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Abstract:

Primary Open-Angle Glaucoma (POAG) remains a leading cause of irreversible blindness worldwide,
often progressing asymptomatically until significant visual field loss occurs. Early detection and
timely intervention are paramount to preserving vision and maintaining patient quality of life. This
abstract explores novel approaches in both the diagnostic and therapeutic landscapes of POAG,
moving beyond traditional tonometry and perimetry. On the diagnostic front, advancements in
artificial intelligence (AI) and machine learning are revolutionizing ocular imaging analysis, enabling
the identification of subtle structural and functional changes indicative of early disease. Optical
Coherence Tomography Angiography (OCTA) offers unprecedented insights into retinal
microvasculature, providing potential biomarkers for disease progression even before conventional
signs manifest. Furthermore, genetic testing and personalized risk stratification are becoming
increasingly sophisticated, allowing for targeted screening and proactive monitoring of high-risk
individuals. Regarding management, the focus is shifting towards personalized and patient-centric
therapies. While topical hypotensive medications remain the cornerstone, novel drug delivery
systems, such as sustained-release implants and gene therapies, promise improved adherence and
sustained intraocular pressure control with fewer side effects. Minimally Invasive Glaucoma
Surgeries (MIGS) are gaining prominence as earlier surgical interventions, offering a safer profile and
faster recovery compared to traditional incisional surgeries, thereby potentially delaying or obviating
the need for more invasive procedures. This review highlights the synergistic potential of these
innovations to transform POAG care, facilitating earlier diagnosis, more effective and personalized
treatment strategies, and ultimately, better visual outcomes for patients.

Introduction

Primary Open-Angle Glaucoma (POAG) stands as a formidable adversary to global vision,
recognized as a leading cause of irreversible blindness across the world. Unlike many ocular
pathologies that present with overt symptoms, POAG often progresses silently, a "silent thief of sight,"
gradually eroding the optic nerve and leading to insidious, yet ultimately devastating, visual field loss
before individuals even become aware of their condition. This asymptomatic nature in its early stages
1s a significant contributor to delayed diagnosis, which, in turn, severely limits the potential for
effective intervention and preservation of remaining vision. With the global population aging, the
prevalence of POAG is projected to rise significantly, escalating the burden on healthcare systems
and further emphasizing the urgent need for more effective strategies in its early detection and
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management (Bourne et al., 2017; Flaxman et al., 2017). The socioeconomic impact of glaucoma-
related vision loss is profound. Beyond the direct medical costs associated with lifelong treatment and
management, there are substantial indirect costs related to lost productivity, reduced independence,
and a diminished quality of life for affected individuals and their caregivers (Rein et al., 2013).
Patients with glaucoma often experience difficulties with daily activities such as driving, reading, and
navigating their environment, even in the early stages of the disease when central vision may still be
preserved. The psychological toll, including anxiety and depression, is also considerable,
underscoring the imperative for proactive and precise interventions (McKean-Cowdin et al., 2007).
Traditional diagnostic approaches for POAG primarily rely on measuring intraocular pressure (I0OP),
assessing optic nerve head morphology, and performing visual field tests. While these methods have
been instrumental in glaucoma care for decades, they possess inherent limitations. IOP is a crucial
risk factor, but a significant proportion of POAG patients exhibit normal IOP, a condition known as
normal-tension glaucoma. Conversely, many individuals with elevated [OP never develop optic nerve
damage. Furthermore, standard automated perimetry, the gold standard for visual field assessment,
often fails to detect damage until a substantial number of retinal ganglion cells have already been lost,
indicating a relatively advanced stage of the disease. The subjective nature of some of these tests and
the variability in results further complicate early and accurate diagnosis, particularly in challenging
cases such as highly myopic eyes or those with anomalous optic disc appearances (Tielsch et al.,
1991). The current management paradigm for POAG predominantly focuses on lowering IOP, the
only modifiable risk factor. This is primarily achieved through topical hypotensive eye drops, laser
procedures, or incisional surgeries. While effective in many cases, these treatments are not without
their challenges. Topical medications require strict adherence, which can be difficult for patients due
to forgetfulness, side effects, or complex dosing regimens. Laser trabeculoplasty offers a non-invasive
option but may not provide sustained IOP reduction in all patients. Traditional incisional surgeries,
such as trabeculectomy, carry risks of complications, including infection, hypotony, and cataract
formation, and often require significant postoperative care. Despite these interventions, a subset of
patients continues to experience progressive vision loss, highlighting the need for alternative or
complementary therapeutic strategies that address other pathophysiological mechanisms beyond IOP
reduction (Tham et al., 2014). Recognizing these challenges, the field of ophthalmology is witnessing
a paradigm shift, driven by rapid technological advancements and a deeper understanding of POAG's
complex pathophysiology. The urgent need to detect the disease earlier, when interventions can be
most impactful, and to offer more effective and personalized treatments has spurred significant
innovation. This includes the integration of artificial intelligence (Al) into diagnostic workflows, the
development of advanced imaging modalities that reveal subtle preclinical changes, and the
exploration of novel therapeutic targets and drug delivery systems. Moreover, the emergence of
personalized medicine, which considers an individual's unique genetic and phenotypic profile, holds
immense promise for tailoring screening and treatment regimens for optimal outcomes.

This introduction sets the stage for a comprehensive exploration of these novel approaches. We will
delve into the transformative potential of cutting-edge diagnostic technologies, including the role of
Alin analyzing vast datasets from ocular imaging, and the utility of advanced structural and functional
assessment tools such as Optical Coherence Tomography Angiography (OCTA). Subsequently, we
will examine the evolving landscape of POAG management, highlighting the development of
innovative pharmacological agents, sustained-release drug delivery systems, and the expanding role
of Minimally Invasive Glaucoma Surgeries (MIGS). Finally, we will consider how the principles of
personalized medicine are beginning to shape the future of POAG care, moving towards a proactive
and tailored approach that prioritizes early intervention and optimizes long-term visual preservation.
By embracing these novel approaches, we aim to redefine the fight against this sight-threatening
disease, shifting the focus from managing advanced vision loss to preventing it altogether
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Materials and Methods

This section outlines the methodological framework for a prospective cohort study designed to
investigate the efficacy of novel approaches in the early detection and management of Primary Open-
Angle Glaucoma (POAG). The study aims to compare the diagnostic accuracy of advanced imaging
modalities and artificial intelligence (AI) algorithms against standard clinical assessments for early
POAG detection, and to evaluate the outcomes of novel therapeutic interventions compared to
conventional treatments in newly diagnosed or progressive POAG patients.

1.

Study Design and Participants

This will be a single-center, prospective, observational cohort study.

o

2.

Participant Recruitment:

Inclusion Criteria:

Individuals aged 40 years or older.

Patients presenting for routine ophthalmic examination or those referred with suspicion of
glaucoma.

Ability to provide informed consent and comply with study procedures.

Best-corrected visual acuity of 20/40 or better in both eyes.

Clear ocular media allowing for high-quality imaging.

Exclusion Criteria:

Presence of secondary glaucoma (e.g., neovascular, uveitic, pseudoexfoliation, pigmentary
glaucoma).

History of ocular trauma or intraocular surgery (excluding uncomplicated cataract surgery
performed >6 months prior).

Presence of other optic neuropathies or retinal diseases that could confound glaucoma diagnosis or
progression (e.g., advanced diabetic retinopathy, retinal vascular occlusions, severe macular
degeneration).

Systemic conditions affecting intraocular pressure or optic nerve health (e.g., uncontrolled
hypertension, severe diabetes with systemic complications, neurological disorders affecting
vision).

Inability to perform visual field testing reliably.

Participation in another interventional clinical trial.

Patient Groups:

Control Group (Suspects/Early Glaucoma): Individuals with ocular hypertension (OHT) or
early POAG based on conventional diagnostic criteria.

Intervention Group (POAG): Newly diagnosed POAG patients or those with documented
progression who will be managed with novel approaches.

Data Collection and Baseline Assessment

At baseline, all enrolled participants will undergo a comprehensive ophthalmic examination and
advanced diagnostic testing.

O O O

Demographic and Clinical Data: Age, sex, ethnicity, medical history (including systemic
conditions and medications), family history of glaucoma, previous ocular history, and current
glaucoma medications.

Standard Ophthalmic Examination:

Best-Corrected Visual Acuity (BCVA) using Snellen charts.

Slit-lamp biomicroscopy of the anterior segment.

Goldmann Applanation Tonometry (GAT) for Intraocular Pressure (IOP) measurement (average
of 3 readings).

o Central Corneal Thickness (CCT) using ultrasonic pachymetry.
o Gonioscopy to assess the anterior chamber angle.
o Dilated fundus examination for optic nerve head (ONH) assessment (cup-to-disc ratio, rim

thickness, presence of hemorrhages, nerve fiber layer defects).
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Standard Automated Perimetry (SAP): 24-2 SITA Standard visual field testing (Humphrey Field
Analyzer, Carl Zeiss Meditec, Dublin, CA, USA) (minimum of 2 reliable tests within 3 months for
baseline).

Advanced Diagnostic Imaging (Novel Detection Approaches):

Optical Coherence Tomography (OCT): High-resolution spectral-domain OCT (e.g., Cirrus
HD-OCT, Carl Zeiss Meditec; Heidelberg Engineering Spectralis, Heidelberg, Germany) will be
performed for:

Retinal Nerve Fiber Layer (RNFL) thickness analysis (peripapillary and sectoral).

Ganglion Cell Complex (GCC) or Ganglion Cell-Inner Plexiform Layer (GCIPL) thickness
analysis.

Optic Disc Cube/Volume Scan for ONH analysis (rim area, cup volume).

Optical Coherence Tomography Angiography (OCTA): Macular and optic disc OCTA scans
(e.g., AngioVue OCTA, Optovue, Fremont, CA, USA) will be acquired to evaluate:

Peripapillary capillary density.

Macular superficial and deep capillary plexus vessel density.

Presence of microvascular defects.

Fundus Photography: Stereo fundus photographs of the optic nerve head (e.g., Topcon TRC-
50DX, Topcon Medical Systems, Oakland, NJ, USA) will be captured for documentation and
future comparison.

Al-Based Analysis:

De-identified OCT, OCTA, and fundus images will be fed into a pre-trained or custom-developed
Al algorithm for automated glaucoma detection and risk stratification. The Al models will be
trained on large datasets of confirmed healthy and glaucomatous eyes.

Output from Al will include probabilities of glaucoma presence, predicted progression risk, and
segmentation of key anatomical structures.

Genetic Testing (Optional/Sub-study): If applicable to the research question, blood samples may
be collected for genetic analysis, focusing on known POAG susceptibility loci (e.g., OPTN, MYOC,
WDR36, TBK1). This would require separate consent and biobanking procedures.

3. Management and Follow-up

Patients will be followed up at regular intervals (e.g., every 6-12 months) for a period of [e.g., 3-5
years]. The management strategy will be determined by the treating ophthalmologist in accordance
with clinical guidelines and the patient's condition. The study will observe the utilization and
outcomes of novel management approaches.

Conventional Management: Includes topical IOP-lowering medications (prostaglandin
analogues, beta-blockers, alpha-agonists, carbonic anhydrase inhibitors), selective laser
trabeculoplasty (SLT), and traditional incisional surgeries (trabeculectomy, glaucoma drainage
devices).

Novel Management Approaches (Observed):

Novel Pharmacological Agents: If patients are prescribed newer medications (e.g., tho kinase
inhibitors, nitric oxide-donating prostaglandin analogues).

Sustained-Release Drug Delivery Systems: Observation of patients receiving ocular implants or
sustained-release formulations.

Minimally Invasive Glaucoma Surgeries (MIGS): Data will be collected on various MIGS
procedures performed (e.g., iStent, Hydrus, Xen Gel Stent) including indications, surgical success
rates, and complications.

Neuroprotection/Regenerative Strategies: (If applicable and within the scope of clinical practice
at the study site) Observation of patients participating in trials or receiving treatments aimed at
neuroprotection or retinal ganglion cell regeneration.

Follow-up Assessments:

Repeat comprehensive ophthalmic examinations, including BCVA, IOP, CCT, gonioscopy, and
dilated ONH assessment.
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Repeat SAP, OCT, OCTA, and fundus photography as per a predefined schedule (e.g., SAP
annually, OCT/OCTA biannually or as clinically indicated).

o Recording of all glaucoma medications, laser procedures, and surgical interventions.
o Documentation of any adverse events or complications related to diagnosis or treatment.
o Collection of patient-reported outcomes (PROs) using validated questionnaires (e.g., Glaucoma

Quality of Life-15, National Eye Institute Visual Function Questionnaire-25) to assess visual
function and quality of life.

. Outcome Measures

Primary Outcome Measures (Detection):

Sensitivity and specificity of Al-based diagnostic models for detecting early POAG compared to
clinical diagnosis and conventional visual field/OCT criteria.

Correlation between OCTA parameters (e.g., vessel density) and traditional markers of glaucoma
severity and progression.

Primary Outcome Measures (Management):

Rates of visual field progression (as determined by SAP progression analysis, e.g., Guided
Progression Analysis, GPA) in eyes managed with novel vs. conventional approaches.

o Change in RNFL/GCC thickness over time (as determined by OCT progression analysis).
o IOP control (mean IOP, IOP fluctuation, percentage of time within target IOP range) in novel vs.

O O O O O

S.

conventional treatment groups.

Secondary Outcome Measures:

Rates of surgical intervention.

Number of glaucoma medications required.

Incidence of adverse events/complications.

Patient satisfaction and quality of life scores.
Cost-effectiveness of novel approaches (if applicable).

Statistical Analysis

Statistical analysis will be performed using [specify software, e.g., R, SAS, SPSS].

Descriptive Statistics: Baseline demographic and clinical characteristics will be summarized
using means + standard deviations for continuous variables and frequencies/percentages for
categorical variables.

Diagnostic Accuracy: Sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), and area under the receiver operating characteristic (ROC) curve (AUC) will be
calculated for novel diagnostic tools (Al, OCTA) against a clinical gold standard for POAG
diagnosis.

Progression Analysis: Linear mixed models or generalized estimating equations (GEE) will be
used to assess changes in continuous outcome measures (IOP, RNFL thickness, visual field mean
deviation) over time, accounting for within-patient correlations and confounding factors. Time-to-
event analysis (Kaplan-Meier survival curves, Cox proportional hazards models) will be used to
evaluate time to progression or surgical intervention.

Group Comparisons: Comparisons between groups (e.g., novel vs. conventional treatment) will
be performed using appropriate statistical tests (e.g., independent t-tests, chi-square tests, ANOVA,
ANCOVA) adjusted for relevant confounders.

Al Model Validation: Internal and potentially external validation will be performed for Al
models, assessing their performance on unseen datasets.

Significance Level: A p-value of < 0.05 will be considered statistically significant.

Results

This section outlines the anticipated findings of the prospective cohort study, based on the established
potential of novel diagnostic technologies and emerging therapeutic interventions for Primary Open-
Angle Glaucoma (POAG). The expected results aim to demonstrate the superiority of integrated novel
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approaches in achieving earlier detection, improved disease control, and enhanced patient outcomes

compared to conventional methods.

1. Enhanced Diagnostic Accuracy with Novel Approaches

We anticipate that the integration of advanced imaging modalities, particularly Optical Coherence

Tomography Angiography (OCTA), and Artificial Intelligence (AI) algorithms will significantly

improve the sensitivity and specificity of POAG detection, especially in its early stages.

e Al-Enhanced Detection:

o The Al algorithms, trained on multimodal imaging data (OCT, OCTA, and fundus photographs),
are expected to demonstrate significantly higher Area Under the Receiver Operating Characteristic
(AUC) curves (e.g., >0.90) for distinguishing early POAG from healthy eyes and glaucoma
suspects, compared to individual traditional diagnostic parameters (IOP, visual field mean
deviation, or isolated OCT parameters).

o Al is projected to identify subtle structural changes (e.g., early retinal nerve fiber layer thinning,
ganglion cell complex loss) and microvascular alterations (reduced peripapillary capillary density
on OCTA) that precede detectable visual field defects by conventional perimetry, allowing for
earlier identification of at-risk individuals or those with preclinical glaucoma.

o The AI models are expected to provide quantitative risk scores for progression, enabling
personalized monitoring schedules for high-risk individuals.

e OCTA Biomarkers:

o OCTA parameters, particularly vessel density in the peripapillary and macular regions, are
expected to show strong correlations with established structural and functional measures of
glaucoma severity (e.g., RNFL thickness, GCIPL thickness, visual field mean deviation).

o Changes in OCTA vessel density are anticipated to precede or occur concurrently with early RNFL
thinning and visual field progression, serving as valuable early biomarkers for disease onset and
progression.

e Genetic Risk Stratification (if sub-study conducted):

o For participants undergoing genetic testing, a significant association is expected between polygenic
risk scores and the likelihood of developing POAG, as well as the rate of disease progression. This
would support the utility of genetic information in refining individual risk assessment and guiding
screening intensity.

2. Improved Disease Control with Novel Management Strategies

The study is expected to demonstrate superior intraocular pressure (IOP) control, reduced medication

burden, and potentially slower disease progression in patients managed with novel therapeutic

approaches.

o Sustained-Release Drug Delivery Systems:

o Patients receiving sustained-release drug delivery systems are anticipated to achieve more
consistent and sustained IOP reduction over extended periods (e.g., 6-12 months or longer per
administration) compared to those on daily topical eye drops.

o Improved medication adherence is expected in this group, as evidenced by patient-reported
outcomes and objective measures.

o A significant reduction in diurnal IOP fluctuation is expected, which may contribute to better long-
term preservation of visual function.

o Patient satisfaction with treatment convenience is expected to be significantly higher in the
sustained-release group, and the incidence of ocular surface disease symptoms associated with
daily drops (e.g., redness, dryness, irritation) is anticipated to be lower.

e Minimally Invasive Glaucoma Surgeries (MIGS):

o MIGS procedures are expected to demonstrate a favorable safety profile with a significantly lower
incidence of severe complications (e.g., hypotony, choroidal effusion, infection) compared to
traditional incisional surgeries.
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o For patients with mild to moderate POAG, MIGS are expected to achieve meaningful IOP
reduction (e.g., 20-30% from baseline or target IOP <18 mmHg) and/or a substantial reduction in
the number of required IOP-lowering medications.

o When combined with cataract surgery, MIGS are anticipated to provide an additive IOP-lowering
effect beyond that of phacoemulsification alone.

o Quicker visual recovery and reduced post-operative care burden are expected for MIGS patients
compared to traditional glaucoma surgery.

3. Enhanced Patient-Reported Outcomes and Quality of Life

The implementation of novel detection and management strategies is expected to positively impact

patient experience and quality of life.

o Earlier Diagnosis Impact: Patients diagnosed earlier through novel approaches are expected to
experience less initial visual field loss and maintain a higher baseline quality of life score at the
time of diagnosis compared to those diagnosed conventionally.

o Treatment Satisfaction: Patients receiving novel treatments (sustained-release, MIGS) are
anticipated to report higher overall treatment satisfaction, improved adherence to therapy, and
fewer treatment-related side effects compared to those on chronic topical medications.

e Visual Function Preservation: Long-term follow-up is expected to show a slower rate of visual
field progression and less deterioration in patient-reported visual function and quality of life (e.g.,
as measured by Glaucoma Quality of Life-15 or NEI-VFQ-25) in the groups benefiting from novel
early detection and personalized management.

4. Cost-Effectiveness Implications

While a full cost-effectiveness analysis would be a separate undertaking, the expected results imply

positive cost-effectiveness over the long term.

e Reduced Disease Burden: Earlier detection and more effective management are expected to
reduce the incidence of advanced glaucoma and associated irreversible vision loss, leading to a
decrease in the long-term societal and healthcare costs associated with blindness and low vision.

o Optimized Resource Utilization: Al-driven screening and personalized monitoring could
potentially reduce the need for unnecessary frequent in-person visits for low-risk individuals, while
prioritizing resources for high-risk or progressing cases. Sustained-release medications could also
reduce costs associated with daily medication refills and adherence-related complications.

In summary, the results of this study are expected to provide compelling evidence for the
transformative potential of novel approaches in revolutionizing POAG care. These findings would
support the widespread adoption of advanced diagnostic tools and personalized treatment strategies,
ultimately leading to earlier disease intervention, better preservation of vision, and significant
improvements in the quality of life for individuals living with or at risk of POAG.

Review of Literature

Primary Open-Angle Glaucoma (POAG) represents a significant global health challenge,
characterized by progressive optic neuropathy and corresponding visual field loss. Despite decades of
research, its insidious nature often leads to diagnosis at advanced stages, underscoring the critical
need for enhanced early detection and management strategies. This review synthesizes current
literature on novel approaches in these two pivotal areas, highlighting advancements that aim to
transform the landscape of POAG care.

Early Detection: Beyond Traditional Paradigms

Historically, POAG diagnosis has relied on a triad of elevated intraocular pressure (IOP),
characteristic optic nerve head (ONH) damage, and visual field (VF) defects. However, the limitations
of these conventional methods—such as the prevalence of normal-tension glaucoma and the late
appearance of VF defects—have driven the pursuit of more sensitive and objective diagnostic tools.
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Artificial Intelligence (AI) and Machine Learning in Glaucoma Diagnosis: The burgeoning field
of Al, particularly deep learning algorithms, has shown remarkable promise in revolutionizing
glaucoma screening and diagnosis. Recent literature consistently demonstrates that AI models, often
based on convolutional neural networks (CNNs), can analyze vast amounts of ophthalmic imaging
data—including color fundus photographs, Optical Coherence Tomography (OCT) scans, and visual
field data—with impressive accuracy (Ran et al., 2024; PMCID: PMC11595922). Studies report high
sensitivity and specificity, with AUC values often exceeding 0.90 for detecting glaucomatous changes
(PMCID: PMC11508556). Al algorithms are capable of identifying subtle patterns and structural
alterations that may be missed by human observers, even in preperimetric glaucoma where visual field
loss is not yet evident (PMCID: PMC11595922). Furthermore, Al can aid in risk stratification,
predicting disease progression based on longitudinal data analysis (PMCID: PMC11508556). This
automation not only enhances diagnostic precision but also has the potential to streamline screening
processes, making glaucoma detection more accessible and efficient in various healthcare settings,
including telemedicine platforms (Ran et al., 2024).

Optical Coherence Tomography Angiography (OCTA): OCTA has emerged as a non-invasive,
dye-free imaging modality offering unprecedented visualization of the ocular microvasculature. A
growing body of evidence suggests that OCTA-derived parameters, particularly vessel density (VD)
in the peripapillary and macular regions, serve as valuable biomarkers for early glaucoma detection
and progression. Numerous studies have consistently reported reduced vessel density in glaucoma
patients, often correlating with the severity of structural damage (RNFL and GCC thickness) and
functional visual field loss (Moghimi et al., 2018; Shoji et al., 2017). Crucially, OCTA can detect
microvascular changes in glaucoma suspects and eyes with preperimetric glaucoma (early optic nerve
damage without detectable visual field defects), often preceding conventional structural or functional
signs (PMCID: PMC12262154). This capability highlights OCTA's potential to identify disease at an
earlier stage, allowing for timely intervention before significant irreversible damage occurs.
Longitudinal studies using OCTA are also beginning to show its utility in monitoring disease
progression by tracking changes in vessel density over time (PMCID: PMC12262154).

Management: Towards Personalized and Sustained Therapies

While intraocular pressure (IOP) reduction remains the cornerstone of POAG management, the focus
is increasingly shifting towards enhancing patient adherence, reducing treatment burden, and
exploring neuroprotective strategies.

Sustained-Release Drug Delivery Systems: Poor adherence to daily topical eye drop regimens is a
major challenge in glaucoma management, often leading to suboptimal IOP control and disease
progression (PMCID: PMC10802773). To address this, significant advancements have been made in
sustained-release drug delivery systems. The FDA approval of the bimatoprost implant (Durysta®)
in 2020 marked a significant milestone, being the first sustained-release therapy for POAG or ocular
hypertension (PMCID: PMC10802773). Clinical trials have demonstrated its efficacy in significantly
reducing IOP for several months with a single intracameral injection, often comparable to daily topical
bimatoprost, while improving adherence and potentially reducing ocular surface side effects (PMCID:
PMC10802773). Other promising sustained-release platforms under investigation include punctal
plugs, contact lenses, and subconjunctival implants, all aiming to provide consistent drug delivery
over extended periods, thereby mitigating diurnal IOP fluctuations and improving patient quality of
life (ResearchGate: Sustained drug delivery for glaucoma, PMC: Sustained release ocular drug
delivery systems for glaucoma therapy).

Minimally Invasive Glaucoma Surgeries (MIGS): MIGS procedures have revolutionized the
surgical management of glaucoma, offering a safer and less invasive alternative to traditional
incisional surgeries (e.g., trabeculectomy). Characterized by their ab interno approach, minimal
disruption of conjunctival tissue, and rapid recovery times, MIGS are increasingly utilized in mild to
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moderate POAG, often combined with cataract surgery (EyeWiki: Microinvasive Glaucoma Surgery
(MIGS), PMCID: PMC11531398). These procedures, which include trabecular bypass stents (e.g.,
iStent, Hydrus), goniotomy, and suprachoroidal shunts, aim to enhance physiological aqueous outflow
through various mechanisms (EyeWiki: Microinvasive Glaucoma Surgery (MIGS), PMCID:
PMC11531398). Literature consistently reports that MIGS effectively lowers IOP and reduces
medication dependence, with a significantly lower risk of severe complications like hypotony or
choroidal effusions compared to conventional filtration surgeries (PMCID: PMC11531398). Long-
term data on various MIGS devices continue to emerge, supporting their sustained efficacy and
favorable safety profile, making them an attractive option for earlier surgical intervention in the
disease course (PMCID: PMC11798616).

Neuroprotection and Regenerative Strategies: While IOP reduction remains critical, growing
evidence suggests that other factors beyond pressure contribute to retinal ganglion cell (RGC) death
in glaucoma. This has spurred intense research into neuroprotective and neuro-regenerative therapies
aimed at directly preserving RGCs and their axons (PMCID: PMCI11707981). Agents like
nicotinamide (Vitamin B3) have shown promising results in preclinical and pilot human studies by
enhancing mitochondrial function and RGC resilience to stress (Review of Ophthalmology:
Neuroprotective Therapies Update, Glaucoma.org: Understanding Neuroprotection In Glaucoma).
Other investigated agents include brimonidine (which has demonstrated neuroprotective properties
independent of its IOP-lowering effect), citicoline, and Coenzyme Q10 (Glaucoma.org:
Understanding Neuroprotection In Glaucoma). Furthermore, regenerative medicine, including stem
cell therapy and gene therapy, holds long-term promise for potentially restoring damaged optic nerve
tissue, although these approaches are still largely in experimental stages (Glaucoma.org:
Understanding Neuroprotection In Glaucoma).

Conclusion

The current literature robustly supports a transformative shift in the approach to POAG. Novel
diagnostic tools leveraging Al and OCTA offer unprecedented opportunities for earlier and more
accurate detection, enabling timely intervention. Simultaneously, advancements in sustained-release
drug delivery systems and minimally invasive surgical techniques are addressing critical adherence
issues and providing safer, more patient-friendly treatment options. The ongoing exploration of
neuroprotective and regenerative strategies further expands the therapeutic armamentarium, moving
beyond sole IOP reduction to directly target RGC survival. The synergistic application of these novel
approaches holds immense potential to significantly improve visual outcomes and quality of life for
individuals affected by or at risk of POAG. Continued research and clinical implementation of these
innovations will be crucial in realizing their full impact on global eye health.
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