Histological changes
of high axial myopia

Abstract

To describe pathological changes in the
anatomy of highly myopic (axially
elongated) eyes, enucleated globes were
examined by light microscopy and

ocular structures were measured
histomorphometrically. These studies
revealed that highly axially myopic eyes
show continuous thinning of the sclera
starting at or behind the equator with a
maximal thinning at the posterior pole; a
profound thinning of the choroid decreasing
from ~250 to <10 um in extreme axial
myopia, secondary macular defects in the
Bruch’s membrane associated with a
complete loss of retinal pigment epithelium
and choriocapillaris, and retinal
photoreceptors; a Bruch’s membrane of
normal thickness in contrast to the profound
thinning of the choroid and the sclera; an up
to 10-fold elongation and thinning of the
peripapillary scleral flange as anterior roof
of the orbital cerebrospinal fluid space, and
subsequently a retrobulbar extension of the
cerebrospinal fluid space; an increased
distance of the peripapillary arterial circle
of Zinn-Haller to the optic disc border;

an elongation and thinning of the lamina
cribrosa with a subsequently decreased
distance between the intraocular pressure
compartment and the retrobulbar orbital
cerebrospinal fluid pressure compartment;
an increasing exposure of the peripheral
posterior lamina cribrosa surface to the
cerebrospinal fluid space, no longer
buffered by the solid optic nerve tissue;
and the development and enlargement of
parapapillary gamma zone, in contrast

to a myopia-independent parapapillary
beta zone. These anatomical changes

may be associated with high axial
myopia-related complications such as

an increased susceptibility of glauco-
matous optic neuropathy and myopic
retinopathy.
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Axial myopia is defined as an axial length above
the norm and too long for the refractive power
of the whole optical system of the eye. Myopia,
in particular high myopia, has become one of
the major causes of visual field defects, visual
impairment, and blindness.!? The importance
of myopia will further increase because of the
myopic shift taking place in particular in Asian
countries at the Pacific rim.3~ Recent
population-based and community-based
studies have shown that in schools in large
Chinese cities, the prevalence of myopia
(refractive error < —1.00 diopters) increased
from 13% in the 7-year-old to 46% in the
12-year-old to 77% in the 18-year-old teenagers.
The prevalence of high axial myopia (refractive
error < —8.00 diopters) was about 5%.510 In
studies performed on university students in
China in 2012, the prevalence of myopia
increased to 95% and that of high myopia to
20%.1° The increasing prevalence of myopia in
children and young adults in China is likely to
produce an associated increase in the
development of potentially vision-threatening
myopia-related complications in older adults.
It may demonstrate the importance myopia may
gain or already has gained.

Definition of high axial myopia

Previous population-based and hospital-based
studies have revealed that axial myopia, in
particular high axial myopia, is a risk factor for
the development of rhegmatogenous retinal
detachment, glaucomatous optic neuropathy,
and myopic retinopathy, to name only a few.!!/12
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The question arises what the cutoff value is to differentiate
between moderate axial myopia and high axial myopia. If
high axial myopia is characterized by an elongation of the
globe, predominantly at the posterior pole, one may
define the cutoff value for high axial myopia as the
refractive error or axial length at which the size of the
optic disc and the parapapillary atrophy markedly
enlarges. Hospital-based and population-based
investigations have revealed that the optic disc and the
parapapillary atrophy start to enlarge at about a value of
— 8.00 diopters of refractive error or an axial length of
~26.5mm.">15 Beyond these values, the prevalence of
myopic retinopathy and glaucomatous optic neuropathy
steeply increased.!1? One may therefore consider high
axial myopia as a myopia refractive error of > —8.00
diopters or an axial length >26.5mm.

Histological changes in high axial myopia: sclera

In non-axially elongated eyes with an axial length of
<26.0mm, mean scleral thickness decreased from the
limbus (0.50 £ 0.11 mm) to the ora serrata
(0.43+£0.14mm) and the equator (0.42 + 0.15 mm), and
then increased to the midpoint between posterior pole
and equator (0.65 = 0.15mm) to the peri-optic nerve
region at the merging point of the dura mater with the
posterior sclera (0.86 + 0.21 mm), and finally to the
posterior pole (0.94 +0.18 mm).'®!7 The thickness of the
peripapillary scleral flange as bridge between the
lamina cribrosa of the optic nerve head and the
posterior sclera was the lowest of all measurements
(0.39 £0.09 mm).

In highly axially myopic eyes, mean scleral thickness
was significantly lower than in the non-highly myopic
eyes for measurements taken at and posterior to the
equator, whereas scleral thickness anterior to the equator
did not differ significantly between highly axially
myopic eyes and non-highly myopic eyes.!®!7 It showed
that the high axial myopia-associated thinning of the
sclera was predominantly posterior to the equator and
increased in proximity to the posterior pole of the eye.
Correspondingly, scleral thickness measurements at or
posterior to the equator were not significantly correlated
with corneal thickness measurements, fitting with
clinical studies in which central corneal thickness was
not related with axial length.!8 In the highly axially
myopic group of globes, scleral thinning at the posterior
pole and thinning of the peripapillary scleral flange were
significantly correlated with thinning of the lamina
cribrosa. Interestingly, globes with secondary high axial
myopia due to congenital glaucoma showed a tendency
to a thinning of the sclera in all regions including the
region anterior to the cornea.
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Choroid/Bruch’s membrane

Clinical studies, population-based investigations and
histological studies have shown a marked thinning of the
choroid with increasing axial elongation.!” The mean
choroidal thickness of ~250 um in 65-year-old
emmetropic subjects decreased to <30 um in highly
axially myopic patients. It indicates that with increasing
axial elongation, the distance between the Bruch'’s
membrane and the sclera markedly decreased. The
thickness of the Bruch’s membrane, as examined in a
recent histomorphometric study (own data), did not
demonstrate a marked thinning in eyes with primary
high axial myopia. Highly axially myopic eyes showed,
however, defects in the Bruch’s membrane in the macular
region.?’ These macular defects in the Bruch’s membrane
in highly axially myopic eyes may be called secondary
defects as compared with the primary defect in the
Bruch’s membrane in the region of the optic nerve head.
As the presence of the Bruch’s membrane is essential for
the presence of retinal pigment epithelium cells and
choriocapillaris, the secondary macular defects in the
Bruch’s membrane were associated with a complete loss
of retinal pigment epithelium cells and choriocapillaris,
and an almost complete loss of the large choroidal vessel
layer and photoreceptors.?’ These macular Bruch’s
membrane defects can histologically be differentiated
from myopic chorioretinal atrophic areas in the macular
region with a complete loss of retinal pigment epithelium
cells and choriocapillaris, but with the Bruch’s
membrane present, similar to the histology of geographic
atrophy in the framework of age-related macular
degeneration.

Optic nerve head

The optic nerve head can anatomically be regarded as a
three-layered hole: a hole in the Bruch’s membrane, a
hole in the choroid flanked by the peripapillary border
tissue, and a hole in the peripapillary scleral flange,
porously covered by the lamina cribrosa. One may
assume that at birth and in the early years of life, these
three holes almost perfectly fit to each other. If axial
myopia develops, the elongation of the globe takes place
more in the posterior segment so that the position of the
exit of the optic nerve (ie, the opening in the
peripapillary scleral flange of the optic nerve head)
moves from a location close to the posterior pole more to
a location at the nasal wall of the globe. This shift in the
position of the outer hole of the optic nerve head may not
completely be followed by the opening in the Bruch’s
membrane, with the Bruch’s membrane opening keeping
a location closer to the posterior pole. It leads to an
overhanging of the Bruch’s membrane in the nasal region



of the optic nerve head or optic disc (as also shown
clinically by optical coherence tomography) and to an
absence of the Bruch’s membrane at the temporal disc
border2! The absence of the Bruchs membrane in the
parapapillary region has recently been examined and
measured in histomorphometric studies. The region
without the Bruch’s membrane (and correspondingly,
without retinal pigment epithelium and choriocapillaris)
has been called parapapillary gamma zone.?0?%23 This
gamma zone was significantly correlated with high axial
myopia, with the prevalence of gamma zone steeply
increasing at a cutoff value of ~26.0mm of axial length
(in histologically fixed globes). Interestingly,
parapapillary gamma zone was not related with the
presence of glaucomatous optic nerve damage.

A parapapillary beta zone histologically defined by the
presence of the Bruch’s membrane and absence of the
retinal pigment epithelium (associated with an almost
complete loss of retinal photoreceptors and an almost
complete closure of choriocapillaris) was not associated
with axial length, but with the presence of glaucoma.zz’23
These histomorphometric studies were confirmed by
clinical studies applying the enhanced depth imaging
mode of optical coherence tomography to image and
measure the parapapillary region.?> The optic nerve head
(defined ophthalmoscopically as the opening in the
peripapillary scleral flange, also called ‘scleral canal’)
shows a marked enlargement with increasing axial
length starting at an axial length of ~26.5mm or a
myopic refractive error of about —8.00 diopters.!3-1°
Although in non-highly myopic eyes, the optic disc size
is mostly independent or only slightly dependent on
axial length, highly axially myopic eyes show a relatively
strong association between axial length and optic disc
size.#?> The enlarged optic disc in highly axially myopic
eyes as so-called ‘secondary or acquired macrodiscs’ can
thus be differentiated from ‘primary macrodiscs’” in non-
highly myopic eyes. The size of primary macrodiscs is
not related with axial length nor with age, whereas it is
related to the number of retinal pigment epithelium cells,
photoreceptors, retinal ganglion cell axons, and number
of total size of lamina cribrosa pores.%‘28 In contrast, the
size of secondary macrodiscs is related to axial length
and age, and may not be related to the number of
pigment epithelium cells, photoreceptors, and retinal
ganglion cell axons.

Parallel to the high axial myopia associated
enlargement of the optic nerve head, the lamina cribrosa
as the porous cover plate of the opening in the
peripapillary scleral flange shows a stretching and
thinning.2>3" Tt decreases the distance between the
intraocular pressure compartment and the retrolaminar
orbital cerebrospinal fluid pressure compartment.3!
With the pressures in both compartments unchanged
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(ie, an unchanged trans-lamina cribrosa pressure
difference), a reduced distance leads to an steepened
pressure gradient between both compartments. This may
be one of the reasons (besides morphological changes in
the stretched and elongated lamina cribrosa, and
thinning of the peripapillary scleral flange) that is
responsible for the increased glaucoma susceptibility of
highly myopic eyes.!!

With the increase in the aperture of the peripapillary
scleral flange opening (so-called scleral canal of the optic
nerve head) but with the optic nerve remaining constant
in size, the peripheral posterior surface of the lamina
cribrosa is no longer covered and buffered by the solid
tissue of the optic nerve head, but gets exposed to the
orbital cerebrospinal fluid space.?? As the fluid offers
much less mechanical resistance against a deformation
than the solid optic nerve tissue, pressure-related
pathological changes may predominantly take place in
the periphery of the lamina cribrosa close at the optic
disc border.

This may be the anatomic basis for the development of
so-called acquired pits of the optic nerve head ("APONSs’)
in glaucomatous eyes.3>?* These APONS are typically
located sharply at the optic disc border at the 6 o’clock
position or 12 o’clock position. They are located at the
disc border, as the peripheral outer surface of the lamina
cribrosa may no longer be supported by the optic nerve
tissue. They are located at the vertical disc poles, as the
optic disc shape is usually slightly vertically oval, so that,
with a circular optic nerve shape, the vertical poles are
the first regions where the posterior lamina cribrosa
surface gets exposed to the cerebrospinal fluid space.?
Interestingly, clinical studies have shown that the early
glaucomatous visual field defects and early retinal nerve
fiber layer loss correspond to a loss of retinal ganglion
cells located close to the temporal raphe, with the axons
originating in that area being located close at the optic
disc border within the optic nerve head.3*

In the parapapillary region, highly axially myopic eyes
show, in addition to the parapapillary gamma zone, a
marked elongation and corresponding thinning of the
peripapillary scleral flange.® If the normal thickness of
the flange is about 0.40 mm, it can get reduced to 50 ym in
highly axially myopic eyes, parallel to an elongation of
about 0.5-5.0mm. As the peripapillary scleral flange is
the biomechanical anchor of the lamina cribrosa, any
weakening of the flange, such as thinning, may have a
consequence for the biomechanical stability of the lamina
cribrosa and the fibers passing through it.3

The peripapillary border tissue (‘of Elschnig’) is in its
thickness mostly independent of the axial length of the
globe (own data). The so-called peripapillary ring is
probably just the peripapillary border tissue that is the
continuation of the pia mater of the optic nerve. In highly
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axially myopic eyes with a large parapapillary gamma
zone (ie, with the Bruchs membrane absent at the optic
disc border), the ophthalmoscopically detectable
peripapillary ring may be just the pia mater of the optic
nerve.

As the peripapillary arterial circle of Zinn-Haller is
located approximately at the merging point of the dura
mater with the posterior sclera (ie, the starting point of
the peripapillary scleral flange),?” the high axial myopia-
associated elongation of the flange leads to an increased
distance between the arterial circle of Zinn-Haller and
the optic disc border (own data).®® As the arterial circle is
the main arterial source for the lamina cribrosa blood
supply,?®40 it has been discussed whether the high axial
myopia induced increased distance between the arterial
circle, and the lamina cribrosa may be of importance for
the pathogenesis of an increased glaucoma susceptibility
in highly myopic eyes.

These anatomical findings and facts may give space to
speculate upon, such as whether one should consider
pathological progressive myopia as a special type of
normal-pressure glaucoma. This may be justified as high
axial myopia is a risk factor for glaucomatous optic
neuropathy even in eyes with a normal intraocular
pressure. Highly axial myopic glaucoma may be,
however, only a special subtype of ‘normal-pressure
glaucoma’, as in the highly axially myopic eyes
anatomical peculiarities of the optic nerve head may be
the reason for the increased glaucoma susceptibility.

It may be in contrast to non-highly myopic normal-
pressure glaucoma for which an abnormally low orbital
cerebrospinal fluid pressure among other actors has been
discussed to be pathogenetically important.#'#> Another
question is whether one can use traditional functional
clinical tests (eg, visual field, disc (or posterior pole)
photos, or macular and optic nerve head optical coherent
tomographic images) for differentiating pathologically
high myopia-related visual loss from visual loss due to
glaucomatous optic neuropathy. Depending on the
clinical situation, the most sensitive technique may be the
ophthalmoscopical examination of the optic nerve head
and searching for fine but definite kinking of retinal
blood vessels close to the optic disc border. This may
indicate a glaucomatous loss of neuroretinal rim, almost
pathognomonic for glaucoma. It may be relatively
difficult to detect this slight vessel kinking with the
modern imaging techniques. Another question could be
whether lowering of intraocular pressure is
therapeutically helpful for the therapy of high axial
myopia-related glaucomatous optic neuropathy.
Although there may not be studies definitely answering
this question, one may assume that lowering of the trans-
lamina cribrosa pressure difference may be helpful to
support stressed retinal ganglion cell axons within the
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lamina cribrosa. It has not been intensively examined
whether lowering of intraocular pressure is helpful to
prevent high axial myopia-related changed in the
macular region.

In conclusion, high axial myopia is associated with
numerous anatomical changes in the posterior pole of the
globe. These changes that can also be imaged by optical
coherence tomography may explain some of the
associations between high myopia and vision-
threatening diseases such as glaucoma and myopic
retinopathy.
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