Update on the Pathology
of Pathological Myopia
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7.1 Introduction

Pathological myopia is the leading cause of blindness in
many developed countries, especially in Asia and the Middle
East [1-3]. Pathological myopia has been defined in several
different ways, but usually combines a high refractive error
with degenerative changes. Duke-Elder defined it as a myo-
pia occurring with (predominantly posterior lobe) degenera-
tive changes [4]. In Japan, where pathological myopia affects
between 6 and 18 % of the myopic population, a high refrac-
tive error of >—8 diopters (D) is used as the diagnostic crite-
ria for pathological myopia [5]. High myopia is usually
associated with enlargement or elongation of the globe. The
mechanical stretching forces associated with this enlarge-
ment can lead to several different types of fundus changes
which can result in variable amount of visual deterioration.

There have been a number of research studies that have
documented the most common histopathological findings in
myopic eyes. Most recently, a review of 308 eyes compre-
hensively delineated the histopathological findings in patho-
logical myopia [6]. These include the tigroid fundus, lacquer
cracks, geographic atrophy of RPE and choroid, posterior
staphyloma, choroidal neovascularization also known as
Fuchs spot, myopic configuration of the optic nerve head
including peripapillary changes, macular holes and retinal
holes or detachments, and vitreous, cobblestone, and lattice
degeneration (see Table 7.1).

Studies have shown that both genetic and environmental
factors both cause and affect the development of patho-
logical myopia [7-10]. Recent studies investigating the
genomics of this condition have successfully identified
novel loci which may be responsible for the development
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of this pathological process. With the under acknowledged
but significant impact of pathological myopia in patients,
the importance of genomic profiling and early recognition
of pathological changes in the myopic eye can potentially
aid earlier intervention or appropriate alternative thera-
pies to improve the quality of life of these patients. In
recent years, various interventional techniques have been
tried to control progression myopia in children, including
the use of antimuscarinic or cycloplegic drops, bifocal
lenses, RGPCLs, and intraocular pressure-lowering drugs.
According to a recent Cochrane review, the most promis-
ing results were shown in trials using antimuscarinic topi-
cal medication. Bifocal lenses and lenses to reshape the
corneal surface were deemed to also be promising but in
need of further elucidation with clinical trials [11].
Understanding the histopathology of pathological myopia
is an important step in being able to focus the future devel-
opment of appropriate interventions on those tissues that
may benefit the most.

7.2  Pathological Findings
in Pathological Myopia
7.2.1 Lacquer Cracks

Lacquer cracks are a result of linear breaks forming in the
Bruch’s membrane. The breaks occur in the posterior pole
and clinically appear as a crisscrossed, reticular pattern of
subretinal yellowish-white fine irregular lines and are associ-
ated with retinal hemorrhage as well as subretinal neovascu-
larization [12, 13]. Typically the overlying neuroretina
appears normal. The presence of lacquer cracks may have
some relation to the stress caused by mechanical forces act-
ing on the ocular tissues from an enlarged eye as typically
found in high myopia [6, 14]. Between 1.6 and 4.3 % of
severely myopic eyes to have been shown to have lacquer
crack formation pathologically [6, 15]. Curtin et al. noted
that axial length showed some correlation with the presence
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Table 7.1 Histopathologic findings in 308 myopic eyes

Finding Percent of total
Myopic configuration of optic nerve head 37.7
Staphyloma 354
Vitreous degeneration (liquefaction, detachment) 35.1
Cobblestone degeneration 14.3
Myopic degeneration of retina 11.4
Retinal detachment 11.4
Retinal pits, holes, or tears 8.1
Subretinal neovascularization 52
Lattice degeneration 4.9
Fuchs spot 32
Lacquer cracks 0.6

of lacquer cracks, finding that 4.3 % of eyes with an axial
length greater than 26.5 mm exhibited lacquer cracks and
eyes with an axial length of 31.5 mm or more had the highest
incidence [16]. Klein et al. found a distinct correlation
between the presence and extent of lacquer cracks and wors-
ening visual acuity [15]. Histopathologically, lacquer cracks
can be seen as distinct defects in Bruch’s membrane, leading
to capillary-like vessels extending internally, through the
defect to the underlying retinal pigment epithelium.
Sometimes these linear tears can be healed by retinal gliosis
that fills in the area of the defect. Hyperplasia of the retinal
pigment epithelium can also be seen to extend into the cho-
roid through the defects. Clinically this hyperplasia of the
RPE can be seen as pigmentary changes in the area of the
lacquer cracks. The mechanical forces causing the stretching
and hence breakage in the elastic lamina of Bruch’s mem-
brane can lead to the formation of choroidal neovascular
membranes which may bleed, eventually causing scarring
and atrophy of the RPE.

A study by Ohno-Matsui et al. found that subretinal
bleeding in the absence of a myopic CNV heralded the
development of lacquer cracks [17]. The study prospec-
tively examined 22 highly myopic eyes in 19 patients that
had exhibited subretinal bleeding. Ophthalmoscopy and
fluorescein funduscopic angiography were used to evaluate
the area of the subretinal bleed. 17 of the eyes (77 %)
developed lacquer cracks in the following 2—6 months
(mean 4 months) following the subretinal bleeds. Another
study by the same team followed 66 eyes with lacquer
cracks for an average of 73 months [18]. Progression of the
lacquer cracks was seen in 37 eyes (56.1 %), and of these,
37 % showed an increase in the number of cracks, and
evolved into other myopic fundus changes such as patchy
atrophy, diffuse atrophy and Fuchs’ spot, in 68 %. We
know that lacquer cracks are formed when there is a break
in Bruch’s membrane through the RPE to the choriocapil-
laris. Laser photocoagulation, used to treat CN'V as well as
retinal holes/tears, can also cause fractions in this RPE-
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Bruch’s-choriocapillaris complex. It then stands to reason
that laser photocoagulation can lead to the formation of
lacquer cracks. Johnson et al. reviewed 5 eyes treated for
myopic CNV with laser photocoagulation and found that
the existing lacquer cracks expanded from the laser scar
between 10 days and 3 months after treatment [19].
Furthermore, the cracks acted as pathways for recurrence
or progression of the myopic CNVs. Ohno-Matsui et al.
evaluated 325 highly myopic eyes and found that of those
that were noted to have lacquer cracks, 29.4 % went on to
develop myopic CNV, showing that lacquer cracks are an
important predisposing risk factor for the development of
CNV [20].

7.2.2 Geographic Atrophy of RPE
and Choroid (Diffuse vs. Patchy)

The degenerative changes that are found in high myopia
cause early changes, primarily atrophy of the choriocapil-
laris and retinal pigment epithelium. The atrophy of the RPE
and choriocapillaris leads to a reduction in nutritional sup-
port for the retina, and this subsequently also atrophies. The
atrophy leads to increased visualization of the choroidal
circulation, known as a “tessellated” or “tigroid” fundus
appearance.

Chorioretinal degeneration is the most commonly
reported clinical finding in pathological myopia [8]. The
changes progress from the early findings of a tigroid fun-
dus to lacquer crack and staphyloma formation and then
diffuse followed by patchy choroidal atrophy and eventu-
ally leading to bare sclera [21, 22]. A study by Ohno-
Matsui et al. reviewed 325 eyes with myopic fundus
changes over a course of at least 3 years and found that
choroidal neovascularization occurred in 3.7 % of eyes
with diffuse chorioretinal atrophy and in 20 % of eyes with
patchy atrophy [20].

Kobayashi et al. reviewed the fundus characteristics in
children with high myopia and found that only mild cho-
rioretinal atrophy was noted in 16.3 % of eyes, and this
was located around the optic disc. None of the children
exhibited signs of geographic atrophy, suggesting that
aging, in addition to mechanical tension, may be an impor-
tant factor in the development of myopic chorioretinal
degeneration [23].

A long-term study (range 5-32 years, mean 12.7 years)
of 806 highly myopic eyes in 429 patients found that
myopic maculopathy — that is, a tessellated fundus, dif-
fuse or patchy chorioretinal atrophy, CNV, and macular
atrophy — was seen to progress in approximately 40 % of
eyes over time [24]. Additionally, eyes that also had pos-
terior staphyloma were more likely to show progression
of maculopathy.
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Fig. 7.1 Gross appearance of cobblestone degeneration. There is dif-
fuse and patchy atrophy of the peripheral RPE and outer retina forming
cobblestone degeneration

Fig. 7.3 Cobblestone degeneration. Outer retinal atrophy. There is
atrophy of the outer retina and retinal pigment epithelium present
(between arrows) H&E 25%

Fig. 7.2 Gross appearance of confluent cobblestone degeneration

Histopathologically, the study by Grossniklaus et al.
found that the RPE did indeed show substantial atrophy, and
interestingly they also noted a loss of choroidal melanocytes
in the area [6] (see Figs. 7.1, 7.2,7.3,7.4,7.5,7.6, 7.7, and
7.8). The choriocapillaris has been shown on ultramicros-
copy to progressively thin with a graduated blockade of the
choriocapillaris [25]. A study to evaluate macular choroidal
thickness in eyes with myopic maculopathy found that a
thinner macular choroidal thickness was related to more
advanced stages of maculopathy and an increased likelihood
of the presence of lacquer cracks and a lower BCVA [26].
This finding was confirmed by a recent comparative study of
choroidal thickness in highly myopic eyes with emmetropic
eyes [27]. Enhanced depth imaging optical coherence tomog-
raphy (EDI-OCT) was performed on 25 highly myopic eyes
and 25 normal eyes. The choroidal thickness in the macula
was significantly smaller (p<0.0001) in the highly myopic
group as compared to the normal group.

Fig. 7.4 Cobblestone degeneration. This area of cobblestone degen-
eration is composed of RPE atrophy and overlying atrophy of the
outer retinal layers (between arrows). Adjacent to the cobblestone
degeneration, the photoreceptor outer segments are intact (asterisk)
H&E 100x

Fig. 7.5 Gross appearance of lattice degeneration. The area of lat-
tice degeneration (arrowheads) has an associated retinal hole
(arrow)
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Fig. 7.6 Lattice degeneration. Lattice degeneration in this myopic eye
is composed of inner layer atrophy with an overlying pocket of liquid

vitreous (asterisk) surrounded by tufts of gliotic retina (arrowheads).
There is RPE hypertrophy and hyperplasia present (arrows) and a scle-
rotic vessel is observed. H&E 100x
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Fig. 7.7 Outer retinal atrophy. The outer retina is atrophic (between
arrows) and only a thin portion of the outer nuclear layer remains. H&E
25%

At the edges of the atrophied areas, pigment clumping
could be seen, a sign that can also be frequently noted on
clinical examination. Animal models of myopia have shown
that ultrastructural changes include a reduced density of the
choroidal capillaries and irregular, attenuated intercapillary
meshes [28].

An early study of 1,437 myopic eyes looked at the periph-
eral retinas and found a statistically significant association
between axial length of the eye and white without pressure,
pigmentary degeneration, paving stone (or cobblestone)
degeneration, and lattice degeneration [29]. These findings
have been supported by numerous other studies. Celorio
et al. found that 33 % of highly myopic eyes had lattice
degeneration; however, they found the greatest prevalence
(40.9 %) in eyes between 26 and 26.9 mm in length and the
least (7 %) in eyes with axial lengths greater than 32 mm

Fig. 7.8 Outer retinal atrophy. The outer retina is atrophic and only a
thin portion of the outer nuclear layer remains. H&E 100x

Fig.7.9 Gross appearance of highly myopic eye with posterior staphy-
loma. This highly myopic eye exhibits a posterior staphyloma com-
posed of an area of extremely thin sclera with underlying atrophy of the
choroid, retinal pigment epithelium, and retina

[30]. A study from Japan found that independently of axial
length, lattice degeneration was significantly more frequent
in eyes that did not have posterior staphylomas, concluding
that the type of axial elongation (staphyloma vs. no staphy-
loma) influenced the formation of lattice degeneration [31].

7.2.3 Posterior Staphyloma

Clinically, staphylomas have been noted in approximately
19 % of highly myopic eyes with axial lengths greater
26.5 mm [16] (see Figs. 7.9 and 7.10). In the study by
Grossniklaus, the second most common histopathological
finding was staphyloma, occurring in 33 % of the 369 eyes
with pathological myopia [6], indicating that the presence of
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Fig. 7.10 Highly myopic eye with posterior staphyloma. This highly
myopic eye is approximately 40 mm in anteroposterior dimension.
There is normal sclera anteriorly (arrow) and a staphyloma posteriorly
where the sclera has thinned and stretched (between arrowheads).
H&E 2x

-y

Fig.7.11 Staphyloma. A staphyloma corresponds to an area of thinned
sclera (asterisk). H&E 10x

staphyloma may be underestimated by clinical evaluation.
Staphylomas occur most commonly in the posterior pole
[32]. In pathological myopia, the sclera has been shown to be
abnormal. Histopathologically, the collagen bundles in the
sclera are found to be thinner, with fewer striations of colla-
gen, and the lamellar structure of the sclera appears similar
to the architecture of the corneal stroma [33] (see Figs. 7.6,
7.7, 7.8, 7.9, 7.10, and 7.11). Ultrastructural investigations
have revealed that the scleral collagen in pathological myo-
pia has a more lamellar fiber placement, as well as the
appearance of star-shaped collagen fibrils, a decrease in the
fibril caliber and number of fibrils, and increased interfibril-
lary separation [34]. Animal studies have indicated that these
changes are due to accelerated collagen turnover and a
decrease in the synthesis of collagen [35]. These ultrastruc-
tural alterations in the scleral tissue lead to a weaker, less
rigid structure that is more susceptible to mechanical stresses
and deformation. The histologic evaluation by Grossniklaus
found that on gross examination, the mean anteroposterior
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measurement in pathologically myopic eyes was greater than
either the horizontal or vertical measurements (26.5 mm vs.
25.5 mm and 25 mm, respectively), indicating that the eyes
were “egg shaped” with the greatest mechanical forces/
deformation occurring in the anteroposterior axis [6]. This
finding is in keeping with the fact that the vast majority of
staphylomas occur in the posterior pole, where these forces
would have the greatest mechanical impact, leading to ecta-
sia of the sclera and formation of a staphyloma.

In 1977, Curtin developed a grading system for posterior
staphylomas, determined by the location, size, and severity
of the staphyloma [36]. In total, ten types of staphyloma
were identified. The primary staphylomas were type I-V, and
compound staphylomas were type VI-X. A study by Hsiang
et al. using ultrasound B-scans to evaluate posterior staphy-
lomas looked at 209 eyes of 108 patients with pathological
myopia [37]. By using ultrasound B-scans, they found that
90 % of the eyes had a staphyloma. The study found that the
prevalence of staphyloma, as well as the severity, or grading,
increased with increasing age. Type II staphylomas were the
most common, occurring in 52.7 % of eyes, followed by
Type I (23.4 %) and Type IX (17 %). Severe retinal degen-
eration was noted in 71.9 % of the Type IX eyes, in 50 % of
both Type I and Type Il eyes, and in 46.5 % of Type II staph-
yloma eyes. The difference between the Type II and Type IX
eyes was statistically significant (p=0.01). Furthermore,
when comparing Type II staphyloma eyes to Type IX eyes,
the axial length was significantly greater for the latter group,
as was the presence of lacquer cracks. These findings, of an
increase in the prevalence of staphyloma and chorioretinal
atrophy with increasing axial length and increasing age, have
been confirmed by other studies [38].

Staphyloma formation in pathological myopia is part of a
spectrum of myopic maculopathy, and a variety of features
such as retinoschisis, retinal holes and detachments, CNYV,
and atrophy have been noted to occur in the presence of
staphylomas [39—44]. A study by Henaine-Berra et al. has
found that the prevalence of macular abnormalities in high
myopia, such as foveoschisis, vascular traction, and epireti-
nal membrane formation, is significantly more frequent in
the presence of a posterior staphyloma (p=0.0001) and that
53.65 % of eyes with posterior staphyloma were observed to
have macular abnormalities [45]. Wu et al. found that foveos-
chisis and foveal detachment without macular hole were sig-
nificantly associated with posterior staphyloma (p=0.0003)
[46], a finding confirmed by Takano et al. [47]. The question
of whether posterior staphyloma influenced the formation of
macular holes and retinal detachments (MHRD) in highly
myopic eyes was investigated by Oie et al., who found that
the type of posterior staphyloma appeared to have some cor-
relation [48]. They found that the percentage of eyes with
staphyloma in the group of highly myopic eyes MHRD was
significantly higher than in the highly myopic group without
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MHRD (p<0.001), and furthermore, Type II staphylomas
were significantly more prevalent in the MHRD group
(p=0.01).

7.2.4 CNV/Fuchs Spot

Macular choroidal neovascularization (CNV), known as
Fuchs spot in its later stages, has been reported in between 5
and 10 % of cases of pathological myopia [49]. It is the most
common cause of vision loss in high myopia [12, 50]. One
study found that in persons under the age of 50, myopia
accounted for 62 % of CNV [51]. The CNV occurring in
high myopia is associated with typical pathological findings
such as lacquer cracks and patchy atrophy. Drusen, and pig-
ment epithelium detachments, which are commonly found
with age-related CNV, are rarely found in myopic CNV [52].
Myopic CNV tend to be smaller in dimension and with a
smaller extent of leakage when compared to the age-related
form of CNV. Subsequently, the areas of atrophy that develop
over these CNV locations in myopia will initially be smaller.
Later on, however, there is a well-documented tendency for
areas of atrophy and scarring in myopic eyes to increase in
size, a phenomenon known as “atrophic creep.” This phe-
nomenon is especially well recognized as a sequela of laser
treatment in eyes with pathological myopia with several
studies showing that >90 % of myopic eyes treated with laser
of varying wavelengths will suffer from laser scar expansion
[53-56]. An explanation for this phenomenon is that of
mechanical stretching of the chorioretinal complex, which
has been noted to occur in highly myopic eyes. The combi-
nation of thinning of the chorioretinal complex, along with
the likely concomitant presence of a staphyloma, can often
make the task of early detection of a myopic CNV a difficult
one [52]. Chorioretinal atrophy itself is very common in the
areas around a regressed CNV, with one study quoting
the frequency as high as 96 % at 5-10 years after onset of the
CNV [57].

CNV may occur more frequently in the presence of cho-
rioretinal atrophy and lacquer cracks [24, 58, 59]. A study by
Ohno-Matsui et al. found that of those eyes with chorioreti-
nal atrophy, only 3.7 % progressed to CNV formation. This
increased dramatically with patchy atrophy — with 20 % of
those eyes developing CNV — and in the eyes with lacquer
cracks, 29.4 % developed CNV [20].

There are differences between myopic CNV in patients
depending on age — younger patients (<55 years) have been
shown to develop significantly smaller lesions than older
patients (p<0.05) [60]. In younger patients, myopic CNVs
tend to occur close to the fovea, and one study revealed that
83 % of myopic CNVs appear to be smaller “classic” lesions
[61]. Extrafoveal locations for myopic CNV are less com-
mon, with a study by Yoshida et al. finding that about 20 %
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Fig. 7.12 Fuchs spot. The Fuchs spot is composed of a focal area of
choroidal neovascularization surrounded by hyperplastic retinal
pigment epithelium (arrow). PAS 25x

were not located in the foveal region [62]. Older patients
tend to form more extensive and exudative myopic CNVs
which can subsequently form large disciform scars which
can easily be mistaken for those of neovascular age-related
macular degeneration [62]. Histopathologically, the differ-
ences between the two processes can be determined more
easily: in the majority of cases, myopic CNV is located
between the neurosensory retina and the RPE, making it a
Type 2 CNV, whereas the vast majority of AMD-related
CNV are classified as Type 1 CNV, as they are sub-RPE
lesions [63]. Myopic CNV is also characterized by several
unique features: Bruch’s membrane typically does not dis-
play diffuse thickening, the RPE and inner collagenous layer
of Bruch’s membrane tend not to cleave apart resulting in the
formation of pigment epithelial detachments, and wide-
spread deposits of extraneous extracellular matrix are not
present [64]. Retinal hemorrhages are less common and neu-
rosensory detachments are typically shallower than those
found in AMD-related CNV and are also much shallower in
depth. Subretinal and intraretinal fluid accumulation is very
limited and usually insignificant [64]. Once the myopic CNV
starts to regress, there may be some hyperpigmentation visi-
ble, and eventually this leads to fibrotic tissue scarring and
subsequently thinning and atrophy of the chorioretinal com-
plex. In the very end stages, the atrophy may be so severe as
to result in exposure of bare sclera.

Light microscopy of a myopic CNV will show a thin
fibrovascular membrane overlying RPE. The membrane may
show small collagen bundles, fibroblasts, and nonuniformly
distributed small blood vessels in a homogeneous matrix.
Typically there is no evidence of inflammatory cells or
thrombotic vessels [65] (see Figs. 7.12 and 7.13).

An interesting subtype of myopic CNV is the periconus
CNV - that is, an extrafoveal CNV located next to a myopic
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Fig.7.13 Fuchs spot. There is a break in Bruch’s membrane (between
arrows) and a choroidal neovascular membrane surrounded by retinal
pigment epithelium which extends through the break (arrowhead).
PAS 100x

conus. Nagaoka et al. looked at 260 eyes with myopic CNV
and found only 4.2 % exhibited a periconus CNV [66]. They
found that this subtype was more likely to occur in eyes that
had a large myopic conus, and furthermore, the eyes with a
periconus CNV had a significantly larger conus than those
eyes that had subfoveal CNV. Axial length and degree of
myopia were not associated with the formation of a perico-
nus CNV, suggesting the spatial characteristics of the eye did
not have any effect on the formation of CNV in this location.
The study also found that just under half of the patients with
periconus CNV experienced sudden regression, and the rest
resolved after a single treatment to the CNV. Chorioretinal
atrophy developed in 3 eyes (27 %).

7.2.5 Retinal and Macular Hole/Schisis/
Detachment

Changes in the vitreoretinal interface at the posterior pole
can manifest as a macular hole, which can subsequently
lead to retinal detachment in highly myopic eyes. Vector
forces from axial elongation or staphyloma formation in
highly myopic eyes, increased vitreous liquefaction, and
atrophy of the chorioretinal complex which is common in
pathological myopia may combine to form the perfect storm
of which the unfortunate outcome is the formation of a mac-
ular hole.

A study by Gass looking at the mechanism of formation
of macular hole in non-myopic eyes found that the posterior
vitreous cortex would pull on the connections at the vitreo-
retinal interface, with the ensuing traction resulting in a hole
being torn in the macula as the vitreous was pulled away
[67]. Tt is easy to hypothesize that the space formed by the

Fig. 7.14 Retinoschisis. An area of retinoschisis (arrow) is seen adja-
cent to an area of typical peripheral cystoid degeneration (arrowhead).
H&E 10x

Fig. 7.15 Retinoschisis. Higher magnification shows the area of reti-
noschisis (asterisk) formed where there are interruptions of the bridges
of Miiller cells. H&E 25x

retraction of the vitreous from the retinal surface would
cause a negative pressure space into which the liquefied vit-
reous could move, coursing through the newly formed macu-
lar hole and under the retina and inducing a retinal
detachment.

There are several stages of foveal or macular change in this
process: epiretinal membrane; macular schisis; partial and
full-thickness macular hole, with or without PVD; and poste-
rior macular retinal detachments (see Figs. 7.14, 7.15, 7.16,
and 7.17). One study looked at 214 eyes with pathological
myopia and staphyloma and noted there to be vitreoretinal
abnormalities in 56.8 % of those patients [68].

Myopic foveoschisis was assessed using FD-OCT by
Sayanagi et al. to evaluate the pathological features in this
condition [69]. They found that defects in the inner and outer
photoreceptor segments of foveal detachment type were seen
in 3 of 6 eyes (50 %), and IS/OS (foveoschisis type) was seen
in 2 of 11 eyes (18 %). Diffuse atrophy with the myopic
foveoschisis was seen in 24 % and patchy atrophy was also
observed in 24 %.

A study by Takano et al. looked at 32 eyes of 19
patients with severe myopia and posterior staphyloma
[47]. Using OCT they found 11/32 eyes (34 %) to have
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Fig.7.16 Gross appearance of a full-thickness myopic retinal hole

Fig.7.17 Retinal hole. The full-thickness hole exhibits rounded edges
of the surrounding retina (arrows). H&E 100x

foveal retinoschisis or detachment. Of these 8/32 eyes
had foveal retinoschisis and retinal detachment, and 1/32
had only a foveal retinal detachment without schisis for-
mation. 2/32 had only retinoschisis. The remaining 21/32
eyes with neither retinoschisis nor retinal detachment
were all found to have macular thinning using OCT mea-
surements of about 100—150 pm at the fovea. The results
of this study suggest that a macular hole is not a prerequi-
site for retinoschisis or retinal detachment formation in
severely myopic eyes that have a posterior staphyloma. It
is possible that the tractional forces from the posterior
staphyloma may cause a “stretch retinoschisis,” leading
to foveal detachment instead, followed by macular hole
formation as these posteriorly located forces continue to
act, pulling the macular retina away from the vitreous
cortex.

Similarly, studies of myopic traction maculopathy using
OCT have found that macular traction seems to be associated

with a schisis, suggesting that the etiology of macular schisis
may be a result of pre- or extraretinal traction due to the
stretching forces experienced by an enlarged highly myopic
eye [70, 71]. Following on from this finding, another study
reviewed the prevalence of macular holes in highly myopic
eyes and found that the macular holes were present in 6.26 %
of the eyes [72]. The most frequent vitreoretinal abnormali-
ties associated with the macular holes was a schisis, found in
75 % of that subgroup. 20.8 % of the eyes with macular hole
showed progression over a mean follow-up time of 30.2
months, in the form of enlargement of the hole, or a posterior
retinal detachment.

In the study by Grossniklaus et al., the prevalence of
retinal pits, holes, or tears seen on histologic section in the
369 eyes evaluated was 8.4 % [6]. Previous studies have
shown a link between myopic eyes and an increased risk
for retinal hole formation [73, 74] and a significant correla-
tion between retinal detachment and high myopia [75].
Retinal detachments were seen in 12.2 % of eyes in the
Grossniklaus study; however, the authors also considered
the fact that a number of eyes in the study had at some point
undergone a retinal detachment repair procedure, which
increased the prevalence of retinal detachment occurrence
in the study population of highly myopic eyes to 20 %. One
study found several factors that were associated with myo-
pia and the formation of retinal detachments, including lat-
tice degeneration, asymptomatic retinal breaks, increased
frequency of posterior vitreous detachment, and vitreous
liquefaction [76].

A large Scottish study of 1,202 cases of retinal detach-
ment found that 18.7 % of the eyes exhibited lattice degen-
eration [77]. Of these, retinal hole-related RD was
significantly more common (35.7 %) than horseshoe-tear RD
(19.3 %) and occurred mostly in more myopic patients.
Furthermore, >85 % of the RD were associated with PVD
and related tractional abnormalities. These results are similar
to another British study which found that retinal hole-related
RD were more common in younger patients (median age
28.9 years) with a high degree of myopia (-5.5 D, range —1
to —18 D), and about 50 % of the cases exhibited lattice
degeneration [78].

7.2.6 Myopic Configuration of the
Optic Nerve Head, Including
Peripapillary Changes

In the American histopathological study of highly myopic
eyes by Grossniklaus, the most common finding was of myo-
pic configuration of the optic nerve head, found in 40 % of
the eyes [6]. A clinical study of pathological myopia fundus
changes from Singapore found that peripapillary atrophy
was the most common finding by far, in 81.2 % of eyes, fol-
lowed by disc tilt, found in 57.4 % of eyes, and furthermore
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Fig.7.18 Gross appearance of myopic degeneration of the optic nerve
head. There is a myopic conus present surrounding the optic nerve. This
is manifested by peripapillary atrophy and thinning of the sclera

Fig. 7.19 Myopic degeneration. The peripapillary myopic conus cor-
responds to where the retina is reduced to a thin gliotic band (between
arrows), and there is underlying atrophy of the retinal pigment epithe-
lium and choroid (arrowhead). H&E 100x

was found to be more common in teenaged high-myopes
than in adults and those of Chinese descent [38]. Clinically,
this myopic configuration appears as a tilted disc with the
retina, RPE, and choroid extending over the disc nasally and
the retina falling short of the optic disc on the temporal side.
This combination gives rise to the appearance of a temporal
crescent at the optic disc, although it can occasionally be
seen nasally, or inferiorly, or in about 10 % of cases sur-
rounding the disc completely [22, 79]. These findings can all
be seen clearly on histopathological examination, and in
addition, the peripapillary sclera is often found to be stretched
with a widening of the vaginal space between the subdural
and subarachnoid spaces (see Figs. 7.18, 7.19, 7.20, 7.21,
and 7.22). In addition, they found that when the optic nerve
head was involved in the area of a staphyloma, it was typi-
cally enlarged.

A study by Jonas et al. compared the optic discs of highly
myopic eyes to those of normal eyes [79]. They found that
highly myopic eyes had significantly (p<0.000001) larger

Fig. 7.20 Oblique optic nerve head. The optic nerve head (asterisk)
enters the eye at an oblique angle (dotted line) compared to the lamina
cribrosa (dashed line). H&E 10x

Fig.7.21 Myopic conus. There is extensive peripapillary atrophy and
thinning (arrows) which corresponds to a myopic conus. The bare
sclera is seen surrounding an atrophic optic nerve (asterisk). H&E 10x

Fig.7.22 Optic nerve degeneration. There is optic nerve atrophy down
to the lamina cribrosa (asterisk) and only a vestigial blood vessel
remains (arrow) in the atrophic tissue. PAS 5x
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and more oval shaped optic discs than normal eyes and sug-
gested that highly myopic optic discs could be regarded as
secondary acquired macrodiscs, whereby the size of the disc
could be correlated with refractive error and age.

A similar study by Fulk et al. attempted to correlate optic
disc crescents with axial length and refractive error [80]. The
study found that crescent size was significantly associated
with both parameters (p=0.02). For crescents >0.2 mm in
width, each millimeter increase in axial length correlated to
an average 1.26 D increase in myopic shift, but for those with
<0.2 mm of crescent, each millimeter increase in axial length
only correlated to about 0.66 D of myopic shift. The results
also suggested that male gender and refractive error were
directly associated with a large optic nerve crescent.

Nakazawa et al. did a long-term study to assess changes in
optic nerve crescents in myopic eyes [81] and found that the
degree of disc deviation correlated significantly to myopic
progression (p<0.0001). The optic discs observed were
noted to deviate nasally in most cases as the myopia pro-
gressed, with subsequent formation of a peripapillary cres-
cent on the temporal side of the disc.

The lamina cribrosa is known to be affected by myopic
degeneration [82, 83]. Both high myopia and glaucomatous
change are independently significantly correlated with thin-
ning of the lamina cribrosa [82]. In addition, numerous stud-
ies have shown that the peripapillary retinal nerve fiber layer
is changed in highly myopic eyes [84-86]. OCT has been
used to image the optic nerve and peripapillary regions of
highly myopic eyes to reveal that the RNFL is typically
thickened temporally and thinned nasally in eyes with tilted
nerves [86]. Additionally, a thicker mean RNFL significantly
correlated with both a lower degree of myopia and greater
optic nerve disc and rim areas [85]. Superior and inferior
RNFL thickness was not found to be significantly different
between myopic and emmetropic eyes [84].

A histologic review of the peripapillary area in highly
myopic eyes by Jonas et al. revealed that the distance
between the border of the optic nerve and the dura mater,
also known as the scleral flange, showed a significant
increase with increasing axial length and decrease in length
relative to the thickness of the flange area [87]. Furthermore,
they discovered that 42 % of the highly myopic eyes had a
space >0.5 mm between the border of the optic nerve and the
start of Bruch’s membrane, where the flange was both elon-
gated and thinned and a retrobulbar cerebrospinal fluid space
was found to extend into the retroparapapillary region.
Notably, the parapapillary region in these eyes only con-
tained the RNFL or its remnants, with no detectable Bruch’s
membrane or choroid.

The peripapillary region in highly myopic eyes also
exhibits other changes such as cavitations or pits. Wei et al.
used OCT to evaluate these peripapillary intrachoroidal cav-
itations which appear as elevated, patchy, yellowish lesions
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on fundoscopic examination [88]. OCT revealed these
lesions to be intrachoroidal spaces located below the RPE.
About half of the cases showed evidence of communicating
channels leading from the vitreous to the intrachoroidal cavi-
tation, and one quarter also revealed intrachoroidal splitting.
Wei et al. hypothesized that these peripapillary lesions could
represent either a cavitation or choroidal schisis, with the
possibility that they could both be part of a spectrum of the
same pathological process.

Another finding in the optic nerve and peripapillary
region of highly myopic eyes is that of pitlike structures. One
study found that pits were found at the optic nerve border or
peripapillary area in 16.2 % of highly myopic eyes and that
these eyes also were more highly myopic and had signifi-
cantly larger optic discs and longer axial lengths than highly
myopic eyes that did not have any pits [89]. In about a third
of cases, the pits were located at the optic disc, where they
were present at either the superior or inferior border, and in
two-thirds the pits were located in the peripapillary conus.
The conus pits were associated with Type IX staphyloma,
and the pitting was evident in between the optic nerve border
and the scleral ridge and appeared to have developed from a
staphyloma-induced schisis.

7.2.7 Vitreous Degeneration

It is known that vitreous syneresis occurs earlier in myopia
and, additionally, is more extensive and increases as the
myopia worsens [90]. Both vitreous liquefaction and poste-
rior vitreous detachment are common clinical findings with
pathological myopia as the increased intraocular volume of
an enlarged myopic eye contributes to the development of
vitreous degeneration [91]. In the study by Grossniklaus,
central vitreous liquefaction was found on histopathological
examination in all the myopic eyes examined and posterior
vitreous detachment in 33 % of the eyes [6]. In most cases,
only the cortical vitreous remained intact (see Fig. 7.23). In
several cases they also noted that the posterior vitreous trac-
tion had caused retinal holes, cystic degeneration, and reti-
noschisis. Although increased age is known to be a risk
factor for the formation of posterior vitreous detachment,
one study compared 224 eyes with high myopia (-6 D or
greater) with emmetropic eyes, and found that the preva-
lence of PVD was higher in the myopic group at every age
group [92].

Animal models have found that faulty proteins encoding
for the inner limiting membrane (ILM) and vitreous body
lead to a 50 % increase in eye size within 4 days, a process
which was only slowed by reconstituting the ILM [93]. The
results indicate that congenital high myopia can be affected
by the integrity of the vitreoretinal border. A study by Chuo
et al. found a significant association between myopic
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Fig. 7.23 Posterior vitreous detachment. The posterior vitreous is lig-
uefied (asterisk) and the anterior vitreous has been dragged forward
(arrow). PAS 100x

refraction and the formation of a posterior vitreous detach-
ment (OR=4.32, p<0.0005) [94].

A study by Stirpe et al. looked at 496 highly myopic eyes
that underwent surgical treatment for retinal detachments
[95]. They noticed five characteristic appearances for the vit-
reous and retina: (1) uniform PVD (21.8 %), (2) PVD spread-
ing to upper quadrants (46.5 %), (3) extensive liquefaction
and condensations of the vitreous base (10.2 %), (4) poste-
rior vitreous lacuna (17.5 %), and (5) very limited PVD
(3.8 %). The group with posterior vitreous lacuna was found
to have a higher degree of myopia as well as more pro-
nounced staphylomas.

Conclusion

The histopathology of pathological myopia plays an
important role in understanding the mechanisms by which
this condition can affect vision. There have been several
excellent and extensive histopathological studies of
highly myopic eyes, but in recent years, the use of other
imaging modalities such as OCT, fluorescein angiograms,
and ICG has become more commonplace in trying to elu-
cidate the nature of the pathological processes. It is
important to be able to use these imaging studies in com-
bination with the histopathological descriptions in order
to be able to better understand the disease processes and
spectrum.
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