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Other investigators®®~2® have reported the measurement
of choroidal thickness with the use of OCT at a longer
wavelength. In these more recent studies, higher penetration
of the OCT probe light, which uses a center wavelength of
approximately 1000 nm instead of the current OCT probing
light operated at approximately 800 nm, allows the entire
choroid to be visualized.?®*” Swept-source (SS)-OCT at a
longer wavelength, which is characterized by a high-speed
scan rate and a relatively low sensitivity roll-off versus
depth compared with the spectral-domain OCT, obtains a
3-dimensional (3D) high-contrast image of the choroid.?® 4

In the current study, we scanned the whole macular area
of eyes with CSC by high-penetrating SS-OCT using a 3D
raster scan protocol and produced a choroidal thickness map
of the macular area. By applying both the sectors used by
the Early Treatment Diabetic Retinopathy Study (ETDRS)
and square grid sectors to this map, we measured the mean
choroidal thickness in each area. In addition, we investi-
gated the relationship between choroidal thickness and an-
giographic changes.

Materials and Methods

All investigations adhered to the tenets of the Declaration of
Helsinki, and this prospective study using a prototype of SS-OCT
was approved by the institutional review board and the ethics
committee at Kyoto University Graduate School of Medicine.
Written informed consent was obtained from all participating
subjects after the nature and possible consequences of the study
were explained.

Subjects

This prospective cross-sectional study enrolled 34 patients (31
men and 3 women; 44 eyes), with CSC but without any other
macular abnormality, who visited the Macular Service at Kyoto
University Hospital, Kyoto, Japan, between October 2010 and
March 2011 and 17 age-matched volunteers (9 men and 8§ women;
17 eyes) with no eye disease.

All subjects underwent a comprehensive ophthalmologic ex-
amination, including measurement of best-corrected visual acuity
and intraocular pressure, autorefractometry/keratometry, indirect
ophthalmoscopy, slit-lamp biomicroscopy with a contact lens,
color fundus photography, and SS-OCT with a prototype system.
All patients with CSC also underwent simultaneous fluorescein
angiography (FA) and IA using a confocal laser scanning ophthal-
moscope (Heidelberg Retinal Angiograph II; Heidelberg Engineer-
ing, Dossenheim, Germany) at the time of SS-OCT measurement.
Central serous chorioretinopathy was diagnosed if patients had
subretinal fluid involving the macula, as confirmed by OCT, and
associated with idiopathic leaks from the RPE during FA, exclud-
ing neovascular maculopathy (i.e., age-related macular degenera-
tion, polypoidal choroidal vasculopathy, pathologic myopia, idio-
pathic choroidal neovascularization, and angioid streaks) and other
causes of SRD (i.e., intraocular inflammation, posterior segment
tumor, and drusen).

Exclusion criteria for eyes with CSC included history of intra-
ocular surgery, including cataract surgery and photodynamic ther-
apy (PDT), except for retinal photocoagulation; evidence of glau-
coma or high intraocular pressure (=22 mmHg); and poor image
due to dense cataract or unstable fixation. Subjects with systemic
diseases or conditions that might affect choroidal thickness were

2

also excluded, such as those with diabetes mellitus or malignant
hypertension or those who were pregnant.

Exclusion criteria for normal eyes included contraindication to
dilation, best-corrected visual acuity <20/25, refractive error of
>5.0 or <—6.0 diopters, intraocular pressure of =22 mmHg,
history of intraocular surgery, evidence of vitreoretinal disease or
glaucoma, and poor image due to dense cataract or unstable
fixation. Subjects with systemic diseases or conditions that might
affect choroidal thickness were also excluded, such as those with
diabetes mellitus or malignant hypertension or those who were
pregnant.

Classification of Central Serous Chorioretinopathy

Patients with CSC were classified into 3 types: classic CSC,
chronic CSC, and multifocal posterior pigment epitheliopathy
(MPPE).?** Classic CSC was defined as 1 or only a few specific
points of angiographic leakage from the RPE.'? Chronic CSC was
defined as broad areas of granular hyperfluorescence during FA
associated with many indistinct areas of leakage.®> Multifocal
posterior pigment epitheliopathy was defined as multiple massive
leakages from the choroid into the subretinal space.*3¢

All types of CSC eyes were divided into active and resolved
eyes. Active eye was defined as SRD involving the macula. Re-
solved eye was defined by the absence of SRD at the time of
SS-OCT measurement. (Resolved eyes included in this study
showed active disease at the first visit or the visit before the
measurement of SS-OCT and CSC classification [classic, chronic,
and MPPE] was based on FA findings in this active phase.)

Unaffected fellow eyes were. defined as eyes with no history or
evidence of CSC, which was based on the absence of leakage or
RPE atrophic changes on FA and no abnormal OCT findings.

Choroidal filling delay was observed in the early phase of IA,
and choroidal hyperpermeability and punctate hyperflourescent
spots were determined in the late phase of IA. Early-phase IA was
studied in 1 eye of each patient; the affected eye was chosen in
unilateral CSC, and the eye with active disease was chosen in
bilateral CSC. If both eyes were active or resolved, early-phase IA
was performed in the eyes with worse visual acuity. All these
angiographic features and classifications were evaluated by an
experienced ophthalmologist (SO) who was unaware-of the SS-
OCT results. ) )

Swept-Source Optical Coherence Tomography
System and Scan Protocols

We used an SS-OCT prototype system (Topcon, Inc., Tokyo,
Japan) with an axial scan rate of 100,000 Hz operated at the 1-um
wavelength region.*™* In the current SS-OCT system, the light
source was a wavelength-sweeping laser with a tuning range of
approximately 100 nm centered at 1050 nm, yielding 8-um axial
resolution in tissue. Transverse resolution was set to approximately
20 pm. A single OCT image consisting of 1000 A lines can be
acquired in 10 ms. The SS-OCT imaging of the cornea. was
conducted at 1050 nm with approximately 1 mW power, which is
well below the safe retinal exposure limit established by the
American National Standards Institute. Sensitivity was measured
to be approximately 98 dB at this input power.

The SS-OCT examinations were performed by trained exam-
iners after pupil dilation. First, horizontal and vertical line scans
(12 mm) through the fovea were obtained, arid ~50 B-scan images
were averaged to reduce speckle noise. Second, a 3D imaging data
set was acquired for each subject with a raster scan protocol of 512
(horizontal) X 128 (vertical) A-scans per data set (total, 65 536
axial scans/volume) in 0.8 seconds. Each 3D scan covered an area
of 6X6 mm centered on the fovea, which was confirmed by an
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Figure 1. A choroidal thickness map obtained by high-penetrating swept-source optical coherence tomography in a normal eye: A, Three-dimensional
raster scan covered a 6X6-mm area centered on the fovea. The Early Treatment Diabetic Retinopathy Study sector was applied to the scanned area, and
the mean choroidal thickness of 9 sectors was measured. B, The 5X5-mm squared grid sector was applied to the scanned area, and the mean choroidal
thickness of 25 square areas was measured. C, B-scan images at difference levels of the raster scan. Green lines indicate the segmentation lines that show

Bruch’s membrane and the chorioscleral border.

internal-fixation and fundus camera integrated in the instrument.
To reduce speckle noise, each image was denoised by applying the
weighted moving average from 3 consecutive images.** Because
of the invisible scanning light and high-speed scanning, eye move-
ment during the 3D scan was minimal.

Choroidal Thickness Measurement

The choroidal thickness was measured as the distance between
Bruch’s membrane (or the outer border of the RPE-Bruch’s mem-
brane complex) and the chorioscleral border (Fig 1). In each image
of the 3D data set, both lines were determined manually by a
trained ophthalmologist (P.J.) who was blinded to the diagnosis,

classification, and angiographic findings. Automated built-in cali-
bration software was used to determine the distance between the 2
lines. From all 128 images of each 3D data set, a choroidal
thickness map of 6X6 mm was created. False color was deter-
mined starting from a cool color and progressing to a warm color
at the range of 0 to 500 pwm. After the choroidal thickness map was
created, the ETDRS sectors were applied to it (Fig 1A). First, the
central fovea on each image was manually registered, if necessary,
to coincide with the central circle on the ETDRS segmentation
diagram. The mean thickness of each sector was measured in the
“center” sector within 0.5 mm from the center of the fovea, in 4
“inner ring” sectors (superior, inferior, nasal, and temporal) 0.5 to
1.5 mm from the center of the fovea, in 4 “outer ring” sectors
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Table 1. Mean Age and Refractive Error in Eyes with Each Central Serous Chorioretinopathy (CSC) Subtype

CSC Eyes
Subtype Status
Classic Chronic MPPE Active Resolved i )
(n = 23) (n=17) (n=4) (n=27) (n=17) P# Pf Pt P
Patient age (yrs) 533+x11.5 63.0%+14.1 56.5x19.1 58.5+14.3 55.5*14.3 0.067 0.894 0.653 0.485
Refractive error (D) -1.8%2.8 0.0=1.8 1.5+0.7 -1.1%3.0 -04%1.7 0.045 0.035 0.525 0.397

MPPE = multifocal posterior pigment epitheliopathy.

Values are represented as mean * standard deviation.

*Comparison between classic CSC and chronic CSC by, the Turkey—Kramer test.
TComparison between classic CSC and MPPE by the Turkey-Kramer test.
*Comparison between chronic CSC and MPPE by the Turkey—Kramer test.

$Comparison between active and resolved CSC by t test.

(superior, inferior, temporal, and nasal) 1.5 to 3 mm from the
center of the fovea, and as “whole” within 3 mm from the center
of the fovea. A 5X5 grid sector of 5X5 mm was further applied to
the thickness map. The 5X5 mm grid divided the macular region
into 25 square areas (Fig [B). This grid sector was used for
comparison with the angiographic findings. Sectors with angio-
graphic abnormalities, such as choroidal filling delay and choroidal
vascular hyperpermeability, were defined as those that involved
angiographic abnormalities in more than 50% of the area.

In B-scans where it was difficult to identify the whole outer
choroid, 5 to 10 points where the chorioscleral interface could be
identified were chosen and connected to create a segmentation line.
After creating segmentation lines in all 128 B-scans, the choroidal
thickness map was checked. If the thickness differed remarkably
between adjoining B-scans, the segmentation lines of the B-scans
were rechecked and corrected as required.

Statistical Analyses

A t test was used for comparison of variables associated with mean
choroidal thickness between normal eyes and eyes with CSC, eyes
with unilateral CSC and unaffected fellow eyes, unaffected fellow
eyes with and without choroidal hyperpermeability, active eyes
and resolved eyes, and areas with angiographic changes and areas
without them. A ¢ test was also used for a comparison of age and
refractive error between normal eyes and CSC eyes and active eyes
and resolved eyes. The Tukey—Kramer test was used for compar-
ison of age and refractive error and for comparison of mean
choroidal thickness between CSC subtypes. We calculated the
Pearson’s correlation coefficient and partial correlation to examine
associations between choroidal thickness and age or refractive
error. All statistical evaluations were performed using commer-
cially available software programs (Dr. SPSS2; SPSS Japan, To-
kyo, Japan) (StatMatelll; ATMS, Tokyo, Japan). A P value less
than 0.05 indicated statistical significance.

Results

In the present study, 34 patients and 17 healthy volunteers were
examined. The mean age was 57.3+13.7 years in patients with
eyes with CSC and 62.1%15.4 years in patients with normal eyes
(P=0.242, t test). The mean refractive error was —0.8+2.5 di-
opters in eyes with CSC and 0.1*2.5 diopters in normal eyes
(P=0.245, by the r test). Among patients with CSC, 15 had
bilateral CSC and 19 had unilateral CSC. However, 5 of the 15
patients with bilateral CSC had a history of PDT in 1 eye, so these
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5 eyes were excluded from this study. Thus, 44 eyes of 34 patients
with CSC were included, and for 10 patients with bilateral CSC,
both eyes were analyzed. (Five patients showed active disease in
both eyes, 4 patients showed active disease in 1 eye and resolved
disease in 1 eye, and 1 patient showed resolved disease in both
eyes.) Twenty-three eyes showed classic CSC (16 eyes showed
active disease), 17 eyes showed chronic CSC (8 eyes showed
active disease), and 4
eyes had MPPE (3 eyes showed active disease). The mean age and
refractive error for each subtype are summarized in Table 1.

Angiographic Data

All patients with CSC were examined using simultaneous FA and
IA. Fluorescein angiography showed leakage from the RPE in 25
of 27 active eyes (93%). The area with filling delay in choroidal
arteries and choriocapillaris was seen in 20 of 28 eyes (71%).
(Early-phase IA images were evaluated in 34 eyes of 34 patients
with CSC. However, in 6 eyes, early-phase IA images had unde-
sirable qualities, such as an excessively high intensity; these eyes
were excluded from this analysis.)

In late-phase IA, choroidal vascular hyperpermeability was
seen in all 44 eyes (100%), and punctuate hyperfluorescent spots
were seen in 40 of 44 eyes (91%). In active eyes, choroidal filling
delay was observed in 13 of 18 eyes (72%), choroidal hyperper-
meability was observed in all 27 eyes (100%), and punctuate
hyperfluorescent spots were observed in 25 of 27 eyes (93%). In
resolved eyes, choroidal filling delay was observed in 7 of 10 eyes
(70%), choroidal hyperpermeability was observed in all 17 eyes
(100%), and punctuate hyperfluorescent spots were observed in 15
of 17 eyes (88%).

Macular Choroidal Thickness in Early Treatment
Diabetic Retinopathy Study Sectors

The mean choroidal thickness of each ETDRS sector was signif-
icantly greater in eyes with CSC compared with normal eyes (Figs
I and 2, Table 2). Whole macular choroidal thickness in eyes with
CSC was 329.3%+83.0 um, which was greater than that in normal
eyes (233.067.0 wm; P < 0.001, ¢ test).

In unilateral cases (n = 19), macular choroidal thickness was
greater in 8 of 9 sectors in affected eyes than in unaffected fellow
eyes (Table 3). The whole macular choroidal thickness was greater
in eyes with unilateral CSC (326.6+98.4 um) than in unaffected
fellow eyes (254.2+86.8 pm; P = 0.021, ¢ test).

The whole macular choroidal thickness did not differ between
unaffected fellow eyes (n = 19; 254.2+86.8 wm) and normal eyes
(233.0£67.0 pm; P = 0.423, ¢ test). The whole macular choroidal
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Figure 2. (Continued.) '
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Table 2. Mean Choroidal Thickness in Eyes with Central
Serous Chorioretinopathy (CSC) and in Normal Eyes

CsC Normal Eyes
Area (pum) (n = 44) (n=17) P
Whole macula 329.3+83.0 233.0+67.0 <0.001
Center 374.3%929 2484714 <0.001
Inner temporal 366.5+91.5 241.4x76.8 <0.001
Inner superior 363.2+92.9 2504734 <0.001
Inner nasal 352.7+96.1 229.6+x77.6 <0.001
Inner inferior 360.1+93.4 246.3x72.7 <0.001
Quter temporal 327.2x83.0 237.6x£72.3 <0.001
Outer superior 333.5+88.0 261.9%67.2 0.004
Quter nasal 285.7+91.3 189.0+£70.3 <0.001
Outer inferior 326.9x82.7 228.8+68.6 <0.001

Values are represented as mean * standard deviation.
- Inner, 0.5-1.5 mm from foveal center; outer, 1.5-3 mm from the foveal
center.

*Comparison between CSC and normal eyes by t test.

thickness of the unaffected fellow eyes with choroidal hyperper-
meability (n = 11; 273.4%:86.6 pnm) was slightly increased com-
pared with eyes without choroidal hyperpermeability (n = §;
227.6%+85.3 pum) or normal eyes (n = 17; 233.0=67.0 um), but
the difference was not significant (P = 0.268 and P = 0.176,
respectively, ¢ test). '

There was no significant difference between choroidal thick-
ness in active eyes and resolved eyes in each ETDRS sector (Table
4, available at http://aacjournal.org). The mean whole macular
choroidal thickness was 342.2+75.9 um in active eyes and
308.8+91.7 wm in resolved eyes (P = 0.196 by ¢ test). The mean
whole macular choroidal thickness was more in eyes (n = 7) that
had undergone laser photocoagulation than in eyes (n = 37) that
had not (395.0%74.1 pm and 316.8=79.4 um, respectively; P =
0.020, ¢ test).

The mean choroidal thickness of each area in the ETDRS
showed no significant difference among classic CSC, chronic
CSC, and MPPE; however, all of them showed increased thickness
compared with normal eyes (Figs 1 and 2, Table 5). The mean
whole macular choroidal thickness was 326.9+83.1 um in cases
of classic CSC, 325.493.3 um in chronic CSC, and 359.0*+15.5
pm in MPPE, which were greater than in normal eyes (P < 0.001,
P = 0.002, P=0.002, respectively, # test).

In active eyes, the mean choroidal thickness of each ETDRS
sector showed no significant difference among classic CSC,
chronic CSC, and MPPE. The mean whole macular choroidal
thickness was 341.9:272.9 pm in classic CSC, 339.0%99.7 um in
chronic CSC, and 352.0+8.0 wm in MPPE. In resolved eyes, the

~ mean choroidal thickness of each ETDRS sector showed no sig-

nificant difference between classic CSC and chronic CSC. The
mean whole macular choroidal thickness was 292.7£100.1 wm for
classic CSC and 313.4+91.2 pum for chronic CSC.

A significant difference was found in the refractive error among
eyes with classic CSC, chronic CSC, and MPPE. Therefore, we
analyzed only CSC eyes with a refractive error of =1.5 diopters.
The mean choroidal thickness of each ETDRS sector showed no
significant differences among the 3 disease subtypes (Table 6,
available at http://aaojournal.org).

Choroidal Thickness and Angiographic Changes

The relationship between the mean choroidal thickness in each
5%X5 grid sector and the angiographic findings were evaluated
(Figs 3 and 4; Table 7). Sectors with angiographic abnormalities
such as choroidal filling delay and hyperpermeability were defined
as those that involved more than 50% of the sector area. Choroidal
thickness was greater in areas with leakage on FA (361.9%81.5
wm) than in areas without leakage (337.6+81.5 wm; P=0.001, ¢
test). Choroidal thickness was greater in areas with choroidal
vascular hyperpermeability on 1A (356.892.7 wm) than in unaf-
fected areas (319.4%90.7 pm; P < 0.001, ¢ test). In addition,
choroidal thickness was greater in areas with punctate hyperfluo-
rescent spots on 1A (367.6+87.9 um) than in unaffected areas
(333.8+87.9 wm; P < 0.001, 1 test). However, choroidal thickness
did not differ between areas with choroidal filling delay and areas
without it (P = 0.872, ¢ test). g

Correlation among Age, Refractive Error, and
Choroidal Thickness in Eyes with Central Serous
Chorioretinopathy

Table 8 (available at http://aaojournal.org) shows Pearson’s cor-
relation coefficient and partial correlation coefficient between
macular choroidal thickness and age or refractive error. The whole
macular choroidal thickness was correlated significantly with age
after adjusting for refractive error (r = —0.477; P = 0.001) and
with refractive error after adjusting for age (» = 0.366; P = 0.016).

Discussion

Although the pathophysiology of CSC remains unknown,
there is strong angiographic evidence that the key underly-
ing mechanism involves choroidal vascular abnormalities.
Studies using IA have shown a variety of choroidal abnor-
malities in patients with CSC, including variable filling

Figure 2. Macular choroidal thickriess in each subtype of central serous chorioretinopathy (CSC). A, Active classic CSC. Fluorescein angiography shows
an ink blot pattemn of leakage (top, left); indocyanine green angiography (IA) shows choroidal hyperpermeability and punctate hyperfluorescent spots (top,
middle); choroidal thickness map shows increased choroidal thickness in the whole macula (top, right). The swept-source optical coherence tomography
(SS-OCT) images {12 mm) of the fovea show serous retinal detachment (SRD) and a thick choroid (second row, bottom). B, Active chronic CSC.
Fluorescein angiography shows broad areas of granular hyperfluorescence associated with many indistinct areas of leakage (top, left); IA shows choroidal
hyperpermeability and punctuate hyperfluorescent spots (top, middle); choroidal thickness map shows increased choroidal thickness in the whole macula
(top, right). The SS-OCT images through the fovea show SRD, thin central retina, and a thick choroid (second row, bottom). C, Active multifocal posterior
pigment epitheliopathy. Fluorescein angiography shows multiple massive leakages (top, left); IA shows several areas of choroidal hyperpermeability and
punctuate hyperfluorescent spots (top, middle); choroidal thickness map shows increased choroidal thickness in the whole macula (top, right). The SS-OCT
images through the fovea show SRD and a thick choroid (second row, bottom). D, Resolved classic CSC. Fluorescein angiography shows a window defect
and no remarkable leakage (top, left); IA shows several areas of choroidal hyperpermeability and punctuate hyperfluorescent spots (top, middle); choroidal

thickness map shows increased choroidal thickness in the whole macula (top, right). The SS-OCT images through the fovea show no SRD but do show
the presence of a thick choroid (second row, bottom).
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Table 3. Mean Choroidal Thickness in Eyes with Unilateral
Central Serous Chorioretinopathy (CSC) and in Unaffected
Fellow Eyes

Unilateral Unaffected Fellow
CSC Eyes Eyes
Area (um) (n = 19) (n = 19) pP*

Whole macula 326.6+98.4 254.2+86.8 0.021
Center 376.5+115.2 287.6+101.6 0.016
Inner temporal 373.0x£116.8 286.0+98.3 0.018
Inner superior 353.7+110.7 275.8+89.4 0.022
Inner nasal 348.3+112.8 260.4:98.0 0.015
Inner inferior 368.5+112.2 269.0+100.8 0.007
Quter temporal 330.5+104.6 263.2+86.7 0.038
Quter superior 322.3%£96.8 265.1+84.5 0.060
Outer nasal 275.3+108.1 206.9+89.0 0.040
Outer inferior 330.1%92.9 254.4+86.8 0.014

Values are represented as mean * standard deviation.

Inner, 0.5-1.5 mm from the foveal center; outer, 1.5-3 mm from the
central fovea. .

*Comparison between unilateral CSC eyes and unaffected fellow eyes by
t test.

delay in the regions within the choroid,>"® choroidal venous
dilation,>*> multiple areas of choroidal vascular hyperper-
meability,'!7 and punctate choroidal hyperfluorescent
spots,' suggesting that a generalized choroidal vascular
disturbance occurs in CSC. Other studies have shown evi-
dence of hyperdynamic circulation within the choroid in
eyes with CSC.3"-38

- Imamura et al'® reported that EDI-OCT demonstrated the
presence of a thick choroid in patients with CSC. On the
other hand, Maruko et al'® reported that focal laser photo-
coagulation did not result in any change in choroidal thick-
ness with the use of EDI-OCT, whereas PDT led to choroi-
dal thinning and decreased hyperpermeability seen during
IA in eyes with CSC. However, in the studies using EDI-
OCT, choroidal thickness measurements were indicated by

a representative value obtained at several points, such as the
foveal center and at 500-um increments from the fovea.
This measurement tends to be influenced by focal thicken-
ing or thinning of the choroid or, more often, with irregu-
larity of the chorioscleral border. In the current study, by
using 3D raster scanning images obtained by high-penetrat-
ing SS-OCT, eyes with CSC were found to have thickened
choroids in the whole macular area and focally increased
choroidal thickness associated with angiographic findings.

Several investigators have reported that foveal choroi-
dal thickness is correlated with age, axial length, or
refractive error in normal subjects.!®3*3 We also found
that the mean macular choroidal thickness had a negative
correlation with age and refractive error in eyes with
CSC. These results suggest that both age and refractive
error should be considered in measuring choroidal thick-
ness even in pathologic eyes. In the current study, age-
and refractive error—-matched normal controls were used,
and explorative analysis ‘was also performed when a
difference was found in age or refractive error in eyes
with CSC subtypes.

Central macular choroidal thickness in eyes with CSC
was greater than that in normal eyes, which is consistent
with the results of Imamura et al’® and Maruko et al.?° In
addition, choroidal thickness in the whole macular area and
in each ETDRS sector area was found to be increased in
eyes with CSC. This result corresponds to the finding that
choroidal abnormalities on IA are not only confined to the
fovea but also extend into other areas of the macula. More-
over, the central choroidal thickness in unilateral symptom-
atic eyes was greater than in the unaffected fellow eyes in
most of ETDRS sectors. Maruko et al*® reported that the
subfoveal choroidal thickness in unilateral symptomatic
eyes was greater than that in fellow eyes, which is consistent
with our study. They also showed that subfoveal choroidal
thickness was greater in unaffected fellow eyes than in
age-matched normal eyes and greater in unaffected eyes

Table 5. Mean Choroidal Thickness in Each Subtype of Central Serous Chorioretinopathy (CSC) versus Normal Eyes

CSC Subtype

Classic Chronic MPPE Normal Eyes
Area (pm) (n = 23) (n=17) (n=4) (n=17) P#* Pt P
Whole macula 326.9+83.1 3254933 359.0x15.5 233.0x61.0 <0.001 0.002 0.002
Center 374.2+94.9 368.7+103.0 398.7x17.1 248.4x77.4 <0.001 0.001 0.001
Inner temporal 365.0+94.8 368.2:100.4 367.9+17.6 247.4x76.8 <0.001 <0.001 0.006
Inner superior 360.5+96.0 362.2x101.9 382.6%16.9 250.4+73.4 <0.001 0.001 0.002
Inner nasal 346.7:94.0 350.3x110.0 396.9+15.9 229.6x77.6 <0.001 0.001 <0.001
Inner inferior 354.1£90.7 361.6+108.8 3877173 246.3x72.7 <0.001 0.001 0.001
Outer temporal 327.1+86.6 326.5%90.3 331.2+16.9 237.6%72.3 0.001 0.003 0.021
Outer superior 338.9+89.3 317.7%£95.6 369.6+17.5 261.9+67.2 0.005 0.058 0.006
Outer nasal 277.2%+89.7 283.2=101.3 344.9x23.6 189.070.3 0.002 0.004 <0.001
Quter inferior 322.0+80.8 326.3%+95.0 355.2x259 228.8+68.6 <0.001 0.002 0.002

MPPE = multifocal posterior pigment epitheliopathy.
Values are mean = SD.

Inner = 0.5-1.5 mm from foveal center; outer = 1.5-3 mm from central fovea.

*Comparison between classic CSC and normal eyes by ¢ test.
fComparison between chronic CSC and normal eyes by ¢ test.
*Comparison between MPPE and normal eyes by t test.




Jirarattanasopa et al -+ Macular Choroidal Thickness and Angiographic Changes in CSC

Figure 3. Comparison of the mean choroidal thickness and angiographic findings in an eye with active chronic central serous chorioretinopathy. A,
Fluorescein angiography (FA) shows diffuse leakage (red triangles). B, Late-phase indocyanine green angiography shows choroidal hyperpermeability (red
arrowheads) and punctate hyperfluorescent spots (blue stars). C, The swept-source optical coherence tomography images show serous retinal detachment
in the fovea and a thick choroid. D, The mean choroidal thickness in areas with FA leakage indicted by red (442.5 um) was greater compared with non-FA
leakage areas (397.1 um). E, The mean choroidal thickness in areas with choroidal hyperpermeability indicated by red (458.7 um) was greater compared
with the nonhyperpermeability areas (387.2 um). F, The mean choroidal thickness in areas with punctuate hyperfluorescent spots indicated by red (434.7
wm) was greater compared with nonpunctate hyperfluorescent areas (400.2 pm).

with choroidal vascular hyperpermeability than in unaf- There was no significant difference in the choroidal
fected eyes without choroidal vascular hyperpermeabilty. thickness between active eyes and resolved eyes. These
Our subjects showed a similar tendency, but the results were findings suggest that choroidal thickness is increased in
not statistically significant, probably because of the small  patients with CSC regardless of the resolution of SRD. In
sample size. - addition, Iida et al® found that choroidal vascular abnor-
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Figure 4. Comparison of the mean choroidal thickness and angiographic findings in an eye with resolved chronic central serous chorioretinopathy. A,
Fluorescein angiography shows a window defect in an area with retinal pigment epithelium alteration and no remarkable leakage. B, Early-phase
indocyanine green angiography (IA) shows filling delay in choroidal arteries and choriocapillaris (red arrows). C, Late-phase IA shows choroidal
hyperpermeability (red arrowheads) and punctate hyperfluorescent spots (blue stars). D, The swept-source optical coherence tomography images show no -
serous retinal detachment but do show a thick choroid. E, The mean choroidal thickness in areas with filling delay indicated by red (247.1 pum) was almost
equal to that in nonfilling delayed areas (243.5 um). F, The mean choroidal thickness in areas with choroidal hyperpermeability indicated by red (302.7
wm) was greater than that in nonhyperpermeability areas (223.4 um). G, The mean choroidal thickness in areas with punctuate hyperfluorescent spots
indicated by red (303.5 pm) was greater than that in nonpunctate hyperfluorescent areas (240.6 um).

malities in IA persist in both eyes even after the cessation
of leakage from the RPE. Thus, choroidal structural ab-
normalities may persist even after the resolution of SRD.
These findings may have a relationship with the well-
known phenomenon that SRD tends to recur, especially
in areas with choroidal hyperpermeability, in patients
with CSC. >0

In a longitudinal study, Maruko et al'® reported that focal
laser photocoagulation did not result in any change in cho-
roidal thickness, although SRD was decreased. In the cur-

10

rent cross-sectional study, the mean choroidal thickness of
eyes with a history of laser photocoagulation was greater
than that of eyes without photocoagulation treatment. Taken
together, it seems that laser photocoagulation therapy does
not result in a decrease in choroidal thickness but just covers
the leakage from RPE. ,
Some patients with CSC have shown recent onset of
the disease with 1 or only a few specific points of leakage
from the RPE; these eyes are commonly termed as having
“classic CSC.”!® Other patients with chronic disease have
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Table 7. Mean Choroidal Thickness in Areas with
Angiographic Abnormalities versus Areas without Angiographic

Abnormalities
Affected Unaffected
Area (um) Area Area p*
FA leakage 361.9+81.5 337.6x81.5  0.001
Choroidal filling delay 339.1+100.3 340.6+93.9 0.872
Choroidal hyperpermeability 356.8+92.7 319.4%90.7 <0.001
Punctuate hyperfluorescent spots  367.6+87.9  333.8%87.9 <0.001

FA = fluorescence angiography.
Values are represented as mean * standard deviation.
*Comparison between affected and unaffected area by t test.

broad areas of granular hyperfluorescence during FA,
which are associated with many indistinct areas of leak-
age. These patients have chronic CSC, which has also
- been called “diffuse retinal pigment epitheliopa-
thy.”81%!% A type of exudative retinal detachment, usu-
ally manifested with flat SRD in the posterior pole and
bullous retinal detachment in the lower periphergl, was
reported as bullous retinal detachment in 1973 S and
termed “MPPE” in 1999.%% Multifocal posterior pigment
epitheliopathy has been considered an unusual manifes-
tation and severe form of CSC.*’ In the current study, all
eyes of these types showed choroidal hyperpermeability,
and choroidal thickness was equally increased in classic
CSC, chronic CSC, and MPPE. The underlying IA ab-
normality unifying them is choroidal vascular hyperper-
meability, and the underlying OCT finding unifying them
is increased choroidal thickness. Thus, classic CSC,
chronic CSC, and MPPE may share a common pathology
with choroidal vascular abnormalities, although the vi-
sual prognosis is different.

Choroidal thickness was greater in the area with leak-
age points on FA than in the area without it. Moreover,
choroidal thickness was greater in the area with choroidal
hyperpermeability on IA than in the unaffected areas. An
increase in hydrostatic pressure within the choroid suffi-
cient to cause changes to the overlying RPE and retina
may cause structural changes within the choroid itself.
Focal thickening of the choroid in these areas may sug-
gest that focal hydrostatic pressure within the choroid is
increased in the area with choroidal vascular hyperper-
meability, resulting in pigment epithelial detachment
with subsequent RPE defect,*® which in turn results in
focal leakage into the subretinal space. In addition, cho-
roidal thickness was greater in areas with punctate hy-
perfluorescent spots on IA than in unaffected areas. Punc-
tate hyperfluorescent spots have been reported to be
located in the inner choroid and seen at the center of the
focal hyperfluorescent area on IA. This area often ex-
pands from the punctate spots,’® possibly resulting in
increased pressure in the inner choroid or Bruch’s mem-
brane and leading to a break in the barrier of RPE. Thus,
focal increased choroidal thickness in the area with punc-
tate lesions may be explained by increased pressure in the
inner choroid.

Macular Choroidal Thickness and Angiographic Changes in CSC

Ikuno et al*! investigated the agreement among cho-
roidal thickness parameters measured using high-penetration
SS-OCT and commercially available spectral domain-OCT
with the EDI technique; they reported that choroidal thick-
ness was well correlated between these instruments.*’ Thus,
similar outcomes could have been obtained if spectral
domain-OCT was used in the present study. However, EDI-
OCT is usually coupled to multiple averaging to achieve
high contrast and low speckle noise. This results in smaller
numbers of B-scan images than 3D raster scan images, and
interpolation is required to fill in the nonimaged areas. This
sparse sampling density may be inadequate, especially for
the assessment of extrafoveal choroidal thickness and an-
giographic changes.

There are some limitations to this study. Although the
high-penetrating SS-OCT increases the sensitivity of the

choroid, scattering of light by the RPE and choroid still

occurs, which makes visualization of the chorioscleral in-
terface difficult in some patients, especially in eyes with
thick choroid. There is currently no automated segmentation ’
software available for measuring choroidal thickness; thus,
we performed all segmentations manually. However, we
have previously shown good interobserver repeatability
with this technique.>*

In conclusion, we demonstrated that choroidal thlckness
was increased in the whole macular area in all types of CSC
and that choroidal thickness was associated with leakage
from the RPE, choroidal vascular hyperpermeability, and
punctate hyperfluorescent lesions. These findings provide
the evidence that CSC may be caused by focally increased
hydrostatic pressure in the choroid.
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RETINAL STRUCTURAL ALTERATIONS
AND MACULAR SENSITIVITY IN
IDIOPATHIC MACULAR
TELANGIECTASIA TYPE 1

KOHEI TAKAYAMA, MD, SOTARO OOTOQ, MD, HIROSHI TAMURA, MD, KENJI YAMASHIRO, MD,
ATSUSHI OTANI, MD, AKITAKA TSUJIKAWA, MD, NAGAHISA YOSHIMURA, MD

Purpose: To evaluate the relationship between the abnormalities of retinal structures
showed on spectral-domain optical coherence tomography and the changes in the
macular sensitivity measured by microperimetry in eyes with idiopathic macular
telangiectasia type 1.

Methods: Eleven eyes of 11 patients with macular telangiectasia type 1 were reviewed.
Morphologic changes in the retina and retinal sensitivity of eyes with macular
telangiectasia type 1 were studied using spectral-domain optical coherence tomography
and microperimetry.

Results: Spectral-domain optical coherence tomographic images revealed disruptions in
the photoreceptor inner segment—outer segment (1IS/08) junction in all the eyes and intra-
retinal cystoid spaces in 10 eyes. In the points that had intraretinal cystoid spaces, the
mean retinal sensitivity was 6.8 + 5.5 dB where the IS/OS was disrupted and 13.4 + 4.0 dB
where the 1S/0S was intact (P < 0.001). In the points that had intact IS/OS and no cystoid
spaces, the mean retinal sensitivity was 15.3 + 4.3 dB, which was better than that of points
that had intact IS/OS with cystoid spaces (P < 0.001).

Conclusion: Retinal sensitivity is influenced not only by intraretinal cystoid spaces but
also by IS/0S disruptions, and the IS/OS alterations reduce the visual function more

severely.
RETINA 0:1-8, 2012

diopathic macular telangiectasia (MacTel) is charac-

terized by vascular anomalies affecting the macular
capillary network. The term idiopathic juxtafoveolar
retinal telangiectasis was first proposed in 1982 by
Gass and Oyakawa'; in 1993, based on the findings
in 140 patients, Gass and Blodi” further classified this
disease entity. More recently, Yannuzzi et al® pro-
posed a simplified classification with 2 distinct types,
where type 1 refers to aneurysmal telangiectasia and
type 2 to perifoveal telangiectasia.

From the Department of Ophthalmology and Visual Sciences,
Kyoto University Graduate School of Medicine, Kyoto, Japan.
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Japan; e-mail: ohoto@kuhp.kyoto-u.ac.jp

Typically, patients with MacTel type 1 are men
whose mean age at disease onset is 40 years. Gass and
Blodi® classified this type into two subtypes: Group 1A
and 1B. In Group 1A, the telangiectasis is generally
confined unilaterally to the temporal half of the macula,
occurring in an area of 1 to 2 disk diameters, with
equivalent involvement of areas superior and inferior
to the horizontal raphe. Macular edema and exudation
are the main causes of visual loss in these patients. In
Group 1B, the telangiectasia is mainly unilateral and
confined to a very small area in 2 clock hours or less
at the edge of the foveal avascular zone. However, to
date, little information has been available about the
relationship between retinal structural abnormalities
and visual function in MacTel type 1.

The current study was designed to evaluate the
relationship between retinal structures on speckle
noise-reduced spectral-domain optical coherence
tomography (SD-OCT) and macular sensitivity

Copyright ® by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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measured by microperimetry in eyes with MacTel
type 1.

Patients and Methods

This study was a retrospective review of the medical
records of 11 male patients (11 eyes) with MacTel
type 1 who visited the Macula Service in Kyoto
University Hospital, Kyoto, Japan, for the first time
between February 2005 and August 2008. The age of
patients ranged from 41 to 82 years (mean + SD, 62.7 =
12.6 years). The symptoms lasted from 2 weeks to 52
months (median duration, 32 months). All the investi-
gations adhered to the tenets of the Declaration of
Helsinki, and the current study was approved by the

institutional Review Board and the ethics committee .

of Kyoto University Graduate School of Medicine.

All the patients had undergone a comprehensive
ophthalmologic examination, including measurement
of best-corrected visual acuity, intraocular pressure,
assessment using indirect ophthalmoscopy and slit-lamp
biomicroscopy with contact lens, fundus photography,
simultaneous fluorescein angiography, indocyanine angi-
ography with a confocal laser scanning system (HRA2;
Heidelberg Engineering, Dossenheim, Germany), and
SD-OCT. ‘

MacTel type 1 was diagnosed on the basis of the
results of the fundus examination, fluorescein angiogra-
phy, indocyanine angiography, and optical coherence
tomography (OCT) and after exclusion of neovascular
maculopathy (i.e., age-related macular degeneration,
polypoidal choroidal vasculopathy, retinal angiomatous
proliferation, pathologic myopia, idiopathic choroidal
neovascularization, and angioid streaks) and other causes
of secondary MacTel (i.e., retinal vein occlusion and
radiation retinopathy) and diabetes. At the initial visit, all
the eyes showed prompt filling of telangiectatic vessels
and late intraretinal staining on fluorescein angiography.

SD-OCT: Photoreceptor Layer Features and
Retinal Thickness Measurements

Retinal imaging was performed using the Spectralis
HRA + OCT (Heidelberg Engineering) at the same
visit when microperimetry was performed in all the
eyes. First, horizontal and vertical line scans through
the fovea centralis were obtained at a 30° angle, fol-
lowed by 12 radial scans centered at the fovea; finally,
volume scans (19 horizontal B-scans at 20° x 30°)
were obtained. At each location of interest on the
retina, 12 to 50 SD-OCT images were acquired and
averaged to reduce speckle noise.

Features of the outer photoreceptor layer of the
entire macula on SD-OCT were evaluated by a trained

ophthalmologist who was masked to the microperim-
etry results and other information related to the eyes. A
sequence of OCT scans in each data set was examined,
and the areas with intraretinal cystoid spaces or
disruptions of photoreceptor inner segment—outer seg-
ment (IS/OS) junction were identified. As Spectralis
HRA + OCT combines confocal scanning laser oph-
thalmoscopy (SLO) and SD-OCT, it allows the inte-
gration of information obtained from SLO fundus
image and SD-OCT by pixel to pixel, thus enabling
the determination of the exact site of the disrupted
IS/OS regions. To exclude the “shadows” of inner
retinal changes, such as lipids or intraretinal cystoid
spaces, an image-processing program (ImagelJ;
National Institutes of Health, Bethesda, MD) was used
to evaluate the integrity of the IS/OS line. The reflec-
tivity of the IS/OS and the retinal pigment epithelium
was measured in ImageJ by using the plot profile func-
tion. The IS/OS disruption was defined as the line on
the gray-scale image, where the ratio of the IS/OS
reflectivity to the retinal pigment epithelium reflectiv-
ity had diminished by 2 SD from the reflectivity ratio
in the unaffected peripheral macula. Marking an area
of interest (i.e., the area with intraretinal cystoid spaces
and IS/OS disruption) is performed by manually draw-
ing a line in each B-scan image taken by volume scan

(19 horizontal B-scans of 20° x 30°) and projecting it

onto the SLO image (Figure 1). Each projected image
was then merged into an en-face image (Figure 1).
Areas of interest graded in SD-OCT were registered
with microperimetric findings (Figure 2).

Retinal thickness was measured on SD-OCT
images. B-scan images were analyzed with the built-
in software to calculate macular thickness. The values
of mean sectorial thickness were displayed in the 9
macular sectors determined by the Early Treatment
Diabetic Retinopathy Study (Figure 2).* The scans
were manually corrected if there were any B-scans
with an algorithm failure, such as inaccurately drawn
automated boundary lines.

Microperimetry: Retinal Sensitivity Measurements

Fundus-monitored microperimetry was performed
with MP-1 (Nidek, Padova, Italy). The MP-1 software
contains an automatic tracking system for fundus
movements that evaluates every acquired frame for
shifts in the directions of the x- and y-axes of the
fundus about a reference frame obtained by an infrared
camera at the beginning of the examination. A 4-2
staircase strategy with Goldmann size III stimulus was
used, and 57 stimulus locations covering the central
20° were examined by microperimetry. The white
background illumination was set at 1.27 candela per

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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Fig. 1. Areas of interest graded in SD-OCT. The SD-OC

imaging protocol comprises 19 B-scans per volume scan of 20° x 30°, and each scan was

averaged with 50 frames per B-scan. Marking an area of interest (i.e., the area with intraretinal cystoid spaces [A] and disruption of photoreceptor 1S/0S
junction line [B]) is performed by manually drawing a line in each B-scan image and projecting it to the infrared image. Each projection image was

merged into one en-face image (C, D).

square meter (cd/m?). The differential luminance,
defined as the difference between stimulus luminance
and background luminance, was 127 cd/m? at 0 dB
stimulation, and the maximum stimulus attenuation

Copyright @ by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

was 20 dB. The duration of the stimulus was 200 ms.
After comparing the SLO images obtained by SD-OCT
and fundus image obtained by MP-1, the SD-OCT
images were registered with the MP-1 images.
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Fig. 2. A 55-year-old man had a 6-month history of
decreased visual acuity (20/25) and metamorphopsia in the
left eye due to idiopathic MacTel type 1. A, Fundus pho-
tograph showing microaneurysms, cystoid macular edema,
and hard exudates. B, Fluorescein angiography frame
showing telangiectasia and microaneurysms with surround-
ing leakage. C, Retinal sensitivity map, obtained using fundus-
monitoring microperimetry, showing decreased sensitivity in
the macular area, particularly on the temporal side of the
fovea. D, Retinal thickness: map was generated using SD-
OCT, and Early Treatment Diabetic Retinopathy Study layout
was overlaid. The area with increased retinal thickness is
larger than the area with decreased retinal sensitivity in the
microperimetry. E, B-scan image of SD-OCT (indicated by
upper white arrow in the retinal sensitivity map) showing
small intraretinal cystoid spaces and increased retinal thickness
but showing an intact photoreceptor IS/OS line. Retinal sen-
sitivity is normal at all measurement points along this scan
line. F, B-scan image of SD-OCT (indicated by lower white
arrow in the retinal sensitivity map) showing intraretinal
cystoid spaces (white arrows) and disruptions of the IS/OS
line (yellow arrows). Note that retinal sensitivity is severely
decreased in the area where the IS/OS is distupted. G, Areas
of interest graded in SD-OC: pink = retinal cystoid spaces,
orange = IS/OS disruption. H, Merged -image of micro-
perimetry and areas of interest graded in SD-OCT: pink =
retinal cystoid spaces, orange = IS/OS disruption.

AOrOoOnN

Statistical Analysis ~ Generalized estimating equations (GEEs) were used

The best-corrected visual acuity was measured using for the comparison of retinal sensitivity variables. We
a Landolt chart and expressed as a Snellen equivalent - calculated the Spearman rank correlation coefficient to
or the logarithm of the minimal angle of resolution. study associations between retinal sensitivity or visual

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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acuity and retinal thickness. Because the points in the
same eye are not independent, the Mantel-Haenszel
test, stratified by eye, was used for comparisons of
the retinal sensitivity between points with retinal alter-
ations. The ratios between retinal sensitivity propor-
tions and associated confidence intervals were
calculated.> All statistical evaluations were performed
using a commercially available software program
(SPSS 17; SPSS, Inc, Chicago, IL). P < 0.05 was
considered to be statistically significant.

Results

Fluorescein angiography revealed telangiectasia of
the retinal capillaries temporal to the fovea involving
approximately one to two disk diameters and leakage
from the microaneurysms and telangiectasia. Based on
clinical groups proposed by Gass and Blodi,” all eyes
were classified as Group 1A. Macular edema and lipid
deposition were seen in all eyes.

The visual acuity of the affected eyes ranged from
20/100 to 20/15, and the mean logarithm of
the minimal angle of resolution visual acuity was
0.245 + 0.244. Of the 11 eyes studied, 8 (72.7%) had
visual acuity of 20/40 or better.

The mean retinal thickness was slightly increased in
the temporal sectors as compared with that in nasal
sectors, but the difference was not significant
(P =0.093 for the inner ring; P = 0.348 for the outer
ring). The mean retinal thickness correlated with reti-
nal sensitivity (P = 0.005, rs = -0.279, Spearman rank
correlation coefficient); in particular, the thickness of
the inner rings of the Early Treatment Diabetic Reti-
nopathy Study sectors negatively correlated with the
mean retinal sensitivity (P = 0.003, rs = -0.434, Spear-
man rank correlation coefficient).

The SD-OCT images revealed disruptions of the
photoreceptor IS/OS junction line in a series of OCT
sections in all eyes and intraretinal cystoid spaces in
10 of the 11 eyes in this study (Figures 1 and 2). The
mean logarithm of the minimal angle of resolution
visual acuity of the eyes with disrupted IS/OS lines
at the fovea was 0.263 and that of the eyes with intact
IS/OS at the fovea was 0.200 (P = 0.724).

The SD-OCT findings of disruption in the IS/OS line
and the intraretinal cystoid spaces were associated with
worse retinal sensitivity (Figures 2-5). Figures 3-5
show the histograms of all measurement points with
various retinal sensitivities. At 285 (46.5%) of a total
of 613 points, the retinal sensitivity was =16 dB. At
254 (56.3%) of 451 points with intact retina, this value
was found to be =16 dB. However, a retinal sensitivity
of =16 dB was obtained at only 26 (20.8%) of 126
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Fig. 3. Histograms showing the numbers of measurement points with_
various retinal sensitivities measured with microperimetry. A, Histo-
gram of all the measurement points. B, Histogram of the measurement
points with intraretinal cystoid spaces. C, Histogram of the measure-
ment points without intraretinal cystoid spaces. )

points with intraretinal cystoid spaces and at 8 (7.4%)
of 108 points with disrupted IS/OS line (P < 0.001 for
both, the Mantel-Haenszel test; Table 1). At points with
cystoid spaces, the Mantel-Haenszel risk ratio was 0.33
(95% confidence interval, 0.23-0.47), and at points
with IS/OS disruption, the Mantel-Haenszel risk ratio
was 6.3 (95% confidence interval, 3.2-12.2).
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Fig. 4. Histograms showing the numbers of measurement points with
various retinal sensitivities measured using microperimetry. A, Histo-
gram of the measurement points with intact IS/OS. B, Histogram of the
measurement points with disrupted IS/OS.
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A Disrupted IS/0S within the points that had intraretinal
cystoid space
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Fig. 5. Histograms showing the numbers of measurement points with
various retinal sensitivities measured with microperimetry within the
points that had intraretinal cystoid spaces. A, Histogram of the mea-
surement points with disrupted IS/OS. B, Histogram of the measure-
ment points with intact 1S/0S.

However, the retinal sensitivity was =10 dB at 141
(23.0%) of 613 points. This value was =10 dB only at
53 (11.8%) points with intact retinas. However, a retinal
sensitivity of =10 dB was obtained at 62 (49.2%) of
126 points with intraretinal cystoid spaces and at 75
(69.4%) of 108 points with disrupted IS/OS line (P <
0.001 for both, the Mantel-Haenszel test). At points
with cystoid spaces, the Mantel-Haenszel risk ratio
was 6.2 (95% confidence interval, 4.0-9.5), and at
points with IS/OS disruption, the Mantel-Haenszel risk
ratio was 0.21 (95% confidence interval, 016-0.28).

The mean retinal sensitivity was 9.6 + 5.9 dB at the
points with intraretinal cystoid spaces and 14.5 = 5.1 dB
at the points without them (P < 0.001, GEE; Table 2).
The mean retinal sensitivity was 15.1 £ 4.3 dB at the
points with intact IS/OS and 6.4 + 5.9 dB with disrupted
IS/0S (P < 0.001, GEE; Table 2). Within the points

that had intraretinal cystoid spaces, the mean retinal
sensitivity was 6.8 + 5.5 dB where the IS/OS was dis-
rupted and 13.4 = 4.0 dB where the IS/OS was intact
(P < 0.001, GEE). Within the points that had intact
IS/OS and no cystoid spaces, the mean retinal sensitiv-
ity was 153 + 4.3 dB, which was better than that
of points that had intact IS/OS with cystoid spaces
(P < 0.001, GEE).

Discussion

Previous studies using time-domain OCT images
obtained in eyes with MacTel type 1 revealed
structural abnormalities in the macula, such as intra-
retinal cystoid spaces, retinal thickening, and macular
detachment.® However, since these observations were
based on conventional time-domain OCT, further
interpretation of the structural change in the photore-
ceptors is difficult. The autotracking function of the
MP-1 corrects for shifts in the measurement position
because of small involuntary movements, thereby
allowing more accurate measurement of retinal sensi-
tivity with the certainty of knowing the exact site of
origin. In addition, by using an eye tracking system,
the Spectralis HRA + OCT system has solved the
problem of motion artifacts that limit the confident
detection of small changes, which permits the produc-
tion of detailed, speckle noise-reduced images of all
the retinal layers. Our study was the first to identify, by
using speckle noise-reduced SD-OCT and micro-
perimetry, structural abnormalities in the macula and
correlations between this anatomical finding and the
retinal sensitivity in eyes with MacTel type 1.

Visual acuity has been reported to be usually 20/40
or better in eyes with MacTel type 1.17% In the current
study, 8 of the 11 eyes investigated had visual acuity

Table 1. Spectral-Domain Optical Coherence Tomographic Findings and Percentage of Points With Retinal
Sensitivities =16 dB

Percentage of Points With Retinal Sensitivities =16 dB

Patient Cystoid Space (+) Cystoid Space (-) I1S/OS Disruption (+) IS/0OS Disruption (-)
1 44.0 90.6 8.3 86.7
2 0 97.7 0 : 97.7
3 16.7 15.7 16.7 15.4
4 0 19.6 0 22.7
5 9.1 69.6 18.2 67.4

6 0 « 17.9 28.6 16.0
7 60.0 85.1 0 80.7
8 25.0 62.1 0 68.6
9 0 21.4 0 18.4

10 4.2 57.6 0 50.0

11 None* 73.7 0 73.7

*None: there were no points with cystoid space.
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Table 2. Relationship Between SD-OCT Findings and
Mean Retinal Sensitivity on Microperimetry

Retinal Sensitivity (dB)

Cystoid space (+) 96 +5.9
Cystoid space (-) 145 + 5.1
IS/OS disruption (+) 6.4+59

151 £43

IS/OS disruption (-)

of 20/40 or better. Although visual acuity reflects only
foveal function, MP-1 enabled the evaluation of func-
tion not only in the fovea but also in the larger macular
area and is thus of great value for evaluation of the
pathologic condition underlying the functional distur-
bance. Retinal sensitivity of =16 dB was obtained in
46.5% of the measurement points in eyes with MacTel
type 1. However, 23.0% of measurement points
showed a retinal sensitivity of =10 dB. These results
suggest that despite keeping good visual acuity, some
of the eyes with MacTel type 1 had focal areas of
decreased retinal function.

Several reports have shown the relationship between
retinal thickness and retinal sensitivity in various
diseases that cause macular edema. Vujosevic et al®
reported a negative correlation between macular sen-
sitivity and retinal thickness in eyes with diabetic
macular edema. Yamaike et al’ reported negative cor-
relation between retinal thickness and retinal sensitiv-
ity in eyes with retinal vein occlusion. In the current
study, the mean retinal thickness of the inner rings of
Early Treatment Diabetic Retinopathy Study sectors
negatively correlated with the mean retinal sensitivity.
Moreover, the areas with intraretinal cystoid spaces
showed reduced retinal sensitivity. These results sug-
gest that cystoid macular edema has a relationship with
poor visual function in eyes with MacTel type 1; this
finding is identical to that in other diseases causing
cystoid macular edema.

Retinal sensitivity correlates with retinal structural
alterations. In the current study, the area with disrupted
IS/OS or intraretinal cystoid spaces showed signifi-
cantly reduced retinal sensitivity. In addition, the areas
with disrupted IS/OS showed significantly reduced
retinal sensitivity than those with intact IS/OS, even
within the areas having intraretinal cystoid spaces.
These results suggest that retinal sensitivity may be
influenced not only by intraretinal cystoid spaces but
also by IS/OS disruptions, and the IS/OS alterations,
which are more closely related to photoreceptor
damages, reduce the visual function more severely.
The changes in intraretinal microangiopathy were
evident in the superficial and deep circulations with
leakage into the retina and cystoid macular edema,
which may cause photoreceptor damages. Thus, vision

impairment in MacTel type 1 may be related mainly to
photoreceptor alterations following cystoid macular
edema caused by vascular leakage.

Several studies on other diseases have examined
the relationship between retinal sensitivity and
structural abnormality.®° In resolved central serous
retinopathy,® at 80% of points with intact IS/OS,
retinal sensitivity was =16 dB, whereas this sensi-
tivity was only obtained in 20% of points with dis-
rupted IS/OS. The mean retinal sensitivities within
the area with disrupted IS/OS were 11.5 dB. In the
current study, at 56% of points with an intact retina,
retinal sensitivity was =16 dB, whereas this sensi-
tivity was only obtained in 20% of points with cys-
toid spaces and in 7% of points with disrupted
1S/0OS. The mean retinal sensitivities within the area
with disrupted IS/OS were 6.4 dB. These results
suggest that decreased retinal sensitivity in areas
with disrupted IS/OS is a common phenomenon in
these retinal diseases.

There have been several reports on the assessment of
microperimetry with MacTel type 2.571% Charbel Issa
et al'® reported that macular sensitivity significantly
decrease temporal to the fovea and light increment
sensitivity deteriorates in eyes at more severe stages.
Another study also reported that central light sensi-
tivity in eyes with nonproliferative type 2 MacTel
with normal central foveal thickness was lower
than that in eyes with subnormal central foveal
thickness.!! Schmitz-Valckenberg et al'® reported
that severe reduction in retinal sensitivity is spatially
confined to morphologic alterations seen with SLO
imaging. Maruko et al'* reported a reduction in the
retinal sensitivity thresholds temporal to the fovea,
particularly in the area of IS/OS breaks and the area
of right angle vein corresponding to the disappear-
ance of the outer retinal layer. Thus, photoreceptor
alterations are likely to be associated with retinal
sensitivity both in type 1 and type 2 MacTel,
although it has been postulated that the pathophysi-
ology between the 2 types of MacTel may be con-
siderably different.'~>'°

In conclusion, SD-OCT with reduced speckle noise
allows detailed observation of retinal structures and
thus helps to evaluate the relationship between retinal
structural abnormalities and visual function. Limita-
tions of the current study include its retrospective
nature and small sample size. Another limitation of
this study is that the symptom duration varied greatly,
that is, from 2 weeks to 52 months, and this might
have an impact on the comparisons. However, our
findings suggest that the IS/OS disruptions are one of
the most important factors affecting retinal function in
eyes with MacTel type 1.
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