power dissipation in the implanted
chip. Therefore, the power dissipation of the implanted chip
alone has been considered as an external heat source in the
thermal simulations.

B. Thermal Elevation Results

In order to compute the thermal elevation in the head model
due to implanted electronics, it was necessary to first obtain
the natural basal temperature distribution in the absence of any
external heat sources. The basal temperature distribution was
obtained for the larger portion of the head model shown in Fig. 2
(as noted in Section II) with no external heat sources and the ex-
ternal environment temperature being fixed at 24 . A portion
of this model was extracted and the implant was modeled with
the dimensional and material properties of an electronic chip.
This implanted chip was modeled to have a composite thermal
conductivity of 60 and encapsulated in a
0.5-mm-thick layer of insulation . Sev-
eral thermal simulations were performed with the chip modeled
with different sizes, placed at different locations (in the eyeball)
and also dissipating different amounts of power in order to gain
an insight into the best possible configuration (from the point
of view of least thermal elevation) for an implant in the eye. In
Sections V-B1–V-B3, results obtained for all the different cases
considered are presented.

1) Influence of Location of Implant on Tissue Heating: Two
locations are being considered for the placement of implanted
electronics. In the first case, the lens is removed and the im-
planted chip is hinged between the ciliary muscles of the eye
(referred to as the anterior position). The other position under
consideration is in the middle of the vitreous cavity parallel to
the axis of the eyeball (referred to as the center position). The
head model used is the same as the one utilized in the thermal
validation case. The implanted chip is modeled at both these
aforementioned locations and thermal simulations performed to
study the variation in temperature increase in different tissues
as a function of the implant location.

For both the above cases, the size of the implanted chip
was kept constant at 4 4 0.5 mm (exclusive of the 0.5-mm
insulating material) and was allowed to dissipate 12.4 mW
(anticipated worst-case power dissipation from an implanted
current stimulator chip driving a 16–electrode array positioned
on the retina). The power density for each cell was
calculated from the total power dissipated (12.4 mW) and was
kept uniform for each cell of the modeled chip throughout
its size [12]. Fig. 5(a) and (b) show the temperature increase
observed in the different tissues with the implanted chip in
anterior and center positions, respectively, allowed to dissipate
12.4 mW for approximately 26 min of simulated physical time.

The maximum temperature increase for both the chip posi-
tions is obtained on the surface of the insulating layer. At the
specific location monitored in the numerical simulation, it is ob-
served to be about 0.82 for both chip positions. As can be
expected, due to its proximity to a chip placed in the anterior
region, the ciliary muscles for this case heat up by 0.36 as
compared to 0.19 with the chip in the center position. Tem-
perature rise in the vitreous cavity is observed to be 0.26 for
the chip placed in center while a anterior chip raises its tem-
perature by 0.16 . Even though there is no standard accepted
threshold for the induction of thermal damage on the retina, it
is a very sensitive membrane on which temperature rise is of in-
terest since in an actual prosthesis it is proposed that an electrode
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Fig. 5. Simulated heating for different configurations. (a) Anterior positioned 4� 4� 0.5 mm chip dissipating 12.4 mW. (b) Center positioned 4� 4� 0.5 mm
chip dissipating 12.4 mW. (c) Center positioned 6� 6� 1 mm chip dissipating 12.4 mW. (d) Center positioned 4� 4� 0.5 mm chip dissipating 49.6 mW.

Fig. 6. Simulated thermal rise showing the influence of chip’s LOCATION.

array will rest on the retina to provide artificial stimulation. An
anterior placed chip raises retina’s temperature by less than half
the amount that a chip placed in the center does (0.05 by an-
terior chip as compared to 0.12 by a center chip). Here, also,
the vitreous cavity seems to be acting as a heat sink since the
rise in temperature of tissues farther from the eye is very small
indicating that a miniscule amount of heat flows beyond the eye
ball. Fig. 6 graphically compares the temperature increases on
the insulator, vitreous cavity and the retina between a anterior

Fig. 7. Simulated thermal rise showing the influence of chip’s SIZE.

placed chip and a center placed chip. It is observed that the ante-
rior position is preferable in order to minimize the temperature
rises in the vitreous cavity and on the retina.

2) Influence of SIZE of Implant on Tissue Heating: Besides
location, the physical size of the implant is another parameter
which can be varied to bring about a reduction in temperature
elevation for a given amount of power dissipation. Hence, it is
of interest to investigate the effect of increase in the implanted
chip’s size on thermal elevation for a fixed amount of power
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TABLE II
SIMULATED TISSUE HEATING OBSERVED DUE TO VARIATION IN IMPLANT’S SIZE, LOCATION AND POWER DISSIPATION LEVEL

dissipation. Two sizes of the implanted chip are considered:
4 4 0.5 mm (small) and 6 6 1 mm (large). In both cases,
the chips are placed in center position and allowed to dissipate
12.4 mW of power for 26 min of simulated physical time. Again,
the power density is kept uniform for each cell throughout the
size of the chip and with both chips dissipating the same power,
the power density for each cell of the larger chip is much smaller
than that for each cell of the smaller chip. Fig. 5(b) and (c) show
the temperature increase observed in the different tissues with
the small and large implanted chips in the center position dissi-
pating 12.4 mW of power for 26 min of simulated physical time.

Fig. 7 graphically compares the temperature increase ob-
served on the insulator, in the vitreous cavity and on the retina
for both the cases. With the larger chip (less power density),
temperature rise decreases on the insulator by 0.20 , in the
vitreous cavity by 0.11 , and on the retina by 0.02 as
compared to temperature rise due to the smaller chip. However,
it is observed that thermal elevation in tissues lying toward the
anterior portion of the model (toward the external environment
like cornea, cilliary muscle, skin et al.), is slightly higher due to
the larger chip than the smaller chip. The reason for this slight
increase may be attributed to the following factors. The larger
chip extends out by a few cells in all the directions as compared
to the smaller chip. Since blood perfusion in anterior tissues
is lesser thus facilitating less natural cooling, temperature
increase in this portion is slightly more as compared to that
observed for smaller chip, i.e., in the anterior tissues, it is the
proximity to the chip which dictates the temperature increase
rather than the chip’s power density. While in tissues posterior
to the chip (retina, muscle), higher blood perfusion facilitates
more cooling, and hence the power density of the chip influ-
ences the temperature increase (rather than the proximity to the
chip). Thus, in the posterior tissues, temperature increase with
the larger chip is less than that observed for the smaller chip.
Table II reports the simulated heating observed in different
tissues after 26 min of simulated physical time for different
configurations of the implant.

3) Influence of POWER DISSIPATION of Implant on Tissue
Heating: The maximum value of allowable power dissipation
in an implant is decided by a fine tradeoff between satisfaction
of its functional requirements and prevention of any thermal
damage on the surrounding tissues. It is of interest to observe the
influence of varying power dissipation levels on corresponding
thermal elevation incurred in the head model. In the 16-electrode

Fig. 8. Simulated thermal rise showing the influence of chip’s POWER
DISSIPATION.

array design of the retinal prosthesis chip, power dissipation in
the implanted chips is not expected to rise above 12.4 mW. To
investigate the influence of varying power dissipation, thermal
rise is computed with the chip dissipating 12.4 mW in the first
case and 49.6 mW in the second case (for the same size chip
4 4 0.15 mm placed in the center position). Power density
is again kept uniform throughout the chip’s size. Fig. 5(b) and
(d), respectively, show the temperature increase observed in the
different tissues with the center placed 4 4 0.15 mm chip
dissipating 12.4 and 49.6 mW for 26 min of simulated physical
time.

Fig. 8 graphically compares the temperature increase ob-
served on the insulation, in the vitreous cavity and on the
retina for both the cases. From the thermal elevation results as
tabulated in Table II, it is observed that increasing the power
dissipation by a factor of 4 does not necessarily lead to a rise in
the temperature by factor of 4. As reported in Table II, on the
insulator, the temperature rose by a factor of 3.57 while in the
vitreous cavity and the on the retina temperature increased by
4.93 and 4.47 times, respectively. In the majority of tissues, a
temperature rise by a factor of around 3.5 to 5 is observed for a
four times increase in the power dissipation in the implant.

VI. CONCLUSION

A detailed numerical investigation of the thermal elevation
induced in the head and eye on account of the operation of a
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retinal prosthetic system is presented. The retinal prosthetic
system considered comprises of an extraocular and an implanted
intraocular unit linked together by a wireless telemetry link
for power and data communication. The retinal prosthesis is
designed to restore a form of vision in the blind by artificially
stimulating the retinal cells. Operation of such a prosthetic
device causes a rise in the natural steady-state temperature of
the eye and surrounding head tissues. In the present work,
two aspects of operation of the retinal prosthesis that lead to
thermal elevation are considered: EM power deposition due
to the operation of the wireless telemetry link and power
dissipation in the implanted microchips.

It is noted that the SAR induced due to operation of the
considered wireless telemetry link (inductive power and data
transfer using coils at 10 MHz) is within the IEEE/ANSI [22]
stipulated guidelines.

Several thermal simulations were performed to study the tem-
perature elevation associated with the power dissipation in the
implanted chip. When the chip is placed in the anterior posi-
tion, the temperature increases on the vitreous cavity and retina
were less by 0.1 and 0.07 , respectively, as compared to
the case when the chip was located in the center of the vit-
reous cavity. Also, a larger chip (6 6 1 mm as compared
to 4 4 0.15 mm) dissipating the same amount of power re-
duced the temperature increase on the vitreous cavity and retina
by 0.11 and 0.02 , respectively. A four times rise in the
power dissipation in the implant led to a corresponding temper-
ature rise by a factor of 3.5 to 5 depending on the specific tissue.

An investigation of the thermal elevation incurred due to
electronic implants in the eye has been performed. The use
of a 3-D model instead of the 2-D model employed in [12]
facilitated the detailed characterization of the profile of the
head and temperature distribution on the chip and eye. Due to
excessive computation times, temperature rise on the tissues
is monitored for 26 min of physical time, at which time the
temperature rise is estimated to be within 5% of the steady-state
temperature increase. Future work incorporating the thermal
effect of the power dissipation in the stimulating electrode
array on the retina can be considered to further characterize
the thermal issues associated with the operation of a retinal
prosthesis.
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