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INTRODUCTION: Presbyopia, a vision disorder, is
characterized by the stiffening of the crystalline lens of
the eye. The use of focused ultrasound into the lens
region, is the aim of future ophthalmological anti-
aging treatment. Three approaches have been
implemented to simulate the wave propagation, and
guantify the thermal and mechanical effects of such
procedure. Figure 1 shows the 2D axisymmetric full
parametric eye and acoustic transducer constructed in
COMSOL Multiphysics® [1,2]. In the following
simulations, the acoustic transducer is driven at the
frequency of 5 MHz that is turned on for one second
and then turned off to let the tissues cool down.

mm

PESRT N G (T NN U Y WIS [N TSN ONY NN SN AN SN G TN TUNS (SN DN TN SR SR | g - o § o 9 9 g § 3 9 4 -3
Water—» —Acoustic transducer o[
Cornea—» 7

- Vitreous humour —»

Lens -—>/

d» H N o
e i T 1

-8—7
-107]
127
147
167}
-187
-207]
-227]
24 ‘\Lllelll}lH>
26"

287

-307] |l'=':' mm |

T R T T T ‘ T T
-10 -5 0 S 10 19 20 25

Figure 1. Model geometry. The different domains of the human eye are
shown in addition to the PML (Perfectly Matched Layer).
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The purpose of this fluid equivalent model is to mimic
a behavior of damping by solving the Helmholtz

equation (1) [3]:
2
v(Zm) = (L) 2o
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This heat generated () due to focused ultrasound is

given by equation (2):
1
0 =2al =2« Re(zpv) (2)

Then, in order to describe the heat transfer by
conduction as function of time, equation (3) is solved:

oC, % =V.(kVT)+Q  (3)

The thermal strain caused by the variation in
temperature is given by equation (4):

Sth = (X(T — Tref) (4)

RESULTS: The simulation results of the third approach
are presented in the following figures. As we can see,
the beam converges into a focal zone, which generates
heat and negligible thermal expansion in the lens
region.

freq(1)=5E6 Hz VVolume: Total pressure acoustic field (Pa) o freq(1)=5E6 Hz Surface: Sound pressure level (dB)

160
F {140
120
100
m\,f)'x 80

[
w ]| _oX ,
¥ -2.97x10° - mm v 79.4

Figure 5. Acoustic pressure field Figure 6. Sound pressure level
in the eye without the PML. (SPL) in the eye and PML.
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Figure 7. Temperature field in the Figure 8. Displacement field in
eye at t=1s. the lens region at t=1s.

CONCLUSIONS: The third approach has been the most
efficient one, in terms of computation time and
simulation results. Focused ultrasound has great
potential and could be employed in the future, to treat
this particular vision disorder.
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