GUEST EDITORIALS

Glaucoma and Myopia
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ABSTRACT

Diagnosing glaucoma accurately in patients with high myopia is difficult because of the clinical features that resemble glaucomatous optic
neuropathy. Patients may establish visual field defects that imitate glaucoma, and conventional imaging technology is less informative in
disease identification and monitoring due to the absence of myopic normative data. These facts highlight the critical importance of determining
the underlying pathology associated with myopia and primary open-angle glaucoma in future studies. This review discusses the intricate
relationship between myopia and glaucoma and the challenges of current testing protocols and treatment strategies.
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INTRODUCTION

Myopia has become more prevalent globally as a result of
the significant lifestyle changes and indoor work among
younger population. It is growing at an exponential
rate, with 50% of the world’s population expected to be
impacted by 2050.! Although the data shows that myopia is
more prevalent in younger age groups, projections for near
future indicate an increase in older populations, in whom
primary open-angle glaucoma (POAG) is most common.
With the exception of the Ocular Hypertension Treatment
Study and the Early Manifest Glaucoma Trial,>* which did
not find any significant association between the presence of
myopia and the risk of developing or worsening glaucoma,
population-based studies have demonstrated a robust
correlation between myopia and POAG, suggesting that
those with low to moderate myopia are twice as likely to
develop POAG, and the risk is tripled for those with severe
myopia.*> It is suggested that axial myopia increases the
risk of glaucoma, and each 1.0 D increase in myopia
increases the risk of glaucoma by approximately 20%, with
a more prominent increase in higher myopia.®

Primary open-angle glaucoma is one of the most common
causes of blindness worldwide, with an estimated 30
million new cases in 2040.” Due to comparable pathways
of optic nerve degeneration, myopia provides a substantial

problem in diagnosing, monitoring, and controlling
glaucoma in such cases, and convincing evidence is
required to implement a novel clinical practice.

Pathophysiological Mechanisms and Clinical Findings

As high myopia and glaucoma share similar functional
and anatomical alterations, distinguishing myopic optic
neuropathy from glaucomatous optic neuropathy (GON)
can be difficult, leading to misdiagnosis. Glaucoma is
diagnosed by optic disc appearance and visual field loss,
such as nasal step, central and arcuate visual field defects,
which can also be found in myopic degeneration. High
myopia also commonly features enlarged optic disc, large
cup, peripapillary atrophy, and thinner retinal nerve fiber
layer (RNFL) that may appear as a wedge during clinical
examination. These similar features can mimic GON and
result in fault diagnosis of glaucoma and unnecessary
treatment.

Although the exact causes of the predisposition of myopic
subjects to the development or aggravation of glaucoma
remain unclear, the thinner sclera and the scleral tension
due to longer axial length have been suggested to contribute
to an increased susceptibility to glaucomatous damage.®® A
previous study found that optic nerve damage was more
severe in highly myopic eyes with large optic discs ata given
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intraocular pressure (IOP).!° Histomorphometric studies
revealed that the lamina cribrosa is elongated and thinned
when the optic disc is enlarged due to axial elongation."
Swept-source optical coherence tomography (OCT) studies
demonstrated a posterior deformation in Bruch’s membrane
in correlation with functional glaucomatous damage, and
confocal scanning ophthalmoscopy also provided evidence
of compression of the ganglion cell axons in the optic discs
in correlation with increasing myopia.'>!* Peripapillary
structural changes may also contribute to glaucomatous
susceptibility, peripapillary
atrophy is associated with an increased risk of glaucoma
progression and is more severe in patients with myopia-
related glaucoma.'*'® Additional research suggest that
peripapillary delta zone is associated with axial elongation
in myopic eyes with a longer peripapillary scleral flange
and larger optic discs,''® and the opening of Bruch’s
membrane in the optic nerve head is shifted, resulting in
the formation of a gamma zone in the temporal disc (Figure
1)." Studies suggest that myopic discs may also have large

damage since f-zone

shallow cupping, be tilted, and lack a clearly defined rim,
making quantification difficult. Research indicates that in
tilted discs, the trajectory of retinal ganglion cell axons
may be disrupted, which can impede axonal transport and
potentially contribute to glaucoma.?

Studies suggets that the enlargement of the optic disc due
to axial elongation is a significant factor in the increased

fia

Figure 1: The photograph shows the optic nerve of a
glaucoma patient with a myopic fundus and large optic
disc. White arrows indicate the peripapillary gamma zone
in the temporal disc, black arrows indicate the delta zone,
and red arrows indicate the p-zone peripapillary atrophy.

susceptibility to myopic glaucoma. Additionally, the
enlarged peripapillary delta zone that accompanies this
elongation is associated with a higher prevalence of
glaucoma.?!

Barriers to Diagnosis
Visual Field

As glaucoma and myopia can coexist, it is often difficult
to diagnose glaucoma in high myopia, especially when the
IOP is within the normal range. When visual field defects
were classified in the High Myopic Registry Study, 16% of
juvenile high myopic patients had visual field defects that
resembled classical glaucomatous defects.”? In a series of
young myopic cases previously diagnosed with suspected
glaucoma, no change was observed in the visual field
and optic disc cupping when followed for seven years.?
These findings emphasize that it is important to distinguish
between myopic patients and glaucoma patients, as
visual field defects can potentially lead to misdiagnosis.
Therefore, longitudinal monitoring of high-risk myopic
patients is crucial for management as progression over
time is the most significant factor in detecting early
glaucomatous changes.

Eyes with myopic tilted optic discs tend to have visual
field defects more frequently than non-myopic eyes. The
Blue Mountains Eye Study found that out of 62 eyes with
a tilted disc, 19.4% had visual field defects commonly
found in the superotemporal quadrant of the visual
field.?* Peripapillary intrachoroidal cavitation, known as
peripapillary detachment in pathologic myopia, is also
associated with visual field defects. It was found that
eyes with peripapillary intrachoroidal cavitation were
three times more likely to have glaucoma-like visual field
defects than those without.”

A recent study developed a visual field classification
system for myopic eyes without glaucoma and pathological
changes, allowing for accurate and reliable categorization
of visual field defects in myopic patients.?® Glaucoma-like
(paracentral defects, nasal step, paracentral arcuate and
arcuate), myopia-like (enlarged blind spot, vertical step,
partial peripheral rim, and non-specific), and combined
defects were described, and glaucoma-like defects were
associated with longer axial length in 10% of eyes.?

The results suggest that interpreting visual field defects
in myopic eyes is still challenging in clinical practice.
Myopic eyes may have visual field defects, which may be
associated with abnormalities in the myopic retina or optic
disc. In some cases, they may appear similar to glaucoma-
like disc cupping but remain stable for several years.
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Glaucoma can be confirmed by observing reproducible
visual field defects and their progression, which correspond
to structural changes in the optic disc, RNFL, or ganglion
cell layer.

Intraocular pressure

The average IOP of myopic subjects appears to be higher
than that of normal subjects. Although statistically
significant, this difference, which varies between 0.5 mmHg
and 1.25 mmHg depending on the series, is probably not
clinically significant and does not on its own explain the
clear difference in the prevalence of glaucoma between the
healthy subjects and myopic subjects.?” While some studies
reported that up to 17% of high myopes have an average IOP
greater than or equal to 21 mmHg,?® other research indicate
lower average IOP levels in highly myopic glaucomatous
patients for the same level of glaucomatous loss.'” The
Blue Mountains Eye Study demonstrated in multivariate
analysis that the risk of developing glaucoma for a myopic
subject was not only higher than that of a non-myopic adult
of the same age, but also that it was independent of other
risk factors for glaucoma and TOP in particular.?

IOP is the only parameter that can be modified in glaucoma
and glaucoma suspect patients.
treatment for myopic glaucoma suspects requires careful
consideration due to their unique anatomical structure.
The elongation of a myopic eye can result in greater
vulnerability of the optic nerve to injury, as the posterior

However, initiating

pole is subjected to more stretching than in a nonmyopic
eye when IOP increases. Elevated IOP can lead to stress
and strain in the lamina cribrosa and peripapillary sclera.
This can result in various changes at the structural, cellular,
or molecular level in the connective tissue. The stress and
strain caused by IOP may have negative effects on blood
flow in the laminar region, resulting in reduced delivery of
oxygen and nutrients to the axons of the retinal ganglion
cells.® The results of two population-based studies, Tajimi
Study and Kumejima Study, indicate a significant positive
correlation between higher myopia and higher IOP. These
findings are consistent with the outcomes of the Beijing Eye
Study.’!-** Research also provides that there is a correlation
between elevated IOP and the onset of glaucoma in myopic
eyes with an axial length of less than 27.5 mm, and the
presence of a large optic disc and advanced age further
contribute to the development of glaucoma in individuals
with a longer axial length.3

High myopic eyes may also be more sensitive to IOP
fluctuations, and the baseline IOP and diurnal IOP fluctuation
differ between myopic and non-myopic eyes. Myopic eyes
have greater daytime IOPs and higher nighttime supine

IOP elevations than those without myopia.*> In myopic
glaucoma, a greater 24-hour IOP range and nocturnal IOP
rise was reported compared to controls, as well as greater
IOP variability following exercise.’® The reduction of
ocular blood flow in myopia is also suggested to contribute
to the development of glaucoma and increase susceptibility
to the impact of IOP on the optic nerve head.’’

The susceptibility of the myopic optic nerve to fluctuations
in IOP can be attributed to various factors. These include
the weakness of the fibroglial matrix that supports the
nerve fibers at the optic disc level, structural alterations
of the cribriform plate that becomes thinner, and the
disappearance of the peripapillary choriocapillaris in
highly myopic individuals can lead to disturbances in
microcirculation at this level.!**®

Due to these distinctions, clinicians face difficulties in
interpreting and managing the IOP of patients with myopic
glaucoma or suspected glaucoma. Establishing a target IOP
can pose a greater challenge, particularly when the patients
exhibit normal IOP levels. Given the high risk of hypotony
maculopathy following filtration surgery in myopes],
targeting for a lower IOP in the absence of progression
should be approached with caution.

Structural Imaging

Diagnostic technologies with improved sensitivity and
specificity are still struggling to accurately assess the
optic nerve in myopic eyes with glaucoma due to aberrant
optic nerve morphology. The factors that contribute to the
difficulty of detecting GON include a decrease in spatial
and color contrast between the neuroretinal rim and the
optic cup, peripapillary retinoschisis that can lead to
incorrect segmentation of the retinal nerve fiber layer, a
large gamma zone that makes it difficult to use the opening
of Bruch’s membrane as a reference point for measuring
the neuroretinal rim, and a large gamma zone that reduces
the value of the parapapillary beta zone as an indicator for
GON.

The peripapillary RNFL bundles may be displaced
towards the temporal region, leading to thicker temporal
quadrants and relatively thinner nasal quadrants, and this
can be misleading as the standard normative database
of the OCT does not represent patients with moderate to
high myopia.*** The presence of anatomical variations
and peripapillary alterations can pose a challenge in
accurately segmenting the optic disc, which can result in a
higher probability of errors or artifacts in the measurement
of RNFL.* Tt is essential to carefully examine the
circumpapillary image to assess the scan quality and RNFL
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segmentation. Utilizing the inner circle scan report can
assist in accurately interpreting RNFL scans, ultimately
contributing to the reliability of the outcomes.*

Recent advancements in swept-source OCT (SS-OCT) and
OCT angiography (OCTA) have led to an improvement in
the detection of glaucoma-like optic neuropathy associated
with myopia, suggesting that these technologies have the
potential to enhance the diagnosis and treatment. SS-OCT
has the capability to visualize the complete layer of the
choroid and sclera, and a correlation between the severity
of visual defects and the angle of scleral bending has been
reported in high myopia.*® The OCTA technology has
proven to be effective in detecting early glaucomatous
nerve damage by identifying focal defects in peripapillary
retinal perfusion area, and choroidal microvascular drop-
out around the optic nerve.* The use of SS-OCT and OCTA
technology to analyze glaucoma characteristics in myopic
eyes, along with the artificial intelligence to analyze a large
database of fundus photographs would contribute to create
algorithms to detect glaucoma in populations with high
myopia rates.*

Ganglion cell complex (GCC) parameters have been
shown to be superior to RNFL thickness in detecting
myopic glaucoma, as GCC is not significantly associated
with refractive error and better match with visual field
defects than RNFL.* A recent longitudinal study found
that macular ganglion-inner plexiform layer thinning, as
opposed to RNFL thinning, has a significantly higher risk
of developing visual field progression in highly myopic
eyes (Figure 2).*” Currently, there is a debate on which OCT
parameters are best to use for glaucoma suspect patients
with high myopia. Nevertheless, previous studies suggest
that monitoring the GCC and visual field longitudinally
could provide significant benefits for these patients (Figure
3). It is important to acknowledge that macular disease,
which has been associated with high myopia, could
potentially hinder ganglion cell analyses and subsequently

OD Deviation Map OS Deviation Map

Figure 2: The fundus photograph of a myopic glaucoma
patient reveals a shallow cup and [-zone peripapillary
atrophy (A4). Ganglion cell analysis from Cirrus-OCT
(Carl-Zeiss Meditec, Dublin, CA, USA) reveals bilateral,
widespread ganglion cell loss (B). Despite normal
intraocular pressure, there is an expansion of visual field
defects on follow-up (C).

A B

Figure 3: Representative myopic glaucoma suspect with normal IOP levels. Optic disc photograph reveals diffuse

peripapillary atrophy and large, shallow cupping (4). Humphrey visual field 10-2 shows paracentral scotoma (B). The

macular GCC thickness map shows perifoveal ganglion cell loss (C), and there is no myopic macular degeneration (D).

Monitoring the visual field and GCC thickness longitudinally can provide accurate diagnosis and treatment for this

patient.
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reduce the reliability of the readings.*®

The current diagnostic technologies for detecting myopic
glaucoma need to be improved and new imaging modalities
for both structural and functional analyses need to be
developed. Additionally, a normative database for myopic
patients needs to be established to enhance the objectivity
of the diagnostic criteria.

Glaucoma Therapy in Myopia

The correlation between GON and IOP in individuals
with high myopia remains an area of investigation,
and no randomized trial has examined lowering IOP to
treat glaucoma in highly myopic eyes. However, many
researchers suggest that lowering IOP is advisable for
highly myopic patients with glaucoma. The treatment
approach for reducing IOP in myopic glaucoma is
comparable to that of POAG in non-myopic eyes. This
includes topical medications that decrease the production
of aqueous humor or increase its outflow, laser procedures
that target the trabecular meshwork to enhance aqueous
humor outflow and surgical interventions that either
increase outflow or decrease production.

Parasympathomimetics and cholinergic compounds in
miotic eye drops rarely might cause retinal detachment,
among other possible side effects. As patients with high
myopia are at increased risk for retinal detachment, fundus
examination with special attention to the peripheral retina,
should be undertaken before miotics are prescribed.
Myopia induction is another major problem, and patients
should be warned that there is a risk of worsening their
nearsightedness when using miotics.

Performing fistulating procedures like trabeculectomy
may increase the risk of postoperative complications
such as hypotony, choroidal detachment and expulsive
hemorrhage. The choroidal thinning and the oblique course
of the short posterior ciliary arteries and vortex veins
through the sclera are potential reasons for suprachoroidal
hemorrhage in highly myopic eyes.

A thin sclera can challenge in creating a sufficient partial-
thickness scleral flap and suturing during trabeculectomy.
In myopic eyes, the risk of hypotony can be reduced by
implementing specific measures such as meticulous
conjunctival closure to prevent wound leak, using a larger
scleral flap, tightening scleral flap sutures to prevent over-
filtration, and minimizing exposure to antifibrotic agents.
To ensure successful surgery, it is also essential to tightly
control blood pressure, reduce preoperative IOP to the

maximum extent possible, gradually reduce IOP during
the surgery, and maintain the anterior chamber throughout
the procedure. If a glaucoma drainage tube is considered,
there is a risk that the tube will be positioned further in
the anterior chamber than intended, increasing the risk of
corneal decompensation. Therefore, a longer intrascleral
tube path or placement of the tube in the ciliary sulcus will
help reduce the risk of corneal damage.

Minimally invasive and nonpenetrating glaucoma
surgery may be safer as they gradually reduce IOP with
less fluctuation during the procedure. However, the IOP
outcome may be less effective than conventional filtering

surgery.*-0

CONCLUSION

The presence of myopia can make it more difficult to
diagnose and treat glaucoma. However, understanding
the structural features of the myopic optic disc and retina
and accurately interpreting ocular imaging and visual field
test results can help overcome challenges. Myopic eyes
may have glaucoma-like symptoms, but the condition
may never progress; therefore, patients may benefit
from conservative treatment and closer monitoring. If
the intraocular pressure is normal, this may prevent
unnecessary treatment until the glaucoma is diagnosed and
continues progressing. The patients should be monitored
and treated in accordance with the severity of the structural
and functional damage, the location of visual field defects
in relation to the fixation point, disc hemorrhage, central
corneal thickness, pseudoexfoliation syndrome, pigment
dispersion syndrome, and family history.

There is no evidence for an increased risk of glaucoma
for low myopia (<-3D), and monitoring can be equivalent
to that of a non-myopic person in the absence of a family
history. The evidence shows that moderate myopia raises
the risk of glaucoma, and the risk is greatest for high
myopia (> 6 diopters), when the IOP is high in particular.
High myopia increases optic nerve head susceptibility and
complicates glaucoma. Therefore, regular monitoring is
essential to ensure the best outcome.

The prevalence of myopia is on the rise, which calls for
glaucoma diagnostic and treatment protocols that are
explicitly tailored to myopia. This is essential to address the
anticipated increase in the complexity of glaucoma cases.
Myopic optic neuropathy, which is distinct from glaucoma,
requires additional investigation to be conducted.
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