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Abstract  
Glaucoma is an irreversible eye problem that leads to vision loss. It is divided into two main different types, which 

are open-angle glaucoma (OAG) and angle-closure glaucoma (ACG). This study aims to evaluate selective laser 

trabeculoplasty (SLT) and argon laser trabeculoplasty (ALT) for treating OAG. The investigation took place in 

the COMSOL Multiphysics simulation environment. The eye’s anterior chamber was modeled, and the two 

LASERs were exposed through Schlemm’s canal and trabecular meshwork, which are part of the eye’s anterior 

chamber. The thermal responses of the eye due to the absorption of the electromagnetic energy carried by the two 

LASERs were measured. The results indicated that a lower thermal intensity of 310K from 532nm SLT with a 

pulse duration of 2 ms and a heat flux of 1000 W/m² was more effective and safer for reducing intraocular pressure 

(IOP) with minimal risk of trabecular meshwork damage compared to the higher thermal response of 330K 

induced by 514nm ALT with the same pulse duration and a heat flux. The finding improves clinical practice in 

the ophthalmology field. 
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I. 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). 

OAG is one of the most common forms of glaucoma, leading to irreversible blindness globally by 

affecting millions of individuals. Progressive optic neuropathy, leading to the degeneration of retinal ganglion 

cells and subsequent visual field loss, characterizes this condition. Elevated IOP is the main risk factor for OAG 

progression. 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.  

This study was simulated in the COMSOL multiphysics environment; the eye's anterior chamber was 

modeled the two LASERs were configured and exposed through the eye's anterior chamber. The results showed 

that a lower thermal intensity of 310K from 532nm SLT with a pulse duration of 2 ms and a heat flux of 1000 

W/m² was more effective and safer for reducing intraocular pressure (IOP) with minimal risk of trabecular 

meshwork damage compared to the higher thermal response of 330K induced by 514nm ALT with the same pulse 

duration and a heat flux. These findings improve clinical practice in the field of ophthalmology. 

 

II. Background theory 
The eyeball thermal response is solved in the COMSOL Multiphysics environment with Penne’s bioheat transfer 

equation. 

                                       𝑃𝐶
𝜕𝑇

𝜕𝑡
= ∇(𝐾∇𝑇) + 𝑊𝑝𝐶𝑝 (𝑇𝑎  − 𝑇) + 𝑞𝑚                              (2) 
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where, 𝑃= Density, 𝐶 = Specific heat, 𝐾 = Tissue thermal conductivity, 𝑊𝑝  =Mass flow rate of blood per unit 

volume of tissue, 𝐶𝑝  = Blood’s specific Heat, 𝑞𝑚 = Metabolic heat generation per unit volume, 𝑇𝑎  =Temperature 

of arterial blood, 𝑇 = Temperature rise above the ambient level.  

Anatomy of the eyeball describes the normal position of the anterior chambre as a normal eye without glaucoma 

including the lens, iris and the angle between the iris and the cornea will be 30° in the normal eye seen in Figure 

1.  

 
Figure 1: Anatomy of the eyeball [4]. 

 

Anatomy of the eye’s anterior chambre indicate the aquious humor secretes from the cillary body behind the iris 

and flowout through trabecula miswak and canal of Schemm as seen in Figure 2. 

 
Figure 2: Eye’s anterior chambre anatomy. 
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Figure 3 : ABC Eye’ anterior chambre ( effected with glaucom,  during  laser treatment and after laser 

traitement as in normal eye) [5]. 
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Figure4: A 3D eye anterior chambre model was meshed in COMSOL include posterior cornea surface, trabecula 

miswak and canal of Schemm. 

 

III. Method 
This study was simulated in the COMSOL Multiphysics environment. A 3D model of the eye’s anterior chamber 

was modeled and meshed to include the posterior surface of the cornea, trabecular meshwork, and canal of 

Schlemm. The two LASERs, 532nm SLT and 514nm ALT, were simulated in a COMSOL environment with a 

pulse duration of 2 ms and heat flux of 1000 W/m². The two LASERs were exposed on the eyeball through the 

canal of Schlemm and trabecular meshwork, as seen in Figure 4. The thermal responses by the eye tissue were 

measured. 

 

IV. Results and Discussion 
The thermal responses of the eye due to the absorption of the electromagnetic energy carried by the two 

lasers were measured. The overall thermal responses of the Schlemm’s canal were measured and are presented 

below.  

 
Figure 5: A 3D eye anterior chamber model when exposed to 532nm SLT with a pulse duration of 2 ms and a 

heat flux of 1000 W/m². 
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In Figure 5, the result of thermal responses of 310K was indicated on the graphic by the bright yellow 

color at the outermost part of the eye chamber. When the anterior chamber is exposed to 532nm SLT with a pulse 

duration of 2 ms and a heat flux of 1000 W/m² through the canal of Schlemm and trabecular meshwork, the 

absorbed heat facilitates the aqueous humor outflow from the eye's anterior chamber due to the resultant expansion 

of the wall of the chamber. 

 

For the second LASER, we obtained its result as shown in Figure 6. 

 
Figure 6: A 3D eye’s anterior chambre model of 514nm ALT with plus duration of 2ms and heat flux of 

1000W/m2. 

 

In Figure 6 the result of thermal responses of 330K was indicated on the graphic by the bright yellow 

color. When the anterior chambre exposed to 514nm ALT with a pulse duration of 2ms and heat flux of 1000 

W/m2 through canal of Schelm and trabecular meshwork to assist the aqueous humor outflow.   

In this study, the finding of 310K thermal responses absorbed by the eye tissue was more effective at 

reducing IOP and safety for trabecular meshwork tissue damage because of its lower thermal intensity than 330K. 

Study demonstrated that eyes treated with MLT and SLT had similar treatment success at 1 year, though there was 

a trend toward greater success with SLT [6]. Pattern scanning laser trabeculoplasty (PSLT) was not superior to 

SLT in terms of safety and IOP-lowering efficacy in patients with primary open-angle glaucoma (POAG) or ocular 

hypertension (OHT) [7]. Furthermore, survival analysis demonstrated that the duration of IOP management 

without the need for the use of IOP-lowering eye drops was similar in bimatoprost implant–treated and SLT-

treated eyes. SLT demonstrated a more favorable safety profile compared with the 15-µg bimatoprost implant [8]. 

SLT is effective in lowering IOP in OAG patients, demonstrating significant efficacy compared to medication 

and different SLT protocols. The findings underscore SLT's potential as a reliable treatment option [9]. SLT proves 

effective as both a primary and additional therapy for open-angle glaucoma, significantly reducing medicine 

usage. The IOP reduction remains consistent in both primary and adjunctive treatment groups during a year of 

follow-up [10]. 

5. Conclusion 

This study evaluated the thermal responses of 532nm SLT and 514 nm ALT on the anterior chamber of 

the eye through the canal of Schlemm for open-angle glaucoma therapy. The investigation took place in the 

COMSOL Multiphysics environment. The results demonstrated that a lower thermal intensity of 310K from 

532nm SLT with a pulse duration of 2 ms and a heat flux of 1000 W/m² was more effective and safer for reducing 

intraocular pressure (IOP) with minimal risk of trabecular meshwork damage compared to the higher thermal 
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response of 330K induced by 514nm ALT with the same pulse duration and a heat flux. Finding improves clinical 

practice in the ophthalmology field. 
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