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Key Points

 In all highly myopic eyes, glaucomatous optic neuropathy may specifically
be ruled out, in attempt not to miss the diagnosis

* High axial myopia is a major risk factor for glaucomatous or glaucoma-
like optic neuropathy, even at a normal intraocular pressure.

* Morphological risk factors for glaucoma in high myopia may be an
enlarged optic disc and enlarged parapapillary delta zone.

* Histological hallmarks of the highly myopic optic nerve head are an elongated
and thinned lamina cribrosa, steepened trans-lamina cribrosa pressure gradi-
ent, enlarged optic disc, elongated peripapillary scleral flange (as equivalent of
parapapillary delta zone), and a shallowing of the physiological optic cup.

11.1 Introduction

Axial myopization leads to marked changes in the morphology of the posterior ocu-
lar segment including the anatomy of the optic nerve head. The changes of the optic
nerve head include an enlargement of all three layers of the optic disc (i.e., optic
disc Bruch’s membrane opening, optic disc choroidal opening, and optic disc scleral
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opening) with the development of a secondary macrodisc, and an enlargement and
shallowing of the cup. Further morphological changes are an elongation and thin-
ning of the lamina cribrosa with a secondary reduction in the distance between
the intraocular space with the intraocular pressure (IOP) and the retro-lamina com-
partment with the orbital cerebrospinal fluid pressure, and a direct exposure of the
peripheral posterior lamina cribrosa surface to the orbital cerebrospinal fluid space.
In the parapapillary region, an elongation and thinning of the peripapillary scleral
flange with development and enlargement of the parapapillary gamma zone (defined
as the parapapillary Bruch’s membrane free region) and delta zone (defined as the
region between the optic disc border and the merging line of the optic nerve dura
mater with the posterior sclera) occurs, in addition to an elongation and thinning of
the peripapillary border tissue of the choroid (Jacoby). The optic rotates around the
vertical axis, and less often and to a minor degree around the horizontal axis und the
sagittal axis. These changes make it more difficult to differentiate between myopic
changes and (additional) glaucoma-associated changes such as a loss of neuroreti-
nal rim and thinning of the retinal nerve fiber layer, and these changes may make the
optic nerve head more vulnerable potentially explaining the increased prevalence of
glaucomatous optic neuropathy in highly myopic eyes.

11.2 Anatomy of the Optic Nerve Head in High Myopia

The anatomy of the optic nerve head in primary high myopia is markedly influenced
by the axial elongation. This process of sagittal enlargement of the myopic globe takes
place predominantly in the posterior hemisphere of the eye, and the changes are more
pronounced the closer to the posterior pole [1-5]. Histological studies have shown
that with longer axial length, the axial elongation-associated thinning of the sclera was
most pronounced close to the posterior pole, while the scleral thickness in the pars
plana region did not vary significantly between eyes of various axial length. In a simi-
lar manner, the thinning of the choroid was more marked the closer to the macula [6].

It has been postulated that the main driver for the scleral and choroidal thin-
ning in the process of axial elongation may be a new production and elongation
of Bruch’s membrane in the equatorial and retroequatorial region of the eye [7].
Findings leading to this hypothesis were the following:

¢ the volume of the scleral and choroid did not markedly increase after the end of the
second year of life and that both parameters were independent of axial length [3, 5];

* the thickness of Bruch’s membrane was not associated with axial length so that
its volume increased in the process of axial myopization [8];

¢ the main determinant of the process of emmetropization (and myopization) is the
length of the optical axis which ends at the photoreceptor outer segments and not
at the scleral posterior surface;

* the structure with a minimum of biomechanical strength and being located clos-
est to the photoreceptor outer segments is Bruch’s membrane;

e abiomechanical study revealed that the stiffness of Bruch’s membrane was com-
parable or higher than those of other ocular tissues and that it could sustain a
relatively high pressure of 80 mmHg or higher before rupture [9];
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e the density of the retinal pigment epithelium cells and the retinal thickness
decreased in the midperiphery with increasing axial length, while both parameters,
measured in the macular region, were independent of axial length [10, 11]; and

 the optic disc-fovea distance increased with longer axial length by the develop-
ment and enlargement of parapapillary gamma zone while the length of Bruch’s
membrane in the macular region was independent of axial length [12—-14].

These anatomical findings and the postulated mechanism of Bruch’s mem-
brane enlargement in the midperiphery as the driver for the cylindrical-like sagittal
enlargement of the globe are associated with typical myopic changes in the anatomy
of the optic nerve head. These include the following: an enlargement of the optic
nerve head with the development of a secondary or acquired macrodisc [15, 16];
enlargement and shallowing of the optic cup, so that the spatial contrast between
the height of the neuroretinal rim and the depth of the optic cup is decreased; elon-
gation and thinning of the lamina cribrosa [17, 18]; development and enlargement
of parapapillary gamma zone and delta zone [19, 20]; and rotation of the optic disc
mostly around the vertical axis [21, 22].

The enlargement of the optic disc (as defined by the peripapillary ring) affects all
three optic disc layers: Bruch’s membrane opening; the choroidal opening, in which
the choroid is separated from the intrapapillary compartment by the peripapillary
border tissue of the choroid (Jacoby); and the scleral opening which is spanned by
the lamina cribrosa. The (passive) enlargement of all three optic disc layers may be
due to the finding that the myopic axial elongation additionally includes a widening
of the eye in the horizontal and vertical directions [23]. For each millimeter increase
in axial length, both the horizontal globe diameter and the vertical globe diameter
increase by approximately 0.2 mm [23]. Since the primary and active enlargement of
Bruch’s membrane may occur in the equatorial region, an increased tension within
Bruch’s membrane and within the choroid and the sclera may develop at the poste-
rior pole. It would lead to a stretching of the openings of all three optic disc layers. It
has been discussed that if the increased tension within Bruch’s membrane is not suf-
ficiently released by the enlargement of the physiological Bruch’s membrane open-
ing in the optic disc, secondary defects in Bruch’s membrane may develop starting
with the formation of lacquer cracks and ending the formation of macular Bruch’s
membrane defects [24-27]. If the enlargement of the optic disc Bruch’s membrane
opening is more marked than the enlargement of the optic disc choroidal opening,
a part of the parapapillary region will no longer be covered by Bruch’s membrane,
so that parapapillary gamma zone as Bruch’s membrane-free region develops [19,
20]. The uneven enlargement of the opening of the various layers of the optic disc
may thus be one of the reasons for the development of parapapillary gamma zone.

The enlargement of the optic disc in axially elongating eyes leads secondarily to
an enlargement of the optic cup, while the shape of the neuroretinal rim may still
follow the so-called ISNT (inferior—superior—nasal-temporal) rule, with the small
rim part being located usually in the temporal horizontal disc region [28]. Due to the
stretching and enlargement of the optic disc and cup, the spatial contrast between
the height of the neuroretinal rim and the depth of the optic cup appears to dimin-
ish, so that it becomes clinically more difficult to delineate the optic cup form the
neuroretinal rim.
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The enlargement of the opening in the scleral layer of the optic disc is associated
with a stretching and thinning of the lamina cribrosa [17, 18]. Since the diameter
of the retrobulbar optic nerve is not directly affected by the process of axial elonga-
tion, the myopic enlargement of the posterior surface of the lamina cribrosa has as
consequence that a peripheral annular-like region of the lamina is no longer covered
or buffered by the solid optic nerve but is directly facing the orbital cerebrospinal
fluid space.

Outside of the optic disc border, parapapillary gamma zone and delta zone
develop during axial elongation (Fig. 11.1) [19-21, 24, 29-35]. Gamma zone
has been defined as the Bruch’s membrane-free zone at the optic disc border. It is
usually larger on the temporal side than on the nasal side. Prevalence and size of
gamma zone is strongly associated with myopic axial elongation and the amount of
the optic disc rotation around the vertical axis [21]. Two mechanisms may lead to
the development of gamma zone. As pointed out above, gamma zone may develop
if the enlargement of the optic disc Burch’s membrane opening is more marked than
the enlargement of the optic disc choroidal opening. A second mechanism may be
connected with a shift of the three optic disc layers during axial elongation. One
may assume that at birth all three optic disc layers are aligned to each other. If in the
process of axial elongation Bruch’s membrane is newly formed and enlarged in the
equatorial region, the optic disc Bruch’s membrane opening may shift in direction
to the macula. If this movement is less marked for the optic disc choroidal layer
and scleral layer than it is for the Bruch’s membrane opening, a misalignment of
the layers will occur, with the Bruch’s membrane opening being located most to
the macular side and the scleral opening being located most to the nasal side. This

Fig. 11.1 Optical coherence tomographic image of the optic nerve head, showing parapapillary
gamma zone (between red arrow and yellow arrow) with Bruch’s membrane being absent, and
parapapillary delta zone (between yellow arrow and green arrow (optic disc border)) showing an
elongated peripapillary scleral flange as anterior border of the orbital cerebrospinal fluid space
(yellow stars) between the optic nerve dura mater (horizontal blue arrow) and the optic nerve with
its surrounding pia mater (vertical blue arrow)
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phenomenon would explain the overhanging of Bruch’s membrane on the nasal side
of the optic disc in moderately myopic eyes, and it could be a second mechanism
for the development of parapapillary gamma zone [36]. It would also explain the
paradoxical course of the optic nerve through the optic nerve head channel with
the optic nerve entering the canal from nasal anteriorly and reaching the vitreous
compartment temporal posteriorly, although the optic nerve arrives at the eye globe
coming from the posterior part of the orbit.

Parapapillary delta zone is located at the optic disc border within gamma zone
and has been defined as the region of the elongated and thinned peripapillary scleral
flange [19, 20]. The peripapillary scleral flange is the continuation of the inner half
of the posterior sclera and continues into the lamina cribrosa, separated from the
latter by the peripapillary scleral border tissue of Elschnig [37, 38]. It forms the
anterior end of the orbital cerebrospinal fluid space. In axially elongated eyes, in
particular beyond an axial length of 26.5 mm, the peripapillary scleral flange gets
markedly elongated and thinned [37, 39]. It may change its dimensions from a nor-
mal thickness and length of about 0.5 mm to a length of 5 mm and a thickness of
less than 100 pm. The ophthalmoscopical delineation between gamma zone and
delta zone can be facilitated by searching for the peripapillary arterial circle of
Zinn-Haller which is usually located at the merging line of the optic nerve dura
mater with the sclera, i.e., at the peripheral end of delta zone [40, 41].

The optic disc shape as perceived upon ophthalmoscopy is normally slightly oval
[42, 43]. It has to be taken into account that the ophthalmoscopically determined
optic disc shape is different from the true optic disc shape, since the location of the
optic disc close to the nasal side leads to perspective distortion, usually resulting in
a perspective shortening of the horizontal disc diameter [44]. In addition, the optic
disc undergoes rotational changes in the process of myopic axial elongation [22].
These are mainly an optic disc rotation around the vertical axis, and to a minor
degree a rotation around the horizontal axis and the sagittal axis. A rotation round
the vertical axis leads to a perspective shortening of the horizontal disc diameter,
a rotation round the horizontal axis leads to a perspective shortening of the verti-
cal disc diameter, a rotation round the sagittal axis does not change the perspective
appearance of the disc diameters [44]. The rotation around the vertical axis is asso-
ciated with the development and enlargement of gamma zone at the temporal side,
and a rotation around the horizontal axis is associated with the development and
enlargement of gamma zone at the inferior border of the optic disc. These optic disc
rotations explain the ophthalmoscopical appearance of the markedly vertically oval
shape of optic discs in highly myopic eyes [15, 16]. The difference between the two-
dimensional ophthalmoscopical optic disc shape and the optic disc shape as deter-
mined three-dimensionally by optical coherence tomography increases with longer
axial length, due to the progressing disc rotation around the vertical axis [44]. It has
remained elusive which forces lead to the disc rotation around the vertical axis in
progressive axial myopia. One reason could be, as outlined above, the increasing
misalignment of the three optic disc openings, with the Bruch’s membrane opening
moving in temporally and the scleral opening staying partially behind. The resulting
overhanging of Bruch’s membrane into the nasal part of the optic disc channel leads
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to a shortening of the effective horizontal disc diameter. A second mechanism could
be a backward strain or pull of the optic nerve dura mater on the peripapillary region
[45, 46]. In a recent study, Demer and colleagues proposed that the backward pull
of the optic nerve on the optic nerve head in markedly axially elongated eyes could
lead to a novel mechanical load on the globe at the optic nerve head in ocular adduc-
tion [ 45]. Since the optic nerve originates in the nasal superior region of the orbit
and inserts in the posterior nasal region of the eye, adduction of the globe would
lead in axially elongated eyes to a backward pull of the optic nerve on the temporal
and temporal inferior side of the optic nerve head. Such a mechanism could explain
the marked rotation of the optic nerve head mainly around its vertical axis (and a
slight rotation around its horizontal axis with a backward movement of the inferior
optic disc pole) in highly elongated eyes. Since the optic nerve dura mater as com-
pared to the pia mater or the neural tissue of the optic nerve may be biomechanically
the strongest element, one may assume that the traction is forwarded by the optic
nerve dura mater to its insertion on the globe, i.e., the merging line of the dura mater
with the posterior sclera or the peripheral end of the peripapillary scleral flange.
Traction on the merging line could also lead to an elongation of the peripapillary
scleral flange and indirectly to the development and enlargement of parapapillary
gamma zone. The study by Demer has been confirmed and extended by investiga-
tions conducted by Wang and colleagues who found that that the optic nerve head
strains due to the pull by the optic nerve dura mater on the peripapillary sclera dur-
ing a lateral eye movement of 13° were as high as, or higher than, those resulting
from an IOP of 50 mmHg [46]. Fitting with the notion of a biomechanical role the
optic nerve may play for the anatomy and physiology of the optic nerve head is the
finding of peripapillary suprachoroidal cavitations which are located mostly in the
inferior peripapillary region in about 17% of highly myopic eyes [47-50]. Their
development may also be explained by a backward pull of the optic nerve dura
mater on the temporal and inferior peripapillary sclera. Correspondingly, peripapil-
lary suprachoroidal cavitations are associated with an optic disc rotation around the
vertical disc axis and high axial myopia [50].

The cutoff for the differentiation between moderate myopia and high myopia
at which the axial elongation associated enlargement of the optic nerve head starts
has not concisely been assessed so far. According to hospital-based investigations
and population-based studies, the optic disc and parapapillary gamma zone start to
increase at about a value of approximately —8.00 diopters or an axial length of about
26.5 mm [51, 52]. At the same cutoff values, the prevalence of myopic retinopathy
increases [53-55].

11.3 Increased Prevalence of Glaucoma in High Myopia
and Associated Factors

Population-based investigations and hospital-based studies have shown that the
prevalence of glaucomatous optic neuropathy (GON) was higher in highly myo-
pic eyes than in emmetropic eyes [53, 56-69]. To cite an example, in the Beijing
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Eye Study the prevalence of GON was significantly higher in eyes with a myopic
refractive error exceeding —6 diopters than in the remaining eyes, while between
the hyperopic eyes, the emmetropic eyes and the eyes with low to moderate myopia
(myopic refractive up to —6 diopters or less), the frequency of glaucoma did not
vary significantly [53]. Since the IOP pressure did not differ significantly between
the highly myopic eyes and the remaining eyes, it suggested a higher glaucoma
susceptibility in the highly myopic eyes. In the Blue Mountains Eye Study, the
glaucoma prevalence was higher in moderate to high myopes (4.4%) than in emme-
tropes (1.5%) [63]. In the Barbados Eye Study, myopia increased the odds of having
glaucoma while hyperopia reduced it [61]. In the Malmo eye survey on more than
30,000 individuals, the glaucoma prevalence increased with increasing myopia, and
the association between myopia and glaucoma was strong at lower IOP levels, and
weakened gradually with increasing IOP [64, 67]. The reason for a discrepancy
between studies on an association between myopia and glaucoma may be that not
all studies differentiated between moderate myopia, which may not be associated
with an increased glaucoma prevalence, and high myopia with an increased fre-
quency of GON [65]. Accordingly, in the Beijing Eye Study the low to moderate
myopic group, the emmetropic group and the hyperopic group did not vary signifi-
cantly in the prevalence of glaucoma in the present study [53]. By the same token,
in non-highly myopic individuals, inter-eye differences in refractive error were not
significantly correlated with inter-eye differences in neuroretinal rim area and mean
visual field defect nor were the neuroretinal rim area, the horizontal and vertical
cup/disk diameter ratios and the mean visual field loss correlated with refractive
error in an interindividual statistical analysis [65].

A previous study revealed that at a given IOP in patients with chronic open-
angle glaucoma, the amount of optic nerve damage was more marked in highly
myopic eyes with large optic discs than in non-highly myopic eyes [68]. This
observation was supported by a hospital-based study in which Nagaoka and col-
leagues examined 172 patients with a mean axial length of 30.1 = 2.3 mm (range:
24.7-39.1 mm) and in which the prevalence of GON (overall: 28%) was 3.2 times
higher (P < 0.001) in large optic discs (>3.79 mm?) than in normal-sized discs or
small discs (<1.51 mm?) after adjusting for older age. Interestingly, axial length
was not significantly (P = 0.38) associated with glaucoma prevalence in that model
[70]. It suggested that the axial elongation-associated enlargement of the optic
disc as compared to the axial elongation itself was one of the main factors for the
increased glaucoma susceptibility in the highly myopic eyes. In a following study,
it was additionally detected that an enlarged parapapillary delta zone, together with
an enlarged optic disc, was associated with the increased glaucoma prevalence in
highly myopic eyes, while in the multivariate analysis, parapapillary gamma zone
was not related with the glaucoma prevalence [71]. In that study on 519 eyes with a
mean axial length of 29.5 + 2.2 mm, prevalence of GON increased from 12.2% in
the group with an axial length of <26.5 mm to 28.5% (24.4, 32.5) in the group with
an axial length of >26.5 mm, to 32.6% in the group with an axial length of >28 mm,
to 36.0% in the group with an axial length of >29 mm, and to 42.1% in eyes with
an axial length of >30 mm.
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11.4 Potential Reasons for the Association Between
Glaucoma and High Myopia

The main factors associated with the increased prevalence of GON in the highly
myopic eyes were the size of the optic disc and the prevalence and size of para-
papillary delta zone. Histomorphometric studies have revealed that the axial
elongation-associated enlargement of the optic disc is associated with an elonga-
tion and thinning of the lamina cribrosa. Since the lamina cribrosa is the functional
border tissue between the intraocular compartment with the IOP and the retrobulbar
compartment with the orbital cerebrospinal fluid pressure, a thinning of the lamina
cribrosa leads to a decreased distance between both compartments and to a steepen-
ing of the trans-lamina cribrosa pressure gradient between both compartments [17,
18]. An elevated the trans-lamina cribrosa pressure difference or a steepening of the
trans-lamina cribrosa pressure gradient have been discussed to be associated with
the glaucomatous damage to the retinal ganglion cell axons when passing through
the lamina cribrosa [72—76]. The thinning of the lamina cribrosa may thus be one of
the reasons for the association between an enlargement of the optic disc size and a
higher prevalence of GON. Additional potential reasons for the increased glaucoma
susceptibility in highly myopic optic disc may be a rearrangement of the lamina
cribrosa pores and the whole lamina cribrosa architecture by the axial elongation-
associated stretching of the lamina cribrosa. Theoretically, it may have a similar
effect as the scarring of the lamina cribrosa due to the glaucomatous process itself,
what may also lead to increased glaucoma susceptibility at a given IOP [77].

Histological studies have additionally shown that the myopic enlargement of
the posterior surface of the lamina cribrosa leads to an exposure of a peripheral
annular-like region of the lamina directly to the orbital cerebrospinal fluid space
[18]. Since the cerebrospinal fluid in contrast to the solid optic nerve tissue cannot
resist a local backward bowing of the lamina cribrosa, the exposure of the posterior
lamina cribrosa surface to the cerebrospinal fluid space may allow the development
of acquired pits of the optic nerve head which are typically located at the optic disc
border.

The peripapillary scleral flange is the biomechanical anchor of the lamina cribrosa
to the posterior sclera, with both tissues being partially separated from each other
by the peripapillary border tissue of Elschnig the scleral flange [38]. In the process
of axial elongation, the length of the peripapillary scleral flange can increase by a
factor of 10x, and its thickness can get reduced to 10% of its original value [19,
78]. These marked anatomical changes may have an effect on the biomechanical
properties of the flange as the anchor of the lamina cribrosa and may be one of the
reasons for the increased glaucoma susceptibility in high myopia. This notion fits
with the observation that the size of parapapillary gamma zone, after adjusting for
axial length was not significantly associated with the glaucoma prevalence. Gamma
is the zone free of Bruch’s membrane, and Bruch’s membrane, connected with the
lamina cribrosa by the thin peripapillary choroidal border tissue of Jacoby may not
directly be involved in the biomechanics of the lamina cribrosa in glaucoma.

The lamina cribrosa is nourished by vessels originating from the peripapillary
arterial circle of Zinn-Haller, which is located approximately at the merging point
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of the posterior sclera with the dura mater of the optic nerve [40, 41, 79]. The longer
the peripapillary scleral flange, the larger is the distance between the arterial circle
and the optic nerve head. The axial elongation-associated elongation of the peripap-
illary scleral flange may thus potentially have importance for the blood supply of
the lamina cribrosa and be another factor for an increased susceptibility of a highly
myopic disc for optic nerve damage.

It has remained unclear whether the axial elongation-associated enlargement
of the optic disc is an independent risk factor for an increased GON susceptibility
in high myopia. In non-highly myopic eyes, the optic disc size was not associated
with the prevalence and amount of GON [77, 80, 81]. Since the elongation and
thinning of the lamina cribrosa and of the peripapillary scleral flange are strongly
associated with the optic disc enlargement, one may assume that the disc enlarge-
ment is secondarily, and not causally, associated with the increased prevalence of
GON in high myopia. It has also remained elusive whether the axial elongation-
associated thinning of the peripapillary choroid has an influence on the GON
susceptibility [82].

11.5 Intraocular Pressure and Glaucoma in High Myopia

In a recent pilot study on 517 eyes with a mean axial length of 29.5 = 2.2 mm,
the IOP did not differ significantly (P = 0.53) between the glaucoma group
(n = 141 (27.3%) eyes) and the non-glaucomatous group (n = 376 (72.7%))
(14.5 £ 3.3 mmHg versus 14.7 + 2.5 mmHg) [83]. Only in the eyes with an axial
length of equal to or less than 27.4 mm, the prevalence of GON was correlated
with higher IOP (P = 0.037; odds ratio (OR): 1.35; 95% confidence interval
(CI):1.02, 1.80), while in the eyes with a longer axial length, the prevalence
of GON was not significantly (P = 0.97) associated with IOP in a multivariate
analysis adjusting for age, axial length, shorter vertical diameter of the temporal
arterial arcade and longer minimal optic disc diameter. There were major limita-
tions of the study as follows: the diagnosis of GON was based on the ophthalmo-
scopic appearance of the optic nerve head, without taking into account results of
visual field examinations or findings obtained by optical coherence tomography;
and the glaucomatous group as compared to the non-glaucomatous group had a
significantly higher prevalence of anti-glaucomatous therapy. It could suggest
that the lack of a difference in IOP between both groups was due to the higher
prevalence of IOP-lowering therapy in the glaucomatous group. In the multivari-
ate analysis with adjustment for the prevalence of anti-glaucomatous treatment
however, the IOP was not significantly associated with the glaucomatous versus
non-glaucoma group.

If the results of the study are valid, it may not indicate that there is no association
between IOP and glaucoma in high myopia, but that highly myopic glaucomatous
eyes as compared with non-highly myopic glaucomatous eyes may have a markedly
lower IOP threshold to develop optic nerve damage. It could indicate that an IOP
of perhaps lower than 10 mmHg might be necessary to prevent the development
of GON in these highly myopic eyes, and that in highly myopic eyes with axial



250 J.B.Jonasetal.

elongation associated enlargement and stretching of the optic disc and parapapillary
region as the main risk factors for GON in high myopia a normal IOP may be suf-
ficient to lead to GON.

11.6 Therapy of Glaucoma in High Myopia

Although it has not yet been firmly proven that GON in high myopia is dependent
on IOP, and although a randomized trial on the effect of lowering of IOP as therapy
of glaucoma in highly myopic eyes has not been performed yet, most researchers
recommend lowering IOP in highly myopic patients with glaucoma. Based on the
morphological findings described above, the target pressure in highly myopic glau-
coma may be lower than in non-highly myopic glaucoma. A factor markedly com-
plicating the clinical situation is the difficulty in detecting the presence of GON and,
in particular, in detecting the progression of optic nerve damage in highly myopic
glaucoma. Due to the peculiar anatomy of the optic nerve head in highly myopic
eyes, most diagnostic procedures fail in precisely assessing the status of the optic
nerve in highly myopic eyes with glaucoma. It includes factors such as:

e adecreased spatial and color contrast between the neuroretinal rim and the optic
cup making a delineation of both structures more difficult;

e a peripapillary retinoschisis leading to an incorrect segmentation of the retinal
nerve fiber layer upon optical coherence tomography;

e a large gamma zone (and delta zone) which makes using the end of Bruch’s
membrane as reference point for the measurement of the neuroretinal rim
useless;

e a large gamma zone also markedly further reduces the anyway relatively low
value of parapapillary beta zone as indicator for GON; and

e macular Bruch’s membrane defects and other reasons for non-glaucomatous
visual field defects which reduces the diagnostic precision of perimetry for the
detection of presence and progression of GON.

The mode of therapy of lowering IOP in highly myopic glaucoma is similar
to the therapy of open-angle glaucoma in non-highly myopic eyes and includes
topically applied drugs reducing the production of aqueous humor and/or increasing
the outflow of aqueous humor, laser procedures aimed at the trabecular meshwork
to increase aqueous humor outflow, and surgical procedures for increase of aque-
ous humor outflow or reduction of aqueous humor production. If fistulating proce-
dures, such as trabeculectomy, are performed, one may have to take into account
a potentially increased risk of postoperative choroidal swelling and detachment
and even expulsive hemorrhage. Potential reasons might be the marked thinning
(compression) of the choroid in highly myopic eyes and an oblique course of the
short posterior ciliary arteries (and potentially vortex veins) through the sclera in
highly myopic eyes, while in emmetropic eyes the short posterior ciliary arteries run
almost perpendicularly through the sclera (Fig. 11.2).
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Fig. 11.2 Optical coherence tomographic image of the posterior sclera in a highly myopic eye
showing the oblique course of a short posterior ciliary artery (red arrows) through the sclera
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