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Angle-closure glaucoma (ACGQG) is a major cause of blindness worldwide. This
study aims to evaluate Nd: YAG LASER and Argon LASER for (ACG) treatment.
The investigation took place in the COMSOL Multiphysics simulation
environment. The eye’s iris was modeled, and the two LASERs were exposed on
the anterior face of the iris to create an invasive hole. The thermal responses of the
eye due to the transmission of the electromagnetic energy carried by the two
LASERs were measured. The results indicated that a lower thermal intensity of
350K from 1064 Nd: YAG LASER with a pulse duration of 1ns and a heat flux of
1000 W/m? was more effective and safer for creating a hole through iris and
reducing intraocular pressure (IOP) with minimal risk of iris tissue damage
compared to the higher thermal response of 400K induced by 488nm argon
LASER with the same pulse duration of I ns and a heat flux of 1000 W/m? . The

finding improves clinical practice in the ophthalmology field.
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1. Introduction

Glaucoma is a multifactorial disease [1]. It is characterized
by increased intraocular pressure (IOP) due to the
accumulation of aqueous humor in the anterior chamber of
the eye. Glaucoma suspects will have an increased
intraocular pressure (IOP) of more than 21 mmHg (IOP),
which is thought to cause glaucoma because it damages the
blood vessels and optic nerves in the eye [2]. Diagnosis of
glaucoma is mainly based on the increased intraocular
pressure (IOP), medical history of the patient’s family, and
change in optic disc structure [3].The main different types
of glaucoma are chronic or open-angle glaucoma (OAG)
and acute or angle-closure glaucoma (ACG). (ACG) is a
major cause of blindness worldwide [4].

Primary angle-closure glaucoma is a type of glaucoma
associated with a physically obstructed anterior chamber
angle. Obstruction of the anterior chamber angle blocks
drainage of fluids (aqueous humor) within the eye and may
raise IOP. Elevated IOP is associated with glaucomatous
optic nerve damage and visual field loss [5]. While
conventional treatments, such as topical IOP-lowering
medications, are available. However, they have potential
systemic side effects with patients’ adherence and high
financial costs. LASERs peripheral iridotomy are a
procedure to eliminate pupillary block by allowing
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aqueous humor to pass directly from the posterior to
anterior chamber through use of a laser to create a hole in
the iris.

This study was simulated in the COMSOL multiphysics
environment; the eye's iris was modeled the two LASERs
were configured and exposed on the anterior face of the iris
to create an invasive hole. the thermal responses of 350K
when we exposed on the iris 1064nm Nd: YAG LASER
with a plus duration of 1ns and heat flux of 1000W/m? was
capable to create a hole on the iris surface without more
tissue damage and secondary effect compared to the higher
thermal response of 400K when we exposed 488nm of
argon LASER with plus duration of 1ns and heat flux of
1000W/m?. These findings improve clinical practice in the
field of ophthalmology.

2. Background theory

The eye’s iris thermal response is solved in the COMSOL
Multiphysics environment with the heat transfer in a
material as Fourier's law of heat conduction, which defines
the heat flux vector .

pc, B+ V.(=kVT) = Q +Q ted ()

at

QT =KVT (2)
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where p is the density of the tissue, ¢ is the specific heat
capacity of the tissue, T is the temperature of the tissue, t is
time exposed by laser, q” is heat flux vector, Q is the heat
generated by unit volume by the laser energy, Q ted is heat
generated due to mechanical effects and k is the thermal
conductivity of the tissue
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Figurel: Anatomy of human eyeball) [6].

Figure 2: Mechanism of angle closure glaucoma: A,
relative pupil block; B, iris bombe formation; C,
appositional angle closure [7].

3. Methodology

This study was simulated in the COMSOL Multiphysics
environment, version 5.6. A 3D model of the eye’s iris was
modeled in the geometry section of the COMSOL
environment. We selected tours shape to build the iris with
a major radius of 1 mm and a minor radius of 0.5 mm
before exposing the lasers on its surface. The materials
chosen in the COMSOL environment included bioheat
transfer in biological tissue (muscle), which has a heat
capacity at constant pressure of 3421 J/kgK, a density of
1090 kg/m? for the iris, and a thermal conductivity of 0.49
W/mK. The two LASERSs, 1064 nm Nd: YAG LASER and
488 nm argon LASER, were simulated in a COMSOL
environment with a pulse duration of 1 ns and heat flux of
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1000 W/m?. The two LASERSs were exposed on the anterior
surface of the iris to create a hole by an action called laser
iridotomy, as shows in Figures 3 and Figure 4.

4. Results and Discussion

The thermal responses of the eye due to the transmission of
the electromagnetic energy carried by the two lasers were
measured. The overall thermal responses of the eye’s were
measured and are presented below.

Time=1 ns 0 1

Surface: Ten(a)perature (K)

1

K |
A 350 ‘

350

Figure 3: A 3D of iris model on used 1064nm Nd: YAG
LASER iridotomy with plus duration of 1ns and heat flux
of 1000W/m?>.

The result was indicated by the yellow bright colors on the
diagram as shows in Figure3 the thermal responses of
350K when we exposed on the iris 1064nm Nd: YAG
LASER with a plus duration of Ins and heat flux of
1000W/m? was capable to create an invasive hole on the
iris surface without more tissue damage and secondary
effect that help the aqueous humor or the flued outflow and
reduce intra ocular pressure to overcome angle closure
glaucoma.

For the second LASER, we obtained its result as shows in
Figure 4.
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Figure 4: A 3D of iris model on used 488nm of argon
LASER iridotomy with plus duration of 1ns and heat flux
of 1000W/m?.
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In Figure 4 the result of 400K of thermal responses was
indicated in diagram by the yellow color

when we exposed 488nm of argon LASER with plus
duration of Ins and heat flux of 1000W/m? on the anterior
surface of the eye’s iris to create an invasive hole for
reducing intra-ocular pressure and treat angle closure
glaucoma. This 488nm of argon LASER is useful in dark
or bleeding iris but it has mor side effect like tissue damage
due to its higher thermal responses when compared by
1064nm Nd: YAG LASER.

Iridotomy

Figure 5: Angle-closure glaucoma after laser iridotomy [8].

Laser peripheral iridotomy (LPI) is the standard first-line
method of treating. The main therapeutic treatment is
performed with the neodymium-doped yttrium aluminum
garnet (Nd: YAG) solid-state laser, emitting at 1,064 nm
angle-closure glaucoma [9]. Laser iridotomy (LI) has been
the standard therapeutic modality for the treatment of
primary angle closure glaucoma to avoid blindness [4].
The main treatment for angle-closure glaucoma is laser
iridectomy. The use of an algorithm for performing laser
iridectomy in patients with angle-closure glaucoma and
concomitant somatic pathology makes it possible to
achieve the target intraocular pressure early after surgery
and to avoid complications [ 10].Commonest cause of angle
closure is pupillary block and Nd: YAG laser iridotomy is
effective in reducing IOP and opening the drainage angle
in primary angle-closure [11].The use of the laser therapy
in the patients with acute closure glaucoma does not cause
significant side effects, and leads to the prevention of
primary angle closure glaucoma significant reduction of
IOP, minimal changes of functional visual acuity and
stability the changes in visual field [12].

5. Conclusion

This study evaluated the effectiveness of 1064nm Nd: YAG
LASER and 488nm of argon LASER. The investigation
took place in the COMSOL Multiphysics environment.
The results confirmed that a lower thermal intensity of
350K from 1064nm Nd: YAG LASER with a pulse
duration of Ins and a heat flux of 1000 W/m? was more
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effective and safer for creating an invasive hole on the
anterior surface of the iris reducing intraocular pressure
(IOP) with minimal risk of iris tissue damage compared to
the higher thermal response of 400K induced by 488nm of
argon LASER iridectomy with a plus duration of Ins and
heat flux of 1000W/m?. Finding improves clinical practice
in the ophthalmology field it enhances the clinical favorite
for Nd: YAG LASER iridotomy in ACG treatment,
offering a safer and more controlled method to reducing
IOP. This study contributes to improving ophthalmological
LASER treatments, supporting evidence-based practices in
glaucoma management.
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