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Abstract: Glaucoma continues to be a leading cause of blindness worldwide for the same reasons as in the past several decades,
including the lack of early detection, improper treatment, and non-adherence to therapy. Medical therapy continues to be the first-line
therapy even as surgical techniques are improving in their safety and efficacy. To turn the tide in preventing blindness from glaucoma,
attention must be focused on targeted patient education, screening, effective treatment, and addressing health disparities. To achieve
this, early safer cataract surgery and microinvasive glaucoma surgery must be considered as a first-line therapy in addition to medical
therapy to best lower both intraocular pressure and the medication burden.
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Introduction

Glaucoma is the leading cause of irreversible blindness affecting 3—5% of the worldwide population over 40 years old.'~
The most recent estimate of bilateral glaucoma blindness from 2020 is 5.9 million people.® The number affected is
expected to continue to grow to a projected more than 111 million people by 2040 disproportionately in Africa, which has
the highest primary open angle glaucoma (POAG) prevalence, and Asia, which has the highest primary acute angle
glaucoma prevalence.”

The answer to the question as to why people go blind from glaucoma continues to be the same as in 1982 when Grant
et al posed this question.”® One third of patients are undiagnosed, one third are not treated for glaucoma appropriately,
and one third are non-adherent to glaucoma therapy.’ According to the Preferred Practice Patterns (PPP) of the American
Academy of Ophthalmology (AAO), medical therapy continues to be the first-line therapy for POAG.” We must revisit
this.

Glaucoma has both economic and quality of life impacts based on the extent of visual field loss and disease severity.®
As a result, attention to prevention of glaucoma progression through education, screening, effective treatment, and
addressing health disparities is essential. This can be best accomplished through a change in focus from early medical
therapy to earlier safer surgical interventions based on glaucoma severity. Here are five recommendations to bend the
curve to stop people from going blind from glaucoma.

We Need to be More Aggressive About Educating and Screening for Undiagnosed Glaucoma in High-Risk
Populations Using Targeted Outreach and Multimodal Testing Methods in Order to Detect and Intervene Earlier in the
Disease Course.

Large population-based studies indicate that the majority of glaucoma cases, specifically in the United States (US), are
undiagnosed.” The prevalence of glaucoma has been shown to increase with advancing age to include 2.9% of adults at
least 40 years old and 6.6% of adults at least 70 years old in the US.'° In other parts of the world such as South Africa,
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the proportion of undiagnosed is even higher, including 87% of cases in the population of black residents of at least 40
years old in the city of Temba.'’

Glaucoma disproportionately impacts Black, Hispanic, and elderly populations, so education and screening efforts should
focus on these high-risk populations.”'""'? One contributing reason why glaucoma is underdiagnosed and presents late is that
patients underestimate and are not knowledgeable about their risk of developing glaucoma.'® As a result, education through
media sources and accessible mediums, especially mobile devices, being used now is essential. Mobile-based education can
improve both public and patient awareness about glaucoma given knowledge gaps in these populations, especially high-risk
groups including the elderly and Black and Afro-Latino communities in the US.'*'> Targeted educational funding of health
campaigns supported by the National Institutes of Health and as a part of other government research funding can involve
targeted media of television, local press, local radio, and social media to reach elderly and Black and Afro-Latino
communities which can be further facilitated through Black and Afro-Latino-owned media.

To expand glaucoma screenings in high-risk populations, there should be a focus on the expansion of quality medical
facilities in Black and Afro-Latino communities that are staffed by a representatively diverse workforce of community
members who can provide excellent culturally competent care. The evidence for the efficacy of student-run free eye
clinics is not well studied, but one recent national survey indicated that glaucoma is among the most common eye
condition encountered in 23% of the 13 clinics surveyed.'® One screening student-run free eye clinic in an underserved
urban area of Indianapolis that serves a large Black and Afro-Latino population had glaucoma as one of the most
common reasons for referral to the local county hospital.'”

To improve the sensitivity of glaucoma screening, access to a combination of structural and functional tests and
imaging technologies for high-risk populations is essential based on recommendations from the Consensus of the World
Glaucoma Association on Glaucoma Screening and Glaucoma Diagnosis.'® The glaucoma screening threshold should be
relatively low given that the mean normal intraocular pressure (IOP) is 15 mmHg and the mean IOP in patients with
untreated glaucoma is 18 mmHg. Patients with an IOP of 18 mmHg or higher should undergo gonioscopy, optic nerve
assessment, and optical coherence tomography (OCT) assessment. Incorporation of OCT into glaucoma screening
programs can facilitate both detection with sensitivity between 70% and 80% and diagnosis with specificity of 80%.

OCT has the potential to reduce the prevalence undiagnosed glaucoma from 75% to 38%."

Stopping Pigment Liberation and Lower IOP Targets Based on Glaucoma Severity Can
be Achieved Through Early Surgical Intervention of Cataract Surgery and Micro
Invasive Glaucoma Surgery (MIGS) with Adjuvant Medical Therapy

First-line medical therapy to lower IOP in patients with glaucoma has been shown to be inadequate in fully preventing
disease progression. For instance, the average IOP decrease of 25% or 5.1 mmHg in the Early Manifest Glaucoma Trial
(EMGT) was insufficient to prevent visual field loss in the majority of patients over the four-year study. Despite
substantial advances in the field showing that surgical intervention, including earlier cataract surgery and MIGS for
mild to moderate glaucoma, can eliminate the risk of angle closure and significantly lower IOP, this has not traditionally
been offered as initial or early glaucoma treatment.**'

Early surgical treatment should be considered given that POAG is often caused by the lens enlarging with aging. The
enlarging lens compresses Schlemm’s canal and liberates pigment through contact with the posterior iris which becomes
trapped in the trabecular meshwork. Both the Schlemm’s canal and trabecular meshwork are required for aqueous
drainage, so the enlarged lens decreases aqueous outflow leading to elevated IOP. There are multiple mechanisms by
which surgical interventions for glaucoma are proposed to counter these effects. Clear lensectomy results in enhanced
patency of Schlemm’s canal and trabecular meshwork expansion. Concurrently, MIGS bypasses the partially obstructed
trabecular meshwork and expands aqueous access to Schlemm’s canal and collector channels. Figure 1 demonstrates the
placement of the Hydrus form of MIGS to treat POAG by bypassing the trabecular meshwork obstructed by visible
pigment. The Hydrus is preferred over the iStent because this device has been found to more likely be burrowed in the

trabeculum rather than be placed appropriately in the Schlemm canal.*
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Pigment
obstruction of TM
in POAG

NIDEK Gonioscope

Figure | The Hydrus stent placement to bypass trabecular meshwork (TM) obstruction from pigment in primary open angle glaucoma (POAG) is shown in relation to the
superior (S), nasal (N), inferior (I), and temporal (T) directions. The arrows indicate the location of the pigment obstruction (<, |) and the Hydrus stent (—, 1), respectively.
Image was taken with a Nidek GS-1 Gonioscope courtesy of Dr Daniel Laroche.

For primary angle-closure glaucoma (PACQG), clear lensectomy is better at lowering IOP than first-line therapy of
laser peripheral iridotomy (LPI) and appears to produce similar outcomes alone and in conjunction with other therapies.
Clear lensectomy, goniosynechialysis, and the Hydrus stent have been reported to be successful in angle closure
glaucoma at reducing mean IOP.>* The Effectiveness in Angle-Closure Glaucoma of Lens Extraction (EAGLE) study
showed that clear lensectomy was better than LPI at lowering IOP.?° Other studies similarly showed that phacoemulsi-
fication results in a lower IOP increase over time and fewer complications compared to LPI over two years.”*

The benefits of early uncomplicated phacoemulsification are beginning to outweigh the risk and costs of medical
therapy over time. Technological advances have led to the prevalence of severe postoperative adverse events being
increasingly rare now at 0.5%.%° Although the evidence is mixed, one large cohort study of US veterans showed that
older age is associated with greater odds of postsurgical complications, making the benefit of cataract surgery greater at
a younger age.”® Uncomplicated phacoemulsification may also become safer in one group at higher risk of postoperative
complications, that is ophthalmology resident surgeries, particularly the first 50 to 80 procedures, with the incorporation
of surgical simulator training into the curriculum.?’~*®

Trabeculectomy is associated with a higher postoperative complication rate, including cataract formation, with similar
IOP reduction compared to phacoemulsification, so this procedure should be reserved for severe cases.””° According to
the Collaborative Initial Glaucoma Treatment Study (CIGTS), the average IOP reduction was shown to reach the target
level and be lower in the trabeculectomy group ranging from 35% to 48% compared to medical therapy. Surgical
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intervention in the Advanced Glaucoma Intervention Study (AGIS) resulted similarly in reductions in IOP preventing
glaucoma progression over nine years, including a mean IOP of 12.3 mmHg and intervisit IOP measurements below 18
mmHg. Given its side effect profile and IOP reduction effects, trabeculectomy should be considered as an initial
approach in advanced glaucoma patients.

Early surgery not only lowers IOP but also reduces the amount of medication needed to reach target IOP. This will
reduce the number of missed doses that is associated with visual field progression in glaucoma. In Black and Afro-
Latino populations, cataract surgery and MIGS, specifically the Hydrus stent, lowered IOP. Nearly 80% of patients no
longer needed eye medications. The earlier the glaucoma surgical intervention was performed, the less medication was
required.’' Once glaucoma is detected, earlier cataract surgery/lensectomy and MIGS should be considered to prevent
glaucoma progression, especially when there are challenges with follow-up. A retrospective study of private, commu-
nity-based practices of ophthalmologists found that patients with unstable or uncontrolled glaucoma were the least
likely group of patients to have follow-up scheduled within the recommended time intervals of the AAO’s PPP
guidelines.*?

General targets for IOP should vary by glaucoma severity, including 15 mmHg for mild glaucoma, 12 mmHg for
moderate to advanced glaucoma, and 8 to 12 mmHg for advanced glaucoma involving field progression in patients with
normal corneal thickness. These IOP targets can often be better achieved with early surgical intervention to reduce the
medication burden and enhance adherence to therapy. MIGS using the Hydrus stent has longitudinal evidence supporting
clinical benefits over the course of five years showing reduction in medication use and likelihood of requiring subsequent
invasive glaucoma surgery with a similar safety profile.>® Cataract extraction/refractive lensectomy and MIGS should be
considered for mild to moderate glaucoma and initial trabeculectomy for more advanced cases.

Diurnal IOP Peaks Can be Lowered Through Early Surgical Interventions for

Glaucoma

IOP peak measurement is a significant factor in glaucoma progression, potentially more than mean IOP.>**° This diurnal
measurement is often difficult to detect given time restraints of testing and capturing peaks during office hours given that
50% of IOP peak measurements occur outside of these hours.**>® One etiology comes from the additive effect of
episcleral venous pressure increasing at night while sleeping in the supine position, a measurement of retrograde aqueous
drainage, on IOP in glaucoma.’’

Diurnal IOP peak has been shown to be lowered significantly using MIGS for glaucoma. This can also reduce the
diurnal nighttime IOP in patients with hypotension. Post-hoc analysis of the GEMINI study showed that the difference
between the highest and lowest daily IOP measurements was shown to reduce from 2.8 mmHg on average preoperatively
to 1.8 mmHg on average 12 months postoperatively with greater proportions of lower IOPs compared to preoperative
levels. Diurnal IOP peaks were similarly affected in the prospective study of two iStent implants which showed mean
IOP reduction by 46% at four years postoperatively without use of glaucoma medication.*® Medications for glaucoma do
not typically affect diurnal IOP peaks with the exception of prostaglandin analogs. As a result, early MIGS intervention is
advantageous by reducing diurnal IOP peaks to slow glaucoma progression.

Early Cataract Surgery with MIGS Lowers the Medication Burden and |IOP for

Glaucoma While Preserving Visual Field

Medication adherence is a significant concern for long-term multimodal glaucoma medical management. The frequency
of dosing during the day proportionately decreases medication adherence based on the results of systemic review
evidence.’ There are multifaceted barriers to medication adherence, including forgetfulness, other life priorities, and
lack of education.*® For adherence to glaucoma medical therapy, specifically, factors that decrease adherence based on
the results of the Glaucoma Adherence and Persistency Study include receiving all knowledge about glaucoma from the
physician, lack of understanding of the effect medication non-adherence has on vision outcomes, difficulty paying for
medication or managing medication when away from home, and not acknowledging side effects of stinging and
burning.*!
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Early surgical intervention through cataract surgery/clear lensectomy with MIGS can reduce the long-term medication
therapy requirements of glaucoma treatment through its reduction in IOP, including affecting diurnal levels. Future long-term
study of medication therapy requirements is needed to elucidate the extent of reduction in medication burden and subsequent
extent of medical therapy adherence. The HORIZON study has shown that 73% patients on one glaucoma medication at
baseline that underwent Hydrus microstent placement remained medication-free after five years compared to the control
group that only underwent cataract surgery at 48%. Involving over 3000 data points, eyes treated with the Hydrus microstent
showed a 47% lower rate of mean deviation visual field loss relative to the control group. Additionally, there was a 20% to
30% increase in the medication free rate in the Hydrus group at all timepoints up to five years compared with the control
group.®® Similar effects have been seen in other studies, including a retrospective review showing similar improvements in
medication free levels and visual field test stabilization.>' Clear lensectomy and the Hydrus stent has been reported to lower
IOP and preserve visual field in patients with open angle glaucoma at a younger age at an average of 68 years old compared
to the national average of 73 years old.*?

Investing in Training a Diverse Workforce to Become Experts in Early Cataract

Surgery Will Reduce Health Disparities in Glaucoma Care

Among racial groups in the US, glaucoma disproportionately affects Blacks compared to Whites with a prevalence 4 to 5
times higher.” Wealth disparities between White and Black households at an average of $171,000 for Whites and $17,000
for Blacks indicate that economic access is more challenging for Blacks who have a greater disease burden. Therefore,
universal health insurance access will be important in equalizing equal access to healthcare as the short-term cost of
surgical intervention is much greater than medical therapy.

The disparities are also compounded by limited representation of Black physicians in the US who make up only 5%
of physicians, an increase of 4% over the course of 120 years solely from an increase in Black female physicians, which
influences Black patient willingness to seek preventative healthcare and to share health concerns.*>** There are over
40 million Blacks in the US and only 400 Black ophthalmologists. Additionally, about 13.5% of US physicians are from
underrepresented minoritized groups even though these groups make up 31% of the US population.*> Many communities
in the United States are segregated by race still today. As such, many of the healthcare institutions are not located in those
segregated communities. There are also few Black physicians in these communities. This must change.
Disproportionately low representation of Blacks extends to POAG clinical trials as there are Black participants at
much lower rates compared to Whites despite the higher disease burden.*®

More diversity in medical training, especially underrepresented Black and Afro-Latino surgeons, is essential to
address community needs in areas with higher prevalence of glaucoma. Better training of glaucoma surgeons across the
world, especially where glaucoma is most prevalent in Africa, should be provided by improving expertise in cataract
surgery and affordable MIGS with a straight cystotome or Sinskey hook.*”**

Many studies show that Black physicians are more likely to work in underserved Black communities. Many studies
have also shown that Black patients prefer to seek care from culturally concordant physicians and have greater trust in
them. This is due to the unfortunate history of institutionalized medical experimentation on Black patients, including
most notably from the infamous Tuskegee study.** !

There needs to be increased diversity in the leadership of all academic ophthalmology institutions, hospital executive
boards, research teams, ophthalmic companies, and NIH funding tied to ensuring diversity and inclusion in ophthalmic
glaucoma research to further enhance education and learning and develop future advances for everyone.’>>* Only 2.5% of
practicing ophthalmologists are Black and there is no significant difference in residency program representation.*> This issue
needs to be carefully monitored, invested in and improved with annual metrics of success evaluated and enhanced.

Conclusion

Future studies focused on earlier cataract surgery/clear lensectomy and MIGS as initial surgery are warranted to stop
blindness from glaucoma. Increasing the surgical workforce, diversity, and public health education to higher risk
communities with these new advances in safer early surgical treatments will be essential to stop blindness from
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glaucoma. Secondary glaucomas, such as uveitis, neovascular, or congenital, that may not be lens related will need

a more individualized approach.

Disclosure
Daniel Laroche is a speaker/consultant for Aerie, Sight Sciences, and Nidek.The authors report no other conflicts of
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