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13.1 Introduction

In 1977, Curtin [1] classified a posterior staphyloma in eyes
with pathologic myopia into ten different types. Types [ to V
are considered a primary staphyloma, and types VI to X are
considered a combined staphyloma (see Staphyloma (I) of
Chap. 13 for details). To date, this has been the most fre-
quently used classification for staphyloma. Although this is a
very useful classification, some improvements can be made.
For example, this classification is based solely on ophthal-
moscopic examination, and thus, the classification is rather
subjective. Also, there are some types which are uncommon
especially in the types of combined staphyloma, like type VI,
VIII, or X. Finally, it is difficult to remember and routinely
use as many as ten different types; thus, a simpler classifica-
tion is needed.

Most of the staphyloma involves a wide area of the fun-
dus; thus, the entire extent of staphyloma often does not fit
within the 50° angle of the conventional fundus photos.
Optical coherence tomography (OCT) is a useful tool for
analyzing the curvature of the eye; however, the maximum
scan length of commercially available OCT is not long
enough to cover the entire extent of a wide staphyloma.

A relatively new technology, the Optos Optomap
Panoramic 200A imaging system (Optos, PLC, Dunfermline,
Scotland), combines both an ellipsoid mirror and a scanning
laser ophthalmoscope (SLO) to obtain noncontact, nonmyd-
riatic, panoramic fundus images. Optos allows for ultra-
wide-field fundus imaging of nearly the entire retina (up
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to 200°), during which the peripheral retina is captured
simultaneously without the need for patient refixation.

Recently, we used three-dimensional magnetic resonance
imaging (3D MRI) to analyze the entire shape of the eye
[2, 3]. 3D MRI s considered suitable to analyze the eye shape
of wide region like posterior staphyloma in a 3D way from
any angle. There have been no studies analyzing how the
entire eye looks like according to each type of staphyloma. It
is also unclear whether the staphyloma affects the posterior
eye segment only or it affects much broader range of the eye.

Thus, in this chapter, we propose a simple classification
and examined the features of Optos images and 3D MRI
images of the same individual. We also analyzed how the
staphyloma seen in Optos images corresponds to the abnor-
mal shape of the entire globe in 3D MRI images.

13.2 Principles for Classification
of Staphyloma

1. Only the contour of the outermost border of posterior
staphyloma was analyzed:

e Combined staphylomas in Curtin’s classification [1] are
characterized by the presence of irregularities within
the staphylomatous area. However, recent enhanced
depth imaging OCT (EDI-OCT) [4] and swept-source
OCT have shown that there are more numerous and
more complicated irregularities of the sclera within a
staphyloma than expected earlier, such as dome-shaped
macula [5-9], peripapillary intrachoroidal cavitation
(ICC) [10], macular ICC [11], scleral dehiscence within
patchy atrophy or at the emissary openings [12], change
of scleral curvature at the dura attachment site [13],
posterior protrusion of peripapillary sclera exposed
onto the dilated subarachnoid space [13]. Thus, it is dif-
ficult to include many different kinds of scleral irregu-
larities into the classification of staphyloma. From the
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Fig. 13.1 The curvature of the outermost line of staphyloma is considered for a classification. The outermost line of staphyloma is depicted in red
line. In such case, types VI through X fit into the same category of type I (in Curtin’s classification)
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Fig. 13.2 Renaming of staphyloma according to its distribution

reasons above, we analyzed the outermost border only.
That is, types VI to X are included under the same cat-
egory with type I (Fig. 13.1).

2. Staphyloma type is renamed according to its location and

distribution (Fig. 13.2):

* Type [ - wide, macular staphyloma

e Type II = narrow, macular staphyloma

e Type Il — peripapillary

e Type IV — nasal

e Type V — inferior

e Staphyloma other than type I through type V — others

13.3 Highly Myopic Eyes Without Evident
Staphyloma (Fig. 13.3)

In Optos images, no clear abnormalities suggesting the
staphyloma edge are found both in color images as well as
fundus autofluorescence (FAF) images, although posterior
fundus shows characteristic findings to pathologic myopia,
such as myopic chorioretinal atrophy and myopic conus
(Fig. 13.3a, e). 3D MRI images show an elliptical shape
(Fig. 13.3c, e) or barrel shape (Fig. 13.3g, h) both in horizon-
tal and vertical sections. Highly myopic eyes with longer
axial length (especially>30.0 mm) tend to have barrel-
shaped globe than elliptical shape when they do not have
evident staphyloma.

13.4 Highly Myopic Eyes with Evident
Staphyloma (Figs. 13.4, 13.5, 13.6,
13.7,13.8,13.9,13.10, 13.11,
and 13.12)

13.4.1 Macular Staphyloma

Macular staphyloma is further divided into wide and narrow,
mainly due to a location of nasal edge of staphyloma. When
the nasal edge of macular staphyloma is along the nasal edge
of the optic disc, the eye is regarded as having a narrow, mac-
ular staphyloma. On the other hand, when the nasal edge of
macular staphyloma exists more nasally to the nasal edge of
the optic disc, the eye is considered as having a wide, macu-
lar staphyloma.

13.4.1.1 Wide, Macular Staphyloma (Fig. 13.4)

In the Optos images, the border of the staphyloma is observed
as pigmented or depigmented lines in color images and as
hypo-autofluorescent lines in FAF images in most cases.
Generally, the upper and temporal border of the staphyloma
is more clearly observed than the lower or nasal border. In
some cases, band-shaped or tongue-shaped hypo-
autofluorescent lesions surrounded by irregular hyper-
autofluorescence seem to radiate outward from the border of
staphyloma (arrows, Fig. 13.4b, j, n) in FAF images. This
lesion shows pigmentation in color fundus (Fig. 13.4m);
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Fig. 13.3 Optos images and 3-dimensional magnetic resonance imag-
ing (3D MRI) of highly myopic eyes without evident staphyloma. (a)
Right fundus shows yellowish chorioretinal atrophy in the posterior
fundus. Pigmentary abnormalities suggesting the border of staphyloma
are not obvious. (b) Fundus autofluorescence (FAF) image shows no
abnormal autofluorescence suggestive of border of staphyloma. (c, d)
3D MRI images of this patient. 3D MRI images of the right eye viewed
from inferiorly (c) and the image viewed from nasally (d) show that the
globe is elongated into an ellipsoid shape. No notch suggestive of an

however, this lesion is more clearly seen in FAF images than
the color images.

3D MRI images show a protrusion of wide area of the
posterior segment both in the images viewed from the infe-
rior and nasal to the eye. Corresponding to the Optos images,
the upper or temporal border is more abrupt than the lower or
nasal border in the images viewed from nasally in most
cases. Thus, there is a notch-like dent along the upper border
of protrusion (arrows, Fig. 13.4d, p) or along the temporal
border of the protrusion (Fig. 13.4c, k, 0) in most cases.
However, some cases have a notch along the lower border
(Fig. 13.41) or do not have obvious notch (Fig. 13.4h).
Although all of the 3D MRI images viewed from inferiorly
show a wide area of protrusion, in the 3D MRI images
viewed from nasally, however, the size of protruded area are
not wide in some eyes (Fig. 13.41). This suggests that the
staphyloma is horizontally wide in some of the eyes with
wide, macular staphyloma.

In the images viewed from nasally, the most protruded
point exists along the central visual axis in about 2/3 of the
eyes and exists lower to the central axis in the remaining 1/3
(Moriyama 2013, unpublished data).

Scleral ridge formation temporal to the optic disc is a
representative feature of type IX staphyloma by Curtin
[1]. A ridge formation is the most frequently found in the

abrupt change of the curvature of the globe is found. (e) Right fundus
shows yellowish chorioretinal atrophy in the posterior fundus.
Pigmentary abnormalities suggesting the border of staphyloma are not
obvious. (f) Fundus autofluorescence (FAF) image shows no abnormal
autofluorescence suggestive of border of staphyloma. (g, h) 3D MRI
images of this patient. 3D MRI images of the right eye viewed from
inferiorly (g) and the image viewed from nasally (h) show that the
globe is elongated anterior-posteriorly and the globe shows a barrel-
shaped appearance

eyes with wide macular staphyloma among various types
of staphyloma in Optos images. Actually, the ridge for-
mation is more easily identified in 3D MRI images
viewed from nasally (Fig. 13.4h, p) than Optos images.
Even in eyes whose ridge formation is not obvious in
Optos images, 3D MRI sometimes shows a presence of
ridge.

Macroscopic image of a highly myopic eye with very
wide staphyloma is shown in Fig. 13.5.

13.4.1.2 Narrow, Macular Staphyloma (Fig. 13.6)

In the Optos images, the area of protrusion is restricted to a
narrow area from the nasal edge of the optic disc and
temporal to the central fovea. Sometimes another small,
shallow staphyloma is observed nasal to the optic disc
(Fig. 13.6e, f). The border of staphyloma, especially upper
and temporal border, shows pigmental abnormalities
(Fig. 13.6a, e). FAF abnormalities along the border of staph-
yloma are not as remarkable as those seen in eyes with wide
macular staphyloma, although FAF sometimes shows slight
hyper-autofluorescence. In some cases, band-shaped abnor-
mal FAF lesions radiating from the upper border of staphy-
loma is seen (Fig. 13.6f). However, this lesion is much less
frequent and less evident than in eyes with wide, macular
staphyloma.
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3D MRI images show a “cylinder shape” which we previ-
ously reported [2]. Protruded area is narrow in the images
viewed both from nasally and from inferiorly, and the protru-
sion of posterior segment seems to be pointed as a triangle,
which is different from a broad and blunt protrusion seen in
eyes with wide, macular staphyloma. In most of the eyes, the
upper border is more acute than the lower border in
the images viewed from nasally (Fig. 13.6d, h). However, the
abruptness is milder than that in eyes with wild, macular
staphyloma in general. And in the images viewed from infe-
riorly, the temporal border is more evident than the nasal
border in most of the eyes (Fig. 13.6c); however, in some
eyes, the nasal border is more evident (Fig. 13.6g). The most
protruded point exists along the central axis in all of the eyes
in the images viewed from nasally.

Macroscopic image of a narrow macular staphyloma is
shown in Fig. 13.7.

13.4.2 Inferior Staphyloma (Fig. 13.8)

In the Optos images, the staphyloma exists in a wide area of
lower fundus accompanying with myopic chorioretinal atro-
phy within a staphyloma. Optos images show that the upper
border is clearly observed as pigmented line in color fundus
images as well as hyper- or hypo-autofluorescent lines in
FAF images (Fig. 13.8a, b). Some areas of the border of
staphyloma show patchy areas of clear hypo-autofluorescence
which suggests an atrophy of retinal pigmented epithelium.
Band-shaped or tongue-shaped hypo-autofluoescent lesions
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Fig. 13.4 Optos images and 3-dimensional magnetic resonance imag-
ing (3D MRI) of highly myopic eyes with wide, macular staphyloma.
(a) Right fundus shows a macular chorioretinal atrophy merged with
myopic conus. The upper border of staphyloma is recognized as pig-
mented lines. (b) Fundus autofluorescence (FAF) image shows a hypo-
autofluorescence along the upper edge of staphyloma. A band-shaped
linear hypo-autofluorescent lesion is seen to course from the upper edge
of staphyloma (arrow). An area with intense hypo-autofluorescence
(arrowhead) is observed at the root of this band-shaped lesion. (c, d)
3D MRI images of this patient. 3D MRI image of the right eye viewed
from inferiorly (c¢) shows that a wide area of posterior segment is pro-
truded posteriorly. The temporal border of protrusion is more abrupt
than the nasal border. Thus, a notch (arrow) is observed along the tem-
poral border of protrusion. Protrusion of wide area of posterior segment
is also seen in the 3D MRI image viewed from nasally (d). The upper
border (arrow) seems to be more abrupt than the lower border. (e) Right
fundus shows a macular chorioretinal atrophy merged with myopic
conus. The border of staphyloma is slightly pigmented; however, the
staphyloma edge is not as evident as the previous case. (f) FAF image
shows no evident abnormalities along the border of staphyloma. (g, h)
3D MRI images of this patient. 3D MRI image of the right eye viewed
from inferiorly (g) shows that a wide area of posterior segment is pro-
truded posteriorly. Neither temporal nor nasal border of protrusion is
abrupt. 3D MRI image of the right eye viewed from nasally (h) shows
that a wide area of posterior segment is protruded posteriorly. Neither
upper nor lower border of protrusion is abrupt. A ridge is observed
within a protruded area in both images. (i) Left fundus shows a macular
atrophy in the posterior fundus. The border of staphyloma is observed
as pigmented line especially along the temporal border. Two linear
lesions radiating from the temporal edge of staphyloma are seen
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(arrows). (j) FAF image shows hypo-autofluorescence along the border
of staphyloma (especially along the temporal border). Two hypo-auto-
fluorescent linear lesions surrounded by irregular hyper-autofluores-
cence are shown to emanate from the temporal border of staphyloma
(arrows). (k, 1) 3D MRI images of this patient. 3D MRI image of the
right eye viewed from inferiorly (k) shows that a wide area of posterior
segment is protruded posteriorly. Temporal border is more abrupt than
the nasal border; thus, a notch is observed along the temporal border of
protrusion. 3D MRI image viewed from nasally (I) shows that pro-
truded area is not as wide as that seen in the image viewed from inferi-
orly, suggesting a protrusion in this patient is horizontally wide. The
lower edge seems to be more abrupt than the upper edge, and a notch is
found along the lower edge (arrow). (m) Right fundus shoes areas of
chorioretinal atrophic patches in the posterior fundus. The border
(especially upper border) of staphyloma shows pigmentation. Three
pigmented linear lesions (arrows) are seen to radiate from the upper-
temporal edge of staphyloma. A ridge formation temporal to the optic
disc is observed. (n) FAF image shows hypo-autofluorescence along
the border of staphyloma (especially along the upper border). Three
hypo-autofluorescent linear lesions surrounded by irregular hyper-
autofluorescence are seen to emanate from the upper-temporal border
of staphyloma (arrows). (o, p) 3D MRI images of this patient. 3D MRI
image of the right eye viewed from inferiorly (0) as well as the image
viewed from nasally (p) show that a wide area of posterior segment is
protruded posteriorly. Temporal border is more abrupt than the nasal
border; thus, a notch is observed along the temporal border of protru-
sion in (0). Also, the upper edge seems to be more abrupt than the lower
edge, and a notch is found along the upper edge (arrow). A ridge forma-
tion is observed as a linear groove within a protrusion

Fig. 13.5 Macroscopic view of a highly myopic eye with big mul-
tiple protrusions in wide, macular staphyloma. Both peripapillary
and macular regions are posteriorly protruded. An extensive chorio-
retinal atrophy is seen in the entire posterior fundus. Axial length of
the globe is 37 mm (Courtesy of Emeritus Professor Shigekuni
Okisaka in National Defense Medical College)

surrounded by irregular hyper-autofluorescence are some-
times seen to radiate from the upper or temporal border of
staphyloma (Fig. 13.8b). 3D MRI images of the eye with
inferior staphyloma show a protrusion of lower segment of

the eye. Because an area of protrusion affects as widely as
entire lower half of the globe (Fig. 13.8d), the lower bound-
ary of protrusion is not obvious, and the curvature of the
protrusion is gradually continuous to the curvature of the
other parts of a lower half of the globe. The most protruded
pointed exists lower to the central axis in the images viewed
from nasally.

13.4.3 Peripapillary Staphyloma (Fig. 13.9)

In the Optos images, the boundary of peripapillary staphy-
loma is usually not obvious in color fundus images as well
as FAF images, probably because the change of eye curva-
ture is not abrupt. However, yellowish diffuse atrophy is
seen especially around the optic disc (Fig. 13.9a), and we
can see the depigmented demarcation line around the optic
disc along the border of peripapillary staphyloma in some
cases. The 3D MRI analyses show a protrusion of a lim-
ited area around the optic nerve attachment site in an
image viewed from inferiorly. In the image viewed from
nasally, the eye shape is similar to cylinder type which is
observed in eyes with narrow, macular staphyloma; how-
ever, the area of protrusion tends to be more restricted
around the optic nerve. The change of eye curvature
toward the protrusion is relatively linear, and the posterior
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Fig. 13.6 Optos images and 3-dimensional magnetic resonance imag-
ing (3D MRI) of highly myopic eyes with narrow, macular staphyloma.
(a) Right fundus shows a narrow area of staphyloma. The upper and
temporal border of staphyloma shows a slight depigmentation. Nasal
edge of the staphyloma is along the nasal edge of the optic disc, and the
optic disc shows a tilted appearance. (b) Fundus autofluorescence
(FAF) imaging shows no abnormal autofluorescence suggestive of bor-
der of staphyloma. (¢, d) 3D MRI images of this patient. 3D MRI image
of the right eye viewed from inferiorly (c) as well as the image viewed
from nasally (d) show that a protruded area is narrow and the protrusion
of posterior segment seems to be pointed as a triangle. The temporal
border is more abrupt than the nasal border (¢, arrow), and the upper
border is more acute than the lower border (d, arrow). The most pro-
truded point exists along the central axis in all of the eyes in the images
viewed from nasally. (e) Right fundus shows a narrow area of staphy-
loma. The upper and temporal border of staphyloma shows a slight

Fig. 13.7 Macroscopic view of a highly myopic eye with narrow, mac-
ular staphyloma. Macular area is posteriorly protruded and the sclera is
extremely thinned in the protruded area. Axial length of the globe is
29 mm (Courtesy of Emeritus Professor Shigekuni Okisaka in National
Defense Medical College)

depigmentation. Nasal edge of the staphyloma is along the nasal edge
of the optic disc, and the optic disc shows a tilted appearance. In this
patient, another small staphyloma is also seen nasal to the optic disc
(arrowheads). (f) FAF image shows slight hyper-autofluorescence
along the border of staphyloma (arrowheads). A short linear hypo-
autofluorescent lesion surrounded by hyper-autofluorescence is seen to
emanate from the upper border of staphyloma (arrow). (g, h) 3D MRI
images of this patient. 3D MRI image of the right eye viewed from
inferiorly (g) as well as the image viewed from nasally (h) show that a
protruded area is narrow and the protrusion of posterior segment seems
to be rather pointed. The nasal border is more abrupt than the temporal
border (g, arrow) in the image viewed from inferiorly. Small additional
staphyloma nasal to the optic disc is also identified (arrowheads). The
upper border is more acute than the lower border (h, arrow). The most
protruded point exists along the central axis in all of the eyes in the
images viewed from nasally

pole of the eye seems to be protruded like a triangle
(Fig. 13.9¢).

Macroscopic view of an eye with peripapillary staphy-
loma is shown in Fig. 13.10. Note that the area around the
optic nerve is specifically protruded, and the subsequent
atrophy of retina-choroid is seen in the peripapillary region.

13.4.4 Nasal Staphyloma (Fig. 13.11)

In the Optos images, the boundary of nasal staphyloma is
usually not obvious in most cases. However, yellowish dif-
fuse atrophy is seen nasal to the optic disc, together with the
nasal tilting of the optic disc as well as nasal conus. In some
cases, the band-shaped line with abnormal autofluorescence
is seen to course in parallel to the orientation of eye expan-
sion away from the staphyloma border (Fig. 13.11b).
Although the overall shape of the eye by 3D MRI is similar
to that of peripapillary staphyloma, the protruded area is
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Fig. 13.8 Optos images and 3-dimensional magnetic resonance imag-
ing (3D MRI) of a highly myopic eye with inferior staphyloma. (a) Left
fundus shows an inferior staphyloma. The optic disc is tilted inferiorly
and the inferior conus is seen. Macular atrophy is also seen. The upper
border of inferior staphyloma shows pigmentation especially at the
upper-temporal to temporal edge. Two linear lesions emanating from
the temporal edge of staphyloma are observed (arrows). (b) Fundus
autofluorescence image shows a hypo-autofluorescence corresponding
to the pigmentation along the upper-temporal to temporal edge of
staphyloma. Other parts of the upper border of staphyloma show slight
hyper-fluorescence. Two linear lesions are seen to emanate from the

Fig. 13.9 Optos images and 3-dimensional magnetic resonance imag-
ing (3D MRI) of a highly myopic eye with peripapillary staphyloma.
(a) Right fundus shows a border of peripapillary staphyloma as slight
depigmentation (arrowheads). (b) Fundus autofluorescence image
shows a slight hyper-autofluorescence corresponding to the pigmenta-
tion along the temporal edge of staphyloma. (¢, d) 3D MRI images of
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Fig. 13.10 Macroscopic view of a highly myopic eye with peripapil-
lary staphyloma. The peripapillary region is posteriorly protruded, and
the optic nerve is situated at the bottom of the protruded area. The sclera
is extremely thinned in the protruded area. Axial length of the globe is
28 mm (Courtesy of Emeritus Professor Shigekuni Okisaka in National
Defense Medical College)

temporal border of staphyloma (arrows). The upper one has hyper-
autofluorescence in the center of the line and the outside is surrounded
by hyper-autofluorescence. The lower lesion shows hyper-autofluores-
cence. At the bottom of these linear lesions, an intense hypo-autofluo-
rescence is observed (arrowheads). (¢, d) 3D MRI images of this
patient. 3D MRI image viewed from inferiorly (¢) shows a protrusion of
wide area. A notch is observed both along the temporal and nasal edge
of protrusion (arrows). In the image viewed from nasally (d), the pro-
trusion is decentered toward inferiorly. The lower border of protrusion
is gradually continuous to the other parts of the eye; thus, the border
between the protrusion and the other parts of the eye is not obvious

this patient. 3D MRI image viewed from inferiorly (¢) shows a protru-
sion of a limited area around the optic nerve attachment site. In the
image viewed from nasally (d), the eye shape is similar to cylinder
type; however, the area of protrusion tends to be more restricted. The
change of eye curvature toward the protrusion is relatively linear, and
the posterior pole of the eye seems to be protruded like a triangle

wider, and the change of curvature is more gradual. Thus, the
curvature of the posterior pole of the eye is more curvilinear
than triangular.

13.4.5 Others

13.4.5.1 Peripapillary, Wide (Fig. 13.12)

Peripapillary staphyloma is generally seen just around the
optic nerve. However, peripapillary staphyloma sometimes
becomes wide and includes the central fovea. In Optos
images, different from typical peripapillary staphyloma, the
staphyloma is sometimes not concentrically around the optic
disc. The temporal edge of the staphyloma is obliquely
across the central fovea (Fig. 13.12). 3D MRI images show
similar features to those of peripapillary staphyloma; how-
ever, a protrusion is wider than typical peripapillary staphy-
loma (Fig. 13.12b).
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Fig. 13.11 Optos images and 3-dimensional magnetic resonance
imaging (3D MRI) of a highly myopic eye with nasal staphyloma. (a)
Right fundus shows an ectasia of nasal fundus. The optic disc is tilted
nasally and accompanies with nasal conus. Yellowish diffuse atrophy is
seen nasal to the optic disc. No obvious findings suggestive of a border
of staphyloma are observed. (b) Fundus autofluorescence image shows
no obvious abnormalities suggestive of staphyloma. A linear hypo-
autofluorescent lesion surrounded by a margin of hyper-fluorescence
(arrow) is seen in the upper fundus away from the nasal staphyloma.

Fig. 13.12 Optos images and 3-dimensional magnetic resonance
imaging (3D MRI) of a highly myopic eye with “other” type of staphy-
loma. (a) Right fundus shows a fundus ectasia involving around the
optic disc as well as the lower fundus. The temporal border of staphy-
loma is obliquely across the central fovea (b, ¢) 3D MRI images of this
patient. 3D MRI image viewed from inferiorly (b) shows a protrusion

13.5 Comments

A combination of Optos and 3D MRI is useful to delineate
the entire extent of posterior staphyloma in a 3D way. 3D
MRI images show various distinct features according to
the types of staphyloma identified by Optos. In Optos
images, the border of staphyloma is more clearly seen as
pigmentary abnormalities in eyes with wide, macular
staphyloma or inferior staphyloma, than the other types of
staphyloma. Even in the eyes with wide, macular staphy-
loma, the upper and temporal borders are more clearly
recognized.

d

The orientation of this linear lesion seems parallel to the nasal tilting.
(c, d) 3D MRI images of this patient. 3D MRI image viewed from infe-
riorly (c) shows a protrusion of nasal part of the eye, and the image
viewed from nasally (d) shows a protrusion of the lower part of the eye.
Although the overall shape of the eye by 3D MRI is similar to that of
peripapillary staphyloma, the protruded area is wider, and the change
of curvature is more gradual. Thus, the curvature of the posterior pole
of the eye is more curvilinear than triangular

of nasal part of the eye. The image viewed from nasally (c¢) shows that
a protrusion exists along the central axis. Although the overall shape of
the eye by 3D MRI is similar to that of peripapillary staphyloma, the
protruded area is wider. A notch is found along the temporal edge of
staphyloma (arrow, b)

In the 3D MRI images viewed from nasally, the upper
border of protrusion is more abrupt than the lower border in
eyes with wide, macular staphyloma. These suggest that in
eyes with wide, macular staphyloma, the change of eye cur-
vature is more acute and abrupt along the upper and temporal
border than the lower and nasal border. The boundary of
staphyloma is clearly observed as pigmentary changes in
color fundus and FAF abnormalities mostly in eyes with
wide, macular staphyloma and those with inferior staphy-
loma. In contrary, the eyes with other types of staphyloma
(narrow macular, peripapillary, nasal) did not show obvious
abnormalities at the border of staphyloma in general.
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The cause of different FAF abnormalities along the border of
staphyloma among different types is unclear. Although no
measurements were made, there is a tendency that the wider
the staphyloma, the deeper the staphyloma is. Thus, one pos-
sibility is that wide, macular staphyloma or inferior staphy-
loma might be deeper, and thus, the border (especially the
upper border) might be more acute (like a cliff) than the other
types of staphyloma.

The fact that the most protruded point exists along the
central axis in all of the eyes with narrow, macular staphy-
loma but exists lower to the central axis in most of the eyes
with wide, macular staphyloma suggests that the protrusion
occurs along the central axis when the protruded area is
small. And then, when a staphyloma becomes wider, the
lower area of the posterior segment tends to be protruded
more for unknown reason.

By 3D MRI, the area of protrusion is wide in eyes with
wide, macular, or inferior staphyloma, whereas the protruded
area is restricted in narrow, macular, peripapillary, or nasal
staphyloma. In the inferior staphyloma, the deformity of
lower eye segment is so wide that no boundary between the
lower edge of staphyloma and the other parts of the eye is not
clear. In contrary, in the wide, macular staphyloma, the
boundary between the lower edge of staphyloma and
the other parts of the eye can be recognized, even though the
staphyloma seems very wide.

The band-shaped and tongue-shaped lesions with abnor-
mal FAF are observed to radiate from the staphyloma edge
mainly in eyes with wide, macular staphyloma and in infe-
rior staphyloma in some cases. The color fundus findings as
well as FAF features of these lesions are similar to those of
the “atrophic tract” which is seen in eyes with central serous
chorioretinopathy [14]. Some of these lesions show a pres-
ence of subretinal fluid by OCT (unpublished data). Although
the pathology and cause of these lesions are unclear, it seems
that these lesions are related to the serious damage of the
retinal pigment epithelium at the border of staphyloma with
abrupt margin (thus, upper or temporal border). Also, the ori-
entation of the eye expansion may influence the development
and course of this lesion (Fig. 13.11b).

In eyes with inferior staphyloma, the upper edge of staph-
yloma which goes across the central fovea shows pigmentary
abnormalities and subsequent visual disturbance. Maruko
et al. [15] found that the subfoveal sclera along the upper
edge of inferior staphyloma was significantly thickened than
the sclera upper and lower to the fovea, which was interest-
ingly similar to that found in dome-shaped macula by
Imamura and Spaide [6]. In addition to the pigmentary alter-
ations of the staphyloma border itself, chorioretinal folds and
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tongue-shaped FAF abnormalities are also seen to emanate
from the upper edge of staphyloma toward upper periphery.

It is expected that there will be a lot more variations in
“other” types of staphyloma. The studies including a larger
population of patients are necessary to clarify the entire fig-
ure of staphyloma.
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