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The Use of an Axisymmetric
Formulation of the Finite Volume
Method for the Thermal Analysis of
the Retina and Ocular Tissues
Following Implantation of Retinal
Prosthesis

This study analyzes the heat transfer in human é&ylésving implantation of retinal

prostheses using an axisymmetric formulation of Ehgte Volume Method. The model
used consisted of a vertex centered unstructuréd fgrite volume method in an edge-
based data structure and an explicit time integnati The results of the finite volume
thermal analysis in ocular tissues were determiimethe presence of two types of retinal
implants: subretinal and epiretinal. For the subinel device, the maximum temperature
reached in the retina was 36.78°C (309.78 K) and ilveversible thermal damage

occurred at 200 days. In the case of the epiretingblant, the maximum temperature
reached at the retinal/chip interface was 36.92309.92 K) and the irreversible thermal
damage occurred at 180 days. Our results indicht tin spite of its higher dissipation

power, the epiretinal implant produces thermal dges similar to that caused by the
subretinal implant. The computational tool whichsadeveloped was able to effectively
calculate temperature profiles and thermal damagkies to retinal implants and is also
capable to calculate temperature profile in anyestlyeometry of interest, for example

with other types s of external thermal source ldser beans.
Keywords:finite volume method, axisymmetric models, hyeentka, retina

Introduction

Some of the leading causes of blindness in thednioidlude
conditions such as retinitis pigmentosa (RP) areratpted macular
degeneration (AMD). Both involve degeneration of eth
photoreceptor cells, rendering the visual system become
insensitive to light (Peachey and Chow, 1999). déeelopment of
retinal prosthesis is based on the premise thaapgpiication of
external electrical stimulus can be an alternataproach to
potentially restore the function of the visual syst(Chow and
Chow, 1997; Margalit et al., 2002).

The retinal prosthesis or implant consists in a lsmhip
composed by electrodes that create an electricaleru which
stimulates adjacent areas in order to activatevitheal system. The
electrical stimulation of the retina through injeat of currents
dissipates power and heat. Under normal conditiottse
choriocapillaris promotes heat dissipation. In as with
degenerative retinal disorders, the choriocapdlésidamaged. The
heat generated by the electronic sensors can dathagadjacent
neuronal tissue to the implant sites and also thwlant.
Furthermore, the increase in temperatures may rfosta
environment suitable to bacteria proliferation thatld potentiate
infections (Schwiebert et al., 2002). Energy diasgm and
temperatures must be carefully controlled in otdeavoid damage
to the retina and adjacent tissues which in tundctdisturb retinal
capillary blood flow. Blood flow disturbance in thetina is a
feature of many ocular diseases, including diabetimopathy, age
related maculapathy and glaucoma (Guan et al.,)2003

Currently, two types s of implants have been depedoin the
United States, Germany and Japan: an epiretinalaasdbretinal.
These implants were designed to substitute diffepérysiological
functions. The subretinal substitutes the degeeaeénahotoreceptors’
cells while the epiretinal stimulates directly tlganglion cells
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(Margalit et al., 2002). Consequently, the two sy chips are
implanted in different places. The subretinal ipiamted under the
retina’s surface, between the pigment epitheliumd athe
photoreceptors cells, while the epiretinal one lac@d in contact
with the inner surface of the retina (Margalit kbt 2002; Schwiebert
et al., 2002; Zrenner, 2002).

In the present work due to the geometrical and iphy$eatures
of the problem, we have developed and used an uaobsted
axisymmetric edge-based Finite Volume Method (F\dpnalyze
the heat transfer in human eyes in the presenaeaifnal implant.

Following this introduction, in the “Physical-Mathatical
Model” section, we present the governing equatiohthe bioheat
transfer problem and the expression used to el damage
associated to the burning of living tissues. Inusege, in the
“Numerical Modeling” section, we describe the edgesed finite
volume formulation used to numerically discretizee tpartial
differential equations that model the bioheat tf@ansproblem.
Following, in the “Physical Problem” section, majgmpotheses and
strategies adopted during the modeling stage aeglety including
the “Thermal Properties and Eye Dimensions” anagscdption of
“The Heat Generation Due to the Retinal Implaniis'the “Results”
section, we show a “Numerical analysis of the ejtb & subretinal
device” with the proper “Discussion” of the obtaineesults and,
finally, we present our “Conclusions”.

Nomenclature

A = Henriques’ constant, 3.1 x 1098 s-1
c =tissue specific heat, J/kg.°C

cs = blood specific heat, J/k°C

Co'" = axisymmetric weighing coefficient
DX = axisymmetric weighing coefficient
JEat = activation energy, 6.27 x 105 J/mol
h = heat transfer coefficient, W/m2°C
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k = thermal conductivity, W/m°C

nj = outward normal directional cosin
qj = heat flux at xj direction

0,  =prescribed heat flux

qu("*) = flux over the domain associated with edge 1J

L
()

J

0y~ =flux over the external boundary associated witheeld
qu‘](r, ) = flux over the interfaces of different materials
- associated with edge,1J
Q = heat source terr
Qs = external thermal source term, W/m3
Qm = heat generation of tt metabolic heat, W/3
Q = heat generation due to blood perfusion, W/m3
rc = centroid radius of the control volume
R = Universal Constant of gases, 8.31 J/mol.K
ti = initial time
tf = final time
T = temperature, °C
'F = prescribed temperature
'|: = temperature calculated by numerical methods
T! =initial temperature
Ta = arterial blood temperature, °C
Teo = bulk fluid temperature
T = time interval of integration
Xj = independent space varia
z = axial coordinate

Greek Symbols

P = specific mass, kg/m3
05 = blood specific mass, kg/m3
w = blood perfusion, s-1
Q = analyzed domain
oy = damage function, dimensionless
Ic = boundary subjected to Cauchy or Robin conditions
) = boundary subjected to Dirichlet conditions
Iy = boundary subjected to Neumann conditions
Subscripts
a =relative to arterial blood
c = relative to centroid
I = relative to node |
13, = relative to nodes | and_J

Superscripts
i = relative to direction j

Physical-Mathematical Model

The Bioheat Transfer Equation, Eq. (1), governs ghgsical
process analyzed.

il
ot

=ktD2T+Qp+Qm+Qe @)

where 0% is the laplacian operator which can be writtenamy
coordinate systenp is the mass density; c is the specific heat; T i
the temperaturek; is the thermal conductivityQ., Q, and Qn
represents the source (or sink) terms.

In Eq. (1), the source teri®, represents the external thermal
sources, such as lasers or heat dissipated byaiectevices (e.g.
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retinal implants). The generation term of the meliabheat Q)
can be ignored because, in general, it is smdilen the external
heat sources (Sturesson and Andersson-Engels, . IB®&}ermQ,
is a specific term for the heat generation dueldod perfusion and
represents the convective heat removal from thetissues by the
blood vasculature. The referred term is given by &) (Diller,
1982; Charny, 1992),

Q, =ap £ (T,-T) @)

wherew is the volumetric rate of blood perfusion [m? éddxd/m?3 of
tissue s]ps andcs are, respectively, the mass density and specific
heat from the bloodl, is the arterial blood temperature ahds the
tissue temperature.

The eye is an organ with a few blood vasculaturEsyever,
there is a large blood flow in the sclera-chor@tira complex and
the retinal blood flow is mainly distributed withthe inner retina
(Scott, 1988; Guan et al., 2003). In the presentanly the blood
perfusion of the retina was considered. The blolv fin the
choroid was considered as a convective heat trarsfandary
condition between the retina and the choroid, by tise of an
adequate heat transfer coefficient (Scott, 1988aran1995).

The problem described by Eq. (1) was subjectednit@ali and
boundary conditions. The boundary conditions mayehbeen of
three different kinds:

a) Dirichlet boundary condition: prescribed tempem T over
a part of the boundaifyD.

T=T,

= in T, XT 3)

where T = [t‘ 1 f] represented the time interval of integration.

b) Neumann boundary condition: prescribed normait Hkix
q, over/y.

-qn, =4q,, in My XT 4)(

in whichn, were the outward normal directional cosines.

c) Cauchy or Robin boundary condition: mixed bouwda
condition, i.e., prescribed flux and convectionthegnsfer ovef .

—qn; :qn"'h(T_Tm): in rcXT (5)
with h representing the film coefficient andl, the bulk fluid
temperature.

The initial distribution of temperature’is known for an initial
timet', so the initial condition was expressed by

T=T" in Q and t=t'

= (6)

A detailed description of the mathematical modei ba found
in Lyra et al. (2005).

The exposure to high temperatures resulted in érsible
damage to tissue such as protein denaturationofoe biological
function of molecules and either their evaporati@enaturation

ay be seen as the common development that leadd! toecrosis.
ccording to Henriques and Moritz (in: Diller, 1982the
denaturation process is generally described byracpkar case of
Arrhenius’ Law, which is essential to the denatior@toagulation
phenomenon. The kinetics of the thermal denaturatiwhose
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parameters are the activation energy and temperasurepresented
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In order to compute the edges fluxes, it is requieeknow the

by an integral damage&)D, that measures the produced physicahodal fluxes values and, consequently, the valueshe nodal

damage. For a given damage, the denaturation esndieted only by
the temporal changes in tissue temperature (Rail,e2000).

Initially, Henriques (in: Diller, 1982) determingte values for
the pre-exponential constant and the activatiorrggnéor tissue
burning at low temperatures. These values have hesul by
several researchers for the analysis of the procésshermal
damage.

According to Diller et al. (1991), the thresholdrbunjuries
occur if @5 = 0.53, second-degree burn injuries2f = 1, and third-
degree burn injuries €2, = 10 000.

The damage caused by burning at a certain poititeofissue is
given, empirically (Diller et al., 1991), by:

t
b = AJ ex| _LEy dt
) RT

where A = 3.1 x 1¥ s-1 ,AEat = 6.27 x 10J/mol. The universal
constant of gases (R) is known as 8.31 J/mol.KTarglthe absolute
temperature expressed in Kelvin.

)

Numerical Modeling

The temperature analysis in human eyes was domsy w8
unstructured Finite Volume Method that was develofoe solving
two-dimensional model problems (Lyra et al., 20GHd later
extended to deal with axisymmetric applicationsré gt al., 2005).
Both formulations used a vertex centered finiteunad method
implemented using an edge-based data structure.

For the axisymmetric formulation, it was convenitnte-write
Eq. (1) using a cylindrical coordinates system, chhican be

expressed by

in which all the heat source terms are represdnyeq.

By integrating Eq. (8) over a control volume anglgmg the
Finite Volume Method described in Lyra et al. (2DOthe semi-
discrete equations obtained can be written as

I i(e") Z

dr
pcd—t'27rrcA1 :—[ E Uiy,
L

chj\x(n(m m*)J +Q27mr A

and D" are the axisymmetric weighing

oT _19

at roar

oT

_J+

or

0
0z

6T

Fr ®)

AX(])
D|J|_

CAX(I)

1L

Q|J|_
9)

where the termsC )"

coefficients, A, is the cross-sectional area of the control volume
L]

associated to node |, and is the centroid radius of the control
volume.

The first term of the right hand side of Eq. (8)daBq. (9)
quantifies the flux over the interfaces of the cohtvolume
associated to node I. The second term quantifiesfltix over the
boundary faces, and the third one the flux over itherfaces of

) . (@) i) j[rf)
different materials. The termg,;, *, Uj; ° and §; ~ represent,
respectively, the fluxes over: the domain, the mwteboundary and
over the interfaces of different materials, asdedido edgéJ, .
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gradient of the temperature. The nodal approximataf the
gradient is given by

'27TrA1 DZ

in which b = 1, for radial directiong(=r) and b = 0 for the axial one
(% = 2), andTlgf) and T|SFL) are, respectively, the temperature over
the domain and over the external boundary assddiatedgdJ, .

The time discretization was done by a simple explic
formulation (Euler forward), where the nodes terapenes were
calculated in terms of the adjacent nodal tempegatevaluated at
the preview time level.

The time and domain discretization, using triangmashes, were
described in details by Lyra et al. (2005). Thesiszation included
also the adopted approximation for the boundanditiams and the
source terms, considering domains with multipleemals.

CROTE + > DR OTY) 27T, A (10)
L

Figure 1. Cross section of the human eye (Netter & Dalley, 1997).

Physical Problem

Considering the cross section of the eye shownign F, the
following hypotheses have been adopted to simghié/model.

e The use of an axisymmetric model;

» The thermal properties of iris and ciliary body wassd to be
equal to those of the aqueous humor (Amara, 1985)they
were considered as a single region;

« Despite the foveae be anatomically different frdra tetina, it

will be considered as a constituent part of thmaet

Some structures, like nerves, blood vessels, ware neglected

(Amara, 1995).

The heat transfer between the external ocular seréand the

environment at 293 K occurred by convection;

The heat transfer in the eye occurred by conduction

e The heat transfer between retina and choroid oedutry
convection;

* The blood temperature was considered equal to 310 K

* Most of the eye blood perfusion is concentrated tha
retina/choroid/sclera complex. So, only the bloafysion at
the retina was considered.
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Five regions of different thermal-physical propesti were
considered (see Fig. 2): the cornea, the aqueousouthe
crystalline lens, the vitreous humor, and the eetin
e The boundary conditions and initial condition were:

» Heat transfer by convection between the ocularreatesurface
and the environment;
» Heat transfer by convection between the retinathadbody;

The initial condition considered was the initialmigerature

distribution inside the eye, without heat sources.

witrows humor

Cormnea

retitia
/ AUETUSY
i
(. ) ) faE humor ‘\
pupillary axig
Figure 2. Domain extracted from Fig. 1 using a CAD  program.

Before starting the thermal analysis and becausethef
presence of an external thermal source, it was ssacg to
calculate the initial condition of the problem. $Thiondition was
found by solving Eq. (1) in the steady state cassglecting the
heat source term. It was done by Lima et al. (20f18) an
axisymmetric case. Figure 3 shows this tempergiuséles along
the pupillary axis.
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Figure 3. Initial temperature profiles along the pu  pillary axis.

Thermal Properties and Eye Dimensions

The human eye’s dimensions were taken from Ama@®FL
and Duane (1987). The pupillary axial diameter abamal eye was
25.4 mm. The cornea thickness varied from 0.4 nminth@ middle)
to 0.7 mm (at the boundary) and the horizontal étemwas 11.8
mm. The lens, located between the aqueous andttkeus humor,
was 4 mm thick and 9 mm in diameter. The retinekiiéss was 0.2
mm t near the equator, 0.1 mm deep at the foveatamdaximum
thickness 0.5 mm, near the optic nerve. Its mininthitkness (0.05
mm) was located at the “ora serrata” (vide Fig.The humors are
solutante with different NaCl concentrations, artirt vertical
lengths were 3 mm for anterior chamber depth andntrbfor the
length of the vitreous humor.

J. of the Braz. Soc. of Mech. Sci. & Eng. Copyright

The values of thermal conductivity (k), mass dengg) and
specific heat (c) were assumed constant within eagfon of the
ocular globe. The thermal properties of the analytgsues and of
the silicon were presented in Table 1.

Lagendijk (in Scott, 1988) estimated the heat feansoefficient
from the cornea to the environment considering tbar film
evaporation and also the heat transfer by radiatiah convection to
the environment. The value obtained was 20 W/m2agendijk (In:
Scott, 1988) also estimated the heat transfericaaft from the retina
to the choroid as 65 W/m2.K. This value includes lieat losses due
to the blood perfusion in the choroid region.

Table 1. Thermal properties of eye’s tissues.

Tissue | k (W/mK?  p(kg/m3)® ¢ (IkgK)® w(shH®

Cornea 0.580 1050 4178
Aqueous 0.580 1000 3997

Humor

Lens 0.40(C 105( 300c

Vitreous 0.603 1000 4178

Humor

Reting 0.62¢ 100(¢ 419C 0.01Z

0 2012 by ABCM

@scott, 1988 ® welch et al., 1980.

The Heat Generation Rate Due to the Retinal Implarg

The heat generation rate presented in the prolderaused by the
implanted chip at the retina. Both types of retimaplants: the
epiretinal and subretinal have their own speciéatigeneration rate.

The present simulation values used general datdabie in
literature (Hammerle et al., 2002; Clements et1#199).

The implants are based on a silicon chip with asipasion
layer, made of silicon oxide, which encapsulatesdhip. The chips
carry hundreds to thousands of light-sensitive afibotodiodes
equipped with microeletrodes of gold or titaniumtride. The
devices are implanted near to the macula.

In vivo tests it was used chips in which duratioatween
implantation and explantation ranged up to 18 nmrdlthough chips
incurred considerable morphological damage whenlaimied for
more than 3 months. After 6 months, the passivdager becomes
very thin due to chemical degradation and after mi@nths a
considerable damage to the silicon is observedievthe electrodes
do not show any detectable sign of morphologicalaze (Hammerle
et al., 2002).

For the subretinal device, we used the values bdaiby
Hammerle et al. (2002). The chip diameter was 3 amd its
thickness was 7Qm. The chips’ resistance was 1000 and had a
current delivery of 0.05 mA. The power dissipativas equivalent
0 2.5 x 10 W.

For the epiretinal one, we used the data from Cihésnet al.
(1999). The implant’'s area was 4.6 x 4.7 mm?2 anduB0 The
power dissipation to the retina was 60 mw.

The temperature profiles were analyzed for botlesakiring a
period of time that varied from three to six montAB values were
obtained assuming that the implants were fully gbdrduring the
period of the analyses.

Results

The computational domain of interest is obtainemfrFig. 1
using a CAD program. The geometry simplificatioriscdssed in
the previous section were used. Due to the “quésirmmetric”
nature of the problem, an axisymmetric model waspeet, so only
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a half of a 2-D cross section of the domain neddede analyzed.
Figure 2 shows the referred domain and the regibirgerest.

In order to discretize arbitrary two-dimensionalndons, we
used a computational system developed by Lyra aadvaho
(2000), which can generate triangular, quadrildterad mixed
consistent meshes. In the present work, we useshguiar
unstructured meshes. The adopted mesh generatorangs
conventional unstructured mesh generator, provitiedmesh data
in an element-based data structure. The implementaf the finite
volume solver required a pre-processing stage d@eroto convert
the element-based data structure into an edge-basedAfter the
pre-processor stage finished, the element-basedstiaicture could
be discarded. After this stage, the edge-basedstiateture and the
physical properties were fed to a FVM computatiosalver. The
temperature profile and the damage function histeglues were
then obtained from the FVM computational tool.

Numerical Analysis of the Eye with a Subretinal Deice

The maximum calculated temperature in the retina 3&78°C
(309.78 K). The new steady-state was reached as &hd the
corresponding damage function value was 4.7 %. Ithe thermal
damage reached the value of 0.53 at 107 days.hemmal damage
reached the value of 1 (irreversible damage) atd23@. Figure 4(a)
shows the temperatures contours of the eye withstiteretinal
device after the new steady-state was reached.

oC
+3.68E+001

+3.66E+001

+3.65E+001

+3.63E+001

+3.62E+001

+3.60E+001
+3 59E+001
+3.5TE+00L
+3.36E+001
+3.54E+001
+3.53E+001
+351E+001
+350E+001
+3 48E+001
+34TE+00L
+343E+001
+344E+001
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the subretinal, the difference in temperaturesaahestationary stage
of the process was not different (less than 0.2kversible
thermal damage to cells occurred within a shorfedéhce of time
between the two implants.

These results were expected due to the relationshiphe
epiretinal implant with the vitreous humor, whiclasha greater
capacity to dissipate the heat generated by thidaim (Margalit et
al., 2002).

After the chip implantation, a new steady state wgagkly
reached in both cases. Then, the increase of énméh damage was
calculated for the new constant temperatures, ey ekponential
expression shown in Eq. (7).

A brief sensitivity analysis of the damage variatiovith
temperature was performed and is shown in Tablesd3, for the
subretinal and the epiretinal implants, respecyivel

1,2

— EPIRETINAL
—— SUBRETINAL
1,0+ 7

08— S

06—+ e

DAMAGE
\
\.

04— v

02—

0,0 + } + : : :
0 50 100
TIME (DAYS)

Figure 5. Comparison between damage function values
of implants.

200

of the two kinds

Table 2. Sensitivity analysis of the thermal damage
of the subretinal implant.

with the temperature

+342E+00L
+3 41E+001
+330E+001
+338E+001

(b)

Figure 4. Temperature contours for an eye with: (a)
an epiretinal device.

a subretinal device; (b)

Numerical Analysis of the Eye with an Epiretinal De&ice

Temperature Temperature A (%) Time for Time for
(Kelvin) (°C) Q =0.5¢ Q=1
306.68 33.68 -1 3.8 years 7.2 years
308.2: 35.2: -0.5 400 days 760 days
309.78 36.78 - 107 days 200 days
311.3¢ 38.3: +0.5 35 day: 67 day:
312.8¢ 39.8¢ +1 10 day: 20 day:
325.27 52.27 +5 1.5 days 3 days

The maximum temperature at the retinal/chip int=favas

36.92°C (309.92 K). The new steady-state was rehelfter 8.2 s Table 3. Sensitivity analysis of the thermal damage  with the temperature

and the corresponding damage function value was1®’% The of the epiretinal implant.

thermal damage reached the value of 0.53 at 94. ddwsthermal Temperature Temperature . Time for  Time for
damage reached the value of 1 (irreversible damagd@B0 days.  (Kelvin) (°C) A (%) Q=053 Q=1
Figure 4(b) shows the temperature contours of tye wwith the 306.8. 33.8, 1 3.4 year 6.4 year
epiretinal device after the new steady-state washred. 308.37 3537 05 360 days 680 days
Figure 5 shows the behavior of the damage fundwwnboth 309.92 36.92 R 94 days 180 days
kind_s of impl_ants during a period of approximat8lynonths after 311.4; 38.47 +0.E 31 day: 60 day:
the implantation. 313.0: 40.0z +1 9day: 18 day
325.42 52.42 +5 1.4 days 2.6 days

Discussion

In spite of the fact that the electrical power dgngor the
epiretinal implant was approximately 2700 timeshieigthan that of

312 / Vol. XXXIV, No. 3, July-September 2012

As it is well known, the temperature profiles obtd by any

numerical simulation are approximations of realesasMoreover,
the values of the thermo-physical parameters @f fissues are also

ABCM
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not very precise. As it can be seen on Tables 23relen small
variations (approximately 0.5%) of the calculatethperatures can
cause a large variation on the time to reach tlewérsible damage,
as expected. More reliability could be achievedthy numerical
simulation if real values for the implants were italzle.

As soon as more information regarding the eledtpcaver of
the implants become available, the developed coatipngl tool
can be used to investigate deeply these features.

Conclusions

The new technology of retinal implants has motidathe
present study. Although basic investigations inmeais are
underway presently, the implants are being usedlsameously in
blind people and in animals and further investwadi of possible
long term side effects are paramount.

The results obtained in the present work indicdtat tthe
epiretinal device, despite having higher poweriga#on, produces
thermal damages similar to that caused by the sobfdémplant.
This fact demonstrates the higher capacity of flieegnal device in
heat dissipation, which may be explained by itatre@hship to the
vitreous humor.

As expected, the computational tool developed vegmlsle to

Duane, T.D., Jaeger, E.A., 1987Biomedical foundations of
ophthalmologyVol. 1, Ed. Harper & Row.
Guan, K., Hudson, C., Flanagan, J.G., 2003, “Vdiigb and

repeatability of retinal blood flow measurementsngsthe Canon Laser
Blood Flowmeter”Microvascular Researgh/ol. 65, pp. 145-151.

Hammerle, H., Kobuch, K., Kohler, K., Nisch, W.,cBg, H., Stelzle,
M., 2002, “Biostability of micro-photodiode array$or subretinal
implantation”,Biomaterials,Vol. 23, pp. 797-804.

Lima, R. de C.F. de, Lyra, P.R.M., Silva, G.M.Lda, Carvalho, D.K.E.
de, 2004, “Andlise térmica dos tecidos ocularesadizg de implantes
retinianos através da utilizacdo do método dosmetufinitos em malhas
ndo-estruturadas”. In Proceedings of CILAMCE 2004berian Latin
American Congress on Computational Methods in Eswing, Recife,
published in CD-ROM.

Lima, R. de C.F. de, Lyra, P.R.M., Guimaraes, C,SJarvalho, D.K.E.
de, Silva, G.M.L.L. da, 2006, “Modelagem computaeioda biotransferéncia
de calor no tratamento por hipertermia em tumoeesiubdeno através do
método dos volumes finitos em malhas néo estruista@evista Brasileira de
Engenharia Biomédic&22(2),pp. 119-129.

Lima, R. de C.F. de, Lyra, P.R.M., Guimar&es, C.S3arvalho, D.K.E.
de, 2004, “An edge-based unstructured finite volupnecedure for the
numerical analysis of heat conduction applicatipds’of the Braz. Soc. of
Mech. Sci. & Eng.Vol. 26(2), pp. 160-169.

Lyra, P.R.M., Carvalho, D.K.E. de, 2000, “A Flexdblnstructured
mesh generator for transient anisotropic remeshimg’Proceedings of the
ECCOMAS 2000 — European Congress on Comp. Methpplied Sciences

effectively calculate theemperature profiles and thermal damagend Eng., Barcelona, published in CD-ROM.

values in ocular tissues with retinal implants. sThool is also
capable to calculate temperature profile in anyeotieometry of
interest and with other kind of external thermalirse like laser
sources (Lima et al., 2006).
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