Histopathologic studies of autopsy eyes with surgically
closed macular holes showed that the holes were closed by
glial cells, most likely Miiller cells or astrocytes.?***** The
closed macular hole restored the physiologic foveal depres-
sion, but a small break can still remain in the ELM with
reapproximation of the edges by the proliferation of cells
filling the small gap.?® The small break in ELM by SD-OCT
has been considered to be the cause of the foveal hyper-
reflective lesions.?® The hyper-reflective lesion was observed
to become smaller with increasing time.

Small breaks in the COST line may be related to the
decreased signals behind the hyper-reflective lesion or a
foveal displacement of proliferative glial cells resulting in
the alteration of the COST line at the fovea. Ooto and
associates’® used an adaptive optics scanning laser oph-
thalmoscope to determine the cone photoreceptor density
in patients with central serous chorioretinopathy and
compared their findings with the microstructures deter-
mined by a commercially available SD-OCT. They found
that the mean cone density in eyes with disrupted COST
line was significantly lower than that in eyes with intact
COST line, and the cone density in the foveal area was
correlated with the BCVA. Each possibility is supported by
the findings that the alteration of the COST line was
closely related to the postoperative visual acuity. Eyes with
larger preoperative macular holes were reported to be
associated with poorer postoperative visual acuity. 1% >
We determined the relationship of the apical diameter of
the macular hole with the postoperative COST line. We
found that the mean preoperative macular hole diameter
was not significantly correlated with the integrity of the
COST line, although the duration of symptoms was

significantly shorter in the eyes with COST+ than in eyes
with COST-. This may be attributable to the smaller
numbers of eyes with COST+ than with IS/OS+/ELM +.

The recovery of the IS/OS junction and ELM detected
at 1 month was earlier than that of a distinct COST line,
which was detected at 6 months. This difference could be
explained by the difference in the recovery of the rods and
cones, as shown after experimental retinal detachment in
rhesus monkeys.”® The regeneration of cone outer seg-
ments was slower than the rod outer segment even after 1
month, and it took 5 months to achieve equal length of
photoreceptor outer segments without statistical difference
from the control areas. We assume that the delayed
regeneration of cone outer segments may cause a delay in
the recovery of the COST line in a similar way.

This study has limitations in that it was a retrospective
study without a control group. In addition, the number of
patients in each group was small. Therefore, further studies
with larger sample sizes are needed to confirm these results.
Nevertheless, the results showed that the integrity of the
COST line rather than the IS/OS junction and the ELM
may be more useful clinically to indicate good photorecep-
tor restoration and higher-level visual recovery in patients
with surgically closed macular holes.

In conclusion, BCVA improved after successful macular
hole surgery in eyes that had a distinct COST line in the
SD-OCT images. The COST line can be a critical finding
accounting for good BCVA at the time of SD-OCT exami-
nation, but is not useful for predicting subsequent visual
recovery, although the restoration of the foveal IS/OS junc-
tion and ELM was necessary to achieve COST line recovery.
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Foveal Cone Outer Segment Tips Line and Disruption
Artifacts in Spectral-Domain Optical Coherence
Tomographic Images of Normal Eyes

TOSHO RII, YUJI ITOH, MAKOTO INOUE, AND AKITO HIRAKATA

® PURPOSE: To determine the incidence of a continuous
cone outer segment tips (COST) line at the fovea in
spectral-domain optical coherence tomographic (SD-
OCT) images of normal eyes.

® DESIGN: Prospective, interventional case series.

® METHODS: Forty-six right eyes of 46 normal individuals
with visual acuities (VA) =20/20 were studied. SD-OCT
images were obtained with a Cirrus HD-OCT instrument
with both the standard 5-line raster and the high-definition
(HD) 5-line raster scan modes. Images with signal strengths
weaker than 5 (on a scale from O to 10) were excluded. The
appearances of the COST line, photoreceptor inner seg-
ment/outer segment (IS/OS) junction, and external limiting
membrane (ELM) line were determined in a masked way.
® RESULTS: The incidence of eyes with an intact foveal
COST line was about 95%, and the incidence was not
significantly associated with the age, sex, refractive error,
signal strength, horizontal or vertical scans, and the use of
either the standard or HD scans. Fragmented COST lines
appeared to be attributable to blocking artifacts caused by a
hyperreflectivity at the foveal surface because the COST
fragmentation had corresponding fragmentation of the ELM
and IS/OS junction lines. The correlation between a frag-
mented COST line and the hyperreflectivity on the retinal
surface was significant for the vertical HD scans (P = .011)
but not for the vertical standard, horizontal standard, or
horizontal HD scans.

® CONCLUSIONS: Commercial SD-OCT instruments can
detect the COST line. Fragmentations of the COST lines
in normal eyes are most likely artifacts caused by a
parabolic reflection of a surface hyperreflectivity of the
foveal pit. (Am ] Ophthalmol 2012;153:524-529.
© 2012 by Elsevier Inc. All rights reserved.)

PTICAL COHERENCE TOMOGRAPHY (OCT) IS A
O noninvasive imaging method that can provide
cross-sectional images of the morphology of the
retina with high resolution in real time.'”* Quantitative and

qualitative evaluations of the retinal microstructures are
becoming a common diagnostic procedure in ophthalmology.
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Spectral-domain OCT (SD-OCT), which has better axial
resolution than the conventional time-domain OCT (TD-
OCT), has been used to evaluate the microstructures of the
photoreceptors in eyes with different retinal pathologies.”
The restoration of the photoreceptor inner segment/outer
segment (IS/OS) junction has been shown to be significantly
correlated with the recovery of the visual acuity after sur-
gery.® ™ It was suggested that the presence of a continuous
IS/OS line was a sign of well-restored photoreceptor cells,'
and a continuous external limiting membrane (ELM) was a
sign of intact photoreceptor cell bodies in the outer nuclear
layer and Miiller cells.”®

Srinivasan and associates'® used high-speed, ultrahigh-
resolution OCT to prove that the bright reflecting line
located between the IS/OS junction and the retinal
pigment epithelium in the ultrahigh-resolution OCT im-
ages was the boundary of the cone outer segment tips
(COST). This highly reflective line has also been called
the Verhoeff membrane;'®!” however, histopathologic
correlation has been under investigation.

The relationship between the visual acuity and the
integrity of the foveal COST line detected by commercial
SD-OCTs has been reported in cases of occult macular
dystrophy.'®!'® In addition, we recently reported a signifi-
cant correlation between the visual acuity and the integ-
rity of foveal COST line after successful macular hole
surgery.'” The recovery of the COST line was observed
only in eyes with an intact IS/OS junction and ELM line.
Eyes with postoperative visual acuity =20/25 at postoper-
ative 12 months were more frequently associated with the
eyes with a recovered COST line."’

The microstructures of the outer retina detected by
commercial OCT instruments in normal subjects have not
been well evaluated. We believe that it is essential to
determine whether these commercial SD-OCT instru-
ments can detect the foveal microstructures of normal
subjects before applying these techniques to study eyes
with vitreoretinal pathologies.

Thus, the aim of this study was to determine the
incidence of a continuous COST line at the fovea of
normal eyes using a commercial SD-OCT instrument. In
addition, we determined which parameters of the SD-OCT
would be best to use to obtain good-quality images of the
COST line. The possible reasons why abnormal COST

0002-9394/$36.00
doi:10.1016/j.2j0.2011.08.021



FIGURE 1. Magnified spectral-domain optical coherence tomographic image of a vertical scan of a normal fovea. (Top) Standard
scan of a 30-year-old woman with a refractive error of —5.0 diopters (D) and an axial length of 25.4 mm showing a continuous cone
outer segment tips (COST) line (arrowheads) in the standard scan (left) and also in the high-definition scan (right). (Middle) COST
line is absent (arrowheads) at the fovea of a 34-year-old man with a refractive error of —3.75 D and an axial length of 26.0 mm
in the standard scan (left) and high-definition scan (right). (Bottom) COST line is fragmented (arrowheads) at the fovea of a
25-year-old woman with a refractive error of —1.5 D and an axial length of 24.5 mm with a hyperreflectivity at the foveal surface
(arrow) in the standard scan (left) and high-definition scan (right).

lines, IS/OS junctions, and ELM signals were present in
the OCT images were also investigated.

PATIENTS AND METHODS

FORTY-SIX EYES OF 46 HEALTHY VOLUNTEERS (19 MEN AND 27
women) without any eye diseases were studied. The right eye
of each subject was chosen arbitrarily to study. Each subject
had a routine eye examination including measurements of the
best-corrected visual acuity (BCVA) and intraocular pressure.
All of the subjects had a BCVA of =20/20.

SD-OCT images were obtained by 6-mm scans with the
Cirrus HD-OCT instrument (OCT 4000, Carl Zeiss Med-
itec, Dublin, California, USA) with both the standard
5-line raster scan (standard scan) and the high-definition
(HD) 5-line raster scan (HD scan). We recorded both
6-mm horizontal and vertical scans to evaluate the integ-
rity of the COST line, the ELM, and the IS/OS junction
in the foveal region. The images were magnified with the
built-in zoom function to evaluate the foveal microstruc-
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tures. Three experienced investigators (T.R., Y.I., M.L.)
who were masked to the subjects’ ophthalmologic data,
including age and refractive errors, evaluated the SD-OCT
images. Images with signal strength weaker than 5 (on a
scale from O to 10) were excluded. The demographic data
of the subjects, refractive errors (spherical equivalent) of
the eyes, and signal strengths of the OCT images were
recorded.

For statistical analysis, Student t tests, Welch t tests,
Kruskal-Wallis tests, and 1-way analysis of variance

(ANOVA) were used. A P value of .05 was set as significant.

RESULTS

THE MEAN AGE OF THE SUBJECTS WAS 33.0 YEARS WITH A
range from 23 to 50 years. The mean decimal BCVA was
1.1 with a range from 1.0 to 1.5. The mean refractive error
was —1.49 diopters (D) with a range from ~8.0 to +3.25
D. The intraocular pressure ranged from 12 to 18 mm Hg.
The mean signal strengths were 8.2 (horizontal standard
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TABLE 1. Incidence and Cha"raciteris'ticksqf Eyes With Continuous, Fra‘gméhtéd_, or Absent Cone Outer Segment Tips Line

Standard Scan (n = 45)

HD Scan (n = 46)

Continuous COST  Fragmented ~ Absent COST Continuous COST  Fragmented  Absent COST
Line COST Line Line P Value Line COST Line Line P Value
Horizontal scan
No. (%) eyes 43 (96%) 0 2 (4%) n/a 43 (93%) 1(2%) 2 (4%) n/a
Age (mean, y) 33.3 n/a 32.5 .8822 33.1 41.0 32.5 .503°
Sex (M:F) 18:25 n/a 1:1 >.999°¢ 18:25 0:1 11 >.999°¢
Signal strength (mean) 8.3 n/a 7.0 1307 8.4 9.0 7.0 .225b
Refractive error (mean, diopters) —-1.44 n/a -3.25 3357 -1.45 0.00 -3.25 .262°
Standard Scan (n = 43) HD Scan (n = 43)
Continuous COST  Fragmented  Absent COST Continuous COST  Fragmented  Absent COST
Line COST Line Line P Value Line COST Line Line P Value
Vertical scan
No. (%) eyes 39 (91%) 2 (5%) 2 (5%) n/a 38 (88%) 3 (7%) 2 (5%) n/a
Age (mean, y) 34.0 25.0 325 1440 33.1 37.3 325 .718°
Sex (M:F) 16:23 0:2 1:1 .761° 17:21 0:3 1:1 .376°
Signal strength (mean) 8.3 8.5 75 .451° 8.3 8.7 8.0 724>
Refractive error (mean, diopters) -1.51 -0.75 -3.25 .369° -1.60 +0.17 -3.25 217°

COST = cone outer segment tlps HD scan = h!gh defmmon 5- Ilne raster scan; Standard scan =

aStudent £ test. ; i :
bKruskal-Wallis 1- way analysns of variance.
CFreeman Halton extensron of the Flsher exact probablhty test

standard 5-line raster scan.

scan), 8.3 (vertical standard scan), 8.3 (horizontal HD
scan), and 8.3 (vertical HD scan); the range of signal
strength was from 6 to 10.

In the SD-OCT images, the COST line was recognized
as a continuous line located between the IS/OS line and
the retinal pigment epithelium layer (Figure 1). The
COST line at the fovea was classified as continuous,
fragmented, or absent. In 2 eyes where the COST line was
absent and 20 eyes where a continuous COST line was
detected, the OCT examination was repeated at different
times of the day and on different days in a masked way. In
all cases, the findings were the same in all eyes, and the
repeatability of detecting a COST line was confirmed. In
the 2 eyes with an absent COST line, the foveal COST
line was absent for up to 6 months.

The incidence of detecting a COST line (continuous
COST and fragmented COST) was 43 of 45 eyes (96%) in
the horizontal standard scans, 41 of 43 eyes (95%) in the
vertical standard scans, 44 of 46 eyes (96%) in the horizontal
HD scans, and 41 of 43 eyes (95%) in the vertical HD scans
(Table 1). The range of detecting a continuous COST line
was between 88% and 96% and a continuous COST line, but
with fragmentation at the fovea (fragmented COST line),
was between 0% and 7%. The differences in the incidences of
a continuous COST line between the horizontal and vertical
scans were not significant in either the standard or the HD
scans (P = 429, P = 475, respectively, Fisher exact proba-
bility test). The differences in the incidences of detecting a
continuous COST line between the standard scans and the
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HD scans were also not significant in either the horizontal or
the vertical scans (P > .999, P > 999, respectively). The 2
eyes with an absent COST line were the same eyes in
horizontal or vertical scan and standard or HD scan. One of
these 2 eyes was that of a 31-year-old woman and the other
that of a 34-year-old man. The refractive errors were —2.75 D
and —3.75 D and the axial lengths measured by OA1000
(TOMEY Corp, Nagoya, Japan) were 26.1 mm and 26.0 mm.
The age, sex, signal strengths, and refractive errors were not
significantly different among the eyes with a continuous,
fragmented, or absent COST line (Table 1).

In all of the eyes with a fragmented COST line, a
hyperreflective signal was seen at the surface of the foveal
pit with weaker signals behind. These signals in both the
standard and HD scans resembled the “acoustic shadow”
artifacts that are observed in ultrasound echography (Fig-
ure 2). The signal intensities of the ELM, IS/OS junction,
and COST lines at the fovea behind the hyperreflectivity
were weaker and the lines were clearly fragmented. The
diameter of the weaker signals behind the hyperreflectivity
was wider in the lower (scleral) direction.

A fragmented COST line was always associated with the
hyperreflectivity at the foveal pit surface (horizontal HD
scans, P = .227; vertical standard scans, P = .055; vertical
HD scans, P = .011, Fisher exact probability test, Table 2)
and fragmented signals of the ELM (horizontal HD scans,
P = .098; vertical standard scans, P = .001; vertical HD
scans, P < .001) and IS/OS junction (horizontal HD scans,
P = .068; vertical standard scans, P = .001; vertical HD
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FIGURE 2. Magnified spectral-domain optical coherence tomo-
graphic images in eyes with hyperreflectivity at the foveal pit
surface. Hyperreflective areas at the foveal pit surface (arrows)
are seen in (Top) standard scan and (Bottom) high-definition
scan in a 41-year-old woman who was emmetropic and had an
axial length of 22.5 mm. Behind the hyperreflectivity, the
signal intensities of the external limiting membrane (ELM),
inner segment/outer segment junction (IS/OS), and cone outer
segment tips (COST) are reduced (arrowheads). The diameter
of the reduced signals behind the hyperreflectivity becomes
wider in the lower direction.

scans, P < .001). A fragmented IS/OS junction line was
also found in eyes with hyperreflectivity at the foveal
surface (horizontal standard scans, P = .017; horizontal
HD scans, P = .009; vertical standard scans, P = .055;
vertical HD scans, P = .011) and fragmented ELM line
(horizontal standard scans, P = .001; horizontal HD scans,
P < .001; vertical standard scans, P = .001; vertical HD
scans, P < .001). A fragmented ELM line was also
associated with the hyperreflectivity (horizontal standard
scans, P = .017; horizontal HD scans, P = .002; vertical
standard scans, P = .055; vertical HD scans, P < .001).
The fragmented signals of the COST, IS/OS junction, and
ELM lines were dependent on the depth of the acoustic shadows
beneath the hyperreflective areas. Thus, a fragmented COST
line was considered to be an artifact caused by the hyperreflec-
tivity at the foveal pit surface. Consequently, a fragmented
COST line can be considered to be an intact foveal COST line
with artifacts. The incidence of an intact foveal COST line with
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or without artifacts was 95% to 96%. There were no significant
differences in detecting an intact foveal COST line in the
standard or the HD scan modes (horizontal scans, P > .999;
vertical scans, P > .999), and in the vertical or the horizontal
scans (standard scans, P > .999; HD scans, P > .999).

DISCUSSION

THE CORRELATIONS BETWEEN THE VISUAL ACUITY AND
the integrity of the foveal COST line detected by com-
mercial SD-OCT instruments has been reported to be
significant in cases of occult macular dystrophy, ®'® adult-
onset foveomacular vitelliform dystrophy,’” macular
hole,'” and central serous chorioretinopathy.”® Morpho-
logic changes including an absence of the foveal COST
line in the SD-OCT images have been reported to be
correlated with the condition of the retina in eyes with
retinal diseases.'®~2° However, we found an absent COST
line at the fovea in 4% to 5% of normal eyes.

The resolution of the SD-OCT we used was 5 um,ls and
we found a COST line in approximately 95% of the
normal subjects. If we assume that a continuous COST
line is the normal condition in normal eyes, this suggests
that commercially available SD-OCT instruments with
5-um resolution can determine the condition of the
COST line in 95% of normal eyes.

Our observations indicate that the fragmentation was
most likely an artifact caused by a hyperreflectivity at the
foveal pit surface casting acoustic shadows. The hyperre-
flectivity was always found at the foveal pit surface, and we
assumed that the hyperreflectivity was caused by a para-
bolic reflection from the surface of the foveal pit. The
hyperreflectivity in the fovea is different from the hyper-
reflective area described for a closed macular hole after
successful macular hole surgery because the hyperreflectiv-
ity was observed at the surface of the fovea.’

Eyes with a fragmentation of the COST line also had
fragmentation or disruption of the IS/OS junction and
ELM lines. We suggest that these fragmentations are
acoustic shadows, as has been described for retinal vessels
in SD-OCT images.”*! In addition, vitreous opacities such
as asteroid bodies in eyes with asteroid hyalosis or intrareti-
nal exudates such as hard exudates can also result in
similar-appearing acoustic shadows.”*""** Such opacities
cause signal attenuation in the underlying tissues including
the retina, retinal pigment epithelium, and choroid. The
hyperreflectivity at the foveal pit surface may cause a
similar effect in eyes with a fragmented COST line.
Depending on the depth of the acoustic shadows, the ELM,
IS/OS, and COST lines can appear fragmented. However,
the area of reduced COST signals was very small and can
only be seen with magnification in the macular area. This
may be the reason why these artifacts have not been
reported. However, the possibility of this kind of artifact
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TABLE 2. Incidence of Fragmented Signals‘ahd Hyperreflectivity at the Foveal Surface -

Standard Scan (n = 43)

HD Scan (n = 44)

HR+ HR- P Value? HR+ HR- P Value?
Horizontal scan
ELM line
Continuous 4 (9%) 37 (86%) .017 6 (14%) 34 (77%) .002
Fragmented 2 (5%) 0 4 (9%) 0
IS/0S junction
Continuous 4 (9%) 37 (86%) .017 7 (16%) 34 (77%) .009
Fragmented 2 (5%) 0 3 (7%) 0
COST line
Continuous 6 (14%) 37 (86%) >.999 9 (20%) 34 (77%) 227
Fragmented 0 0 1(2%) 0
Standard Scan (n = 41) HD Scan (n = 41)
HR+ HR- P Value? HR+ HR- P Value®
<!---->Vertical
scan
ELM line
Continuous 8 (20%) 31 (76%) .055 5(12%) 31 (76%) <.001
Fragmented 2 (5%) 0 5(12%) 0
I1S/0S junction
Continuous 8 (20%) 31 (76%) .055 7(17%) 31 (76%) .01
Fragmented 2 (5%) 0 3 (7%) 0
COST line
Continuous 8 (20%) 31 (76%) .055 7(17%) 31(76%) .01
Fragmented 2 (5%) 0 3(7%) 0

COST = cone outer segment tlps ELM = extemai !lmmng membrane; HD scan = high-definition 5 line raster scan; HR hyperreflectwnty,

IS/0S =
"’Flsher exact probablllty test.

inner segmem‘/outer segment junction; Standard scan = standard 5-line raster scan.

should be remembered when evaluating the continuity of
the foveal microstructures.

Artifacts represent a major concern of every imaging
method. Because of the Fourier transformation of the
SD-OCT signals, the real image is always inverted.”>** A
mirror artifact is often detected in patients with moderate
to high myopia and is responsible for the “pseudo” small,
round retinal lesions located in the outer plexiform layer.
In eyes with asteroid hyalosis, the mirror artifacts from a
shadowing effect by the asteroid bodies result in an
inverted image not only in the deeper layers but even in
the superficial layers.?* Although SD-OCT is a significant
advance in the imaging of the retina, artifacts are still
present and can still influence clinical decisions.

Our study showed that the COST line was not detected
in approximately 5% of the normal eyes and these eyes did
not have any artifacts including hyperreflectivity at the
foveal surface. The photoreceptors are in a dynamic state
of adding and shedding outer segments.”> The foveal
microstructures of the outer segments appear to be related
to the functional status of the photoreceptors and to the
visual acuity. Light-induced retinal damage is well recog-
nized.”® Even ambient light can damage murine cones in a
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rhodopsin mutant retina, and subsequent light restriction
led to recovery of the damaged cones and rods.?” Prolonged
visual activities such as gazing at a computer display may
cause photoreceptor damage, with moderate visual impair-
ment and disrupted IS/OS line detected by SD-OCT.?® A
decrease in the length of the outer segments of the cones
by prolonged visual activities may result in indistinct
COST line even in normal subjects. After the patients
stopped prolonged visual activities, vision recovered to
normal but it took 3 to 16 weeks. In our study, repeated
OCT examinations at different times of the day up to 6
months showed good repeatability of the SD-OCT images.
We also took SD-OCT images immediately after the
subjects were awake in which the condition was compat-
ible with the effect of light restriction. For eyes in which
the COST line cannot be detected, more studies are
needed to find out the cause of the absent COST line.

In conclusion, commercially available SD-OCT instru-
ments can be used to evaluate the microstructures of the outer
retinal layers, including the COST line. However, it should
be noted that the COST line may be fragmented or absent
even in normal eyes. More studies are needed to determine
the characteristics of the eyes with absent COST lines.
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Correlation between Length of Foveal Cone
Outer Segment Tips Line Defect and Visual
Acuity after Macular Hole Closure

Yuji Itoh, MD, Makoto Inoue, MD, Tosho Rii, MD, Tomoyuki Hiraoka, MD, Akito Hirakata, MD

Purpose: To determine whether the postoperative length of the photoreceptor cone outer segment tips
(COST) line defect is significantly correlated with best-corrected visual acuity (BCVA) after macular hole closure.

Design: Retrospective, consecutive, observational case series.

Participants: Fifty-one eyes of 51 patients with a surgically closed macular hole were studied.

Methods: Spectral-domain optical coherence tomography (SD-OCT) was used to obtain images of the foveal
area, and the lengths of the COST line defect were measured in the images obtained 1, 3, 6, 9, and 12 months after
macular hole surgery. The correlation between the length of COST line defect and the BCVA was determined.

Main Outcome Measures: The lengths of the COST line defect, the inner segment/outer segment (IS/OS)
junction defect, the external limiting membrane (ELM) line defect in the SD-OCT images, and the BCVA.

Results: The COST line defect was gradually restored centripetally 1 to 12 months postoperatively. The
length of the COST line defect was significantly correlated with the BCVA at 1, 3, 6, 9, and 12 months
postoperatively (P < 0.001). Forward stepwise regression analyses showed that the postoperative BCVA was
significantly correlated with the length of the COST line defect (P < 0.001) but not with that of the IS/OS junction
and ELM line defects after 6 months. The preoperative length of the COST line defect was significantly correlated
with postoperative BCVA at 12 months (P = 0.020), but the length of the IS/OS junction and ELM line defects was
not. The preoperative length of the COST line defect was significantly longer than the fluid cuff diameter of the
macular hole (P = 0.020), indicating that the influence of the elevated neurosensory retina at the fluid cuff on the
SD-OCT signals of the COST line was probably minimal. The postoperative BCVA at 12 months can be calculated
by the following regression equation: BCVA = 0.00020 X (length of preoperative COST line defect [um]). — 0.23
(F value = 15.4; P < 0.001).

Conclusions: The recovery of the foveal COST line defect is related to visual recovery after macular hole
closure. The length of the preoperative COST line defect may predict the BCVA after macular hole surgery.

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references.

Ophthalmology 2012;119:1438-1446 © 2012 by the American Academy of Ophthalmology.
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Spectral-domain optical coherence tomography (SD-OCT)
has better resolution than earlier optical coherence tomog-
raphy (OCT) instruments, and this has allowed clinicians to
evaluate the microstructure of the photoreceptors more pre-
cisely.' The effect of an idiopathic macular hole on the
foveal microstructures has been evaluated by SD-OCT be-
fore and after successful closure of the macular hole.*~?
The presence of a continuous photoreceptor inner segment/
outer segment (IS/OS) line is a sign of well-restored pho-
toreceptor cells,'>'? and the restoration of the photoreceptor
IS/OS junction is significantly correlated with the recovery
of visual acuity after surgery.>’ The recovery of the IS/OS
junction progresses from the periphery toward the center of the
closed macular hole, and the total area and length of the IS/OS
junction defect after surgery are significantly correlated with
postoperative visual acuity.'®!1%15 The recovery of the ex-
ternal limiting membrane (ELM) is also correlated with the
recovery of visual acuity after macular hole closure.'®

1438
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High-speed, ultra—high-resolution OCT has been used to
acquire, measure, and map the outer retinal morphology,
including the topographic distribution of cone and rod photo-
receptors in the macula area.!” On the ultra—high-resolution
OCT images, a highly reflective line was detected between
the IS/OS junction and the bright retinal pigment epithelium
line. This line has been identified as the border of the cone
outer segment tips (COST) and has thus been named the
“COST line.”

We previously reported that a significant correlation ex-
ists between postoperative visual acuity and integrity of the
foveal COST line after successful macular hole surgery.'®
The recovered COST line was observed only in eyes with an
intact IS/OS junction and ELM line. The eyes with visual
acuity =20/25 at 12 months postoperatively were more
frequently (91%) associated with eyes with a recovered
COST line.'® However, we did not analyze whether the length
of the foveal COST line defect was significantly correlated

ISSN 0161-6420/12/$-see front matter
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with postoperative visual acuity. In addition, the associations
between preoperative factors of photoreceptor microstructure
and postoperative vision were not determined.

The purposes of the current study were (1) to determine
whether the length of the postoperative COST line defect is
significantly correlated with best-corrected visual acuity
(BCVA) before and after successful macular hole surgery,
and (2) to determine the preoperative factors that are sig-
nificantly associated with postoperative BCVA.

Patients and Methods

The medical records of 72 eyes of 72 consecutive patients with a
surgically closed idiopathic macular hole at the final visit were
reviewed. All patients were diagnosed with a stage 2, 3, or 4
idiopathic macular hole according to the Gass classification and
had undergone surgery between March 2008 and February 2010 at
Kyorin Eye Center. Preoperative data included age, gender, right
or left eye, axial length, stage of macular hole, symptom duration,
Snellen BCVA, macular hole diameter, length of the COST line
defect, and length of the IS/OS and ELM defects were recorded.

All patients had comprehensive ophthalmologic examinations
before and at 1, 3, 6, 9, and 12 months after the surgery. The
examinations included measurements of the BCVA, fundus exam-
inations by binocular indirect ophthalmoscopy and non-contact
lens slit-lamp biomicroscopy, fundus photography, and fundus
autofluorescence imaging by confocal scanning ophthalmoscopy
(Heidelberg Retina Angiograph 2, Heidelberg Engineering, Heidel-
berg, Germany). The SD-OCT examination was performed on all
patients on the same day as the clinical examinations. The length of
the COST line defect was measured on the SD-OCT images.

All surgeries were performed after the patients received a
detailed explanation of the surgical and SD-OCT procedures.
Informed consent was obtained from all patients, and the proce-
dures adhered to the tenets of the Declaration of Helsinki. The
study protocol was approved by the institutional review committee
of the Kyorin University School of Medicine, and all patients
consented to the review of their medical records. This clinical
study has been registered at the US National Institutes of Health
(www.clinicaltirals.gov) as “Foveal Cone Outer Segment Resump-
tion to Predict Visual Recovery after Macular Hole Surgery,” with
a reference number of NCT01381965. The main outcome mea-
sures were the 12-month postoperative BCVA and the condition of
the foveal microstructures in the SD-OCT images.

The surgery was performed by 1 of the 3 retina specialists
(T.H,, M.I, A-H.). A standard 3-port pars plana vitrectomy was
used to close the macular hole with 2% lidocaine retrobulbar
anesthesia. An intravitreal injection of triamcinolone acetonide
(Kenacort-A, Bristol Pharmaceuticals KK, Tokyo, Japan) or indo-
cyanine green (Santen Pharmacy, Osaka, Japan) was performed to
make the vitreous gel and internal limiting membrane (ILM) more
visible. Core vitrectomy was performed with the creation of a
posterior vitreous detachment if it was not present, and the ILM
was removed in all cases. The lens was extracted from all patients
aged >55 years. In addition, all cataractous lenses were removed by
phacoemulsification with an implantation of an intraocular lens.
Room air or nonexpansive 20% sulfur hexafluoride was used to
tamponade the retina, and patients were instructed to maintain a
face-down position for 3 to 4 days postoperatively. Anatomic success
was defined as the presence of a closed macular hole at 1 month
postoperatively as confirmed by slit-lamp biomicroscopy and SD-OCT
and the absence of autofluorescence at the site of the macular hole.

Spectral-domain OCT (OCT4000, Cirrus HD-OCT, Carl Zeiss
Meditec Inc, Dublin, CA) was used to obtain tomographic images

of the macular area. The entire macular area was scanned, and
high-quality 6-mm scan images were obtained with the 5-line
raster mode or high-definition 5-line raster mode. The diameter of
the macular hole was taken to be the distance of the neurosensory
retinal defect, and the mean values of the distance in the vertical
and horizontal images at the fovea were evaluated. The diameter of
fluid cuff around the macular hole was defined as the maximal
distance between the edges of the neurosensory retina detached
from the retinal pigment epithelium. The mean length of the COST
line defect, preoperative IS/OS line defect, ELM defect, and fluid
cuff was calculated by averaging the vertical and horizontal
lengths of the defects with the software embedded in the SD-OCT
system. Two experienced investigators (Y.L, T.R.), who were
masked to the patients’ information, including the postoperative
period and BCV A, independently measured each of the parameters
on each SD-OCT image. Scans with a signal strength >8/10 were
examined, and a high-quality representative image was selected for
the measurements. The axial length of the eye was measured
preoperatively with the OA1000 (TOMEY Corp, Nagoya, Japan).

The decimal BCVA was converted to logarithm of the minimal
angle of resolution (logMAR) units for the statistical analysis. To
compare preoperative and postoperative values, Student ¢ tests
were used with continuous data. Pearson’s correlation coefficient
tests were performed to evaluate the agreement between the 2
investigators who measured the length of the COST line defect on
each SD-OCT image. Multivariable analysis was also used to
investigate the relationships between preoperative and postopera-
tive length of the COST line, IS/OS junction, and ELM line
defects, and the BCVA at 3, 6, 9, and 12 months. Simple linear
regression analysis was used to determine the correlation between
postoperative BCVA and preoperative or postoperative length of
the COST line defect. The lengths of the COST line defect, IS/OS
junction defect, ELM defect, and fluid cuff at each period were
evaluated by 1-way analysis of variance and post hoc test. Forward
stepwise regression analysis was performed to determine whether
the age, gender, symptom duration, axial length, stage of macular
hole, and preoperative BCVA were significantly associated with
the BCVA at 12 months after the surgery.

Table 1. Patient Baseline Characteristics

51 (51)
65.5+7.3 (47-83)

No. of eyes (patients)
Age (yrs) (mean * SDj range)
Gender, no. (%)

Men 20 (39%)

Women 31 (61%)
Eye, no. (%)

Right 28 (55%)

Left 23 (45%)
Axial length (mm; mean * SD) 23.7+1.1
Preoperative BCVA (logMAR; mean = SD) 0.56+0.24

4.6%4.3 (1-18)

Symptom duration (mos; mean = SD; range)
Preoperative stage, no. (%)

stage 2 14 (28%)
stage 3 33 (65%)
stage 4 4 (7%)

Preoperative diameter of the hole (um) 336+152 (136-946)
(mean * SDj range)
Types of gas tamponade for PPV, no. (%)
Air 19 (37%)
SF, 32 (63%)

Combination of cataract surgery, no. (%) 46 (90%)

BVCA = best-corrected visual acuity; logMAR = logarithm of the min-
imum angle of resolution; PPV = pars plana vitrectomy; SD = standard
deviation; SFg = sulfur hexafluoride.
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Results

Of the original 72 eyes, 12 were excluded because of the presence
of retinal diseases, including a treated rhegmatogenous retinal
detachment, diabetic retinopathy, and high myopia with an axial
length >27.0 mm or refractive error >—8.0 diopters (D). Nine
other eyes were excluded because they were not followed for at
least 6 months postoperatively at the Kyorin Eye Center, Kyorin
University School of Medicine. In total, 51 eyes of 51 patients (20
men, 31 women) met the study criteria for the data analyses.

The preoperative baseline characteristics of the 51 eyes are
summarized in Table 1. The mean age was 65.5£7.3 years (range,
47-83 years). The average refractive error of the 48 phakic eyes
was —1.3 D (range, —7.0 to +3.5 D). The mean preoperative
decimal BCVA was 0.27 (Snellen equivalent, 20/80; 0.56 logMAR
units). The mean postoperative follow-up time was 11.8 months
(range, 6—-19 months). The interval between the onset of visual
symptoms and the macular hole surgery ranged from 1 to 18
months, with a mean of 4.6 months. The mean axial length of 48
of the phakic eyes was 23.7 mm (range, 21.2-26.8 mm). The

Figure 1. Fundus photograph and spectral domain-optical coherence tomography (SD-OCT) images of eyes with fully recovered cone outer segment
tips (COST) line. A, Preoperative fundus photograph showing a macular hole. B, Postoperative fundus photograph showing a closed macular hole.
C, Preoperative vertical SD-OCT image of a macular hole with a COST line defect (arrowheads). D-H, COST line defect is shorter at 1 month
(D), 3 months (E), 6 months (F), and 9 months (G) centripetally but not symmetrically at 9 months. H, The COST line defect is completely
recovered at 12 months.
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preoperative stage of the macular hole was stage 2 in 14 eyes
(28%), stage 3 in 33 eyes (65%), and stage 4 in 4 eyes (7%).

The mean postoperative decimal BCVA was 0.48 (0.32 log-
MAR units) at 1 month, 0.61 (0.21 logMAR units) at 3 months,
0.65 (0.19 logMAR units) at 6 months, 0.75 (0.12 logMAR units)
at 9 months, and 0.77 (0.11 logMAR units) at 12 months. Each
postoperative BCVA was significantly better than the preoperative
BCVA (P < 0.0001, Student ¢ tests).

Spectral-Domain Optical Coherence Tomographic
Images of Foveal Microstructures

The correlation between the values obtained by the 2 investigators
who measured the length of COST line defect was significant (r =
0.86, P < 0.0001 preoperatively; r = 0.91, P < 0.0001 at 1 month
postoperatively; » = 0.89, P < 0.0001 at 3 months postoperatively;
r = 0.90, P < 0.0001 at 6 months postoperatively; r = 0.89, P <
0.0001 at 9 months postoperatively; and » = 0.93, P < 0.0001 at
12 months postoperatively; Pearson’s correlation coefficient test).
The preoperative mean length of the COST line defect was
1666474 um (mean * standard deviation). The postoperative
mean length of COST line defect progressively decreased, and the
appearance of the COST line recovery began at the peripheral
region and progressed toward the center of the closed macular
hole, but not always symmetrically (Figs | and 2; Fig 2 available
at http://aaojournal.org). The mean length was 552+453 um at 1
month, 407£356 wm at 3 months, 311301 wm at 6 months,
199%241 pum at 9 months, and 140237 wm at 12 months (Fig 3).
The decrease in the length of the COST line defect was associated
with an improvement in the postoperative BCVA. The mean length
of the COST line defect at each time was significantly shorter than
the preoperative mean length of the COST line defect (P < 0.0001,
Student ¢ tests).

The vertical and horizontal lengths of the COST line defect
were not significantly different preoperatively (P = 0.93) and at all
postoperative times (P = 0.99 at 1 month, P = 0.89 at 3 months,
P = 0.66 at 6 months, P = 0.99 at 9 months, P = 0.94 at 12
months).

Forty-seven eyes were examined 1 month after surgery, and a
well-restored IS/OS line and ELM were detected in 8 eyes (17%),
an irregular IS/OS line and well-restored ELM were detected in 15
eyes (32%), and an irregular IS/OS line and ELM were detected in
24 eyes (51%). The number of eyes with a well-restored IS/OS line
and ELM gradually increased, and the number of eyes with an
irregular IS/OS line and ELM gradually decreased during the
postoperative period. At 12 months after surgery, a well-restored
IS/OS line was detected in 34 (79%) of 43 eyes, and ELM was well
restored in all 43 eyes.

Relationship between Length of Cone Outer
Segment Tips Line Defect and Visual Acuity

The correlation between the pre- or postoperative BCVA and the
length of the COST line defect at each time point was evaluated by
simple linear regression analysis. At each postoperative period, the
length of the COST line defect was significantly correlated with
the BCVA (P < 0.001; preoperatively and at 1, 3, 6, 9, and 12
months postoperatively, Fig 4).

Forward stepwise regression analysis was performed to deter-
mine whether the postoperative BCVA was correlated with the
postoperative length of the COST line, IS/OS junction, and ELM
line defect. Our analyses showed that the postoperative BCVA was
significantly correlated with the length of COST line defect at 6, 9,
and 12 months postoperatively but not at 3 months (P < 0.001,
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Figure 3. Correlation between visual acuity and mean length of the cone
outer segment tips (COST) line defect. The postoperative mean length of
the COST line defect gradually decreased. Postoperative best-corrected
visual acuity (BCVA) was correlated with the length of COST line defect
at the corresponding period. logMAR = logarithm of the minimal angle of
resolution.

respectively, Table 2). The postoperative BCVA was correlated
with the length of IS/OS junction only at 3 months postoperatively
(P = 0.01) but not at 6, 9, and 12 months postoperatively
(P=0.78, P =10.43, P = 0.09, respectively). The postoperative
BCVA was not correlated with the length of ELM line defect at 3,
6, and 9 months postoperatively (P = 0.93, P = 0.95, P = 0.07,
respectively). The ELM line was completely recovered in all eyes
at 12 months postoperatively, and the correlation with postopera-
tive BCVA was not determined. These results indicated that post-
operative BCVA was correlated with the length of the IS/OS
junction defect at the early postoperative period but not at later
times, and the postoperative BCVA was correlated with the COST
line defect after 6 months postoperatively.

The correlations between the postoperative BCVA and the
preoperative length of the COST line defect, IS/OS junction de-
fect, and ELM line defect were also examined. Forward stepwise
regression analysis showed that the preoperative length of COST
line defect was significantly correlated with postoperative BCVA
at 12 months (P = 0.02, Table 3), but not at 3, 6, and 9 months
(P =031, P=0.05 P=0.08, respectively). The preoperative
lengths of the IS/OS junction and ELM line defect were not
significantly correlated with the BCVA at 3, 6, 9, and 12 months
postoperatively.

Because the preoperative COST line defect was significantly
correlated with postoperative vision at 12 months, the correlation
of the postoperative BCVA with the length of the COST line
defect was determined at each time and evaluated by simple linear
regression analysis. Our analyses showed that the preoperative
length of the COST line defect was statistically correlated with the
BCVA at 1, 3, 6, 9, and 12 months postoperatively (P < 0.001 at
all times, Fig 5). Thus, the postoperative visual recovery in each
time estimated from the preoperative length of COST line defect
was significant (F = 15.4, R*=0.35; P < 0.001). The relationship
between the preoperative length of the COST line defect and the
postoperative BCVA at 12 months is demonstrated by the follow-
ing equation: BCVA = 0.00020 X L — 0.23, where the BCVA is
the postoperative BCVA in logMAR units at 12 months and L is
the preoperative length of the COST line defect in micrometers
(95% confidence interval, 0.00010—0.00031).
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Figure 4. Correlation between length of the cone outer segment tips (COST) line defect and visual acuity at each postoperative time determined by
simple linear regression analysis. There are significant correlations between length of the COST line defect and best-corrected visual acuity (BCVA) in the
preoperative period and each postoperative period (P < 0.01). F = F value; logMAR = logarithm of the minimal angle of resolution; P = P value; Postop =
postoperative; Preop = preoperative; R? = coefficient of derermination; SPRC = standardized partial regression coefficients; VA = visual acuity.

Relationship between Patients’” Demographics and
Postoperative Visual Acuity

The demographic factors that were significantly associated with
the BCVA at 12 months postoperatively were determined by
forward stepwise regression analysis (Table 4). The factors that
were found to be significantly associated with postoperative
BCVA at 12 months were age (P = 0.003) and symptom duration
(P < 0.001). The gender, preoperative BCVA, axial length, stage
of macular hole, preoperative diameter of macular hole, diameter
of ILM peeling, and types of gas tamponade during surgery were
not significantly associated.

Determination of Preoperative Foveal
Microstructure Significantly Associated with
Postoperative Best-Corrected Visual Acuity

To determine which preoperative factors were significantly corre-
lated with postoperative BCVA, the lengths of the foveal micro-
structural line defects and fluid cuff were measured. On the pre-
operative SD-OCT images of the macular hole, the boundary of the
ELM line was seen near the edge of the macular hole even in the
elevated sensory retina within the fluid cuff around the macular hole.
However, the boundary of IS/OS junction was not visible when the

Table 2. Forward Stepwise Regression Analysis between Spectral-Domain Optical Coherence Tomographic Images and Best-
Corrected Visual Acuity at 3, 6, 9, and 12 Months Postoperatively

3 Mos Postoperatively

6 Mos Postoperatively

SPRC F Value P Value SPRC F Value P Value
COST line defect 0.022 0.02 0.89 0.74 24.43 <0.001
IS/OS line defect 0.37 7.00 0.01 0.064 0.08 0.78
ELM line defect 0.014 0.01 0.93 0.013 0.003 0.95

9 Mos Postoperatively 12 Mos Postoperatively*

SPRC F Value P Value SPRC F Value P Value
COST line defect 0.81 23.57 <0.001 0.62 26.94 <0.001
IS/OS line defect 0.22 0.63 0.43 0.26 3.07 0.09
ELM line defect —0.46 3.54 0.07 — — —

COST = cone outer segment tips; ELM = external limiting membrane; IS/OS = inner segment/outer segment junction; SPRC = standardized partial

regression coefficients.

*ELM defect recovered (no defect) at 12 months postoperatively.
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Table 3. Forward Stepwise Regression Analysis between Preoperative Spectral-Domain Optical Coherence Tomographic Images and
Best-Corrected Visual Acuity at 3, 6, 9, and 12 Months Postoperatively

3 Mos Postoperatively 6 Mos Postoperatively

SPRC F Value P Value SPRC F Value P Value
COST line defect 0.19 1.06 0.31 0.35 4.04 0.05
IS/OS line defect 0.38 0.24 0.63 -0.075 0.01 0.92
ELM line defect -0.08 0.01 091 0.32 0.21 0.65

9 Mos Postoperatively 12 Mos Postoperatively

SPRC F Value P Value SPRC F Value P Value
COST line defect 0.35 3.30 0.08 0.45 5.81 0.02
IS/OS line defect 0.59 0.54 0.47 0.41 0.27 0.61
ELM line defect —0.44 0.33 0.57 0.36 0.22 0.64

COST = cone outer segment tips; ELM = external limiting membrane; IS/OS = inner segment/outer segment junction; SPRC = standardized partial
regression coefficients.

outer retina was elevated by the fluid cuff (Fig 6). In these eyes, the
COST line defect appeared to be larger than the diameter of fluid cuff.
The effect of the reduction in the SD-OCT signal by the fluid cuff
might be less on the COST line than on the IS/OS junction.

The mean length of the COST line defect (1666474 pm;
mean * standard deviation) was significantly longer than the
length of the fluid cuff (761+243 um, P < 0.01, 1-way analysis
of variance and post hoc Tukey—Kramer test), and the mean length
of the ELM line defect (577£243 um) was significantly shorter
than that of the fluid cuff (P < 0.05, Fig 7). The mean length of the
IS/0S junction defect (686243 wm) was not significantly differ-

ent from that of the fluid cuff. The mean length of the COST line
defect was significantly longer than that of the IS/OS junction and
ELM line defects (P < 0.01, P < 0.01, respectively). The back-
reflection of the COST line was reduced in 2 eyes within an
elevated outer retina by the fluid cuff around the macular hole.

Discussion

The integrity of the photoreceptor IS/OS line has been
reported to be significantly correlated with postoperative
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Figure 5. Correlation between preoperative length of cone outer segment tips (COST) line defect and postoperative visual acuity by simple linear
regression analysis. There are significant correlations between preoperative length of the COST line defect and best-corrected visual acuity (BCVA) at
each postoperative period (P < 0.001). logMAR = logarithm of the minimal angle of resolution; R? = coefficient of determination; SPRC = standardized
partial regression coefficients; VA = visual acuity.
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Table 4. Forward Stepwise Regression Analysis between Patient
Baseline Characteristics and Best-Corrected Visual Acuity at 12
Months Postoperatively

Postoperative BCVA

SPRC F Value P Value
Age 0.36 9.31 0.004
Gender 0.01 0.01 091
Symptom duration 0.53 21.85 <0.001
Axial length 0.09 0.66 0.42
Macular hole diameter 0.17 1.81 0.19
Preoperative BCVA 0.04 0.10 0.75
Stage of macular hole 0.05 0.24 0.63
Diameter of ILM peel -0.07 0.50 0.48
Types of gas tamponade 0.11 1.11 0.29

BCVA = best-corrected visual acuity; ILM = internal limiting membrane;
SPRC = standardized partial regression coefficients.

visual acuity after macular hole surgery.”~®1® The mean
total area and maximum length of the IS/OS junction defect
at 12 months after surgery were also negatively correlated
with the postoperative visual acuity.'® It is known that the
photoreceptors continuously add and shed discs of the outer
segments.'® This renewal of the outer segment has been
suggested to be related to the recovery of the length of the
foveal photoreceptor outer segments.'” However, the integ-
rity of the foveal IS/OS junction was not significantly as-
sociated with the visual acuity after macular hole surgery
because it was not a sign of the photoreceptor cell survival
or rearrangement, which is probably more important in
determining the visual acuity.'® This may explain the con-

Figure 6. Optical coherence tomographic image of an eye of a 56-year-old
woman with a macular hole. The boundaries (white arrows) of the external
limiting membrane (ELM) line, inner segment/outer segment (IS/OS)
junction, cone outer segment tips (COST) line, and edge of the fluid cuff
(white arrowheads) are indicated with decreased signals by the intraretinal
cysts. The boundary of the ELM line is seen at the edge of the macular
hole, but the boundary of the IS/OS junction is not present beyond the
edge of the fluid cuff. The length of the COST line defect is 1904 um,
which is more than the fluid cuff at 576 pm, the ELM line defect at 436
wm, and the IS/OS junction defect at 500 wm.
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Figure 7. Mean lengths of the foveal microstructural defects at the mac-
ular hole. The mean length of the cone outer segment tips (COST) line
defect is significantly more than that of the fluid cuff, inner segment/outer
segment (IS/OS) junction defect, and external limiting membrane (ELM)
line defect. The mean length of the ELM line defect is significantly shorter
than that of the fluid cuff. The mean length of the IS/OS junction defect
is not significantly different from that of the fluid cuff (1-way analysis of
variance and post hoc test of Tukey—Kramer method).

tradictory visual outcomes reported in a recent SD-OCT
study.®

The integrity of the ELM line, the junction between the
inner segment and the Miiller cells, was reported to be
another important morphologic structure of the photorecep-
tor microstructure that was related to the visual acuity in
patients after macular hole closure'#~'® and macula retinal
reattachment.”>?! A continuous ELM has been considered
to be a sign of intact photoreceptor cell bodies and Miiller
cells, and the IS/OS junction rarely recovered without a
recovery of the ELM.'+118:22 However, our results sug-
gested that postoperative visual acuity was more highly
correlated with the length of the COST line defect rather
than the length of the IS/OS and ELM line defects.

We recently reported a significant correlation between
the visual acuity and the integrity of foveal COST line after
successful macular hole surgery.'® The recovered COST
line was observed only in eyes with an intact IS/OS junction
and ELM. The eyes with visual acuity =20/25 at 12 months
postoperatively were more frequently associated with the
eyes that had a recovered COST line because the recovered
cones were functioning normally.'® In this study, we found
that the length of the COST line defect was significantly
correlated with visual acuity at each postoperative period.
However, the lengths of the IS/OS junction and ELM line
defect were not significantly correlated with visual acuity 6
months postoperatively, indicating that the recovery of the
COST line was more important for postoperative visual
acuity than the recovery of the IS/OS junction and ELM
line. Chang et al® suggested that the length of the IS/OS
Junction was not correlated with visual acuity after macular
hole surgery because the IS/OS defect occurred in edema-
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tous retinal areas. Oh et al'! reported that the shape of IS/OS
junction defect area was round and regular before macular
hole surgery but turned irregular after surgery. They found
that the postoperative area of the IS/OS defect was more
strongly correlated with the BCVA than the length of the
defect measured by linear-based raster scans because of the
irregular shape of the IS/OS defect area after surgery.!!

Reconstruction of the foveal ELM line in the early post-
operative period can help to predict subsequent restoration
of the foveal photoreceptor layer and the potential for better
visual outcomes.'®?® Ooka et al'* reported that the preop-
erative IS/OS or ELM line defect was significantly associ-
ated with the postoperative foveal sensitivity detected by
MP1 microperimetry but not significantly associated with
the postoperative BCVA. Thus, they estimated the postop-
erative sensitivity at 6 months from the preoperative length
of the IS/OS junction and ELM line defects, but the post-
operative BCVA could not be predicted.'* We found that
the preoperative length of the COST line defect was signif-
icantly correlated with postoperative visual acuity at 12
months, but the preoperative length of the IS/OS junction
and ELM line defects were not.

On the preoperative SD-OCT image, the edge of a mac-
ular hole was elevated with a surrounding cuff of subretinal
fluid. Within the elevated outer retina around the macular
hole, the back-reflection of the IS/OS line was reduced,
whereas the visibility of the ELM line was retained.*!*
Hangai et al* reported that the ELM back-reflecting line
could be used to delineate the photoreceptor inner and outer
segment reflectivity within the elevated outer retina around
the macular hole. However, the length of the ELM line
defect is affected by the height of the elevated retina around
the macular hole. Consequently, an evaluation of both the
IS/0S junction and the ELM line may not accurately indi-
cate the status of the preoperative foveal photoreceptor
microstructures in patients with macular hole.

We found that the length of the COST line defect was
greater than the length of the IS/OS junction defect, the
ELM defect, and the diameter of fluid cuff in the preoper-
ative SD-OCT images. We have not evaluated the effect of
the fluid cuff on the SD-OCT signals of the COST line
around the macular hole. However, we assume that when
the preoperative factor to predict postoperative visual re-
covery in SD-OCT findings was considered, the COST line
defect had an advantage because it was minimally affected
by the fluid cuff as a result of the significantly larger COST
line defect compared with the fluid cuff. In our cases, the
back-reflection of the COST line was diminished in 2 eyes
within the elevated outer retina by a fluid cuff around the
macular hole. Further development of retinal imaging and
further studies with a larger sample size are needed to
clarify this issue.

This study was a retrospective study without a control
group. Also, the number of patients in each group was
small, and the resolution of conventional SD-OCT used in
the study was limited to detect the COST line compared
with the ultra—high-resolution OCT. However, we have
found that an intact foveal COST line could be detected in
95% of healthy normal eyes with conventional SD-OCT.*
Therefore, further studies with a larger sample size and

higher-resolution SD-OCT are needed to confirm these re-
sults, including the asymmetric recovery of the COST line
defect. Nevertheless, the results showed that the integrity of
the COST line rather than from the IS/OS junction and ELM
lines may be more clinically useful to indicate postoperative
visual recovery in patients with surgically closed macular
holes.

Symptom duration was a preoperative factor that was
significantly correlated with postoperative vision. However,
symptom duration may not always be reliable when patients
are unaware of the unilateral visual deterioration.’* We
assumed that measurement of the preoperative length of the
COST line may be a more objective factor to predict post-
operative visual recovery.

In conclusion, our quantitative measurements of the pho-
toreceptor COST line defects showed that the recovery of
the photoreceptor COST line was correlated with the BCVA
after macular hole surgery. In addition, the preoperative
COST line defect may be able to predict visual acuity after
successful macular hole closure.
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Intrachoroidal Cavitation in Macular Area of Eyes With
Pathologic Myopia

KYOKO OHNO-MATSUI, MASAHIRO AKIBA, MUKA MORIYAMA, TATSURO ISHIBASHI, AKITO HIRAKATA,
AND TAKASHI TOKORO

® PURPOSE: To determine the incidence and characteris-
tics of intrachoroidal cavitations in the macular area of
eyes with high myopia.

® DESIGN: Prospective, noninterventional case series.

® METHODS: We evaluated 56 eyes of 44 patients with
pathologic myopia (myopic spherical equivalent >8 di-
opters) and with patchy chorioretinal atrophy using a
swept-source optical coherence tomographic (OCT) sys-
tem with a center wavelength of 1050 nm. We focused
on the changes in the scleral curvature in the area of
patchy atrophy. The relationship of the macular intra-
choroidal cavitation and retinoschisis was also analyzed.
Sixty-eight consecutive patients with pathologic myopia
but without patchy atrophy were analyzed as controls.
® RESULTS: In 31 of 56 eyes (55.4%) with patchy
atrophy, the swept-source OCT images showed that the
sclera was bowed posteriorly in and around the patchy
atrophy compared to neighboring sclera, whereas none of
the 68 patients without patchy atrophy showed this
finding. Macular intrachoroidal cavitation had OCT fea-
tures similar to peripapillary intrachoroidal cavitation;
the choroid in the macular intrachoroidal cavitation area
appeared thickened and the retina was caved into the
cavitation. There was a direct communication between
the vitreous and intrachoroidal cavitation in 3 eyes.
Retinoschisis was observed significantly more frequently
in or around the patchy atrophy in eyes with macular
intrachoroidal cavitation than in those without cavita-
tion.

® CONCLUSIONS: These findings suggest that patchy
atrophy affects the scleral contour within posterior
staphyloma beyond the funduscopically identified patchy
atrophy by macular intrachoroidal cavitation. Such de-
formation of sclera may facilitate the development of
retinoschisis in and around the patchy atrophy. (Am ]
Ophthalmol 2012;154:382-393. © 2012 by Elsevier
Inc. All rights reserved.)
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impairment worldwide.'™® The visual impairment is

mainly attributable to the development of myopic
macular lesions secondary to the excessive increase of the
axial length of the eyes and the development of posterior
staphylomas.”™ The myopic macular lesions include my-
opic choroidal neovascularization (CNV), myopic macular
retinoschisis, and myopic chorioretinal atrophy. The my-
opic chorioretinal atrophies are classified into 2 types based
on the funduscopic findings: diffuse chorioretinal atrophy
and patchy chorioretinal atrophy.® A diffuse chorioretinal
atrophy is an ill-defined yellowish-white atrophy and the
vision is not severely affected. A patchy chorioretinal
atrophy, on the other hand, is a grayish-white lesion
with well-defined borders. This appearance is believed to
be caused by a complete loss of the choriocapillaris® and
the subsequent degeneration of the photoreceptors and the
retinal pigment epithelium (RPE) because of the loss of
the choriocapillaris. This area of patchy atrophy is associ-
ated with an absolute scotoma. An enlargement of a
patchy chorioretinal atrophy is the main cause of central
vision loss in patients with pathologic myopia.® The
morphology of a patchy chorioretinal atrophy has been
studied by conventional ophthalmoscopy.°

Spectral-domain optical coherence tomography (OCT)
has also been used to study patchy chorioretinal atrophies.
However, these instruments are limited to what can be
observed at the surface of the tissue. It has not been
possible to observe the morphologic structure of the deeper
tissues such as the sclera in the area of the patchy atrophy
by these conventional methods. Swept-source OCT uses a
wavelength-sweeping laser as the light source,'' and in
practice, it has less sensitivity roll-off with tissue depth
than conventional spectral-domain OCTs. The current
swept-source OCT instruments use a longer center wave-
length, generally in the l-micrometer range, which has
improved their ability to penetrate deeper into tissues than
the conventional spectral-domain OCT instruments. With
the ability of imaging deeper structures in the eye, evalu-
ations of their morphology, such as that of the entire layer
of choroid'? and retrobulbar part of the optic nerve,'*'*
are potentially possible.

When we examined highly myopic patients with a
swept-source OCT, we noticed that the sclera was bowed
posteriorly in the area of the patchy atrophy in many of
these eyes. This area then resembled the intrachoroidal
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