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Purpose of review

There is strong epidemiologic evidence linking myopia with glaucomatous disease, but a myopic optic
nerve can pose significant challenges with regard to making the correct diagnosis of glaucoma. This
review provides an overview of these diagnostic and therapeutic challenges with a particular focus on how
the growing prevalence of myopia among specific populations may impact such therapy.

Recent findings

For a given individual, the link between myopia and glaucoma remains murky in many circumstances,
largely because of the fact that it is difficult to separate out myopia-related structural and functional
abnormalities from ‘true’ glaucomatous changes. Using optical coherence tomography (OCT) imaging,
myopia has been found to be associated with temporal displacement and thinning of the superior and
inferior nerve fiber layer bundles. In particular, sequential generations of ‘Asian’ ethnicities have been
noted to demonstrate increasing rates of high myopia at earlier ages, sometimes with associated visual
field defects at normal intraocular pressures. As is the case with any progressive condition, it is often not
possible to distinguish glaucomatous from nonglaucomatous disease based on a single examination, and
thus follow-up with OCT or perimetry from an established baseline is useful.

Summary

Although myopia is a known risk factor for glaucoma, it may also result in structural and functional defects
that cannot be distinguished from those caused by glaucoma based solely on cross-sectional information.
Longitudinal observation may be necessary to distinguish among the multiple effects of myopia on the optic
nerve and the natural history of glaucoma, which may vary substantially amongst those who are affected.
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INTRODUCTION

Diagnosing glaucoma in the setting of optic nerves
characteristic of moderate or high myopia poses
unique challenges. As glaucoma diagnosis relies
upon determining progressive optic nerve damage
and corresponding visual field deterioration, myo-
pia can be a confounding factor. Tilted discs, peri-
papillary atrophy (PPA), and staphylomas may make
it difficult to distinguish glaucomatous optic neuro-
pathy from myopia-related optic nerve and retinal
abnormalities. Currently, clinicians often use vari-
ous optic nerve imaging modalities to measure pro-
gressive thinning of the retinal nerve fiber layer
(RNFL) with corresponding visual field defects that
can occur as a consequence of higher than optimal
intraocular pressure for an individual patient. Thus,
it is imperative to understand the effects of high
myopia on spectral domain optical coherence
tomography (SD-OCT) as well as perimetry, and to
weigh the risk/benefit ratio of intraocular pressure
iams & Wilkins. Unautho
(IOP)-lowering therapy based upon the likelihood of
observed abnormalities being related to myopia
versus glaucoma, or both conditions.
DIAGNOSING GLAUCOMA

Unfortunately, there is as yet no single discrimina-
tory test to confirm a diagnosis of primary open
angle glaucoma (POAG). The disease has a final
common pathway of ganglion cell loss that is more
rapid than would be expected with aging, with the
potential for severe vision loss and, in end-stage
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Volume 24 � Number 2 � March 2013

mailto:viroptic@gmail.com


KEY POINTS

� Myopic optic nerve changes may mimic glaucomatous
findings with temporal displacement and thinning of the
superior and inferior nerve fiber layer bundles.

� Several ‘Asian’ ethnicities have been noted to
demonstrate increasing rates of high myopia at earlier
ages, sometimes with associated visual field defects in
the setting of normal intraocular pressure.

� As is the case with any progressive condition, it is often
not possible to distinguish glaucomatous from
nonglaucomatous disease based on a
single examination.

� Longitudinal follow-up in the setting of myopia with
glaucomatous findings may be necessary to confirm
the diagnosis.
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cases, blindness. Currently, clinicians subjectively
interpret the appearance of the optic nerve, measure
and correct for factors that impact intraocular pres-
sure, and decide if the structural and functional
nerve damage assessed on optical coherence tomo-
graphy (OCT) or stereo disc photos and perimetry
appears to suggest glaucomatous disease either
cross-sectionally or longitudinally. Treatment is
guided by the patient’s likelihood of experiencing
vision loss in their projected lifetime with consider-
ation of the efficacy of various treatment modalities
balanced by the potential for side effects with such
therapies. This complex treatment decision-making
process necessitates longitudinal observation
following appropriate baseline testing for each indi-
vidual, as well as a solid understanding of the
inter-patient variability of the natural history of
open-angle glaucoma.

In an effort to standardize the approach to diag-
nosing glaucoma, various consortiums have created
guidelines, such as the American Academy of
Ophthalmology (AAO) Preferred Practice Pattern
Guidelines http://one.aao.org/asset.axd?id=
a860f57a-0e6a-4c4f-b0f7-1a42e05073ff [Accessed
on 5 October 2012]), the World Glaucoma Associ-
ation (WGA) consensus statements [1] and the
National Institute for Health and Excellence (NICE)
document in the United Kingdom (http://pathways.
nice.org.uk/pathways/glaucoma/glaucoma-diagno
sis [Accessed on 5 October 2012]). For every existing
structural and functional test for glaucoma, the
overlap between normals and eyes damaged by
glaucoma is large, and traditionally, there has been
reliance upon glaucoma expert assessment of stereo
optic disc photographs as the gold standard. How-
ever, this standard has been eroding due to the
subjective nature of photo interpretation and poor
Copyright © Lippincott Williams & Wilkins. Unau
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agreement, even among leading glaucoma experts
[2]. Additionally, digitization of disc photos has
reduced the usage of older slide stereo pairs while
the dramatic increase in adoption of SD-OCT has led
some clinicians to replace the utilization of fundus
photography with OCT in their practices.
EPIDEMIOLOGY

Multiple large, cross-sectional, population-based
studies have linked high myopia with POAG. A
few such notable studies include the Blue Mountain
Eye Study [3], the Beijing Eye Study [4], the Los
Angeles Latino Eye Study (LALES) [5], and the
Singapore Malay Eye Study [6]. The Blue Mountain
Eye Study screened 3654 Australians in an urban
setting and found that glaucoma was twice as com-
mon in phakic eyes with low myopia of approxi-
mately 1D [odds ratio (OR), 2.1; confidence interval
(CI), 1.2–3.8] and with a stronger association being
noted for moderate-to-high myopia (OR, 3.3; CI,
1.7–6.4). In an effort to account for under or over
classification of glaucoma due to myopic discs,
particularly in elderly phakic patients for whom
the refractive shift was a result of cataract, the LALES
and Singapore studies measured axial length and
found that axial myopia was associated with glau-
coma with ORs ranging from 2 to 3. The Beijing Eye
Study also assessed myopia divided into four
categories: high myopia (<�8D), marked myopia
(�6 to �8 D), moderate myopia (�3 to �6 D), and
low myopia (�0.5 to �3 D). The investigators found
that myopia greater than�6 D was more likely to be
associated with glaucoma than moderate or low
myopia. A recent meta-analysis of myopia as a risk
factor for POAG, which combined data from 11
population-based studies conducted between 1994
and 2010 involving 48 161 individuals, found a
pooled OR of 1.92 (95% CI, 1.54–2.38) and con-
cluded that progressively higher myopia increases
the likelihood of glaucoma [7

&&

]. One important
caveat is that prevalence studies are cross-sectional
in design and thus may incorrectly classify individ-
uals as glaucomatous when in fact the defects may
be due to other causes [8]. Although high myopia is
clearly associated with glaucomatous disease, there
remains no effective intervention for myopia, at this
time, to favorably impact this important risk factor.
STRUCTURAL CHALLENGES WITH THE
MYOPIC DISC

The two most commonly used contemporary
modalities to image the optic nerve are subjectively
interpreted stereo disc photos and objectively
measured, automated SD-OCT RNFL, ganglion cell
thorized reproduction of this article is prohibited.
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(GCC or GCA), and optic nerve head (ONH)
parameters. An important advantage of disc photos
is that the image technology does not change over
time, and thus a captured picture serves as a direct
comparison indefinitely. While the photo storage
format may have changed with the transition from
film to digital, the picture is the same and not
postprocessed. Thus, clinicians have a reliable refer-
ence to ascertain enlarged cupping, new notching
or new RNFL defects, bayoneting of the vessels,
increasing PPA, and other features characteristic of
glaucoma. In particular, RNFL defects identified on
disc photographs, especially atypical ones involving
the papillomacular bundle, can be found in highly
myopic eyes and may indicate early glaucomatous
damage compared with nonhighly myopic eyes [9].
One software released to aid clinicians in detecting
change over time is called MatchedFlicker (EyeIC,
Pennsylvania, USA) which has been shown to help
determine optic nerve change by auto-aligning and
alternating two disc images back and forth quickly
to highlight areas of possible progression [10].

With SD-OCT, postprocessed images utilizing
custom analysis algorithms result in color printouts
with normative database cutoffs indicated by green,
yellow, and red to denote normal, borderline, and
outside normal limits, respectively. These cutoffs
are different for the various competing SD-OCT
machines, thus making direct comparisons imposs-
ible, which is in stark contrast to fundus photogra-
phy. In hindsight, such a color scheme was an overly
simplistic attempt to encompass the wide range of
population variability that exists, even independent
of imaging artifacts. It might have been preferable to
label the normative database as a ‘reference range’
that incorporated built-in covariates that are now
known to include age and disc size, and to a lesser
extent, axial length. The arbitrary cutoffs currently
set at 5% and 1%, then, would not automatically be
associated with disease but merely act as statistical
guidelines to indicate when an SD-OCT parameter
was merely outside the range likely to be found in a
healthy person without any optic nerve disease.
Instead, the current assessments subject the clini-
cian to ‘red disease,’ in which one is tempted to
assume that a red result is abnormal and suspicious
for glaucoma, or even ‘green disease’ in which a
clinician may miss an early abnormality because
he or she is only viewing a green color indicative
of ‘normal’ in someone who is in fact abnormal
[11

&

].
When SD-OCT was introduced approximately

5 years ago, there was an expectation that
additional data with more robust algorithms would
resolve some of the problems encountered when
scanning those with high myopia. Although image
opyright © Lippincott Williams & Wilkins. Unautho
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acquisition has improved with centration being less
of a problem given present day automated RNFL
circle alignment, there remain multiple artifacts
with SD-OCT. A recent study of neuroretinal rim
parameters with Cirrus High Definition (HD)-OCT
in 255 highly myopic eyes demonstrated that at
least 17.6% had a measurement error as a result of
large areas of peripapillary atrophy, severely tilted
discs, steep retinal slopes, or vitreous opacities
[12]. As was the case with Stratus (Zeiss, Dublin,
California), SD-OCT algorithms tend to measure
thinner RNFL and macular thickness in myopia
[13–17]. However, one group was able to demon-
strate that this can be a result of ocular magnification
and may be mathematically adjusted for based on
axial length and camera magnification [14]. Another
study of false-positive RNFL color results found that
longer axial length and smaller disc area were sig-
nificantly associated with an increased incidence of
false-positives when other factors were controlled
(ORs, 2.422 and 0.165, respectively) [18]. Some of
this variation may be explained by the fact that high
myopia also causes lateral shifts in the contour of the
RNFL thickness profile, which can make those with
normal RNFL thickness fall outside the ‘normal’
range as determined by data derived from a normal,
nonmyopic population. This artifactual shifting of
the RNFL bundle peaks was reported by Hwang et al.
[19,20], who analyzed 255 eyes of myopes from 0 to
�11D using Cirrus HD-OCT and found that
horizontal or temporally tilted nerves played a
significant role in RNFL thinning as well as inducing
more temporally positioned superior and inferior
peaks.

A recent article by Leung et al. [21
&&

] elucidates
this RNFL peak variation in normal myopic eyes
using the Cirrus HD-OCT. The normative database
for Cirrus only includes 284 individuals of low or no
myopia, and therefore the reference range does not
account for increased axial length or high myopia.
With increasing axial length, there is a decrease in
the angle bounded by the superotemporal and infer-
otemporal RNFL bundles. This RNFL distribution
angle is the primary factor in the RNFL deviation
map being coded ‘red’ independent of refractive
error, axial length, age, average RNFL thickness,
and disc area. The authors hypothesize that the
variation of RNFL distribution bundles may be
related to the shape of the globe with asymmetrical
anteroposterior elongation and/or posterior staph-
yloma that is characteristically seen in those with
myopia. This draws the bundles closer to the macula
as compared to the anatomy in those with relatively
more spherical emmetropic eyes [21

&&

]. Therefore, it
is best to use symmetry in the RNFL deviation map
to determine if there is a specific localized loss rather
rized reproduction of this article is prohibited.
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than an abnormally labeled area due to a small RNFL
distribution angle.
DIAGNOSTIC PERFORMANCE STUDIES OF
SPECTRAL DOMAIN OPTICAL COHERENCE
TOMOGRAPHY IN MYOPIA

Oftentimes, the optic nerves of high myopes are
difficult to interpret in terms of classic glaucoma-
tous cupping, and therefore the first SD-OCT test, as
previously mentioned, acts as an initial baseline for
future comparison. SD-OCT diagnostic performance
studies typically employ a cross-sectional case–
control study design of normal eyes versus those
of individuals with glaucoma confirmed by abnor-
mal perimetric testing. Thus, the sensitivity and
specificity results do not accurately reflect the
positive attributes of OCT in a glaucoma suspect
population. However, with preperimetric disease,
there is no definitive biochemical or other marker
with which to compare OCT and thus the only
definitive way to diagnose POAG is longitudinal
follow-up, which requires lengthy studies that are
difficult and expensive.

In an effort to assess the ability to cross-section-
ally diagnose glaucoma with imaging in myopes,
Shoji et al. [22] examined 82 patients with �5D or
below of myopia using RTVue SD-OCT in which, 31
patients without field defects and 51 matched
patients with perimetric glaucoma were compared.
Of all the parameters studied – RNFL, ONH, and
GCC (ganglion cell complex) – the global loss vol-
ume from GCC had the highest area under the curve
(AUC) of 0.954 in differentiating normal from glau-
coma patients. The authors did point out that var-
iability of scans in high myopes could affect the
reliability of the results and 9% of eyes were
excluded due to low signal strength scores. The same
authors also published a similar study indicating
that GCC was the ideal test for diagnosing glaucoma
in high myopes [23]. Kim et al. [24] published a
similar study with RTVue SD-OCT comparing 73
normal controls and 77 perimetric glaucoma
patients with a sub-analysis group of 45 high
myopes �-6D. Once again, the GCC macula
parameter was found to be ideal in discriminating
normals from those with glaucoma, showing the
highest AUC of 0.889. A potential criticism of both
studies was that, without longitudinal data, inves-
tigators may have erroneously classified myopic
individuals as being glaucomatous when some
may have had minimally progressive field defects
due to high myopia rather than glaucoma [25]. It is
noteworthy, that macular disease, which is more
common in pathologic myopia, can distort the
ganglion cell readings as well.
Copyright © Lippincott Williams & Wilkins. Unau
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VISUAL FIELD ABNORMALITIES IN
MYOPIA
A major source of difficulty in diagnosing glaucoma
in myopes is that a large percentage of myopic discs
are tilted with PPA, which can lead to glaucomatous-
appearing visual field defects. Researchers have pre-
viously published that optic disc ovality, as an index
of tilt, is significantly correlated with greater myo-
pia, longer axial length, and a higher mean defect on
visual fields [26]. In a study of 127 eyes with high
myopia compared with 40 low myopic and 46
emmetropic controls, 11% had a peripapillary
‘detachment’ around the optic nerve, which led to
glaucoma-like field defects compared with those
without peripapillary ‘detachment’ [27]. PPA-b has
been shown to be associated with glaucoma and SD-
OCT of this region revealed the lack of a Bruch’s
membrane within PPA to be significantly associated
with myopic refractive error [28]. In a Korean nor-
mal tension glaucoma (NTG) population, optic disc
tilt (45.5%) and optic disc torsion (75.9%) were
found to be significantly more prevalent in myopes
with NTG relative to those with NTG without myo-
pia (3.4%, P<0.001; and 33.9%, P<0.001; respect-
ively) [29]. Torsion degree was the only factor
related to visual field defect location, and the
myopic NTG group happened to be significantly
younger with an average age of 42 years compared
with 60 years for the nonmyopic NTG group. A prior
work by Doshi et al. [30] described a series of young
to middle-aged men of Chinese origin who pre-
sented with a constellation of ocular findings
suggestive of glaucoma that did not significantly
progress for up to 7 years. At least 40% were high
myopes, and 75% and 81% were found to have tilted
discs and peripapillary atrophy, respectively, fea-
tures commonly associated with myopia. In a small
follow-up study of similar patients, increasing axial
length was not found to correlate with degree of
visual field loss in asymmetric disease but it is note-
worthy that this study may not have been powered
to detect such a difference if one existed [31].

To further characterize this group of minimally
progressive patients less than 50 years old with
myopia and suspected glaucomatous optic neuro-
pathy, a case–control study was carried out compar-
ing 21 normals, 32 young myopic glaucoma
suspects, and 43 patients with known glaucoma
[32

&&

]. Approximately 70% of the young myopic
glaucoma suspects were receiving IOP-lowering
therapy due primarily to the existence of significant
visual field defects. Clinical features of young
myopic glaucoma suspects alone were not enough
to differentiate these individuals from older glau-
coma patients with confirmed disease. The problem
with using visual fields in the setting of high myopia
thorized reproduction of this article is prohibited.
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is that threshold sensitivity is reduced in moderate
and high myopia, regardless of the method of trying
to correct for the refractive error [33]. Additionally,
tilted discs can increase the likelihood of false appa-
rent visual field deterioration or improvement with
small changes in myopic correction [34]. While a
retrospective review of myopia and perimetric glau-
coma progression revealed worsening mean devi-
ation with higher myopia, this may have been
impacted by multiple other factors [35]. A recent
retrospective review of 492 eyes with high myopia
less than �8D and no glaucoma revealed newly
developed significant visual field defects in 13.2%
of eyes over 5 years [36

&

]. An oval optic disc was
more common in the eyes that developed field
defects, and over 10 years, 73.8% of eyes showed
progression of defects on Goldmann perimetry.
Although the defects did not follow a classic glau-
comatous pattern, normal tension glaucoma could
not be completely ruled out. When it comes to
diagnosing glaucoma in the setting of myopia, vis-
ual field testing, as is the case with optic nerve
imaging, remains less than ideal.
THE ROLE OF INTRAOCULAR PRESSURE

A common diagnostic dilemma in clinical practice is
the presentation of a young, moderate to highly
myopic patient with abnormal tilted nerves and
glaucomatous-appearing cupping with associated
field defects and borderline high or normal IOP.
One is faced with the difficult decision of initiating
treatment versus careful follow-up to determine if
the disease is truly progressing. Even if there is
progression, it may be difficult to determine if the
progression is due primarily to myopia or glaucoma
and a distinction between these entities is often
impossible to resolve. Myopes with glaucoma may
commonly have IOP in the normal range, and while
one study using a linear mixed model showed that
the extent of myopia was found to be a prognostic
factor for visual field progression, another showed
that myopia did not have such an effect [37,38].
There are data from a study suggesting that there is
greater IOP fluctuation in high myopes with POAG
on pharmacologic therapy than in nonmyopes with
POAG [39]. It remains controversial, however,
whether or not short-term or long-term IOP fluctu-
ations are independent risk factors for glaucomatous
progression. Typically, clinicians favor more aggres-
sive treatment for glaucoma, all other things being
equal, when: IOP is higher, there is greater optic
nerve damage, and the central corneal thickness is
less than average.

Setting the correct target IOP range can be diffi-
cult in myopes with glaucoma, particularly if IOP is
opyright © Lippincott Williams & Wilkins. Unautho
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not higher than average relative to nonglaucoma-
tous individuals. One cautious approach that has
some merit is to establish baseline structural and
functional parameters and begin the process of
quantifying rate of progression as best as possible
with regular testing rather than immediately target-
ing a low IOP that might require glaucoma surgery.
It is noteworthy that myopes are at particularly high
risk of hypotony maculopathy following glaucoma
filtration surgery [40,41]. As some myopes with field
defects may not show progression that is character-
istic of glaucomatous disease, initial conservative
treatment with glaucoma medications rather than
surgery for those in whom the pathologic processes
are not well understood may be wise, particularly in
circumstances wherein the visual field defects at the
time of initial diagnosis do not appear to threaten
central fixation. A review of the Collaborative Nor-
mal Tension Glaucoma Study (CNTGS) results
reminds us that half of the patients in the untreated
arm of this study did not show progression at 5 years
[42].
CONCLUSION

Myopia is a risk factor for open-angle glaucoma that
may complicate both the diagnosis and treatment of
glaucomatous disease. Currently, there is a growing
prevalence of myopia in many regions of the world,
particularly in several countries on the Asian con-
tinent. Epidemiologic studies in China, for example,
have revealed this to be primarily an urban rather
than rural phenomenon [43]. This will only increase
the number of difficult diagnostic cases and deserves
attention. Further research is needed to determine
better ways to confirm a diagnosis of glaucoma in
myopes without long periods of follow-up and to
assess appropriate algorithms for treating glaucom-
atous disease in those with myopia.
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