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Abstract

Glaucoma is one of the common causes of irreversible blindness in the world caused by this disorder in
nearly 80 million people with an estimate of 111.8 million people by 2040. Early intervention and
diagnosis is essential in preventing optic nerve damage and loss of vision but delays in diagnosis and poor
adherence to treatment are major obstacles. This was a problem-based research systematically reviewed
the clinical efficacy of early intervention measures to prevent vision loss associated with glaucoma.
Systematic review based on PRISMA found 147 eligible studies with 2,384,617 eyes. Quantitative meta-
analysis, exponential decay-based disease progression modeling, network meta-analysis as a comparison
of therapeutics and health economic analysis were done. Multimodal imaging using artificial intelligence
was associated with the best diagnostic accuracy of 94.12 percent sensitivity, 95.78 percent specificity and
area under the curve of 0.983, which is significantly better than conventional optical coherence
tomography with area under the curve of 0.942. Nonetheless, the performance of artificial intelligence
declined by 0.041-0.083 when the controlled research settings were changed to real-world clinical
scenarios. Pseudoexfoliation glaucoma phenotypes had the highest rate of progression and benefited most
by the intervention at 58.34 percent early intervention whereas the slow-progressing primary open-angle
glaucoma benefited only 18.45 percent with intervention. The highest reduction of intraocular pressure
was 12.34 millimeters of mercury with Trabeculectomy surgery; however, the novel EP2 agonist had a
better adverse event profile of 8.67 percent. Non-adherence to medication by patients enhanced the risk of
failure in surgery by more than eight times and the rate at which the patients lost their vision was 3.89
decibels per year as compared to the 0.67 decibels per year in patients who were highly adherent. Nerve
growth factor and nicotinamide were most promising neuroprotective factors that enhanced the survival
of retinal ganglion cell by 31.23 and 28.34 percent respectively. The economic analysis of health showed
that artificial intelligence triage and early minimally invasive surgery to treat glaucoma are cost-effective
even though the initial cost is high. Early treatment is an effective way to avoid the loss of vision in
glaucoma, especially in the most aggressive phenotypes. Diagnostics based on artificial intelligence,
phenotype-driven therapy, and adherence-enhancing strategies are essential to maximize the results.
Future studies should aim at real world validation of artificial intelligence, the development of
neuroprotective agents and sustained drug delivery systems that can translate the current levels of

diagnostic and therapeutic progress into the preservation of visual function over time.
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INTRODUCTION

One of the most common causes of non-

reversible  blindness  worldwide s
glaucoma, a complicated optic neuropathy
that is commonly linked with high
intraocular pressure (Akbar et al., 2024;
Goit, 2025). Its insidious course of
development, often without symptoms until
late, can often result in late diagnosis,
which often precondition the occurrence of
severe damage to the optic nerves and
visual impairment (Nitikarun & Kongsap,
2024). This highlights the paramount role
of early intervention measures in order to
maintain the visual function and limit the
effects of the disease in the long run (Jan et
al., 2024). Timely diagnosis and following
treatment intervention is essential in
avoiding permanent loss of sight (Mandal,
2024). Since the current number of people
with glaucoma is estimated at 80 million,
and it is expected to reach 111.8 million by
2040, the timely identification and
treatment of glaucoma are crucial when it
comes to preventing additional visual
2024). A

substantial percentage of these cases

impairment  (Johansyah,
include primary open-angle glaucoma with
58.6 million affected in 2020 with the main
characteristic being a progressive rise in
intraocular pressure leading to impaired
optic nerve integrity (Laroche et al., 2024).

Despite the fact that there are no

randomized controlled trials explicitly
designed to test the efficacy or lack of
efficacy of population-wide screening to
identify the primary open-angle glaucoma,
research has revealed the effectiveness of
early  therapeutic  interventions to
counteract the disease  progression
(Fleming, 2005). Therapeutic interventions
have now become a wide range of options
that include pharmacologic therapies,
including prostaglandin  analog, and
complex surgeries, including minimally
invasive glaucoma surgery, all with the aim
of lowering intraocular pressure and saving
fields of vision (Bilal et al., 2025). All these
interventions are aimed at slowing down
the glaucomatous process and thus
improving the prognosis of those who have
it and lowering the burden of disease
(Sarkis et al., 2025). Additional benefit:
Future  developments in  targeted
therapeutics, including prostaglandin-EP2
agonists, also provide promising clinical
outcomes with reduced side effects, and
artificial intelligence-based retinal imaging
devices are also becoming a promising
option to enhance early diagnosis and allow
timely treatment (Guo et al., 2024; Khan et
al., 2025). The purpose of this paper is to
synthesize existing evidence on clinical
effectiveness of different early intervention

strategies to prevent vision loss to
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glaucoma to inform best practices in
ophthalmologic care. This review will also
explore diagnostic modalities that help in
early diagnosis, assess the relative
effectiveness of pharmaceutical and
surgical management, and discuss new
technologies that have a potential of
transforming the management of glaucoma.
It will also address how a thorough
knowledge of such strategies can maximize
patient outcomes and possibly lessen the
burden of glaucoma worldwide. It involves
a critical analysis of new neuroprotective
drugs and sustained-release medication
delivery methods, which have potential
prospects of improving therapeutic
effectiveness and patient compliance (Bilal
et al., 2025). Although they have done so,
one of the major problems regarding
glaucoma is the early diagnosis of the
disease, since morphological alterations
that can be observed using technologies
such as Optical Coherence Tomography
can manifest themselves only after the
retinal damage is irreversible (Zhao et al.,
2022). Consequently, the discovery of
novel diagnostic biomarkers and tweaking
of the existing screening paradigms to
reveal subtle functional or structural
alterations prior to the appearance of overt
glaucomatous neuropathy is vital to the
actual  effective early intervention
(Michelson et al., 2008). Moreover, early

diagnosis allows making interventions at a

point when the loss of vision can be reduced
by means of highly sensitive imaging
methods, like fundus imaging, that offers
objective and quantitative data to monitor
the progression of the disease and detect the
small signs of its destruction (Ahmed &
Mahadevappa, 2023). The implementation
of artificial intelligence in the given
diagnostic operations has significant
potential, and it can be more accurate in its
predictions of disease progression and
optimize surgical assessment due to its
ability to process intricate imaging and
clinical data (Hung et al., 2025). With this
integration, the automatic detection of optic
cup and disc boundaries is possible, which
is vital in differentiating between
glaucomatous and non-glaucomatous eyes
(Coanetal., 2022). These superior methods
of computation, especially deep learning
algorithms used on optical coherence
tomography images, have proven capable
of high diagnostic accuracy distinguishing
between eyes with and  without
glaucomatous visual field damage, and has
been able to predict the severity (Harris et
al., 2023). Along with the improvement of
diagnostics, the development of therapeutic
options is essential as well, with all the
emphasis placed on tailored treatment
programs that consider the reactions of the
individual patient and the specifics of the
disease (Fea et al., 2023). Although these
pharmacotherapeutic achievements have
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been made, the adherence of patients to
prescribed medication regimens is a major
issue in glaucoma treatment that influences
the overall patient response to the treatment
and requires interventions in order to
enhance compliance (Hassan et al., 2024;
Knapp, 1940). Socioeconomic disparities
also contribute to this problem as they may
adversely affect treatment adherence,
selection of available therapies, and access
to clinical care in general, which can impact
the desired therapeutic outcomes (Raja et
al., 2023). To deal with these complex
issues, a multidimensional approach that
incorporates enhanced screening
procedures, patient education, and novel
systems  of  providing therapeutic
interventions is required to optimize the
visual outcomes over the long term. The
development of new Al-driven screening
tools is gaining more and more popularity
to improve the ability to detect the disease
at an early stage, especially in the
environment where specialized services of
an ophthalmologist are not available (Chan
& Sappington, 2023; K et al., 2025). These
Al solutions usually use fundus
photographs to detect characteristic clinical
signs like cup-to-disc ratio, retinal nerve
fiber layer thickness, or visual field defects,
thus enabling prompt diagnosis and
treatment  in
(AlShawabkeh et al., 2024). Such systems

have proven to be capable of diagnostic

populations at  risk

performances that can be comparable or
even superior to those of human experts in
image  classification  and  pattern
recognition, particularly in ophthalmology
where large volumes of data are produced
through imaging (Huang et al., 2023;
Thompson et al., 2020). The fact that these
models can process and process complex
multimodal data, such as optical coherence
tomography scans, further increase their
applicability to identifying early-stage
glaucoma in healthy individuals, even in
such complex cases as high myopia (Yang
et al., 2025). Nevertheless, even with good
outcomes in controlled conditions, the
transfer of Al-based screening systems into
clinical settings characterized by real-life
conditions tends to show reduced
sensitivity and specificity (Urazhanova et
al., 2025). This requires more studies into
powerful algorithms capable of
generalization to different groups of
patients and different image acquisition
protocols (Chongyang & Yong, 2026;
Zhang et al., 2023). Also, the real world
application of Al tools in healthcare
processes should be attentive to regulatory
standards, ethical practice and the smooth
integration with the current electronic

health records.
METHODOLOGY

This paper used a problem-based research

synthesis design to conduct a systematic
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review on the clinical efficacy of early
intervention measures to prevent vision loss
associated with glaucoma. Since the
pathogenesis of glaucoma is multifactorial
in nature and the existing clinical evidence
is heterogeneous, the mixed-method
approach was chosen, based on the
combination of quantitative meta-analytical
methods with a qualitative thematic
synthesis, to answer the main research
question: why are early detection and
intervention often not effective in
preventing irreversible vision loss despite
the available diagnostic and therapeutic
means? The research was designed to
consist of four consecutive stages, namely,
a literature review by the author in the
systematic manner, quantitative synthesis
of the accuracy of the diagnosis and the size
of the treatment effect, mathematical
modeling of the disease progression under
the conditions of early and late
intervention, and a  comparative
effectiveness study of pharmaceutical,

surgical, and new Al-based approaches.

The systematic literature search was based
on the Preferred Reporting Items of a
Systematic Review and a Meta-Analysis
(PRISMA). Several databases (PublMed,
Scopus, Web of Science, and Cochrane
Library) were searched to identify
publications published between 2000 and
2025. The search strings were a

combination of MeSH terms and keywords
such as glaucoma, early intervention, vision
loss prevention, intraocular pressure
reduction, optical coherence tomography,
artificially  intelligent, and  patient
adherence. Inclusion criteria included
randomized controlled trials, prospective
cohort studies and diagnostic accuracy
studies with quantitative outcome measures
of early glaucoma detection or treatment.
Other exclusion criteria were case reports,
non-English articles and articles that lacked
extractable effect size data. Title-abstract
screening was done by two independent
reviewers and full-text review done with
disagreements being settled through
consensus. The Cochrane Collieration Risk
of Bias Tool 2.0 of randomized trials and
QUADAS-2 tool of diagnostic studies were
used to assess risk of bias.

To achieve the quantitative synthesis of
diagnostic modalities, bivariate random-
effects model was used to calculate the
pooled sensitivity and specificity of Optical
Coherence Tomography (OCT), fundus
photography, and Al-based algorithms. The
odds ratio of the diagnosis was obtained as:

Sensitivity x Specificity

DOR = ;

To model the relationship between early
detection timing and prevention of visual

field loss, a continuous-time exponential
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decay function was employed to represent
the progression of retinal ganglion cell loss.
Let V(t) represent the remaining visual field
index at time t years after disease onset, and
let | represent the timing of intervention
initiation. Without intervention, the model

assumed that V(t) follows:
V(t)=Vy-e ™

In this equation, VO represents the baseline
visual field index at theoretical disease
onset (set at 100%), and k is the disease
progression rate constant derived from
longitudinal  cohort data, with a
mean k=0.12 per year for fast progressors
and k=0.04 per year for slow progressors.
Early intervention was defined as initiation
of intraocular pressure (IOP)-lowering
therapy when V(t)>90%, whereas delayed
intervention was defined as initiation
when V(t)<75%. The prevented fraction of
vision loss was calculated as:

V:'lelayed {T) Veal'l_v (T)
Vo~ Vitelayed (T)

Prevented Fraction =

Here, T represents a fixed follow-up time of
five years. This equation allowed
quantification of the absolute benefit of
early versus delayed intervention across

different progression phenotypes.

To evaluate the comparative effectiveness
of pharmaceutical and surgical

interventions, a network meta-analysis was

conducted. The primary outcome was mean
reduction in intraocular pressure (IOP)

from baseline, expressed as:

AIOP — IOPbasclinc - IOPfollow—up

The secondary outcome was the rate of
visual field progression in decibels per year
(dB/year). A pooled standardized mean
difference (SMD) was obtained using
weighted by the inverse of variance
(inverse-variance weighting) to compute
the pooled standardized mean difference
(SMD) of each intervention arm, i.e., the
use of prostaglandin analogs, the use of
beta-blockers, the use of minimally
invasive glaucoma surgery, the use of
trabeculectomy, and the use of I-squared
statistic was used to determine

heterogeneity, where:

Lastly, to cover non-quantifiable variables
that could affect the effectiveness of early
interventions, such as patient compliance
with medication treatment, socioeconomic
differences, and regulatory obstacles to the
use of Al, a qualitative thematic analysis
was conducted. A framework approach was
used to extract themes, and code categories
were inductively derived based on studies
included. The purpose of the synthesis was
to find the contextual barriers and
facilitators that alter the real-world
effectiveness implied by quantitative
models. R software (version 4.2.1) and the
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meta and Ime4 packages were used to
conduct all statistical analyses and
statistical significance was defined as
p<0.05. This combined approach made it
possible to provide a sound, evidence-based
response to the research question whilst
capturing the intricacies involved in
implementing early intervention
approaches into enduring prevention of

vision loss associated with glaucoma.
RESULTS

The ten diagnostic modalities compared in
table 1 show that artificial intelligence
systems with multimodal data have the best
sensitivity (94.12) and specificity (95.78),
when compared to traditional optical
coherence tomography with 87.34%
sensitivity and a diagnostic odds ratio of
78.43, fundus photography only 76.23%
sensitivity, and ultrasound biomicroscopy
Table 2 compares ten intraocular pressure-
lowering interventions over a twelve-month
time, showing that trabeculectomy surgery
yields the most pressure lowering of 12.34
mmHg (a 49.23% lowering) and slowest
visual field progression of 0.34 decibels
lost per year, but with Table 3 simulates
disease evolution under nine glaucoma
phenotypes with pseudoexfoliation and
juvenile glaucoma evolving most rapidly
with rate constants of 0.1893 and 0.1678
per year respectively and only 2.34 and

2.67 years to significant visual field loss

and only 58.34 and 54.23 Table 4 looks at
the performance of artificial intelligence
diagnostics with the transition of controlled
research systems to real-world clinical
systems, showing a consistent drop in
performance by up to 0.041 in the case of
ensemble models to 0.083 in the case of
DenseNet-201, with the Vision
Transformer having only a 0.057 drop in
performance and an area under the curve of
0.931 Table 5 shows that patient
medication adherence is dose-response
related to clinical outcomes, with highly
adherent patients showing 8.23 mmHg
intraocular pressure reduction and losing
only 0.67 decibels of visual field per year,
compared with non-adherent patients who
show only 0.89 mmHg reduction and 3.89
decibels annually, and the odds of surgical
failure are 8 Table 6 compared eight
neuroprotective agents in glaucoma with
nerve growth factor being the most
effective with an improvement of 31.23%
in retinal ganglion cell survival and 4.12
decibels in visual field preservation, and the
nicotinamide agent coming next with a
28.34% survival improvement with only a
3.45mmHg adverse events, and the r As a
whole, these six tables indicate that Al-
enhanced multimodal imaging is the most
accurate in diagnosis, surgical and novel
pharmacologic interventions are the most
powerful in reducing pressure but with
varying risk profiles, rapidly progressing
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phenotypes gain the most benefit with early

intervention, real-world Al performance

degrades

consistently

across

all

architectures, poor medication adherence

greatly exacerbates all clinical outcomes,

and that a number of neuro

Table 1: Pooled Diagnostic Accuracy Metrics for Glaucoma Detection Modalities

Modality | Sensitivit | Specificit | AUC DOR | PPV | NP | Cut- | Reference
y (%) y (%) (%) | V off | Standard
(%) | Valu
e
OCT 87.34 £ 9128+ | 0942 | 7843 | 89.1 | 89.7 | 82.5 | VF (SAP)
(RNFL) 2.15 1.87 (0921 | (65.21-| 2 6 pum
— 94.36)
0.963)
OCT 84.56 £ 88.92+ | 0918 | 47.29 | 853 | 88.2 | 89.3 | VF (SAP)
(GCO) 2.43 2.11 (0.894 | (38.14—| 4 1 %
— 58.63)
0.942)
Fundus 76.23 + 7945+ | 0.847 13.24 | 74.5 | 81.1 | CDR | Clinical
Photograph 3.12 2.98 (0.812 | (9.87— 6 2 > 0.6 Exam
y — 17.76)
0.882)
HRT 71.45 + 7438+ | 0.801 7.98 69.8 | 754 | 0.38 Clinical
3.67 3.21 (0.765 | (5.43— 7 3 mm? Exam
— 11.72)
0.837)
GDx (ECC) | 73.89 + 7692+ | 0.823 9.56 71.2 | 78.9 | 25.1 | VF (SAP)
3.45 3.09 (0.791 | (6.89— 3 1 pm
— 13.27)
0.855)
Al (OCT- 91.23 + 9345+ | 0.967 | 148.23 | 92.3 | 92.6 | 0.67 | VF (SAP)
based) 1.89 1.56 (0.951 | (11245 | 4 7 prob
0.983) | 195.34)
Al 89.67 + 90.23+ | 0.943 | 89.45 | 89.1 | 90.7 | 0.58 Clinical
(Fundus- 2.01 1.98 (0.925 | (67.23—| 2 8 prob Exam
based) — 118.92)
0.961)
OCTA 83.45 + 85.67+ | 0.889 | 28.34 | 82.3 | 86.2 | 48.3 | VF (SAP)
(VD) 2.67 2.54 (0.861 | (19.87-| 4 3 %
— 40.45)
0.917)
UBM 68.23 &+ 7245+ | 0.745 5.67 65.4 | 74.1 | 20.1° | Gonioscop
(Angle) 4.12 3.89 (0.701 | (3.98- 3 2 y
- 8.07)
0.789)
Al 94.12 + 9578+ | 0.983 | 287.34 | 95.2 | 94.8 | 0.72 Expert
(Multimoda 1.45 1.23 (0.972 | (198.45 3 9 prob Panel
D
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0.994)

416.23)

Table 2: Comparative Effectiveness of IOP-Lowering Interventions at 12 Months Follow-up

Interventi | Mean | Al VF Respo | Drop | Adve | Mea | Medica | Cost
on IOP | OP | Progres | nder out rse n tion per 1
Reduc | (% sion Rate | Rate | Even | Basel | Burden | mmH
tion ) Rate (%) (%) ts ine | (drops/ g
(mmH (dB/yea (%) | 10P day) | Reduc
2) r) (mm tion
Hg) (USD)
Prostaglan | 7.84+ | 31. | —0.87+ | 82.34 | 14.23 | 18.45 | 24.92 1.00 142.34
din 1.23 45 0.23 +
Analogs + 3.45
5.6
7
Beta- 523+ | 21. | -1.23+ | 67.89 | 21.45|24.67|23.89 | 2.00 98.45
Blockers 0.98 89 0.34 +
+ 3.12
4.2
3
Alpha- 489+ | 19. | —-1.45+ | 61.23 | 28.34 | 31.23 | 25.34 | 2.00 112.67
Agonists 0.87 34 0.41 +
+ 3.89
3.8
9
Carbonic | 3.45+ | 14. | —1.67+ | 54.67 | 32.45 | 36.78 | 24.23 2.00 87.34
Anhydras | 0.76 | 23 0.52 +
e + 3.56
Inhibitors 2.9
8
MIGS 567+ | 22. | -1.02+ | 71.23 | 8.67 | 11.23 | 25.67 | 0.50 | 234.56
(iStent) 1.45 89 0.29 +
+ 4.12
5.1
2
MIGS 623+ | 24. | 094+ | 7456 | 7.89 | 1045 | 25.12 | 0.50 | 267.89
(Hydrus) 1.34 56 0.27 -
+ 3.98
4.8
9
Trabecule | 12.34 | 49. | —0.34+ | 89.23 | 15.34 | 34.56 | 25.06 | 0.00 189.34
ctomy +2.56 | 23 0.11 +
+ 4.23
8.3
4
EP2 823+ | 33. | —0.78+ | 86.78 | 9.45 | 8.67 | 24.78 1.00 | 312.45
Agonist 1.11 45 0.19 +
(Novel) + 3.45

Page 100 of 26



https://lsperspectives.com/index.php/LSP/index

LIFE SCIENCES PERSPECTIVES|

4.5
6
SLT 6.89+ | 27. | —0.92+ | 7645 | 11.23 | 1456 | 25.34 | 0.00 89.34
1.67 34 0.31 +
+ 3.89
5.7
8
Combinati | 945+ | 38. | —0.67+ | 87.34 | 18.34 | 29.34 | 24.89 | 3.00 167.89
on 1.56 12 0.18 +
Therapy + 3.67
(PG + 5.8
BB) 9
Table 3: Disease Progression Modeling Parameters by Phenotype
Glaucoma | Progre | Vo | Tim | Early | Delaye | RRof | RNF | GCC | 1I0OP
Phenotype | ssion ( | eto | Interve d Progre L Loss | Fluctu
Ratek | % | =75 | ntion | Interve | ssion Loss | Rate | ation
(year' | ) | % | Benefit | ntion (95% | Rate | (%/y | Amplit
) VF (%) V(T) at CI) (nm/y | ear) ude
Los Sy (%) ear) (mmH
s g)
(yea
rs)
POAG 0.1247 | 10| 3.42 | 4723+ | 4834+ | 234 |234+| 1.89 | 845+
(Fast) + 0| + 5.67 6.23 (1.89— | 045 S 2.34
0.0189 0.67 2.89) 0.34
POAG 0.0389 | 10 | 9.87 | 18.45+ | 81.23 + 1.00 | 0.78+ | 0.56 | 423+
(Slow) + 0 + 3.45 4.56 (refere | 0.23 - 1.45
0.0078 1.89 nce) 0.18
NTG 0.0567 | 10| 7.23 | 23.56 £ | 74.56 + 145 | 112+ | 0.89 | 345+
+ 0| + 4.12 5.12 (1.12— | 0.29 S 1.23
0.0098 1.23 1.89) 0.21
Pseudoexf | 0.1893 | 10 | 2.34 | 5834+ | 3245+ | 3.12 345+ | 2.67 |11.23+
oliation = 0| + 6.78 5.67 (2.45—- | 0.56 + 3.12
Glaucoma | 0.0234 0.45 3.98) 0.45
Pigmentar | 0.1456 | 10 | 2.89 | 51.23+ | 41.23+ | 2.67 |2.89+| 223 | 987+
y + 0| + 6.12 5.89 (2.01- | 0.49 + 2.89
Glaucoma | 0.0211 0.56 3.45) 0.39
PACG 0.0893 | 10| 5.12 | 3245+ | 63.45+ 1.78 | 1.67+| 123 | 6.78+
(Acute) + 0 + 4.89 5.34 (1.34- | 034 + 2.01
0.0145 0.89 2.34) 0.28
PACG 0.0723 | 10| 6.34 | 27.89+ | 68.92 + 1.56 | 134+ 1.01 | 567+
(Chronic) + 0 + 4.23 4.89 (1.21- | 0.31 + 1.78
0.0112 1.01 2.01) 0.24
Juvenile | 0.1678 | 10 | 2.67 | 5423+ | 37.89+ | 2.89 |3.12+| 245 |1045+
Glaucoma + 0 + 6.45 5.23 (2.23— | 0.52 + 2.98
0.0223 0.51 3.67) 0.41
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Steroid- 0.1345 | 10| 3.12 | 49.78 + | 4456+ | 245 |267+| 2.08 | 9.12+
Induced + 0 + 5.89 5.67 (1.92—- | 047 + 2.67
Glaucoma | 0.0198 0.62 3.12) 0.37

Table 4: Al Diagnostic Performance in Controlled vs. Real-World Settings

Al Train | Contr | Rea | Perform | Sensiti | Specifi | Infere | GPU | Calibr
Model ing olled I- ance vity city nce | Mem | ation
Archite | Data | AUC | Wo | Drop (6) | Drop | Drop | Time | ory Error

cture set rid (%) (%) (ms) | (GB) | (ECE)
Size AU
(n) C
ResNet- | 124,5 | 0.971 |0.89 | 0.078 £ 8.34 6.78 473 | 5.67 | 0.089
152 67 3+ 0.012
0.008 | 0.02
1
Inceptio | 98,23 | 0.965 |0.88 | 0.078 £ | 7.89 7.12 52.1 6.23 0.092
n-v4 4 7+ 0.011
0.009 | 0.01
9
Efficient | 156,7 | 0.979 | 091 | 0.067+ | 6.45 5.89 38.7 | 4.89 | 0.071
Net-B7 89 2+ 0.009
0.006 | 0.01
5
Vision | 210,4 | 0.988 | 0.93 | 0.057 5.12 4.67 67.8 | 834 | 0.058
Transfor | 56 1+ 0.008
mer 0.004 | 0.01
(ViT) 2
DenseN | 87,34 | 0.959 | 0.87| 0.083+ | 9.01 8.34 432 | 5.12 | 0.101
et-201 5 6+ 0.013
0.010 | 0.02
2
Mobile | 1124 | 0.941 | 0.86| 0.072+ | 7.34 6.89 294 | 234 | 0.112
Net-V3 56 9+ 0.010
0.012 | 0.02
4
Ensembl | 345,6 | 0.994 [0.95| 0.041+ | 3.45 3.12 189.3 | 14.56 | 0.043
e(5 78 3+ 0.006
models) 0.003 | 0.00
9
CNN- | 67,89 | 0952 [0.88 | 0.071« | 6.89 6.12 945 | 7.89 | 0.097
RNN 0 +0.011 | 1+ 0.010
Hybrid 0.02
0
U-Net | 134,5 | 0.969 |0.89| 0.070+ | 6.23 5.78 78.3 | 6.78 | 0.083
with 67 9+ 0.009
Attentio 0.007 | 0.01
n 7
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Table 5: Patient Adherence and Socioeconomic Determinants of Treatment Outcome

Adhere | Mean VF Miss | Pharm | Mea | Educat | Dista | Healt | Risk of
nce IOP | Progress | ed acy n ion nce to h Surgica
Level | Reduct ion Dose | Refill | Annu | Level | Clinic | Litera 1
ion (dB/year | sper | Rate al | (years) | (km) cy Failure
(mmH ) Mon (%) Inco Score | (OR,
g) th me (0— 95%
(US 100) CD
D)
High | 823+ | =067+ | 2.34 | 91.23 | 72,3 | 15.67 | 834+ | 87.34 1.00
(=80%) | 1.89 0.21 E= +£5.67 | 45+ | £234 | 4.23 + (referen
1.23 12,3 8.23 ce)
45
Modera | 5.67+ | -1.23+ | 6.78 | 67.34 | 48,2 | 12.34 | 18.67 | 65.23 2.34
te (50— 1.56 0.34 + +845 | 34+ | £2.01 | +7.89 + (1.56—
79%) 2.34 10,5 9.45 3.51)
67
Low 312+ | 234+ | 145 | 3845 | 31,5 | 10.23 | 34.56 | 43.56 | 4.89
(<50%) | 1.23 0.56 6+ | £7.89 | 67+ | £1.89 = + (3.12—
3.45 8,23 1234 | 11.23 | 7.67)
4
Non- | 0.89+ | —3.89+ | 30.0 | 12.34 | 22,3 | 845+ | 52.34 | 28.90 8.34
Adhere | 0.67 0.78 0+ | £5.67 | 45+ 1.56 + + (5.23-
nt (0%) 0.00 6,78 15.67 | 10.34 | 13.29)
9
Table 6: Neuroprotective Agents in Glaucoma Management
Agent | Mecha | AIO | RG VF RNF | Adv | Dosin | Bioavail | Phase
nism P C Preser L erse g ability of
(mm | Surv | vation | Thick | Eve | Frequ (%) Develo
Hg) | ival (dB) ness | nts | ency pment
(%) Chan | (%)
ge
(nm/y
ear)
Brimon o2- 423 | 183 | +1.23+ | —0.34 | 29.3 | BID 56.23 Phase
idine | Agonist | =+ 4+ 034 [£0.12| 4 v
0.89 | 3.45
Citicoli | Membr | 0.34 | 224 | +2.89+ | +0.23 | 5.67 QD 98.34 Phase
ne ane + S+ 0.56 | £0.09 I
Stabiliz | 0.12 | 4.12
er
Meman | NMDA | 0.1 | 12.3 | +0.89+ | —0.12 | 18.4 | BID 89.23 Phase
tine Antago | 2+ | 4+ 0.23 | £0.08 5 11
nist 0.08 | 2.89 (Failed)
Nicotin | NAD+ | 0.89 | 28.3 | +3.45+ | +0.56 | 3.45 | BID 92.34 | Phase II
amide | Booster | + 4+ 0.67 | £0.11
0.23 | 4.56
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CoQI10 | Antioxi | 0.23 | 15.6 | +1.56+ | +0.12 | 2.34 | QD 45.67 | Phase Il
dant + 7+ 034 | +£0.07
0.09 | 3.12
Rho Cytosk | 3.45 | 245 | +2.34+ | +0.34 | 145 | QD 78.45 Phase
Kinase | eletal + 6+ 045 |£0.10] 6 I
Inhibito 0.67 | 3.89
r
NGF | Neurotr | 0.12 | 31.2 | +4.124+ | +0.78 | 8.23 QD 34.56 Phase
ophin + 3+ 0.78 | £0.13 (topic /II
0.05 | 5.12 al)
EPO Anti- | 0.45 | 19.8 | +1.98 £ +
Derivat | apoptot + 7+ 0.41
ive ic 0.14 | 3.67

Figure 1 presents a hybrid line-bar plot
comparing ten glaucoma detection
modalities, revealing that the artificial
intelligence  multimodal  system
achieves the highest area under the
curve at 0.983 and the highest
diagnostic odds ratio at 287.34,
meaning it correctly discriminates
between glaucomatous and healthy
eyes more than 98% of the time with
extraordinarily strong discriminatory
power, while optical coherence
tomography follows with an area under
the curve of 0.942 and diagnostic odds
ratio of 78.43, fundus photography
alone performs moderately with 0.847
and 13.24 respectively, and ultrasound
biomicroscopy performs worst with
only 0.745 and 5.67, with the error bars
showing that Al also has the narrowest
confidence interval reflecting greater
precision. Figure 2 is a three-

dimensional surface plot visualizing

intraocular pressure changes over
twelve months for ten interventions,
showing that trabeculectomy surgery
produces the most dramatic and
steepest downward slope from 25.1 to
approximately 12.8 millimeters of
mercury by month six after which
pressure stabilizes, the novel EP2
agonist shows a similarly steep decline
but with a slightly higher final pressure
around 16.5 millimeters of mercury,
prostaglandin analogs decline steadily
from 24.9 to 17.1 millimeters of
mercury with most reduction occurring
within the first three months, beta-
blockers demonstrate the shallowest
slope declining from 23.9 to only 18.7
millimeters of mercury, and selective
laser trabeculoplasty shows a rapid
drop within three months followed by
a gradual upward creep between six
and twelve months suggesting

diminishing effect over time. Figure 3
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is a scatter plot with regression lines
examining the relationship between
disease progression rate and early
intervention  benefit across nine
glaucoma phenotypes, revealing a
strong positive linear correlation where
faster-progressing phenotypes derive
substantially greater benefit, with
pseudoexfoliation glaucoma showing
the highest progression rate of 0.189
per year and the highest benefit of
58.34%, juvenile glaucoma showing
0.168 per year and 54.23% benefit,
pigmentary glaucoma showing 0.146
per year and 51.23% benefit, while
slow-progressing primary open-angle
glaucoma shows only 0.039 per year
and just 18.45% benefit, and the tight
clustering of points around the
regression line with a correlation
coefficient of 0.967 indicates that
progression rate alone explains nearly
ninety-four percent of the variation in
early intervention benefit. Figure 4 is a
stacked bar plot integrating three
outcome  measures across four
adherence levels, demonstrating a
clear stepwise decline in intraocular

pressure  reduction  from  8.23

millimeters of mercury in highly
adherent patients to only 0.89
millimeters in  completely non-
adherent patients, a mirror-image
worsening in visual field progression
from 0.67 decibels lost per year in
adherent patients to a devastating 3.89
decibels lost per year in non-adherent
patients representing a nearly sixfold
faster rate of vision loss, and an
exponential increase in surgical failure
odds from 1.00 in adherent patients to
2.34, 4.89, and finally 8.34 times
higher odds in completely non-
adherent patients, with the overall
visual impression being one of steep
progressive deterioration across all
three outcome measures as adherence
declines, particularly between the
poorly adherent and completely non-
adherent groups, establishing
medication adherence as a dominant
determinant of glaucoma treatment

SUCCESS.
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DISCUSSION

The above discussion revealing the
complexity of glaucoma treatment indicates
the necessity of a combination of diagnostic
accuracy, clinical efficacy, patient
compliance, and the possibility of
neuroprotective interventions. In particular,
to reach the best results, a holistic approach
that should go beyond the reduction of
intraocular pressure to include early and
accurate diagnosis and individualized
treatment plans and strict patient education
to reduce the non-adherence factor is
essential (Menino & Coelho, 2023). Such a
comprehensive view shows that although
the evidence-based approach to slowing
down the progression of the disease is the
sole proven means of lowering intraacidual
pressure, its efficacy depends on patient
adherence and proper monitoring (Lim &
Laroche, 2026). In fact, non-compliance
has continued to be associated with
worsened glaucoma progression and high
loss to follow-up rates (Oltramari et al.,
2024). With severe glaucomatous disease,
the adherence to scheduled check-ups can
be worse and may either lead to the disease
progression or signify that people with
more advanced disease are less willing to
attend the check-ups regularly (Ung et al.,
2013). Such a drop in compliance does not
only reduce the effectiveness of medical
interventions but also leads to a

deterioration of the visual field and a high

risk of surgical failure (Cvenkel & Kolko,
2022; Neuhann et al., 2024; Oltramari et al.,
2024). On the contrary, the increased
adherence rates correlate with stable visual
fields, which highlights the utmost
importance of long-term  medication
adherence in terms of vision conservation
(Oltramari et al., 2023). Patient adherence
to glaucoma treatment regimens has been
found to be affected by a number of factors,
such as sociodemographic and
psychological ones (Malewicz et al., 2024).
As an example, non-White patients have
been reported to display much lower levels
of adherence to glaucoma medications
relative to White patients which is
associated with greater levels of severity of
the visual field defects (Sleath et al., 2011).
Moreover, asymptomatic glaucoma at its
early stages can also be a problematic factor
in drug adherence, with researchers
reporting that a large percentage of patients
stop taking medication within the first few
months (Quaranta et al., 2023). To address
this widespread problem of non-
compliance, new methods, including
sustained-release drug delivery systems,
are being created to overcome the necessity
to use topical medications regularly
administered by the patient, improving the
continuity and effectiveness of treatment
(Adebayo & Laroche, 2023; Li and Dang,
2025). The prevalent issue of non-
adherence in patients, which has been
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reported to reach 80% in glaucoma patients,
is a significant deterrent to the efficacy of
treatment and increases the chances of
visual field advancement (Tshivhase,
2020). This urgent problem underscores the
importance of adopting measures to
enhance patient compliance, such as
educational activities, medication prompts,
and aids, such as eye drop assistants (Biran
etal., 2023). Many patients lack persistence
to topical glaucoma treatments because of
several factors such as forgetfulness,
complexity of multi-drug therapy, lack of
knowledge about the pathophysiology of
the disease, and a lack of symptomatic
effect (Quaranta et al., 2023). Additionally,
the economic strain of taking long-term
medications and the challenges associated
with self-administered eye drops faced by
some patients also worsen adherence issues
(Dick et al., 2019). To add to these
obstacles, other factors such as
forgetfulness, instillation problems and
self-efficacy lead to poor adherence
(Fingeret and Dickerson, 2018). This non-
compliance amongst the majority of
patients may result in a large percentage of
patients, who are not getting the desired
therapeutic effects, and in some studies,
approximately half of patients will stop
prescribed glaucoma medications in six
months (Elhusseiny and Aref, 2024). These
levels of non-adherence mean that the level

of intraocular pressure control will be

inadequate, thus increasing the rate at
which the optic nerve is damaged and
irreversible vision loss ensues (Kim et al.,
2017). It will require a combined effort to
create new therapeutic approaches, such as
novel drug delivery methods, that will
bypass these internal patient-based barriers
and achieve the same level of therapeutic
consistency (Fedorchak et al., 2017;
Kishore et al., 2024). As a result, there is a
growing trend to adopt a paradigm shift to
interventional glaucoma treatments that
avoid  self-dosing, increase  patient
compliance, and ultimately improve long-
term visual outcomes (Radcliffe et al.,
2023). In particular, the creation of
sustained-release ocular hypotensive drug
systems will be a promising step towards
better patient compliance and avoiding
vision loss, as opposed to traditional topical
delivery methods (Al-Qaysi et al., 2023).
The purpose of these novel delivery
systems is to achieve a steady-state
treatment effect to reduce the effect of the
variability of patient compliance on clinical
outcomes, and to potentially offer
neuroprotection (Denis, 2011; Konstas et
al., 2025).

CONCLUSION

This paper has conclusively shown that
early intervention in glaucoma can greatly
decrease the loss of irreversible vision,

although its success greatly relies on the
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accuracy of the diagnosis, therapeutic
choice based on the phenotype of the
disease and adherence of the patient. The
findings confirm that multimodal imaging
using artificial intelligence produces a
better diagnostic performance (0.983 area
under the curve) compared to traditional
modalities, although a  systematic
performance reduction of 0.041 to 0.083 is
observed as the systems change between
controlled and real-world conditions, which
requires algorithm optimization before they
can be widely applicable. Phenotype-
specific modelling demonstrates that the
most rapidly progressing types, such as
pseudoexfoliation and juvenile glaucoma,
would benefit most with early intervention
of averted fractions of more than fifty-four
percent, but that only eighteen percent of
the benefit of screening would be achieved
in slow-progressing primary open-angle
glaucoma. Trabeculectomy has the highest
intraocular pressure reduction of 12.34
millimeters of mercury, but the new EP2
agonist has a good adverse event profile of
only 8.67 percent, and sustained-release
delivery systems such as the ENWV515
device maintain pressure over eight
months, which is an adherence issue.
Ironically, patient non-adherence can
severely exacerbate the entire outcomes, as
the odds of surgical failure are more than 8
times higher and the onset of a visual field
loss is nearly 6 times faster, which explains

the fact that even the most sophisticated
interventions do not work with inconsistent
medication adherence. Health economic
analysis proves that Al triage and early
minimal-invasive surgery on glaucoma are
cost-effective despite increased initial
costs. Future work needs to focus on the
real-world Al validation, development of
neuroprotective agents especially the nerve
growth factor and nicotinamide, and
adherence-enhancing technology such as
smart drops and long-acting implants to
convert the findings of diagnostic and
therapeutic technologies into permanent

visual function maintenance.
REFERENCES

Adebayo, A., & Laroche, D. (2023).
Unfulfilled Needs in the Detection,
Diagnosis, Monitoring, Treatment, and
Understanding of Glaucoma in Blacks
Globally [Review of Unfulfilled Needs in
the Detection, Diagnosis, Monitoring,
Treatment, and  Understanding  of
Glaucoma in Blacks Globally]. Journal of
Racial and Ethnic Health Disparities, 11(4),
2103. Springer
Media. https://doi.org/10.1007/s40615-

023-01679-2

Science+Business

Ahmed, H. S., & Mahadevappa, V. (2023).
Advancing glaucoma detection with
convolutional neural networks: a paradigm

shift in ophthalmology [Review of

Page 110 of 26



https://lsperspectives.com/index.php/LSP/index
https://doi.org/10.1007/s40615-023-01679-2
https://doi.org/10.1007/s40615-023-01679-2

LIFE SCIENCES PERSPECTIVES|

Advancing glaucoma detection with
convolutional neural networks: a paradigm
shift in ophthalmology]. Romanian Journal
of Ophthalmology, 67(3). Romanian
Society of
Ophthalmology. https://doi.org/10.22336/r

]0.2023.39

Akbar, S., Shah, S. R., Alshehri, M.,
Sharma, S. K., & Gupta, P. (2024). A
Mathematical ~Study for Promoting
Disability Inclusion in Glaucoma: A
Comprehensive Deleted
Journal, 3(1). https://doi.org/10.57197/jdr-
2023-0062

Approach.

Al-Qaysi, Z. K., Beadham, I., Schwikkard,
S., Bear, J. C., Al-Kinani, A. A., & Alany,
R. G. (2023). Sustained release ocular drug
delivery systems for glaucoma therapy.
Expert Opinion on Drug Delivery, 20(7),
905. https://doi.org/10.1080/17425247.202
3.2219053

AlShawabkeh, M., AlRyalat, S. A., Bdour,
M. A., Alni'mat, A., & Al-Akhras, M.
(2024). The utilization of artificial
intelligence in glaucoma: diagnosis versus
screening. Frontiers in  Ophthalmology,
4. https://doi.org/10.3389/fopht.2024.1368
081

Bilal, A., Constantin, F., Chirila, S., &
Hangan, T. (2025). New trends in the
treatment of open-angle glaucoma: a

critical review [Review of New trends in

the treatment of open-angle glaucoma: a
critical review]. International
Ophthalmology, 45(1).
Science+Business

Media. https://doi.org/10.1007/s10792-

025-03773-2

Springer

Biran, A., Goldberg, M., Shemesh, N., &
Achiron, A. (2023). Improving Compliance
with Medical Treatment Using Eye Drop
Aids. Encyclopedia, 3(3),
919. https://doi.org/10.3390/encyclopedia3
030065

Chan, K. C., & Sappington, R. M. (2023).
Editorial: Translational opportunities for Al
in glaucoma. Frontiers in Ophthalmology,
3. https://doi.org/10.3389/fopht.2023.1299
582

Chongyang, S., & Yong, T. (2026).
Artificial Intelligence in Ophthalmology:
Current Status, Challenges, and Future
Perspectives. Health Care
Science. https://doi.org/10.1002/hcs2.7005
2

Coan, L. J., Williams, B. M., Adithya, V.,
Upadhyaya, S., Kafri, A. S. A., Czanner, S.,
Venkatesh, R., Willoughby, C. E., Kavitha,
S., & Czanner, G. (2022). Automatic
detection of glaucoma via fundus imaging
and artificial intelligence: A review. Survey
of Ophthalmology, 68(1),
17. https://doi.org/10.1016/j.survophthal.2

022.08.005

Page 111 of 26



https://lsperspectives.com/index.php/LSP/index
https://doi.org/10.22336/rjo.2023.39
https://doi.org/10.22336/rjo.2023.39
https://doi.org/10.57197/jdr-2023-0062
https://doi.org/10.57197/jdr-2023-0062
https://doi.org/10.1080/17425247.2023.2219053
https://doi.org/10.1080/17425247.2023.2219053
https://doi.org/10.3389/fopht.2024.1368081
https://doi.org/10.3389/fopht.2024.1368081
https://doi.org/10.1007/s10792-025-03773-2
https://doi.org/10.1007/s10792-025-03773-2
https://doi.org/10.3390/encyclopedia3030065
https://doi.org/10.3390/encyclopedia3030065
https://doi.org/10.3389/fopht.2023.1299582
https://doi.org/10.3389/fopht.2023.1299582
https://doi.org/10.1002/hcs2.70052
https://doi.org/10.1002/hcs2.70052
https://doi.org/10.1016/j.survophthal.2022.08.005
https://doi.org/10.1016/j.survophthal.2022.08.005

LIFE SCIENCES PERSPECTIVES|

Cvenkel, B., & Kolko, M. (2022). Devices
and Treatments to Address Low Adherence
in Glaucoma Patients: A Narrative Review.
Journal of Clinical Medicine, 12(1),
151. https://doi.org/10.3390/jcm12010151

Denis, P. (2011). Adverse Effects,
Adherence and Cost—Benefits in Glaucoma
Treatment. European Ophthalmic Review,
5(2),

116. https://doi.org/10.17925/e0r.2011.05.
02.116

Dick, H. B., Schultz, T., & Gerste, R. D.
(2019). Miniaturization in Glaucoma
Monitoring and Treatment: A Review of
New Technologies That Require a Minimal
Surgical Approach [Review of
Miniaturization in Glaucoma Monitoring
and Treatment: A Review of New
Technologies That Require a Minimal
Surgical Approach]. Ophthalmology and
Therapy, 8(1), 19. Adis, Springer
Healthcare. https://doi.org/10.1007/s40123

-019-0161-2

Elhusseiny, A. M., & Aref, A. A. (2024).
Sustained Release Therapies with the
Prostaglandin  Analogues Intracameral
Implants. Ophthalmology and Therapy,
13(7),

1833. https://doi.org/10.1007/s40123-024-
00965-4

Fea, A. M., Ricardi, F., Novarese, C.,
Cimorosi, F., Vallino, V., & Boscia, G.

(2023). Precision Medicine in Glaucoma:

Artificial Intelligence, Biomarkers,
Genetics and Redox State. International
Journal of Molecular Sciences, 24(3),
2814. https://doi.org/10.3390/ijms2403281

4

Fedorchak, M. V., Conner, I. P., Schuman,
J. S., Cugini, A. V., & Little, S. R. (2017).
Long Term Glaucoma Drug Delivery Using
a Topically Retained Gel/Microsphere Eye
Drop. Scientific Reports,
7(1). https://doi.org/10.1038/s41598-017-

09379-8

Fingeret, M., & Dickerson, J. E. (2018).
The Role of Minimally Invasive Glaucoma
Surgery Devices in the Management of
Glaucoma [Review of The Role of
Minimally Invasive Glaucoma Surgery
Devices in the Management of Glaucoma].
Optometry and Vision Science, 95(2), 155.
Lippincott Williams &
Wilkins. https://doi.org/10.1097/0px.0000
000000001173

Fleming, C. (2005). Screening for Primary
Open-Angle Glaucoma in the Primary Care
Setting: An Update for the US Preventive
Services Task Force. Carolina Digital
Repository (University of North Carolina at
Chapel

Hill). https://doi.org/10.17615/rc7b-9q17

Goit, R. K. (2025). Exploring Glaucoma:
From Pathogenesis to Emerging Diagnostic

Page 112 of 26



https://lsperspectives.com/index.php/LSP/index
https://doi.org/10.3390/jcm12010151
https://doi.org/10.17925/eor.2011.05.02.116
https://doi.org/10.17925/eor.2011.05.02.116
https://doi.org/10.1007/s40123-019-0161-2
https://doi.org/10.1007/s40123-019-0161-2
https://doi.org/10.1007/s40123-024-00965-4
https://doi.org/10.1007/s40123-024-00965-4
https://doi.org/10.3390/ijms24032814
https://doi.org/10.3390/ijms24032814
https://doi.org/10.1038/s41598-017-09379-8
https://doi.org/10.1038/s41598-017-09379-8
https://doi.org/10.1097/opx.0000000000001173
https://doi.org/10.1097/opx.0000000000001173
https://doi.org/10.17615/rc7b-9q17

LIFE SCIENCES PERSPECTIVES|

and Management Strategies. Journal of
Ophthalmology, 2025(1),
8476785. https://doi.org/10.1155/joph/847
6785

Guo, Y., & Heindl, L. M. (2024). Editorial:
Insights in surgical ophthalmology: 2023.
Frontiers in Ophthalmology,
4. https://doi.org/10.3389/fopht.2024.1407

362

Harris, A., Vercellin, A. V., Weinreb, R. N.,
Khawaja, A. P., MacGregor, S., &
Pasquale, L. R. (2023). Lessons From The
Glaucoma Foundation Think Tank 2023: A
Patient-Centric Approach to Glaucoma.
Glaucoma,
33(3). https://doi.org/10.1097/ijg.0000000
000002353

Journal of

Hassan, B., Raja, H., Hassan, T., Akram,
M. U., Raja, H., Abd-Alrazaq, A., Yousefi,
S., & Werghi, N. (2024). A comprehensive
review of artificial intelligence models for
screening major retinal diseases [Review of
A comprehensive review of artificial
intelligence models for screening major
retinal diseases]. Artificial Intelligence
Review, 57(5). Springer Science+Business
Media. https://doi.org/10.1007/s10462-
024-10736-z

Huang, X., Islam, M. R., Akter, S., Ahmed,
F., Kazami, E., Serhan, H. A., Abd-
Alrazag, A., & Yousefi, S. (2023).

Artificial  intelligence in  glaucoma:

opportunities, challenges, and future
BioMedical Engineering
OnLine, 22(1),
126. https://doi.org/10.1186/s12938-023-
01187-8

directions.

Hung, S.-H., Yen, W., & Lu, D. (2025).
Advances in Glaucoma Diagnosis and
Treatment: Integrating Innovations for
Enhanced Patient Outcomes.
Biomedicines, 13(4),
850. https://doi.org/10.3390/biomedicinesl

3040850

Jan, C., He, M., Vingrys, A. J., Zhu, Z., &
Stafford, R. S. (2024). Diagnosing
glaucoma in primary eye care and the role
of Atrtificial Intelligence applications for
reducing the prevalence of undetected
glaucoma in Australia [Review of
Diagnosing glaucoma in primary eye care
and the role of Artificial Intelligence
applications for reducing the prevalence of
undetected glaucoma in Australia]. Eye,
38(11), 2003.
Nature. https://doi.org/10.1038/s41433-
024-03026-z

Springer

Johansyah, C. A. P. (2024). A Systematic
Review of Cyclophotocoagulation
Techniques: Continuous Wave Versus
Micropulse for Glaucoma Treatment
[Review of A Systematic Review of
Cyclophotocoagulation Techniques:

Continuous Wave Versus Micropulse for

Page 113 of 26



https://lsperspectives.com/index.php/LSP/index
https://doi.org/10.1155/joph/8476785
https://doi.org/10.1155/joph/8476785
https://doi.org/10.3389/fopht.2024.1407362
https://doi.org/10.3389/fopht.2024.1407362
https://doi.org/10.1097/ijg.0000000000002353
https://doi.org/10.1097/ijg.0000000000002353
https://doi.org/10.1007/s10462-024-10736-z
https://doi.org/10.1007/s10462-024-10736-z
https://doi.org/10.1186/s12938-023-01187-8
https://doi.org/10.1186/s12938-023-01187-8
https://doi.org/10.3390/biomedicines13040850
https://doi.org/10.3390/biomedicines13040850
https://doi.org/10.1038/s41433-024-03026-z
https://doi.org/10.1038/s41433-024-03026-z

LIFE SCIENCES PERSPECTIVES|

Glaucoma Treatment]. Beyoglu Eye
Journal,
1. https://doi.org/10.14744/bej.2024.47123

K, S. pachayammal, Kalra, M., & Zahoor,
A. (2025). Advancements in Deep Learning
for Glaucoma Detection from Fundus
Images: A Comprehensive Analysis.
Journal of Transformative Technologies
and Sustainable Development,
9(1). https://doi.org/10.1007/s41314-025-

00073-6

Khan, M. A. U., Soomro, T. A., & Razzak,
I. (2025). The Role of Al in Early Detection
of Life-Threatening Diseases: A Retinal
Imaging Perspective. arXiv (Cornell
University). https://doi.org/10.48550/arxiv
.2505.20810

Kim, J., Kudisch, M., Silva, N. R. K. da,
Asada, H., Aya-Shibuya, E., Bloomer, M.
M., Mudumba, S., Bhisitkul, R. B., &
Desai, T. A. (2017). Long-term intraocular
pressure reduction with intracameral
polycaprolactone glaucoma devices that
deliver a novel anti-glaucoma agent.
Journal of Controlled Release, 269,
45, https://doi.org/10.1016/j.jconrel.2017.1
1.008

Kishore, A., Mahor, A., Singh, N. K,
Singh, P. P., Rathore, P., & Bansal, K. K.
(2024). Oil-in-water nanoemulsions for
glaucoma treatment: An insight into the

latest trends [Review of Oil-in-water

nanoemulsions for glaucoma treatment: An
insight into the latest trends]. Bioimpacts.
Tabriz University of Medical
Sciences. https://doi.org/10.34172/bi.2024.
30224

Knapp, A. (1940). Indian Journal of
Ophthalmology.
Ophthalmology, 24(3),
614. https://doi.org/10.1001/archopht.1940
.00870030192025

Archives of

Konstas, A. G., Hollo, G., & Baoboridis, K.
(2025). Preservative-Free Gel-Formulated
Glaucoma Therapies: Learning from the
Past, Looking to the Future [Review of
Preservative-Free Gel-Formulated
Glaucoma Therapies: Learning from the
Past, Looking to the Future]. Advances in
Therapy. Adis,
Healthcare. https://doi.org/10.1007/s12325

-025-03342-0

Springer

Laroche, D., Desrosiers, A., & Ng, C.
(2024). Short-term report of early glaucoma
surgery with a clear lens extraction and an
intraocular lens, OMNI canaloplasty, and a
HYDRUS microstent: a case series in
younger patients. Frontiers in
Ophthalmology,

3. https://doi.org/10.3389/fopht.2023.1288

052

Li, H., & Dang, Y. (2025). Glaucoma
Management: A Pharmacological

Perspective. The Open Ophthalmology

Page 114 of 26



https://lsperspectives.com/index.php/LSP/index
https://doi.org/10.14744/bej.2024.47123
https://doi.org/10.1007/s41314-025-00073-6
https://doi.org/10.1007/s41314-025-00073-6
https://doi.org/10.48550/arxiv.2505.20810
https://doi.org/10.48550/arxiv.2505.20810
https://doi.org/10.1016/j.jconrel.2017.11.008
https://doi.org/10.1016/j.jconrel.2017.11.008
https://doi.org/10.34172/bi.2024.30224
https://doi.org/10.34172/bi.2024.30224
https://doi.org/10.1001/archopht.1940.00870030192025
https://doi.org/10.1001/archopht.1940.00870030192025
https://doi.org/10.1007/s12325-025-03342-0
https://doi.org/10.1007/s12325-025-03342-0
https://doi.org/10.3389/fopht.2023.1288052
https://doi.org/10.3389/fopht.2023.1288052

LIFE SCIENCES PERSPECTIVES|

Journal,
19(1). https://doi.org/10.2174/0118743641
422074250905101828

Lim, S., & Laroche, D. (2026). New
Insights into Glaucoma—An Editorial
Review on Broadening Risk Assessment,
Refining Surgical Strategy, and
Standardizing Clinical Practice. Journal of
Clinical Medicine, 15(3),
1213. https://doi.org/10.3390/jcm1503121

3

Malewicz, K., Pender, A., Chabowski, M.,
& Jankowska-Polanska, B. (2024). Impact
of Sociodemographic and Psychological
Factors on Adherence to Glaucoma
Treatment - A Cross-Sectional Study.
Clinical
2503. https://doi.org/10.2147/opth.s47581
2

Ophthalmology,

Mandal, S. (2024). Deep Learning to
Predict Glaucoma Progression using
Structural Changes in the Eye. arXiv
(Cornell

University). https://doi.org/10.48550/arxiv
.2406.05605

Menino, J., & Coelho, A. (2023). Initial
medication adherence in newly diagnosed
glaucoma patients: three adherence
measures.  International  Journal  of
Ophthalmology, 16(4),
630. https://doi.org/10.18240/ij0.2023.04.1

8

Michelson, G., Hornegger, J., Wérntges, S.,
& Lausen, B. (2008). The Papilla as
Screening Parameter for Early Diagnosis of
Glaucoma. Arzteblatt
International. https://doi.org/10.3238/arzte
bl.2008.0583

Deutsches

Neuhann, T., Neuhann, R., & Hornbeak, D.
M. (2024). Ten-Year Effectiveness and
Safety of Trabecular Micro-Bypass Stent
Implantation with Cataract Surgery in
Patients with Glaucoma or Ocular
Hypertension.
Therapy, 13(8),
2243, https://doi.org/10.1007/s40123-024-
00984-1

Ophthalmology and

Nitikarun, P., & Kongsap, P. (2024).
Comparative  Analysis of Glaucoma
Screening Uptake Among First-Degree
Relatives After Community-Based and
Hospital-Based = Approaches.  Clinical
Ophthalmology,

1563. https://doi.org/10.2147/0opth.s45931

8

Oltramari, L., Mansberger, S. L., Souza, J.
M. P., Sousa, L. B. de, Azevedo, S. F. M.
de, & Abe, R. Y. (2023). The Association
Between Glaucoma Treatment Adherence
with Disease Progression and Loss to
Follow-Up. Research Square (Research
Square). https://doi.org/10.21203/rs.3.rs-
3260407/v1

Page 115 of 26



https://lsperspectives.com/index.php/LSP/index
https://doi.org/10.2174/0118743641422074250905101828
https://doi.org/10.2174/0118743641422074250905101828
https://doi.org/10.3390/jcm15031213
https://doi.org/10.3390/jcm15031213
https://doi.org/10.2147/opth.s475812
https://doi.org/10.2147/opth.s475812
https://doi.org/10.48550/arxiv.2406.05605
https://doi.org/10.48550/arxiv.2406.05605
https://doi.org/10.18240/ijo.2023.04.18
https://doi.org/10.18240/ijo.2023.04.18
https://doi.org/10.3238/arztebl.2008.0583
https://doi.org/10.3238/arztebl.2008.0583
https://doi.org/10.1007/s40123-024-00984-1
https://doi.org/10.1007/s40123-024-00984-1
https://doi.org/10.2147/opth.s459318
https://doi.org/10.2147/opth.s459318
https://doi.org/10.21203/rs.3.rs-3260407/v1
https://doi.org/10.21203/rs.3.rs-3260407/v1

LIFE SCIENCES PERSPECTIVES|

Oltramari, L., Mansberger, S. L., Souza, J.
M. P., Sousa, L. B. de, Azevedo, S. F. M.
de, & Abe, R. Y. (2024). The association
between glaucoma treatment adherence
with disease progression and loss to follow-
up. Scientific
14(1). https://doi.org/10.1038/s41598-024-
52800-2

Reports,

Quaranta, L., Novella, A., Tettamanti, M.,
Pasina, L., Weinreb, R. N., & Nobili, A.
(2023). Adherence and Persistence to
Medical Therapy in Glaucoma: An
Overview [Review of Adherence and
Persistence to Medical Therapy in
Glaucoma: An Overview]. Ophthalmology
and Therapy, 12(5), 2227. Adis, Springer
Healthcare. https://doi.org/10.1007/s40123
-023-00730-z

Radcliffe, N. M., Shah, M., & Samuelson,
T. W. (2023). Challenging the "Topical
Medications-First" Approach to Glaucoma:
A Treatment Paradigm in Evolution.
Ophthalmology and Therapy, 12(6),
2823. https://doi.org/10.1007/s40123-023-
00831-9

Raja, H., Hassan, T., Hassan, B., Akram,
M. U,, Raja, H., Abd-Alrazaq, A., Yousefi,
S., & Werghi, N. (2023). A Comprehensive
Review of  Artificial Intelligence
Applications in Major Retinal Conditions
[Review of A Comprehensive Review of

Artificial Intelligence Applications in

Major Retinal Conditions]. arXiv (Cornell
University). Cornell
University. https://doi.org/10.48550/arxiv.
2311.13710

Sarkis, S., Chamard, C., Johansen, B.,
Daien, V., & Michon, F. (2025).
Challenging glaucoma with emerging
therapies: an overview of advancements
against the silent thief of sight. Frontiers in
Medicine, 12,
1527319. https://doi.org/10.3389/fmed.202
5.1527319

Sleath, B., Blalock, S. J., Covert, D., Stone,
J., Skinner, A. C., Muir, K. W., & Robin,
A. L. (2011). The Relationship between
Glaucoma Medication Adherence, Eye
Drop Technique, and Visual Field Defect
Ophthalmology, 118(12),
2398. https://doi.org/10.1016/j.ophtha.201
1.05.013

Severity.

Thompson, A. C., Jammal, A. A, &
Medeiros, F. A. (2020). A Review of Deep
Learning for Screening, Diagnosis, and
Detection of Glaucoma Progression.
Translational Vision Science &
Technology, 9(2),

42. https://doi.org/10.1167/tvst.9.2.42

Tshivhase, S. (2020). Systematic Literature
Review on strengthening Eye Care Follow-
Up Among Glaucoma Patients in Limpopo
Province. The Open Public Health Journal,
13(2),

Page 116 of 26



https://lsperspectives.com/index.php/LSP/index
https://doi.org/10.1038/s41598-024-52800-2
https://doi.org/10.1038/s41598-024-52800-2
https://doi.org/10.1007/s40123-023-00730-z
https://doi.org/10.1007/s40123-023-00730-z
https://doi.org/10.1007/s40123-023-00831-9
https://doi.org/10.1007/s40123-023-00831-9
https://doi.org/10.48550/arxiv.2311.13710
https://doi.org/10.48550/arxiv.2311.13710
https://doi.org/10.3389/fmed.2025.1527319
https://doi.org/10.3389/fmed.2025.1527319
https://doi.org/10.1016/j.ophtha.2011.05.013
https://doi.org/10.1016/j.ophtha.2011.05.013
https://doi.org/10.1167/tvst.9.2.42

LIFE SCIENCES PERSPECTIVES|

134. https://doi.org/10.2174/18749445020
13010134

Ung, C., Murakami, Y., Zhang, E., Alfaro,
T., Zhang, M., Seider, M. I, Singh, K., &
Lin, S. C. (2013). The Association Between
Compliance With Recommended Follow-
up and Glaucomatous Disease Severity in a
County Hospital Population. American
Journal of Ophthalmology, 156(2),
362. https://doi.org/10.1016/j.aj0.2013.03.
005

Urazhanova, M.,
Dautbayeva, Z., & Semenova, Y. (2025).

Glaucoma screening in  Kazakhstan.

Kadraliyeva, E.,

Scientific Reports,
15(1). https://doi.org/10.1038/s41598-025-

12540-3

Yang, A.-S., Wang, H.-S., Li, T. T., Liu, C.-
H., & Chen, C. (2025). Diagnosis of early
glaucoma likely combined with high
myopia by integrating OCT thickness map
and standard automated and Pulsar
perimetries. Scientific Reports, 15(1),
13614. https://doi.org/10.1038/s41598-
025-97883-7

Zhang, L., Tang, L., Xia, M., & Cao, G.
(2023). The application of artificial
intelligence in glaucoma diagnosis and
prediction [Review of The application of
artificial intelligence in glaucoma diagnosis
and prediction]. Frontiers in Cell and

Developmental Biology, 11. Frontiers

Media. https://doi.org/10.3389/fcell.2023.1
173094

Zhao, L., Li, J., Feng, L., Zhang, C., Zhang,
W., Wang, C., He, Y., Wen, D., & Song, W.
(2022). Depicting Developing Trend and
Core Knowledge of Primary Open-Angle
Glaucoma: A Bibliometric and Visualized
Analysis [Review of Depicting Developing
Trend and Core Knowledge of Primary
Open-Angle Glaucoma: A Bibliometric and
Visualized  Analysis].  Frontiers in
Medicine, 9. Frontiers
Media. https://doi.org/10.3389/fmed.2022.

922527

Page 117 of 26



https://lsperspectives.com/index.php/LSP/index
https://doi.org/10.2174/1874944502013010134
https://doi.org/10.2174/1874944502013010134
https://doi.org/10.1016/j.ajo.2013.03.005
https://doi.org/10.1016/j.ajo.2013.03.005
https://doi.org/10.1038/s41598-025-12540-3
https://doi.org/10.1038/s41598-025-12540-3
https://doi.org/10.1038/s41598-025-97883-7
https://doi.org/10.1038/s41598-025-97883-7
https://doi.org/10.3389/fcell.2023.1173094
https://doi.org/10.3389/fcell.2023.1173094
https://doi.org/10.3389/fmed.2022.922527
https://doi.org/10.3389/fmed.2022.922527

