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1. Introduction 

Primary open-angle glaucoma (POAG) remains the 

preeminent cause of irreversible blindness worldwide, 

creating a substantial public health burden that is 

projected to affect over 111 million individuals by the 

year 2040.1 The pathophysiology of POAG is 

characterized by an insidious, progressive loss of 

retinal ganglion cells and their axons, manifesting 

clinically as cupping of the optic disc and 

corresponding visual field defects.2 The primary 
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A B S T R A C T  

Background: Primary open-angle glaucoma (POAG) represents a chronic, 
progressive optic neuropathy necessitating sustained intraocular pressure 

(IOP) reduction to prevent irreversible visual field loss. For decades, argon 
laser trabeculoplasty (ALT) served as the standard laser intervention, yet its 
utility was circumscribed by thermal coagulative damage to the trabecular 
meshwork, rendering repeat treatments ineffective. Selective laser 

trabeculoplasty (SLT), utilizing selective photothermolysis, offers a 
theoretical advantage in tissue preservation. This study performed a 
systematic review and meta-analysis to evaluate the comparative long-term 
durability and repeatability of SLT versus ALT to determine the superior 

modality for chronic glaucoma management. Methods: A systematic review 
and meta-analysis were conducted following PRISMA guidelines using data 
from nine essential manuscripts encompassing randomized controlled trials 
and comparative cohort studies published between 1999 and 2025. The 

primary outcome was the standardized mean difference (SMD) in IOP 
reduction at 12 months and beyond. Secondary outcomes included 
medication burden reduction and success rates of repeat treatments. 

Statistical analysis utilized a random-effects model to calculate pooled SMD 
and 95% confidence intervals (CI). Results: The analysis comprised data 
from over 800 eyes across diverse demographic cohorts. In the direct 
comparison of long-term efficacy, SLT demonstrated a non-inferior IOP 

reduction profile compared to ALT (Pooled SMD: -0.12; 95% CI: -0.28 to 
0.05). However, SLT demonstrated statistically superior outcomes in 
medication reduction, with patients requiring significantly fewer adjuvant 
hypotensive drops post-laser (SMD: -0.45; 95% CI: -0.68 to -0.22). 

Repeatability analysis indicated that repeat SLT achieved a 67% success rate 
in maintaining drop-free status for 18 months, whereas repeat ALT efficacy 
was negligible due to trabecular scarring. Conclusion: While both modalities 
effectively lowered IOP initially, SLT demonstrated superior long-term utility 

driven by significant medication reduction and a favorable safety profile for 
repeatability. The absence of coagulative damage in SLT supports its 
positioning as the primary laser intervention, offering a sustainable 
paradigm that ALT cannot match. 
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modifiable risk factor for this neurodegenerative 

process is elevated intraocular pressure (IOP), 

resulting from increased resistance to aqueous humor 

outflow through the trabecular meshwork (TM) and 

Schlemm's canal. Consequently, the cornerstone of 

glaucoma management is the sustained reduction of 

IOP to a target level sufficient to arrest or significantly 

decelerate the rate of progression.3 Historically, the 

therapeutic algorithm for POAG followed a stepped-

care approach, initiating with topical hypotensive 

pharmacotherapy, escalating to laser trabeculoplasty 

upon medical failure, and reserving incisional 

filtration surgery for refractory cases. While topical 

medications are effective, their long-term utility is 

frequently compromised by poor patient adherence, 

complex dosing regimens, ocular surface disease 

caused by preservatives such as benzalkonium 

chloride, and significant cumulative costs. These 

limitations precipitated a shift in the management 

paradigm toward laser-first or early laser intervention 

strategies.3 

Argon Laser Trabeculoplasty (ALT), first elucidated 

by Wise and Witter in 1979, was the inaugural laser 

modality widely adopted for the treatment of POAG.4 

ALT employs a continuous-wave argon laser (blue-

green spectrum) to deliver thermal energy to the 

junction of the pigmented and non-pigmented 

trabecular meshwork. The mechanism of action was 

initially hypothesized to be mechanical; the thermal 

burns induced localized coagulative necrosis and 

collagen shrinkage, which physically tightened the 

meshwork and mechanically pulled open the adjacent 

intertrabecular spaces, thereby facilitating aqueous 

outflow. Despite its initial efficacy, the destructive 

nature of ALT presented a critical limitation: the 

thermal coagulation resulted in permanent scarring of 

the trabecular architecture.5 This structural alteration 

rendered the treatment site unsuitable for repeat 

application, as additional thermal energy applied to 

scarred tissue typically failed to achieve further IOP 

reduction and increased the risk of precipitating 

intractable IOP spikes or peripheral anterior 

synechiae. Long-term studies indicated that the 

efficacy of ALT waned significantly over time, with a 

failure rate approaching 10% per year, leaving 

patients with limited options once the effect 

dissipated.5 

Selective Laser Trabeculoplasty (SLT), introduced 

by Latina and Park in 1995, represented a significant 

technological evolution designed to overcome the 

limitations of ALT.6 SLT utilizes a Q-switched, 

frequency-doubled Nd:YAG laser emitting at 532 nm 

with a pulse duration of 3 nanoseconds. This ultra-

short pulse duration is shorter than the thermal 

relaxation time of the melanin granules within the 

trabecular endothelial cells. Consequently, the laser 

energy is selectively absorbed by the pigmented cells, 

causing micro-cavitation and intracellular lysis, while 

the adjacent non-pigmented cells and the collagenous 

trabecular beams remain thermally unaffected. This 

process, termed selective photothermolysis, induces a 

biological response rather than a mechanical one. The 

cellular debris triggers the release of cytokines 

(including interleukin-1 alpha, interleukin-1 beta, and 

tumor necrosis factor-alpha), which recruit 

macrophages to the juxtacanalicular meshwork.7 

These macrophages phagocytose cellular debris and 

extracellular matrix deposits, effectively cleaning the 

outflow pathway and reducing resistance. The 

theoretical advantage of SLT lies in its ability to lower 

IOP without compromising the structural integrity of 

the trabecular meshwork, thereby preserving the 

angle for future treatments.8 

Despite the widespread adoption of SLT, a 

comprehensive quantitative synthesis focusing 

specifically on the comparative long-term durability 

and repeatability of SLT versus ALT remains absent 

from the recent literature. Previous systematic reviews 

have largely concentrated on short-term IOP reduction 

(6 to 12 months) or cost-effectiveness. Furthermore, 

conflicting data exists regarding whether the biological 

rejuvenation of SLT truly translates to better clinical 

outcomes compared to the mechanical stretching of 

ALT over periods exceeding five years. This study 

provides a novel contribution by integrating data from 

seminal historical trials with the most recent 
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longitudinal evidence from 2023 and 2025. Uniquely, 

this meta-analysis stratifies outcomes not only by IOP 

magnitude but by medication-free survival and 

repeatability success, utilizing long-term follow-up 

data that has only recently become available. The 

primary aim of this systematic review and meta-

analysis was to definitively compare the long-term 

efficacy, defined as IOP control beyond 12 months, 

and the safety profile of repeat treatments between 

SLT and ALT. By pooling data from randomized 

controlled trials and high-quality comparative cohorts, 

this study aimed to establish whether the non-

destructive biological mechanism of SLT translates 

into statistically superior clinical longevity and to 

provide high-level evidence supporting the 

obsolescence of ALT in favor of SLT in modern 

ophthalmic practice. 

 

2. Methods 

This systematic review and meta-analysis were 

designed and executed in strict adherence to the 

Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines.9 A 

comprehensive search was conducted to identify 

studies comparing selective laser trabeculoplasty and 

argon laser trabeculoplasty. The review specifically 

targeted manuscripts that provided quantitative data 

on intraocular pressure, medication use, and adverse 

events with a minimum follow-up duration of six 

months, with a strong preference for data extending 

beyond one year. The inclusion criteria were defined 

to ensure the selection of high-quality, relevant 

evidence: 1. Population: Adult patients diagnosed with 

primary open-angle glaucoma (POAG), 

pseudoexfoliation glaucoma (PXG), or Ocular 

Hypertension (OHT) uncontrolled on baseline medical 

therapy or intolerant to topical medications. 2. 

Intervention: Selective laser trabeculoplasty (SLT) 

performed using a Q-switched frequency-doubled 

Nd:YAG laser (532 nm). 3. Comparator: Argon laser 

trabeculoplasty (ALT) performed using a continuous-

wave argon laser or baseline measurements for 

repeatability arms. 4. Outcomes: The primary 

outcome was the mean change in IOP from baseline to 

last follow-up. Secondary outcomes included the 

reduction in the number of concurrent glaucoma 

medications, success rates of repeat laser procedures 

(defined as IOP reduction greater than or equal to 20% 

or maintenance of target IOP without additional 

surgery), and the incidence of adverse events. 5. Study 

Design: Randomized Controlled Trials (RCTs), 

Prospective Cohort Studies, and Retrospective 

Comparative Studies. 

The extracted variables included: study author and 

year, study design, sample size (number of 

eyes/patients), mean baseline IOP, mean final IOP, 

standard deviation (SD) of IOP, number of medications 

at baseline and follow-up, and specific repeatability 

metrics. Quality assessment of the included studies 

was performed by evaluating randomization 

procedures (for RCTs), allocation concealment, 

masking of outcome assessors, and handling of 

incomplete data. The diversity of study designs (RCTs 

and retrospective cohorts) was acknowledged, and a 

random-effects model was chosen to account for the 

inherent methodological heterogeneity. 

Meta-analytic synthesis was performed to calculate 

the pooled effect sizes. For continuous variables such 

as IOP reduction and medication count, the 

Standardized Mean Difference (SMD) was calculated 

to normalize differences in measurement scales or 

baseline characteristics across studies. Statistical 

heterogeneity was assessed using the Chi-square test 

and quantified using the I-squared statistic. Values of 

25%, 50%, and 75% were interpreted as low, 

moderate, and high heterogeneity, respectively. A 

random-effects model (DerSimonian and Laird 

method) was utilized for all analyses to provide a 

conservative estimate of the effect size, generalizing 

the findings beyond the specific studies included. 

Results were reported with 95% Confidence Intervals 

(CI). A p-value of less than 0.05 was considered 

statistically significant. 

  



1497 
 

3. Results 

Figure 1 delineates the rigorous, multistage 

screening process employed to isolate high-quality 

evidence for this meta-analysis, strictly adhering to 

the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) 2020 guidelines. The 

flow diagram serves as the visual roadmap of the 

study’s methodological integrity, transparently 

documenting the attrition of literature from initial 

identification to final inclusion. The identification 

phase commenced with a broad, sensitive search 

strategy across three primary biomedical databases: 

PubMed (MEDLINE), Scopus (Elsevier), and the 

Cochrane Central Register of Controlled Trials. This 

initial search yielded a total of 356 records, reflecting 

the substantial volume of literature generated on laser 

trabeculoplasty over the past two decades. To ensure 

the specificity of the dataset, duplicate records arising 

from overlapping database indexing were 

systematically removed, leaving a consolidated pool of 

unique citations for screening. The screening phase 

involved a dual-layer review process. Initially, titles 

and abstracts were screened for relevance. The 

attrition rate at this stage was significant (n = 331 

excluded), primarily because the initial search terms 

(laser trabeculoplasty, glaucoma) captured a vast 

array of irrelevant studies, including those focused on 

angle-closure glaucoma, micropulse laser 

technologies (which are distinct from SLT and ALT), 

and non-comparative case reports. This strict filtering 

was essential to isolate studies that specifically 

addressed the comparative efficacy or the specific 

longitudinal parameters of selective laser 

trabeculoplasty (SLT) versus argon laser 

trabeculoplasty (ALT). Following the preliminary 

screen, 25 full-text articles were retrieved for a 

detailed eligibility assessment. This phase applied the 

critical exclusion criteria defined in the study protocol. 

The diagram specifies the reasons for exclusion at this 

stage, which is paramount for assessing selection 

bias. Five studies were excluded because they involved 

secondary glaucomas (uveitic or neovascular), which 

have distinct pathophysiological mechanisms that 

would confound the analysis of primary open-angle 

glaucoma (POAG). Four studies were excluded as they 

were animal or in vitro models, which, while valuable 

for mechanistic understanding, do not provide the 

clinical outcome data required for this meta-analysis. 

Crucially, four studies were excluded due to a lack of 

quantitative data (missing standard deviations or 

undefined follow-up intervals), ensuring that only 

statistically robust datasets contributed to the pooled 

analysis. Finally, studies with a follow-up duration of 

fewer than six months were excluded to align with the 

study’s objective of assessing long-term durability. 

The process culminated in the final inclusion of 9 

essential manuscripts. These selected studies 

represent the highest tier of available evidence, 

comprising randomized controlled trials (RCTs) such 

as the seminal works by Damji et al. and Russo et al., 

as well as high-quality prospective and retrospective 

cohort studies, including recent data from Schmidl et 

al. (2023) and Wang et al. (2025). 

Table 1 provides a comprehensive overview of the 

nine studies that form the empirical foundation of this 

meta-analysis. Collectively, these studies encompass 

a sample size of over 800 eyes, offering a statistically 

significant power to detect differences between 

selective laser trabeculoplasty (SLT) and argon laser 

trabeculoplasty (ALT). The table is chronologically 

arranged from 1999 to 2025, a layout that visually 

narrates the historical evolution of laser 

trabeculoplasty research—from the early equivalence 

trials of the late 20th century to the safety and 

durability studies of the modern era. The diversity of 

the study designs included in Table 1 is a key strength 

of this analysis. The inclusion of randomized 

controlled trials (RCTs), such as Damji et al. (1999) 

and Russo et al. (2009), provides Level 1 evidence 

regarding the direct comparative efficacy of the two 

lasers. These studies, with their rigorous 

randomization protocols, minimize selection bias and 

establish the baseline non-inferiority of SLT. 

Complementing these are retrospective comparative 

studies, such as Juzych et al. (2004) and Lowry et al. 

(2016). 
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While retrospective designs are often viewed as less 

rigorous, in the context of glaucoma—a chronic, 

lifelong disease—they offer invaluable real-world data 

that RCTs often miss due to strict inclusion criteria.  

For instance, Lowry et al. capture the efficacy of lasers 

performed by residents in a training setting, providing 

external validity to the findings and ensuring the 

results are applicable to general clinical practice, not 

just specialized academic centers. Geographically and 

demographically, Table 1 demonstrates that the meta-

analysis covers a global population. The dataset 

includes North American cohorts (Hutnik, Lowry), 

European populations (Garg, Schmidl), and crucially, 

Afro-Caribbean populations (Realini et al., 2021). This 

inclusion is scientifically vital because glaucoma 

phenotype and severity vary significantly by ethnicity. 

Afro-Caribbean patients often present with more 

aggressive disease and thinner corneas; the inclusion 

of the Realini study ensures that the findings 

regarding SLT’s durability are applicable to high-risk 

populations, correcting a common limitation in 

ophthalmic literature where minority populations are 

often underrepresented. Furthermore, Table 1 

highlights the evolution of the primary outcome 

measures over time. 
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Table 2 presents the core quantitative findings of 

the meta-analysis regarding the primary outcome: the 

reduction of intraocular pressure (IOP) at 12 months 

post-treatment. This table functions as a data-rich 

forest plot representation, synthesizing the mean 

difference (MD) between selective laser trabeculoplasty 

(SLT) and argon laser trabeculoplasty (ALT) across the 

five studies that allowed for direct head-to-head 

comparison (Damji, Juzych, Russo, Lowry, Schmidl). 

The pivotal finding illustrated in Table 2 is the Pooled 

Standardized Mean Difference (SMD) of -0.12 (95% CI: 

-0.28 to 0.05; p=0.16). In the context of a meta-

analysis, a confidence interval that crosses zero (the 

line of no effect) indicates no statistical difference 

between the groups. While a lay interpretation might 

view no difference as a neutral finding, in the context 

of replacing an established standard (ALT) with a 

newer technology (SLT), this is a positive confirmation 

of non-inferiority. The data confirms that SLT is just 

as effective as the gold standard ALT in its raw 

capacity to lower intraocular pressure. Both 

modalities consistently achieved IOP reductions in the 

range of 20% to 25% from baseline across the studies. 

A detailed examination of the individual studies within 

Table 2 reveals interesting nuances. The early RCTs, 

such as Damji et al. (1999) and Juzych et al. (2004), 

show effect sizes that hover very close to zero or 

slightly favor ALT (though not significantly). This likely 

reflects the early learning curve associated with SLT 

parameters in the late 1990s. In contrast, the most 

recent study in the analysis, Schmidl et al. (2023), 

shows a Mean Difference of +1.30 mmHg favoring SLT. 

This shift in more recent data may be attributable to 

optimized treatment protocols (360-degree treatment 

becoming standard over 180-degree treatment) and 

better patient selection. Table 2 also addresses the 

concept of statistical heterogeneity, quantified here 

with an I2 value of 45%. This represents moderate 

heterogeneity, which is expected given the variations 

in baseline IOP across the studies. For example, Russo 

et al. enrolled patients with higher baseline pressures 

compared to Lowry et al. Since the magnitude of IOP 
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reduction is often proportional to the baseline IOP (the 

law of initial value), these variances create statistical 

noise. However, the use of a Random-Effects Model in 

this analysis accounts for this heterogeneity, ensuring 

that the pooled result is conservative and reliable. 

Crucially, Table 2 dispels the myth that SLT is weaker 

than ALT. By aggregating data from hundreds of eyes, 

the analysis proves that the biological mechanism of 

SLT (cellular activation) is capable of generating a 

hydrodynamic improvement equivalent to the 

mechanical mechanism of ALT (thermal scarring). This 

establishes the clinical foundation: if efficacy is equal, 

the choice of laser must then be dictated by secondary 

factors such as safety, medication burden, and 

repeatability—domains where the subsequent tables 

demonstrate SLT's superiority. Table 2 effectively 

clears the hurdle of efficacy, permitting the argument 

to move toward the superior long-term profile of SLT. 

 

 

 

Table 3 highlights the most clinically significant 

divergence between the two laser modalities: the 

change in glaucoma medication burden pre- and post-

intervention. While Table 2 established that both 

lasers lower pressure to similar levels, Table 3 reveals 

that they achieve this end point through different 

means. This analysis utilizes the standardized mean 

difference (SMD) to quantify the reduction in the 

number of hypotensive eye drops required to maintain 

target IOP. The Pooled SMD of -0.45 (95% CI: -0.68 to 

-0.22; p<0.001) represents a moderate-to-large effect 

size strictly favoring SLT. This statistical finding 

translates into a profound clinical reality: patients 

treated with SLT are significantly more likely to reduce 

or discontinue their daily eye drops compared to those 

treated with ALT. The visualization in Table 3 

specifically draws attention to the contrast between 

the Lowry et al. (2016) and Schmidl et al. (2023) 

datasets. In the Lowry study, a retrospective review of 

resident-performed lasers, the ALT group actually 

required an increase in medications (+0.6 drops on 

average) to maintain target pressure over 12 months. 

This phenomenon—the ALT Drift—suggests that while 

ALT initially lowers pressure, its effect is brittle. As the 

thermal scarring matures and the meshwork 

potentially stiffens or the non-treated areas fail, 
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clinicians are forced to re-introduce medications to 

keep the IOP safe. Conversely, the SLT groups across 

Russo, Lowry, and Schmidl consistently demonstrated 

a decrease in medication load. Schmidl et al. reported 

a robust reduction (-0.4 drops), indicating that a 

significant proportion of patients became medication-

free. This drop-free status is the holy grail of early 

glaucoma management. Reducing medication burden 

addresses the three C's of glaucoma therapy: 

Compliance (fewer drops mean better adherence), Cost 

(lower financial burden), and Cornea (reduced 

exposure to preservatives like benzalkonium chloride, 

preserving ocular surface health). The physiological 

implication of Table 3 is that SLT provides a more 

robust restoration of outflow facility. By rejuvenating 

the trabecular meshwork cellularly rather than 

mechanically stretching it, SLT creates a more 

sustainable physiological state that relies less on 

adjunctive pharmacotherapy. This table serves as the 

strongest argument for SLT as a first-line therapy; 

even if IOP reduction is similar to ALT, the ability to 

achieve that IOP with fewer drugs makes SLT the 

clearly superior option for patient quality of life and 

long-term ocular health. 

 

 

Table 4 addresses the critical limitation of 

historical laser trabeculoplasty: the inability to repeat 

the treatment. For decades, ALT was considered a one-

shot procedure because retreating a scarred 

trabecular meshwork was known to be futile and 

dangerous. Table 4 presents the paradigm-shifting 

data that establishes SLT as a repeatable, chronic 

maintenance therapy, synthesizing findings from Garg 

et al. (2020), Hutnik et al. (2019), and Realini et al. 

(2021). The first section of the table focuses on the 

LiGHT Trial Extension data (Garg et al.). The visual 

bar representing a 67% success rate for repeat SLT is 

a pivotal finding. This statistic indicates that in 

medication-naive eyes that eventually lost control 

after an initial SLT, a second SLT treatment was able 

to re-establish drop-free control in two-thirds of 

patients for at least another 18 months. This 

effectively doubles the clinical lifespan of the 

intervention. Instead of failing and moving 

immediately to drops or surgery, the SLT patient has 



1502 
 

a second lease on laser efficacy. The second section 

visualizes the equivalence trial by Hutnik et al.. This 

study directly compared repeating SLT versus 

switching to ALT in eyes that had failed a first SLT. 

The result—visualized as an equivalence plot crossing 

the midline—showed no statistical difference in failure 

rates. This is clinically profound because it 

scientifically invalidates the practice of switching to 

ALT. If repeating the non-destructive SLT is just as 

effective as using the destructive ALT, there is no 

clinical justification for using the destructive modality. 

The table confirms that the switch to the ALT strategy 

is obsolete. The third section, drawing from Realini et 

al., extends the timeline to 94 months (nearly 8 years). 

The timeline visualization illustrates the concept of 

cumulative duration of effect. By utilizing primary and 

repeat SLT sessions, the study showed that IOP 

control could be maintained for nearly a decade. This 

longitudinal perspective transforms how we view laser 

trabeculoplasty. It is not merely a bridge to surgery; 

for many patients, it is a definitive, decade-long 

solution. 

 

 

Table 5 provides a comparative risk analysis of the 

two modalities, utilizing a risk monitor aesthetic to 

contrast the safety profiles of SLT (Selective 

Photothermolysis) and ALT (Coagulative Necrosis). 

While efficacy is important, safety is paramount, 

particularly when treating patients with early-stage 

disease or those in high-stakes professions. This table 

synthesizes data on IOP spikes, inflammation, 

structural damage, and aeromedical certification. The 

most striking visual in Table 5 is the Risk Difference 

in IOP Spikes. Historical data on ALT indicate an 

incidence of post-laser IOP spikes (>5 mmHg) 

occurring in up to 34% of cases. These spikes can be 

dangerous, potentially causing further optic nerve 

damage in vulnerable eyes. In contrast, the pooled 

data for SLT shows this risk is negligible (<2%). This 

dramatic reduction is visualized as a significant shift 

into the safe zone. The absence of spikes allows SLT to 

be performed with greater confidence in patients with 

advanced disease, where any pressure fluctuation 

could be catastrophic. The table also visualizes the 

intensity of anterior chamber inflammation. ALT, 
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being a thermal burn, naturally induces a moderate 

inflammatory response often requiring extended anti-

inflammatory therapy. SLT, characterized as a cold 

laser due to its selective absorption and short pulse 

duration, induces only mild, transient inflammation. 

The intensity bar graphically represents this 

difference—a short, mild blip for SLT versus a longer, 

more intense reaction for ALT. Crucially, the table 

addresses structural integrity through the metric of 

peripheral anterior synechiae (PAS). PAS represents 

the formation of scar tissue adhering to the iris to the 

cornea, permanently closing the drainage angle. The 

table reports a 0% incidence for SLT versus a 12-30% 

historical incidence for ALT. This is the anatomical 

proof of the tissue-sparing claim. The absence of 

scarring preserves the angle for future minimally 

invasive glaucoma surgery (MIGS), which often 

requires a pristine trabecular meshwork. ALT burns 

bridges for future surgery; SLT preserves them. 

Finally, the inclusion of the Wang et al. (2025) data on 

Military Pilots adds a unique, modern dimension to 

the safety profile. The approved status for pilots 

undergoing SLT highlights the extreme stability of the 

visual outcome. In professions where visual 

fluctuations or side effects are disqualifying, SLT has 

been proven safe, whereas ALT poses risks of glare, 

inflammation, and instability. Table 5, therefore, 

concludes that SLT is not just effectively superior, but 

categorically safer, minimizing both immediate risks 

(spikes) and long-term liabilities (scarring). 

 

 

Table 6 provides a transparent and critical 

appraisal of the internal validity of the included 

studies, ensuring that the meta-analytic conclusions 

are derived from high-quality evidence. The 

assessment utilizes a dual-framework approach: the 

Cochrane Risk of Bias 2 (RoB 2) tool for Randomized 

Controlled Trials (RCTs) and the Newcastle-Ottawa 

Scale (NOS) for non-randomized observational 

studies. This stratification is essential given the 

mixed-methods nature of the evidence base, allowing 

for a nuanced evaluation of potential biases inherent 

to each study design. The analysis of the Randomized 

Controlled Trials—specifically Damji et al. (1999), 

Russo et al. (2009), Hutnik et al. (2019), and Garg et 

al. (2020)—reveals a predominantly low risk profile. 

These pivotal studies demonstrated robust 
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methodological safeguards, particularly in the 

domains of random sequence generation and 

allocation concealment. For instance, the LiGHT trial 

(Garg et al.) utilized a centralized, web-based 

randomization service that effectively eliminated 

selection bias, ensuring that the cohorts were 

balanced for key prognostic factors such as baseline 

IOP and corneal thickness. Similarly, Hutnik et al. 

employed a computer-generated randomization 

schedule, preventing the foreknowledge of treatment 

assignment. However, a recurring area of some 

concerns across the RCTs lies in the domain of 

Blinding of Participants and Personnel. Due to the 

visible nature of laser delivery (ALT uses a continuous 

wave with a visible burn endpoint, while SLT uses a 

localized, often sub-threshold spot), complete masking 

of the treating physician is technically impossible. To 

mitigate this performance bias, high-quality studies 

like Russo et al. and Hutnik et al. employed masked 

outcome assessors—independent clinicians who 

measured the post-operative IOP without knowledge of 

the treatment group. Table 6 visually demarcates this 

distinction with a yellow caution indicator, 

acknowledging the limitation while validating the 

mitigation strategy. The assessment of the 

observational studies—Juzych et al. (2004), Lowry et 

al. (2016), and Schmidl et al. (2023)—reflects the 

inherent challenges of retrospective data collection. 

These studies are categorized as having moderate risk 

or some concerns. The primary source of bias here is 

Selection Bias. In retrospective chart reviews, the 

decision to treat with SLT versus ALT was often at the 

discretion of the clinician rather than random 

assignment. For example, Lowry et al. note that 

resident physicians may have selected easier eyes for 

one modality over the other. Despite this, these 

studies scored highly on the outcome assessment 

domain of the NOS because IOP is an objective, 

numerical variable less susceptible to subjective 

interpretation than patient-reported outcomes. The 

Case Series by Wang et al. (2025) is appropriately 

flagged as high risk in the domain of comparability due 

to the lack of a control group. This is an expected 

limitation of case series designs, which are descriptive 

rather than comparative. However, the inclusion of 

this study is justified by its unique contribution to the 

safety profile in a specialized population (military 

pilots), rather than its contribution to the comparative 

efficacy analysis. Table 6 clearly signals this 

distinction, ensuring the reader understands the 

weight of evidence contributed by each study type. 

Table 6 serves as a quality control filter for the meta-

analysis. It confirms that the core findings regarding 

efficacy and repeatability are driven by low-bias Level 

1 evidence (RCTs), while the real-world effectiveness 

data is supported by moderate-risk observational 

studies. 

 

4. Discussion 

The results of this meta-analysis provide 

compelling, high-level evidence that while selective 

laser trabeculoplasty and argon laser trabeculoplasty 

are equivalent in their initial capacity to lower 

intraocular pressure, they are fundamentally distinct 

in their long-term clinical utility and biological impact. 

The comparative analysis reveals that the durability of 

a glaucoma intervention cannot be measured solely by 

the millimeter of mercury reduction at a single time 

point, but must encompass the medication-free 

interval, the preservation of trabecular architecture, 

and the potential for retreatment. In these critical 

domains, SLT demonstrates statistical superiority. 

Our pooled analysis showed no significant difference 

in absolute IOP reduction (SMD -0.12, p=0.16). This 

aligns with the findings of McAlinden23 and Wong et 

al.19, confirming that the magnitude of pressure 

lowering is driven by the enhancement of outflow 

facility, regardless of whether that enhancement is 

mechanical (ALT) or biological (SLT). However, the 

divergence in medication burden (SMD -0.45, 

p<0.001) suggests that the quality of IOP control is 

superior with SLT. The ability to maintain target IOP 

with fewer drops implies that SLT restores the 

trabecular meshwork's natural physiologic reserve 

more effectively than ALT. 
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Figure 2 serves as the theoretical anchor of the 

manuscript, providing a schematic visualization of 

why the clinical results in Tables 2 through 5 

occurred. It uses a split-screen layout to contrast the 

fundamental biophysical interactions of argon laser 

trabeculoplasty (ALT) and selective laser 

trabeculoplasty (SLT) with the trabecular meshwork 

(TM). The left panel illustrates the ALT Mechanism, 

characterized by thermal destruction. It depicts the 

continuous-wave energy of the argon laser being 

absorbed non-selectively by melanin and the 

surrounding collagen beams. The visualization of heat 

waves radiating from the treatment spot represents 

the thermal spread that exceeds the thermal 

relaxation time of the tissue. This results in 

coagulative necrosis, shown as the formation of scar 

tissue. The diagram elucidates the mechanical theory 

of ALT: the scarring causes the collagen to shrink, 

which mechanically creates tension and pulls open 

the adjacent, untreated intertrabecular spaces. While 

this mechanical stretching successfully increases 

outflow (explaining the IOP reduction in Table 2), the 

figure highlights the fatal flaw: the creation of 

permanent scar tissue. This scarring explains the not 

repeatable outcome—once the tissue is burned and 

scarred, it cannot be burned again to produce tension. 

The right panel illustrates the SLT Mechanism, 

characterized by biological regeneration. It depicts the 

ultra-short (3 nanosecond) pulses of the Nd:YAG laser. 

The schematic emphasizes Selective 

Photothermolysis, where the energy is confined strictly 

to the intracellular melanin granules, sparing the cell 

membranes and connective tissue. The visualization 

shifts from heat to biology: it shows the rupture of 

melanosomes triggering a Cytokine Cascade. Particles 

representing Interleukin-1beta (IL-1beta) and Tumor 

Necrosis Factor-alpha (TNF-alpha) are shown being 

released into the microenvironment. The culmination 



1506 
 

of the SLT pathway is the Macrophage Recruitment 

phase. The diagram illustrates activated macrophages 

entering the juxtacanalicular meshwork to 

phagocytose (engulf) the cellular debris and 

extracellular matrix that clog the outflow channels in 

glaucoma. This process is effectively cleaning the filter 

rather than stretching it. The outcome is labeled 

rejuvenation. Because the collagen architecture is 

preserved (no scarring), the procedure can be 

repeated, and the meshwork function is restored 

rather than structurally altered. This biological 

restoration explains the superior medication 

reduction (Table 3) and the high success rate of 

retreatment (Table 4). Figure 2 provides the necessary 

pathophysiological context to understand that while 

both lasers lower pressure, only SLT restores the 

health of the drainage angle. 

 

 

 

The most profound finding of this study—the 

significant reduction in medication burden favoring 

SLT—can be directly attributed to the divergent 

mechanisms of action of the two lasers.  ALT operates 

on a principle of thermal destruction. The continuous-

wave argon laser energy is absorbed by melanin, but 
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the long pulse duration allows heat to dissipate into 

the surrounding collagen beams.5 This thermal spread 

causes coagulative necrosis, resulting in the 

contraction of the collagen framework. This 

contraction mechanically pulls open the adjacent 

intertrabecular spaces (the mechanical theory). While 

effective, this process is inherently destructive; the 

treated tissue is replaced by non-functional scar 

tissue. Once the entire circumference of the meshwork 

has been treated and scarred, the mechanical effect is 

exhausted. Further treatment of scarred tissue 

provides no mechanical benefit and risks closing the 

meshwork entirely through synechial formation.6 

In contrast, SLT operates on the principle of 

cellular modulation. The short pulse duration of the 

Nd:YAG laser confines the thermal energy to the 

pigment granules, sparing the cellular membrane and 

the surrounding collagen.6,7 This selective 

photothermolysis does not rely on mechanical 

scarring. Instead, it triggers a cascade of biological 

events. The rupture of melanosomes releases 

chemotactic cytokines, specifically interleukin-1 (IL-1) 

and tumor necrosis factor-alpha (TNF-alpha). These 

cytokines recruit monocytes and macrophages from 

the systemic circulation to the trabecular meshwork.8 

These activated macrophages engulf and clear the 

debris and extracellular matrix that clog the 

juxtacanalicular meshwork in POAG. Furthermore, 

SLT has been shown to induce the division of 

trabecular endothelial cells and upregulate the 

expression of matrix metalloproteinases (MMPs), 

which remodel the outflow channels. This mechanism 

is restorative rather than destructive; it functionally 

rejuvenates the outflow pathway. This biological 

theory explains the clinical finding that SLT patients 

require fewer medications. By restoring the natural 

function of the TM rather than mechanically forcing it 

open, SLT achieves a more physiological and 

sustainable IOP control. It preserves the reserve of the 

outflow system, whereas ALT depletes it. This 

distinction is critical when considering the lifelong 

management of glaucoma; preserving tissue function 

allows for future interventions, whereas destroying 

tissue limits future options.9,10 

The validation of SLT repeatability is the most 

clinically significant outcome of this meta-analysis. 

For decades, the dogma in glaucoma laser therapy was 

that retreatment is futile.11,12 This was true for ALT, 

where re-treatment rates of success were dismal 

(roughly 20% to 30%), and the risk of complications 

was high.5,13 Our analysis of the Garg et al. and 

Hutnik et al. data overturns this dogma for SLT. The 

finding that 67% of eyes undergoing a second SLT 

procedure remained medication-free for 18 months 

suggests a new management paradigm.14,15 Rather 

than viewing laser trabeculoplasty as a one-off bridge 

to surgery, it can be viewed as a chronic maintenance 

therapy. A patient may undergo primary SLT, enjoy 2 

to 3 years of control, and then successfully undergo 

repeat SLT for another cycle of control, effectively 

delaying the need for drops or incisional surgery by 

nearly a decade. This is supported by the Realini et al. 

data, which tracked patients for nearly 10 years.16 The 

ability to repeat the procedure without compromising 

the structural integrity of the angle is a unique 

attribute of SLT that ALT cannot replicate. This shift 

has profound implications for patient compliance. 

Glaucoma is a silent disease, and adherence to daily 

eye drops is notoriously poor. By offering a repeatable 

laser intervention that provides years of medication-

free control, clinicians can remove the variable of 

patient compliance from the equation, potentially 

reducing the rate of visual field progression in the long 

term.17 

The safety profile of SLT, confirmed by the pooled 

data and the specific findings in the Wang et al. pilot 

study, further solidifies its position.18 In high-stakes 

environments where visual stability is paramount, 

such as aviation or military service, the risk of 

inflammatory spikes associated with ALT is 

unacceptable. SLT’s cold laser approach minimizes 

inflammation to a sub-clinical level sufficient to trigger 

the biological response without causing the anterior 

chamber reaction often seen with ALT. Furthermore, 

the lack of scarring is crucial for future surgical 

considerations. The success of Minimally Invasive 



1508 
 

Glaucoma Surgery (MIGS) often depends on a pristine 

trabecular meshwork (for example, for stenting or 

goniotomy).19 Previous ALT treatment, with its 

associated scarring and synechiae, can complicate or 

contraindicate these modern surgical interventions. 

SLT leaves the angle anatomy undisturbed, preserving 

all future surgical options. This tissue-sparing 

philosophy is central to modern glaucoma surgery, 

where the goal is to intervene earlier with safer 

procedures. SLT fits perfectly into this continuum, 

whereas ALT acts as a barrier to future care.20 

While this meta-analysis focused on clinical 

efficacy, the secondary outcome of medication 

reduction has significant economic and quality-of-life 

implications.21,22 The cumulative cost of topical 

glaucoma medications over a patient's lifetime is 

substantial. By extending the medication-free interval 

through effective primary and repeat SLT, the financial 

burden on both the patient and the healthcare system 

is reduced. Additionally, topical medications are 

frequently associated with ocular surface disease, 

causing dry eye, redness, and discomfort that affect 

quality of life. Reducing the dependency on drops 

through SLT improves patient comfort and 

satisfaction, which are critical, though often 

overlooked, aspects of glaucoma care.23-25 

 

5. Conclusion 

Selective Laser Trabeculoplasty is superior to 

Argon Laser Trabeculoplasty in the critical domains of 

medication burden reduction, repeatability, and 

anatomical safety. While both modalities are effective 

in lowering intraocular pressure in the short term, SLT 

achieves this efficacy through a restorative biological 

mechanism that spares the trabecular meshwork from 

thermal damage. This preservation of tissue integrity 

allows for effective repeat treatments, significantly 

extending the duration of drop-free disease control 

compared to the finite efficacy of ALT. Given the 

chronic, lifelong nature of glaucoma, the ability to 

safely repeat a non-destructive intervention is 

invaluable. Consequently, SLT represents the 

evidence-based gold standard for laser 

trabeculoplasty, and the continued use of ALT is no 

longer supported by the weight of current scientific 

evidence. 
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