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CORRELATION BETWEEN POSTERIOR

STAPHYLOMA AND DOME-SHAPED
MACULA IN HIGH MYOPIC EYES

FANGFANG DAI MD,* SHUYIN LI, BS,* YANTING WANG, MS,* SHUANGSHUANG LI, BS,+
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Purpose: To investigate the relationship between posterior staphyloma and dome-
shaped macula (DSM) in highly myopic eyes.

Methods: The clinical data were collected from patients with high myopia: diopter, best-
corrected visual acuity, axial length, fundus images, optical coherence tomography, and 3D
magnetic resonance imaging. A DSM was defined as a convex curvature of the macula in
one or both of the vertical and horizontal optical coherence tomography scans. The
relationship between DSM and posterior staphyloma was evaluated.

Results: A total of 123 eyes were included. Dome-shaped macula was found in 18 eyes
(14.63%). Twelve eyes with DSM had positive 3D magnetic resonance imaging findings.
Nine eyes had horizontal oval-shaped dome, and a band-shaped inward convexity that
extended horizontally from the optic disc through the fovea could be seen. Three eyes had
round dome, and 3D magnetic resonance imaging showed a round inward convexity of the
macular area. Five inward convexities were the border of multiple staphylomas, five were

the boundary of one staphyloma, and two were within a single staphyloma.
Conclusion: The formation of highly myopic DSM is related to the morphological change

of the entire posterior segment.
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ome-shaped macula (DSM) was firstly proposed
by Gaucher et al! in 2008 and was defined as an
inward protrusion of macula, which occurs in a dome-
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shaped formation as visualized by optical coherence
tomography (OCT). Since then, many theories have
been developed regarding the cause of the disease.
The possibility of “low intraocular pressure” and “vi-
tremacular traction syndrome” was excluded because
no objective element supported these hypotheses.?
Consequently, Soudier et al® followed up 29 DSM
patients for 6 to 111 months identifying increased
macular bulge height. In another study, they detected
decreased choroidal thickness at the periphery but not
in the macular area with DSM.# Thus, they proposed
that DSM might be caused by scleral introversion in
resisting the development of staphyloma.* Further-
more, Byeon et al suggested that DSM might be asso-
ciated with posterior staphyloma (PS) (condition
which includes extensive protruding of posterior pole
plus macular protrusion, extensive protruding of pos-
terior pole plus peripapillary protrusion, and extensive
protruding of posterior pole plus inferior staphyloma)
or heteromorphosis of the inferior staphyloma. Assum-
ing that the sclera is the thinnest at its peak protrusion
area, the macular scleral thickening symptom occur-
ring with complicated staphyloma is a reasonable
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hypothesis.> Recently, Ellabban et al® have performed
a study on 35 eyes with DSM and high myopic pa-
tients revealing that sclera thinning at the parafoveal
area was more significant compared with the foveal
center and that the macular areas in DSM patients
underwent sclera thinning in a progressive and asym-
metric manner.

The aforementioned studies have been mostly based
on OCT investigation and interpretation, and limited
scanning area has hindered the application of OCT in
studying the relationship between DSM and PS. In
recent years, three-dimensional (3D) magnetic reso-
nance imaging (MRI), which has the ability to vividly
display the morphology and scope of PS, as well as to
reveal its relationship with the optic nerve, has been
applied in examination of the PS in high myopic eyes.”
This study utilized the same technique in combination
with OCT to investigate the relationship between
DSM and PS.

Materials and Methods

Subject Inclusion

This study included a total of 123 eyes in 69 high
myopic patients who underwent 3D MRI eye exam-
ination at the Department of Ophthalmology in Henan
Provincial People’s Hospital from October 2016 to
August 2017. Eyes were excluded if they had a pre-
existing obvious ocular disease or if they had a history
of ocular surgery, other than cataract surgery and pho-
torefractive keratectomy. The original refractive errors
were used for eyes that underwent cataract surgery or
photorefractive keratectomy. Following the informed
consent, basic information and clinical results were
collected from patients with high myopia (diopter >
6.00 D). The clinical examination results included
diopter, best-corrected visual acuity (LogMAR), axial
length (Carl Zeiss IOLMaster(R) Advanced Technol-
ogy V.5.4; Carl Zeiss Meditec, Inc, Oberkochen, Ger-
many), fundus imaging, OCT (Carl Zeiss Meditec, Inc
SW Ver: 4.5.1.11, or Optovue, Inc SW Ver:
2016.1.0.26; Fremont, CA, or Heidelberg Engineering,
Inc SW Ver: 6.3.4; Heidelberg, Germany), and 3D
MRI of eyeballs (Siemens Prism 3.0T or GE Discov-
ery 750 plus 3.0T).

Fundus Imaging

Fundus images were obtained with a 45° fundus
camera (VISUCAM 224; Zeiss) and wide-field fundus
camera (Optomap plus; Optos PLC, Scotland, United
Kingdom) to record fundus complications. High-
myopia macular lesions were divided into the follow-

ing: tessellated fundus, diffuse chorioretinal atrophy,
patchy chorioretinal atrophy, and macular hemorrhage
(myopic choroidal neovascularization and simple mac-
ular hemorrhage).?

Optical Coherence Tomography

Optical coherence tomography scan modes included
oblique scanning through the macular fovea to optic
disc and horizontal and vertical multiline scanning in
macular area. Referring to the definition of DSM
reported by previous studies,® the diagnosis of DSM
configuration was based on the presence of an inward
bulge of the retinal pigment epithelium line. And the
macula bulge height, the distance between the retinal
pigment epithelium at the foveal center and the con-
nection line of the bilateral lowest points of the retinal
pigment epithelium curvature, was greater than 50 um
on the most convex vertical or horizontal OCT sec-
tions. More specifically, DSM detected by horizontal
scan was named “vertical oval-shaped dome”; those
detected by vertical scan were called “horizontal
oval-shaped dome,” and those detected by both meth-
ods were named “round dome.”

3D Magnetic Resonance Imaging

The method for 3D MRI scanning has been described
in our previous studies.!? Briefly, a magnetic resonance
scanner and 32-channel head coil were used while the
patient was in a supine position. After closing the eyelid,
the 3D sequence MRI scanning of the eye was applied.
Sagittal cube imaging technique T2WI-fs was used with
the time of repetition of 2000.0 ms and time of echo
110.0 ~ 120.0 ms. One twenty-eight layers with layer
thickness of 0.6 ~ 0.8 mm were collected with the scope
of 256 mm X 230 mm. The scanning lasted 3 minutes 18
seconds, and the scanning range covered the whole head.
Patients were advised to focus during scanning and to try
not to move their heads or eyeballs. Data were trans-
ferred to ADW4.6 postprocessing workstation for vol-
ume rendering image reconstruction.

Based on the 3D eye MRI image, PS was defined as
the symptom of partially convex posterior curvature of
the eyeball with radius less than the curvature of the
surrounding sphere.!!

Statistical Analysis

The chi-square test was used to analyze categorical
variables, which were described using frequencies and
percentages. Continuous variables were compared and
described using the #-test and means and standard de-
viations, respectively. We used SPSS statistics 20.0
software (IBM Corp) for all analyses. The associations
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were considered to be statistically significant when P
< 0.05.

Results

General Information and Basic Characteristics

A total of 123 eyes in 69 patients (19 males and 50
females) were included in this study. The average age
was 49.70 + 16.29 years old. Best-corrected visual acu-
ity was 0.69 = 0.47 LogMAR (Snellen visual acuity
ratio 20/60) (except for one eye which was tested by
hand motion and seven eyes by counting finger). The
mean diopter was —16.7 = 5.0 D, and the average axial
length was 29.74 + 2.04 mm. Patients had macular ret-
inoschisis (56 eyes, 45.53%), paravascular retinal holes
and retinoschisis (21 eyes, 17.07%), macular pucker
(35 eyes, 28.46%), DSM (18 eyes, 14.63%), inner
lamellar hole (14 eyes, 11.38%), and retinal detachment
(15 eyes, 12.20%) (10 eyes of the 15 eyes had circum-
scribed macular retinal detachment, that is, subretinal
fluid height was less than 200 wm. The range of retinal
detachment in the other five eyes was confined to the
posterior pole.), macular hole (6 eyes, 4.88%), peripa-
pillary intrachoroidal cavitation (5 eyes, 4.07%), macu-
lar intrachoroidal cavitation (1 eye, 0.81%), outer
lamellar hole (3 eyes, 2.44%), subretinal hemorrhage
(2 eyes, 1.62%), patchy chorioretinal atrophy (24 eyes,
19.51%), and choroidal neovascularization-related mac-
ular atrophy (15 eyes, 12.20%).

A total of 18 eyes (14.63%) in 14 people had DSM
in this study (Table 1). The mean age was 54.93 +
13.34 years. There was no significant difference
between the ages of people with DSM and without
DSM (48.68 + 16.52 years) (P > 0.05). The mean
axial length of the eyes with DSM was 30.33 =+
1.88 mm, which was also not significantly different
from that without DSM (29.64 + 2.06 mm) (P >
0.05). According to the morphology of DSM on
OCT, it was further divided into horizontal oval-
shaped dome (14 eyes, 77.78%) and round dome (4
eyes, 22.22%). Among the eyes with a DSM, macular
retinoschisis was seen in five eyes (27.78%), paravas-
cular retinal holes and retinoschisis in two eyes
(11.11%), macular pucker in three eyes (16.67%),
peripapillary intrachoroidal cavitation in one eye
(5.55%), patchy chorioretinal atrophy (12 eyes,
66.67%), choroidal neovascularization-related macular
atrophy four eyes (22.22%), and no macular intrachor-
oidal cavitation, outer lamellar hole, and inner lamellar
hole or subretinal hemorrhage. Two eyes (11.11%)
with a macular hole were observed, and one of them
was also combined with a shallow perihole retinal
detachment.

Take the eyes without DSM as controls, neither the
rate of choroidal neovascularization-related macular
atrophy nor macular retinoschisis did differ between
the DSM group and the non-DSM group (P > 0.05,
respectively). However, the rate of patchy chorioreti-
nal atrophy was significantly higher in the DSM group
(P < 0.001).

Relationship Between Posterior Staphyloma and
Dome-Shaped Macula

Among the eyes with DSM, 12 eyes had positive 3D
MRI findings (Figure 1 and see Figure, Supplemental
Digital Content 1, http:/links.lww.com/IAE/B154,
which showed 3D MRI eye imaging viewed at differ-
ent angles of the other 9 eyes with irregular eye shapes
combined with DSM). Nine eyes had horizontal oval-
shaped dome, and a band-shaped inward convexity
that extended horizontally from the optic disc through
the fovea could be seen on 3D MRI. Three eyes had
round dome, and 3D MRI showed a round inward
convexity of the macular area. As to these inward
convexities, five convexities were the border of mul-
tiple staphylomas (=2 staphylomas) (Figure 1, A1-4),
five were the boundary of one staphyloma (2 eyes had
kidney-shaped staphyloma, Figure 1, B1-4), and two
were just within a single staphyloma (the staphyloma
of one eye was horizontally split into two parts by the
band-shaped inward convexity, Figure 1, C1-4).

In the remaining six eyes that had a DSM but did
not show any macular inward convexity on 3D MRI,
the common feature was that OCT showed no obvious
dome-shaped convexity of their vitreoretinal interface
(Figure 2 and see Figure, Supplemental Digital Con-
tent 2, http://links.lww.com/IAE/B155, which showed
the eye with a DSM and irregular eye shape but with
no macular inward convexity on 3D MRI). Four eyes
had obvious macular retinoschisis (Figure 2, A1-4).
One eye had obvious macular pucker and a small
foveal cystoid space (Figure 2, B1-4). The remaining
eye had no other visible macular abnormalities on
OCT except for a DSM.

Discussion

The DSM was first described by Gaucher et al! in
2008 as an inward bulge of the macula within a myopic
PS. They have suggested that the decrease of visual
acuity in patients with high myopia may be related to
DSM.! These findings have attracted interest of many
researchers. And most of the subsequent studies about
DSM were based on OCT observations and data meas-
urements.>~® However, the exact causes of DSM are
still not well understood, and the relationship between



Table 1. Characteristics of the 18 Eyes (14 Patients) That Exhibited a DSM

Choroidal

Axial  Spherical Patchy Neovascularization Type Macular

Patient Age Length Equivalent VA Chorioretinal  Related Macular of Macular Retinal Macular  Depression

Number (years) Gender Eye (mm) (D) (Snellen) Atrophy Atrophy DSM Retinoschisis Detachment  Hole on 3D MRI
1 55 Male Right 33.12 -21.5 CF Present Present R No No No Yes
2 63 Male Left 32.70 -16 20/125 Present Absent H No Yes Yes Yes
3 52 Female Left 28.80 —26 20/400 Present Absent H Yes No No Yes
4 26 Female Left 31.68 —20.5 20/63 Absent Absent H No No No No
5 77 Female Right 30.02 -18 20/40 Present Absent R Yes No No Yes
Left 27.53 -16 20/400 Present Present H Yes No No No
6 43 Female Right 31.19 —-23.75 20/125 Present Absent H No No No Yes
7 54 Female Right 32.21 -19 20/100 Present Absent H No No No Yes
Left 32.97 -20 20/63 Present Absent H No No No Yes
8 66 Female Right 29.98 —-13.75 20/63 Absent Absent H Yes No No No
Left 29.65 —12.88 20/32 Absent Absent R Yes No No No
9 55 Female Right 29.58 —-10.75 20/400 Present Present H No No No Yes
Left 31.50 —-16.75 20/200 Present Absent H No No No Yes
10 65 Female Right 26.95 -7 20/200 Absent Absent H No No No No
11 50 Female Left 30.94 -20 20/200 Present Present H No No No Yes
12 46 Female Left 27.60 -15 20/32 Absent Absent H No No No No
13 44  Female Left 29.01 -20 CF Absent Absent R No No Yes Yes
14 73 Female Right 30.52 —-17.25  20/100 Present Absent H No No No Yes

3D MRI, 3-dimensional magnetic resonance imaging; CF, counting finger; D, diopters; H, horizontal oval-shaped DSM; R, round DSM; VA, visual acuity.
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Fig. 1. Eyes with a DSM on OCT and a macular inward convexity on 3D MRI. A1 and A2. Posterior view and side view of 3D MRI of the eye. One
macular inward convexity (arrowheads) and four distinct staphylomas (circles) around are observed; (A3 and A4) both vertical and horizontal scans
show a convex macula (arrows). B1 and B2. Posterior view and side view of 3D MRI of the eye. A band-shaped inward convexity (arrowheads) and
a kidney-shaped staphyloma (circle) nearby are observed; (B3) vertical scan shows a clearly convex macula (arrow); (B4) horizontal scan shows a flat
macula. C1 and C2. Posterior view and side view of 3D MRI of the eye. The staphyloma (circle) was horizontally split into two parts by the band-
shaped inward convexity (arrowheads); (C3) vertical scan shows a clearly convex macula (arrow); (C4) horizontal scan shows a slightly convex macula.
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Inferior Superior

Temporal

Fig. 2. Eyes with a DSM on OCT but with no macular inward convexity on 3D MRI. A1 and A2. Posterior view and side view of 3D MRI of the eye. A
staphyloma (circle) is observed; (A3 and A4) both vertical and horizontal scans show a convex macula (arrows) and obvious macular retinoschisis. No
obvious dome-shaped convexity of the vitreoretinal interface is observed. B1 and B2. Posterior view and side view of 3D MRI of the eye. No protrusion
or inward convexity is observed; (B3) vertical scan shows a clearly convex macula (arrow) and obvious macular pucker and a small foveal cystoid
space. No obvious dome-shaped convexity of the vitreoretinal interface is observed; (B4) horizontal scan shows a flat macula and obvious macular

pucker and a small foveal cystoid space.

PS and DSM remains unclear. Curtin!? once classified
PSs in eyes with pathologic myopia into 10 types
based on wide-field stereoscopic ophthalmoscopy.
Some studies have reported DSM could be seen in
eyes with PS Type L, II, III, V, or IX.>!3 In fact, there
were also several studies about 3D OCT macular map
reconstruction,®!%15 and three DSM patterns were
observed, that is, vertical oval-shaped dome, horizon-
tal oval-shaped dome, and round dome. But when it
comes to the location relationship between DSM and
PS, it seems that researchers preferred to express that
DSM is located in a deep staphyloma, weakening the
exact correspondence between them. We all know that
a conventional OCT is unable to show the whole shape
of the eyeball. This study combined 3D MRI with

OCT so as to investigate the correlation between PS
and DSM.

In 2014, Ohno-Matsui'® used 3D MRI for analyzing
the shape of eyes with and without a staphyloma. Six
types of PSs were described according to their location
and distribution. Nevertheless, only the contour of the
outermost border of a PS was analyzed. Long-term
observation of DSM has suggested that the sclera
thickness of the central fovea is gradually thinning,
but the thickness of the sclera is thicker than that of
the circumferential concave and the macular bulge
height is increasing gradually.®® These hints suggest
that we should pay attention to possible small staph-
ylomas around DSM. Ohno-Matsui’s classification of
PS is not suitable for observing the relationship
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between DSM and PS. In our study, we did not use
a special classification of PS, as Ohno-Matsui'® said
that it is difficult to include many different kinds of
scleral irregularities in the classification of staphylo-
mas. The definition of PS here was “an outpouching of
the wall of the eye that has a radius of curvature that is
less than the surrounding curvature of the wall of the
eye,” as reported by Spaide.!!

The DSM of high myopia accounted for 14.63% in
this series, and the horizontal oval-shaped dome was
the main type. These results were similar to those
previous reports.”!3:17-18 Two-thirds of the DSM had
positive 3D-MRI findings. Nine eyes had horizontal
oval-shaped dome, and a band-shaped inward convex-
ity that extended horizontally from the optic disc
through the fovea could be seen on 3D MRI. Three
eyes had round dome, and 3D MRI showed a round
inward convexity of the macular area. These findings
correspond to the morphological observation of DSM
on 3D OCT. As to these inward convexities, some
were the border of multiple staphylomas, some were
the boundary of one staphyloma, and the others were
within a single staphyloma. It can be seen that there is
an interesting correlation between DSM and PS. In
2011, Moriyama et al’ used 3D MRI to analyze the
eye shape of pathologic myopia. All of the eyes with
three protrusions showed the DSM appearance on
OCT scans. This is consistent with our observation
that DSM could be the border of multiple staphylo-
mas. These findings suggest that DSM is an abnormal
shape of the entire posterior segment.

Of note, 6 eyes with DSM had no macular inward
convexity on 3D MRI. When we reviewed the OCT of
these eyes again, there was no obvious dome-shaped
convexity of the vitreoretinal interface. Because T2-
weighed images were used in 3D MRI, the outer surface
of the eyeball imaging actually depicts the vitreoretinal
interface.!® This can explain why some DSM eyes had
no macular inward convexity on 3D MRIL

Ohno-Matsui'® pointed out that a DSM presented as
a depression in 3D MRI viewed from the nasal side.
Fifteen eyes of 27 eyes with myopic DSM had no
apparent PS. There was no significant difference in
the detection rate of DSM by 3D MRI in the eye with
and without PS. She also pointed out that the resolu-
tion of MRI (1.5T) might limit the detection of shallow
PS.!'¢ In this study, the layer thickness of the MRI
(3.0T) was 0.6 ~ 0.8 mm. Only one eye with DSM
presented no PS or macular inward convexity on 3D
MRI. Current studies have shown that DSM can be
seen in people with emmetropia and hyperopia.!'®-2°
Therefore, whether DSM occurs before the formation
of PS or whether DSM is a disease independent of PS
remains to be determined.

The shortcomings of this study are as follows: First,
the subjects included here were the patients with high
myopia or its complications who were examined by
3D-MRI in our hospital, so there was a bias in
selection. No eye was found with a vertical oval-
shaped DSM. Second, 3D MRI cannot evaluate the
scleral thickness change of PS because it reflects the
vitreoretinal interface. Retinoschisis and circumscribed
macular retinal detachment mentioned above will
certainly affect the accuracy of judging a PS. Third,
this study is cross-sectional, so additional longitudinal
studies are needed to elucidate clearly the changes of
PS in the formation of a DSM in myopic eyes. Finally,
the detection rate of patchy chorioretinal atrophy in the
DSM group was statistically higher than that in non-
DSM group. One relevant study showed that the Bruch
membrane rupture caused by patchy chorioretinal
atrophy may be related to the formation of DSM.?!
The next research objective of our group is to explore
the dynamic relationship of patchy chorioretinal atro-
phy, DSM, and PS.

In conclusion, 3D MRI is useful in analyzing the
relative location relationship between PS and DSM.
Highly myopic DSM mainly manifests as an inward
convexity of the macular area on 3D-MRI viewed
posteriorly. It can be the border of multiple PSs, the
boundary of one staphyloma, or just within a single
staphyloma. Its formation is related to the morpholog-
ical change of the entire posterior segment.

Key words: dome-shaped macula, posterior staph-
yloma, OCT, 3D MRL
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