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FIGURE 3. A cell obtained from the eye with rhegmatogenous retinal detachment shown in Figure 1 is negative for CD68 (A). Numerous small
green autofluorescent inclusions in the cytoplasm were excited at 488 nm (B). (A) and (B) are superimposed in (C). The cytoplasm of the cell was

filled with numerous pigment granules (D).

oma.?® It has been speculated that the autofluorescent deposits
may originate from macrophages.®'**¢ However, little is
known about autofluorescence of the macrophages in the
subretinal space. In addition, although immunofluorescent
staining of CDG68 is frequently used as the cytomarker for
macrophages in histologic study of the retina and the choroid,
little information has been provided about autofluorescence of
the CD68-positive cells in the eye. Thus, information about
autofluorescence of the macrophages may help to interpret
histologic results. In the present study, we investigated the
autofluorescence properties of CD68-positive cells. AlexaFluor-
647 was used as a secondary antibody dye to identify macro-
phages without interfering with observation of autofluores-
cence from the cells.

A case with subretinal precipitates in long-standing retinal
detachment was reported by Vogt® in 1938. In such eyes, cyto-

logic study has revealed that macrophages are the dominant cell
population in the subretinal fluid.***® Coats’ disease is a retinal
vascular disease showing yellow golden deposits in the retina®®
and bullous retinal detachment occasionally. Numerous macro-
phages were confirmed in the subretinal fluid aspirated from the
eyes with retinal detachment.?*>' Abnormal FAF in both diseases
has not been reported. We noticed hyperautofluorescent deposits
corresponding to subretinal precipitates in the eyes with RRD and
spotted hyperautofluorescence in the area of retinal detachment
caused by Coats’ disease. In the eyes with RRD, hyperautofluo-
rescence appeared along subretinal strands. Previous histopatho-
logic studies suggested that subretinal strands are composed of
macrophage and retinal pigment epithelium.>*->> Macrophages
may have a part in the origin of subretinal strands.

Three types of cells were morphologically identified in the
subretinal fluid from the four eyes in the present study. Immuno-
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fluorescent staining confirmed that most of the lightly pigmented
large cells were CDG8-positive macrophages. Pigmented CDG8-
negative cells, on the other hand, were considered likely to be
derived from the retinal pigment epithelium, because of their
morphologic characteristics. Since autofluorescence appeared
only in these types of cells, they were possible origins of abnormal
autofluorescence in the subretinal space.

Peak analysis for 50 inclusions consistently showed similar
fluorescence properties, suggesting that the inclusions in both
types of cells may have similar composition of fluorescent
material. Autofluorescent inclusions in both types of cells
showed yellow-red peak emissions within the range of 558 to
612 nm (Fig. 6). Consistent with this observation, ex vivo

100% -~

90%

80% -

70% -

60% -

50%

40% -

30%

20%

10%
0% - g
Patient 1 Patient 2

Patient 3 Patient 4

10VS, October 2011, Vol. 52, No. 11

FIGURE 4. This cell was obtained
from the eye with exudative retinal
detachment shown in Figure 2. Po-
lygonal large cells with numerous
vacuoles were positive for CD68 (A).
Green autofluorescent inclusions
were excited by a 488-nm laser light
B). (A) and (B) are superimposed.
Autofluorescent inclusions were ob-
served in the vacuoles and cytoplasm
(O). In some cells, few pigment gran-
ules were found (D).

experiments of the human retinal pigment epithelium showed
that the peak emission of lipofuscin appeared within the range
of 588 to 610 nm.*® Peak emission of lipofuscin varies by
age,”>*7 physical condition,>® and method of extraction. Con-
sideration of variation of emission spectra of lipofuscin from
these reports suggests that yellow-red emission originates from
lipofuscin-like materials in the cells. Previously, lipofuscin
was considered to be synthesized in the retinal pigment
epithelium as a product of phagocytosis of the photorecep-
tor outer segments. Recent reports have suggested that A2E
and its derivatives are synthesized in the photoreceptor
outer segments before phagocytosis by the retinal pigment
epithelium.*® Lipofuscin-like materials could also accumu-
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FIGURE 5. The cell density of each
type of the cells. The number of cells
in four microscopic fields when 40X
object lens was used. Total area of
counting cells was approximately
0.1024 mm?®,
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late in the macrophages. Specifically, the accumulated outer
segment material in phagosomes in the macrophages may
generate autofluorescence similar to that in the retinal pig-
ment epithelium. Since the former two types of cells
showed autofluorescence in the cells, they were considered
to be the source of subretinal autofluorescence in part.
Autofluorescence was observed in the phagosomal vacuole.
Hence, autofluorescent substances may have already been

synthesized in shed outer segments before phagocytosis.
Recent reports have also raised this possibility.'*>° How-
ever, autofluorescence characteristics of shed substances in
the subretinal space are still unknown. Further study is
needed of this phenomenon.

The digested photoreceptor outer segments that may not be
properly processed in the macrophages may become lipofus-
cin. The possibility of the photoreceptor outer segments being
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processed into autofluorescent material in the subretinal mac-
rophages could not be excluded.

CDO68-positive cells showed two autofluorescence peaks
within the range of 480 to 750 nm. In the present study, green
emission peaks of autofluorescence, 505 nm for 457-nm exci-
tation and 526 nm for 488-nm excitation, were observed. This
emission spectrum was reported to appear in living human
eyes.>”* Flavin adenine dinucleotide (FAD) is considered to
be the main source of the green emission. In the 488nm
emission spectra, the narrow peak appeared around 520 nm
(Figs. 6C, 6D). A similar peak also appeared on the left shoulder
of the broad peak (right), straddling 530 to 535 nm along the
x-axis in the spectra induced by 458nm light (Figs. 6A, 6B).
The flavoprotein signal may be incorporated into this peak.®!
Since the green emission was not observed in macrophages in
the lung® or peripheral blood,*® the fluorophore would be
distinctive to macrophages in the subretinal space. Why would
this emission spectrum appear only in the inclusions of the
macrophages in the subretinal space? Macrophages accumulate
in the outer nuclear layer in regions of ongoing rod cell death
after retinal detachment.*® Degenerated photoreceptor cells
may be phagocytized by the macrophages. The highest con-
centration of FAD is found in the mitochondria of the photo-
receptor’s inner segments. As the results of phagocytosis, the
mitochondria of the photoreceptor cells may accumulate in the
phagosomes of macrophages and show green emission auto-
fluorescence. Therefore, the macrophages in the subretinal
space in eyes with retinal detachment would be predicted to
show that green and yellow autofluorescence originates from
lipofuscin-like materials and FAD. Inclusions in cells of the
mouse models of age-related macular degeneration showed a
spectrum similar to that of our samples.*> The increase in
autofluorescence in an elderly population and patients with
macular degeneration may reflect autofluorescence from mac-
rophages associated with photoreceptor death.

In this study, we were unable to determine the chemical
composition of autofluorescent substances, since the quantity of
cells obtained from surgically removed subretinal fluid was lim-
ited. Further study is needed to examine whether the subretinal
inclusions have the same composition as lipofuscin or FAD.

With regard to the origins of CD68-positive cells, we should
use the other antibodies that are more specific for tissue mac-
rophages. A minority of the retinal pigment epithelium has
been reported to be CD68-positive in situ.”® The transforma-
tion of the retinal pigment epithelium into the macrophages is
assumed to be one source of the subretinal macrophages.®”
CD68-positive retinal pigment epithelial cells may look mor-
phologically similar to macrophages. Therefore, the CDG68-
positive cells include the tissue macrophages and the trans-
formed retinal pigment epithelium. To determine the
contribution of the tissue macrophage to autofluorescence in
the subretinal space, more specific staining is needed. How-
ever, the broad spectrum of autofluorescence and small
amount of the specimens did not allow us to perform multiple
staining. Further study of this issue is need.

In conclusion, we found that inclusions in the macrophages
in the subretinal space emit intense autofluorescence. The
spectra of the autofluorescence are very similar to that of the
retinal pigment epithelium. Hence, autofluorescent properties
of deposits in subretinal space raise the possibility that they are
macrophages, and further critical markers are needed for clin-
ical assessment as to their identity.
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Photopigments in Central Serous Chorioretinopathy

AKIRA OJIMA, TOMOHIRO IIDA, TETSUJU SEKIRYU, ICHIRO MARUKO, AND YUKINORI SUGANO

® PURPOSE: To investigate functional abnormalities in
eyes with central serous chorioretinopathy (CSC).

© DESIGN: Observational case series.

® METHODS: Sixteen eyes with CSC were enrolled. Au-
tofluorescence densitometry was performed to measure
the optical density of the photopigments. Serial fundus
autofluorescence (FAF) images were obtained by Heidel-
berg Retina Angiogram 2. We calculated the autofluo-
rescence optical density difference from the FAF images.
To compare the distribution pattern of autofluorescence
optical density difference to the findings of outer retina,
spectral-domain optical coherence tomography (SD-OCT)
was performed in the acute phase and after resolution of
CSC.

® RESULTS: The autofluorescence optical density differ-
ence decreased at the serous retinal detachment (SRD) in
all 16 eyes. After resolution, the photoreceptor inner and
outer segment junction (IS/OS) was irregular in 13 eyes
and defective in 3 eyes on SD-OCT. The autofluores-
cence optical density difference did not improve in any
eyes. Five eyes were reexamined 3 month after resolu-
tion. In 4 of the 5 eyes, SD-OCT showed that the 1S/OS
was well delineated and 1 eye defective. The autofluo-
rescence optical density difference improved in 2 of the 4
eyes, but not in the other 2 eyes. In the 1 eye without
well-delineated IS/OS, the autofluorescence optical den-
sity difference did not improve.

® CONCLUSION: In eyes with CSC, the photopigment
density decreased at the SRD. The density remained
decreased immediately after resolution and showed de-
layed recovery. The photopigments decreased even in
eyes with morphologic recovery of the outer retina.
(Am ] Ophthalmol 2011;151:940-952. © 2011 by
Elsevier Inc. All rights reserved.)

ENTRAL SEROUS CHORIORETINOPATHY (CSC) IS

characterized by serous retinal detachment (SRD)

in the macular area. Focal dye leakage at the
level of the retinal pigment epithelium (RPE) is seen on
fluorescein angiography. In most eyes, the SRD resolves
spontaneously, and the visual acuity (VA) recovers fully in
these eyes. However, patients often complain about rela-
tive scotoma, abnormal color sensation, and micropsia
despite resolution of the SRD.
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Morphologic retinal abnormalities in CSC have been
observed on optical coherence tomography (OCT).'~8 In
the acute phase of CSC, thickened neurosensory retina
and elongated photoreceptor outer segments are seen at
the area of the SRD.""® In the quiescent phase, defects of
the photoreceptor inner and outer segment junction (IS/
OS) are sometimes seen.* Thinning of the outer photore-
ceptor layer and the defects in the subfoveal IS/OS may be
associated with VA loss.>*8

Some studies using microperimetry have reported that
retinal sensitivity was attenuated in eyes with CSC even
after resolution of the SRD.*!® Spectral-domain OCT
{SD-OCT) showed loss of retinal sensitivity in areas with
an irregular RPE or a defect of the 1S/OS.}° Reduced
amplitudes of the multifocal electroretinogram were ob-
served not only in the acute phase but also after resolution
of the SRD.""'2 Although these functional disorders seem
to be associated with loss of the 1S/OS or RPE atrophy,
some patients complain about blurred vision even after
complete morphologic recovery of the I1S/OS. The role of
the OCT findings in visual function is uncertain. In these
cases, functional impairment might be attributed to de-
creases in the visual photopigments.

Retinal densitometry is the only objective method for
investigating visual photopigments in vivo."*?* Liem and
associates,” using reflective densitometry in eyes with CSC,
reported that the rhodopsin concentration decreased in the
area of the SRD. Since that method requires special equip-
ment, it is not used clinically.

In a previous study, we reported other methods of retinal
densitometry using the fundus autofluorescence (FAF) exam-
ination by commercially available scanning laser ophthal-
moscope.”* We recorded serial FAF images using the
Heidelberg Retina Angiogram 2 (HRAZ; Heidelberg En-
gineering, Dossenheim, Germany), and calculated the
photopigment density from the time-dependent changes in
intensity of FAF during excitation. We named the
technique autofluorescence densitometry. The density is
measured as the autofluorescence optical density differ-
ence of the photopigments. This new technique can
examine a much broader macular area than in previous
studies and create a distribution map of optical density
of the photopigments. It is also easy to compare the
distributions of the photopigment densities with other
retinal imaging devices such as SD-OCT. We used
autofluorescence densitometry to evaluate changes in
the photopigments in acute and quiescent phase of

CsC.

0002-9394/$36.00
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FIGURE 1. A normal autofluorescence optical density difference distribution in a 33-year-old man. (Top left) Fundus
autofluorescence image. The intensity of each point on the grids was measured to calculate the autofluorescence optical density
difference. The arrow indicates the line of the spectral-domain optical coherence tomography (SD-OCT) scan. (Top right) A normal

autofluorescence optical density difference map has a concentric pattern. S = superior; F = fovea;

= inferior; T = temporal; N =

nasal. (Middle) A vertical SD-OCT scan shows a normal layer structure. (Bottom) The % autofluorescence optical density
difference graph at the SD-OCT scan line. The abscissa indicates the position.

METHODS

AMONG 26 CONSECUTIVE PATIENTS WITH CSC EXAMINED
by both autofluorescence densitometry and SD-OCT, 16
eyes of 16 patients were included in this study (14 men, 2
women; mean age, 50.1 years; range, 31-71 years). All
patients visited the Department of Ophthalmology at
Fukushima Medical University Hospital between August
1, 2008 and May 31, 2009. The 16 eyes met the following
criteria: the maximum diameter of the SRD exceeded 3
disc diameters including the fovea; autofluorescence den-
sitometry was performed during the acute and quiescent
phases; and resolution of the SRD was observed on
SD-OCT during the follow-up period. The remaining 10
patients did not meet these criteria. In the 10 patients who
were excluded, 8 patients had small SRD with maximum
diameter less than 3 disc diameters, and 2 patients could
not be followed up.

Vou. 151, NO. 6

All patients underwent a comprehensive ophthalmologic
examination, including measurement of the best-corrected
VA, slit-lamp biomicroscopy, fundus photography, fluores-
cein angiography, SD-OCT, and FAF. The best-corrected
VA was measured with a Japanese standard decimal visual
chart and converted to logarithm of the minimal angle of
resolution for statistical analysis. SD-OCT was performed
with a 3-dimensional OCT system (Topcon, Tokyo, Japan)
or Spectralis OCT system (Heidelberg Engineering, Heidel-
berg, Germany). The diagnosis of CSC was confirmed by the
presence of a macular SRD and leakage from the level of the
RPE on fluorescein angiography. Patients with other pathol-
ogies that can cause retinal detachment, such as age-related
macular degeneration, Harada’s disease, posterior scleritis,
and any other macular diseases, were excluded. All data were
collected prospectively and reviewed in a masked fashion.

We also examined 10 control subjects (mean age, 40
years; age range, 31-55 years) who were free from retinal
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FIGURE 2. Changes in fundus autofluorescence (FAF) intensity in the left eye of a 37-year-old man with acute central serous
chorioretinopathy (Patient 4). (Top left) FAF image. The mean intensity within each area was measured. The squares indicate the
area of measurement. Normal, the area without a serous retinal detachment (SRD); SRD, the area within an SRD. (Bottom left)
A vertical spectral-domain optical coherence tomography scan shows an SRD. (Right) Time-dependent changes in the FAF intensity
during light exposure. The intensity increased in the normal area because of bleaching of the retina. The area with an SRD does
not have increased FAF. The increases in FAF intensity indicate the presence of normal photopigments. The change in intensity
is low at the fovea, because the excitation light is attenuated by macular pigment. The autofluorescence optical density difference

cannot be evaluated accurately at the fovea. The FAF intensity is very low and does not change by light exposure at the disc.

diseases, significant cataract, or corneal opacity. All sub-
jects underwent the same examination as above except for
fluorescein angiography.

Patients who needed good vision because of their
occupations or desired treatment underwent laser photo-
coagulation after being informed of the risks and benefits.
Treatment was performed using a DPSS yellow laser (561
nm; Nidek, Gamagori, Japan) with a spot size of 200 m,
power of 70 to 100 mW, and application time of 0.20
second. The endpoint of laser photocoagulation was slight
graying of the RPE.

The autofluorescence optical density difference of the
photopigments was measured repeatedly by the autofluo-
rescence densitometry technique of the FAF examination
to investigate time-dependent changes. We also evaluated
the morphologic changes of the outer retina on the
horizontal and vertical images of the SD-OCT. The area of
interest was examined by raster scan. We classified the
OCT findings of IS/OS in the area of SRD into 3 groups:
clear, irregular, and defect. “Clear” indicates normal 1S/OS
line; “irregular” is discontinuous or blurred IS/OS line;
“defect” means lack of IS/OS line.

The autofluorescence densitometry technique was de-
scribed previously.'® The FAF images were recorded using
HRAZ. After pupil dilation with topical tropicamide and
phenylephrine, the parients were dark-adapted for at least
30 minutes before the examination. Serial FAF images
were obtained over 40 seconds using high-speed movie
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mode. The angle of field was 30 degrees. The intensity of
excitation was 100% and the gain was 94%. The FAF
images were aligned to fix the viewpoinr using the software
in the HRA2 system and were output as audio video
interleaved (AVI) files for measurement. We measured the
distribution of the FAF intensity in a 6 X 6-mm-square
area around the fovea. The area was divided into 9 X 9
grids, and the intensity of each point was measured as an
8-bit grayscale value on the frame of the AVI files
(Gray-val; Library Inc, Tokyo, Japan).

To estimate the autofluorescence optical density differ-
ence of the photopigments, the grayscale value during light
exposure was fitted to the following formula. The intensity
of the FAF at time t was described as:

log[F(t)] = log[F(e)] — fODD X exp(— ke)

where F(t) is the measured autofluorescence at time t,
F(e) is the autofluorescence at an infinite time when
the F(t) approaches a constant level, fODD is the
optical density difference of the pigment between the
dark-adapted density and the density of the pigment after
an infinitely long duration, and k is the time constant
relating the chromophore properties and the intensity of
light at the measurement site. We fitted the value of the
FAF intensity to the equation on a least-squares basis with
the Levenberg-Marquardt method, which provides the 3
unknown parameters (log[F(0)], fODD, and k), using
Origin 8.0 computer software (OriginLab Corporation,
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FIGURE 3. Fundus images of the right eye of a 47-year-old man (Patient 1) in the acute phase of central serous chorioretinopathy.
(Top left) Fundus photograph. The square indicates the area in which the autofluorescence optical density difference was measured
(see Figure 4). The dashed line shows the area of the serous retinal detachment. The yellow arrow indicates the scanning line of
spectral-domain optical coherence tomography (see Figure 4). (Top right) Fundus autofluorescence image. (Bottom) Focal dye
leakage is seen in (Bottom left) the early phase and (Bottom right) the late phase of the fluorescein angiograms.

Northampton, Massachusetts, USA). The results were
displayed using a contour map classified into 11 phases
(autofluorescence optical density difference map). When
the intensity of the autofluorescence decreased or the
change in the autofluorescence intensity was too small to
fit the equation at the measurement site, the autofluores-
cence optical density difference of the site was treated as
zero.

RESULTS

THE TABLE SHOWS THE CLINICAL PATIENT PROFILES. THE
duration of symptoms from the subjective onset ranged
from 1 to 49 months {mean, 10.4 months). Six patients
with symptom duration of more than 6 months were
diagnosed with chronic CSC. The other 16 patients were
diagnosed with acute CSC.

Vot. 151, NO. 6

In the current study, we observed all 16 eyes in the
acute phase and immediately after resolution of the
SRD. Five of the 16 eyes were reexamined 3 months
after resolution. All eyes in the acute phase had focal
leakage at the macular area on fluorescein angiography
and a SRD that included the fovea. Eleven of the 16
eyes had an elongated photoreceptor outer segment on
SD-OCT. Twelve of the 16 eyes were treated with laser
photocoagulation. The SRDs resolved on SD-OCT
between 3 and 54 months (mean, 13.4 months) from the
subjective onset of symptoms.

The autofluorescence optical density difference map
showed a concentric pattern in all 10 control subjects.
Figure 1 shows a normal autofluorescence optical density
difference map of a healthy subject (33-year-old man). All
FAF and SD-OCT findings were normal (Figure 1, Top
lefr, Middle). To calculate the autofluorescence optical
density difference, time-dependent changes in the FAF
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FIGURE 4. Changes in the autofluorescence optical density difference map during acute central serous chorioretinopathy of Patjent
1. (Top) Spectral-domain optical coherence tomography (SD-OCT) and autofluorescence densitometry in the acute phase. A
vertical SD-OCT scan shows that a serous retinal detachment (SRD) has spread widely within the vascular arcade. Two-
dimensional mapping of the autofluorescence optical density difference demonstrates that the concentricity is disrupted. An area of
low autofluorescence optical density difference corresponds to the SRD. The % autofluorescence optical density difference graph
at the SD-OCT scan line shows that the autofluorescence optical density difference is lower at the SRD than the unaffected area.
The abscissa indicates the position: S = superior; F = fovea; 1 = inferior. (Middle) SD-OCT and autofluorescence densitometry
immediately after resolution. The SRD has resolved and the photoreceptor inner and outer segment junction (I1S/OS) line
disappeared at the affected area on SD-OCT. The concentricity of the autofluorescence optical density difference map did not
improve compared to the acute phase. The % autofluorescence optical density difference has not improved at the affected area.
(Bottom) Three months after reattachment. The IS/OS line is clearly delineated at the affected area on SD-OCT. The
autofluorescence optical density difference map recovers concentricity. The % autofluorescence optical density difference has
increased compared with the previous measurement but not to the level of the unaffected area.

intensity inside 9 X 9 grids were measured (Figure 1, Top | pattern (Figure 1, Top right). As the wavelength of the
left). Each grid was 60 X 60 pixels. The autofluorescence | excitation light was 488 nm, the map mainly represented
optical density difference map showed a normal concentric | the distribution of rhodopsin.**
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FIGURE 5. Fundus images of the right eye of a 37-year-old man (Patient 4) in the acute phase of central serous chorioretinopathy.
(Top left) Fundus photograph. The square indicates the area in which the autofluorescence optical density difference was measured
(see Figure 6). The dashed line indicates the serous retinal detachment. The yellow arrow indicates the scanning line of
spectral-domain optical coherence tomography (see Figure 6). (Top right) Fundus autofluorescence image. (Bottom) Focal dye
leakage is seen in (Bottom left) the early phase and (Bottom right) the late phase of the fluorescein angiograms.

To evaluate the autofluorescence optical density differ-
ence at the affected area or to compare SD-OCT findings
with autofluorescence optical density difference on the
scanned line, we calculated the autofluorescence optical
density difference percentage in each grid when the
maximum value in the referred area was defined as 100%
(% autofluorescence optical density difference). We de-
fined the area in which the % autoflucrescence optical
density difference was 25% or lower as the low autofluo-
rescence optical density difference area. Figure 1, Bottom
shows the % autofluorescence optical density difference
along the vertical scan of SD-OCT (Figure 1, Middle) in a
representative case.

The photopigments decreased in the detached retina
during excitation in acute CSC (Figure 2). Figure 2,
Righr indicates the time-dependent changes in intensity
during light exposure at the corresponding normal area,
the SRD, the fovea, and the disc. In the normal area,
the retina was bleached and the intensity gradually

Vou. 151, NO. 6

increased to a plateau. However, the intensity did not
increase in the SRD area, indicating a decrease in the
photopigments at the detached retina. The intensity
remained constant at the fovea and disc.

In the acute phase of eyes with an SRD on SD-OCT,
the autofluorescence optical density difference map
showed an eccentric pattern in all 16 eyes (Figures 3, 4, 5,
and 6). An area of low autofluorescence optical density
difference {dense blue) was broader than that in normal
eyes, and the area corresponded to the SRD (Figure 4, Top,
and Figure 6, Top). An area of high autofluorescence
optical density difference (green, yellow, and orange)
surrounded the area of low autofluorescence optical density
difference. The % autofluorescence optical density differ-
ence also showed decrease in intensity corresponding to
the area of the SRD on SD-OCT.

Immediately after resolution, the 1S/OS was irregular in
the area of SRD in 13 eyes and defective in 3 eyes on
SD-OCT. In all 16 eyes, the area of low autofluorescence
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FIGURE 6. Changes in the autofluorescence optical density difference map during acute central serous chorioretinopathy of Patient
4. (Top) Spectral-domain optical coherence tomography (SD-OCT) and autofluorescence densitometry in the acute phase. A
vertical SD-OCT scan shows a serous retinal detachment (SRD). Two-dimensional mapping of the autofluorescence optical density
difference demonstrates that the concentricity is disrupted. An area of low autofluorescence optical density difference corresponds
to the SRD. The % autofluorescence optical density difference graph at the SD-OCT scan line shows that the % autofluorescence
optical density difference is lower at the SRD than the unaffected area. The abscissa indicates the position: S = superior; F = fovea;
1 = inferior. (Middle) SD-OCT and autofluorescence densitometry immediately after reattachment. The SRD has resolved and the
photoreceptor inner and outer segment junction (IS/OS) line has disappeared at the affected area on SD-OCT. The autofluorescence
optical density difference map has not improved compared to the acute phase. The % autofluorescence optical density difference has
not improved at the affected area. (Bottom) Three months after reattachment. The 1S/OS line is clearly delineated at the affected area on
SD-OCT. The autofluorescence optical density difference mapping has not recovered its concentricity. The % autofluorescence optical
density difference has increased compared with the previous measurement but not to the level of the unaffected area.

optical density difference was broader than normal, which irregular 1S/OS and with a defective 1S/OS. The %
was similar to the acute phase (Figure 4, Middle, and | autofluorescence optical density difference on the same
Figure 6, Middle). The autofluorescence optical density line of the SD-OCT scan also showed the decreased
difference was comparably decreased in eyes with an | intensity (under 25%) at the reattached retina where the
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FIGURE 7. Fundus images of the left eye of a 56-year-old man (Patient 5) 3 months after resolution of central serous
chorioretinopathy. (Top left) Fundus photograph. The square indicates the area in which the autofluorescence optical density
difference was measured. The dashed line indicates the area where serous retinal detachment (SRD) was resolved. The yellow arrow
indicates the scanning line of spectral-domain optical coherence tomography (SD-OCT). (Top right) The autofluorescence optical
density difference map shows the disruption of concentricity of the photopigment density distribution. An area of low
autofluorescence optical density difference corresponds to the affected area. (Middle) The SD-OCT scan shows resolution of serous
retinal detachment. The photoreceptor inner and outer segment junction is defected at the reattached area. (Bottom) The %
autofluorescence optical density difference graph at the SD-OCT scan line shows that the autofluorescence optical density difference

decreased at the affected area. The abscissa indicates the position: N = nasal; F = fovea; T = temporal.

SD-OCT was irregular and the 1S/OS was defective im-
mediately after resolution of the SRD.

We performed autofluorescence densitometry and SD-
OCT 3 months after resolution in 5 eyes (Patients 1, 2, 3,
4, and 5). Four of the 5 eyes had a clearly delineated
IS/OS. One eye had a defective IS/OS (Figure 7). In 2 of
the 4 eyes with an IS/OS, the autofluorescence optical
density difference map showed improved concentricity and
the area of low autofluorescence optical density difference
decreased, which indicated recovery of the photopigments
(Figure 4, Bottom). The % autofluorescence optical den-
sity difference graph showed recovery at the reattached
retina. In the other 2 eyes with an IS/OS, the autofluores-
cence optical density difference map showed eccentricity
in the resolved area (Figure 6, Bottom). Although the
subretinal fluid resolved and the 1S/OS appeared clearly on

Vou. 151, NO. 6
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the SD-OCT images in these 2 eyes, the % autofluores-
cence optical density difference graph showed lower per-
centages (under 25%) in the reattached retina compared
to the normal area. The autofluorescence optical density
difference map and the % autofluorescence optical density
difference graph did not show recovery in the 1 eye
without an 1S/OS (Figure 7).

Figure 8 shows the number of grids of the 81 grids
with a low autofluorescence optical density difference
in all 16 eyes. There was no significant difference
between the acute phase and immediately after resolu-
tion in 16 eyes. In the 5 eyes that were reexamined 3
months after resolution, the low autofluorescence opti-
cal density difference grids decreased in Cases 1 and 2,
and the autofluorescence optical density difference im-
proved in those 2 eyes. The low autofluorescence optical
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FIGURE 8. The number of grids with low autofluorescence optical density difference of the 81 grids from the 16 cases of central
serous chorioretinopathy. The density was measured by autofluorescence densitometry and spectral-domain optical coherence
tomography. There is no significant difference between the acute phase and immediately after resolution in all 16 eyes. In the 5 eyes
that were reexamined 3 months after resolution, the number of low autofluorescence optical density difference grids has decreased
in Cases 1 and 2. The autofluorescence optical density difference has improved in the 2 eyes. The number of low autofluorescence
optical density difference grids has not decreased in the other 3 eyes.

density difference grid did not decrease in the other 3
eyes.

The mean best-corrected VA levels in all cases during
the acute phase and immediately after resolution were 0.74
and 0.89, respectively. The mean best-corrected VA level
was 1.22 in the 5 eyes 3 months after resolution.

DISCUSSION

IN THE CURRENT STUDY, THE PHOTOPIGMENTS WERE EVAL-
uated based on the difference in the distribution of the
optical density measured by autofluorescence densitometry
in eyes with CSC. The area of the SRD had low autofluo-
rescence optical density difference compared to the unaf-
fected area surrounding the SRD. The area of low
autofluorescence oprical density difference was almost the
same size immediately after resolution of the SRD in all
eyes. The autofluorescence optical density difference
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showed a normal pattern 3 months after resolution of the
SRD in 2 eyes. These results suggested that the photopig-
ments decreased in the area of the SRD and did not
recover immediately after reattachment.

The VA generally was preserved in CSC despite a retinal
detachment. However, many patients with CSC complain of
a subjective abnormality in vision such as relative scotoma
even after resolution of the SRD. Delayed restoration of the
photopigments in CSC has been reported previously.'*#>
Those results were consistent with our observation. However,
analysis of the relation of the visual complaint to the
morphologic changes was limited before OCT was intro-
duced. Evaluation of the optical density using FAF makes it
feasible to analyze the specific distributions of the photopig-
ments and compare them to the SD-OCT findings. SD-OCT
has shown various morphologic changes of the outer retina,
such as elongation of the outer segments’ and deposits on the
outer retinal surface.”®*” The results of autofluorescence
densitometry suggested a reduction of the photopigments in
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Immediately After Resolution

Three Months After Resolution

Time to After
Duration Resolution Resolution
Patient No. Age Gender {Monthg)? Elongation? fODD BCVA LP (Months)® 1S/08 fODD BCVA (Months)? 1S/08 fODD BCVA
1 47 M Yes l 1.0 Yes 3 Irregular ~ No improvement 1.5 3 Clear Improvement 1.5
2 32 M 2 Yes l 0.5 Yes 3 Irregular No improvement 1.0 3 Clear Improvement 1.2
3 49 M 4 Yes | 1.2 Yes 5 Irregular No improvement 1.0 3 Clear No improvement 1.0
-4 37 M 2 Yes l 0.9 Yes 4 Irregular No improvement 0.9 3 Clear No improvement 1.0
5 56 M 7 No l 1.2 Yes 10 Defect No improvement 1.2 3 Defect No improvement 1.5
6 49 M 1 Yes | 1.2 No 6 lrregular ~ No improvement 1.2 — — —_— —_
7 61 F 1 Yes A 0.7 Yes 4 Irregular No improvement 1.0 — — —_ —
8 52 F 1 Yes ! 1.0 No 8 Irregular  No improvement 1.5 — — — —
9 47 M 3 Yes l 1.0 Yes 5 Irregular No improvement 1.5 — — — —
10 43 M 4 Yes l 1.0 No 8 Irregular No improvement 1.5 —_ _— — —
1 63 M 9 Yes l 1.2 Yes 13 Irregular No improvement 1.2 — _ — —
12 48 M 31 Yes l 0.9 Yes 32 Irregular No improvement 1.0 e — — —
13 56 M 61 No l 0.4 Yes 64 Defect No improvement 0.5 — — _— —_
14 59 M 46 No l 0.3 Yes 54 Defect No improvement 0.2 — — — —
15 31 M 4 No 1 0.3 No 6 Irregular ~ No improvement 0.4 — — — —
16 71 M 49 No { 0.4 Yes 50 Irregular ~ No improvement 0.6 — — — —
Mean 50.1 14.2 0.74 17.2 0.89 1.22
SD 11.0 20.3 20.6




the area of the SRD, even though the photoreceptors elon-
gated in the outer retina (Figure 4). The density of the
photopigments may decrease in the elongated outer segments.
Reduction of the retinal derivatives and related protein as a
result of dilution has been presumed to occur in the subretinal
space in eyes with CSC."*?* The photoreceptor cells produce
the ourer segments that contain very few photopigments in
the retina of retinoid-deprived rats.?® Engbretson and Witk-
ovsky® reported that the rod outer segments grow normally
in severely vitamin A-deficient Xenopus radpoles. Previous
reports and the results of the current study indicate that the
photoreceptor cells may continue to produce outer segments
that contain few photopigments in eyes with an SRD.

After retinal reattachment, the IS/OS lines on the OCT
images were irregular in most eyes with CSC (Table),
which suggested 2 possibilities. One is the actual loss of the
outer segments, and another is decreased signal intensity
attributable to misalignment or disorientation of the outer
segments. The Stiles-Crawford effect should be considered
in retinal densitometry.16 However, as orientation of the
photoreceptors had little effect on optical density changes
measured by FAF,*® autofluorescence densitometry could
measure the density of the photopigments despite the fact
that the outer segment was not aligned. Therefore, the
former possibility is likely. Namely, the disappearance of
the 1S/OS immediately after resolution in CSC suggests
that the outer segments may be phagocytized or absorbed
after reactachment, which is consistent with the finding of
shortened outer segments after retinal reattachment in exper-
imental retinal detachments.’’ However, the mechanism of
the disappearance of the outer segments is unknown. The
renewal rate of the rod outer segments in rat eyes decreased
after retinal reattachment because of photoreceptor dysfunc-
tion,*? which causes shortening of the outer segment if the
shedding of the discs occurs at a normal rate. Impairment of
the photoreceptor cells after resolution of SRD in CSC has
been proved electrophysiologically.'""** The function of the
photoreceptor cells may be involved in the disappearance of
the outer segments.

Long-standing macular dysfunction has been reported in
recent clinical or electrophysiologic studies.®1%'%3* Delayed
restoration of the photopigments may contribute to macular
dysfunction because vitamin A deprivation impairs retinal
sensitivity.***> However, the relationship between the den-
sity of the photopigments and retinal sensitivity is not seen
clearly in eyes with CSC. Further studies are needed to
understand this. Photoreceptor apoptosis should be consid-
ered to investigate visual function in CSC, since apoptosis
has been reported in experimental retinal detachment and
human retinal detachment within a few days.>**57

Eyes with an irregular IS/OS immediately after resolu-
tion of a SRD had fewer photopigments corresponding to
the area of the irregular IS/OS on the autofluorescence
optical density difference map. Two of the 5 eyes that
recovered a clearly delineated IS/OS had a normal auto-
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fluorescence optical density difference distribution 3
months after resolution of the SRD. The findings of the
IS/OS on OCT images corresponded to the status of the
photopigments measured by autofluorescence densitome-
try. However, the autofluorescence optical density differ-
ence and the % autofluorescence optical density difference
did not improve in 2 eyes with a clearly delineared IS/OS
3 months after resolution of the SRD (Figure 6), suggesting
that a well-delineated IS/OS line indicates photopigment
formation but does not assure a normal concentration of
photopigments in the outer segments. This result may
reflect relative scotoma after resolution of SRD. Since the
outer segment discs were synthesized in vitamin A-de-
prived animals,”®”® few photopigments containing outer
segments may be produced in human eyes. Since a reduc-
tion of the photopigments in eyes without pathologic
changes in aged individuals has been reported,®***° pho-
topigments may decrease in aged persons with normal
IS/OS findings. Further studies are needed.

The current study had several weaknesses, including a
small number of cases and short follow-up time. It is
difficult to evaluate the absolute value of the density of the
photopigments, because HRAZ does not have apparatus to
determine the laser intensity to expose photopigments and
the rate of attenuation of autofluorescence from the
fundus. As a result, the autofluorescence optical density
difference could not be compared directly among the cases.
Since the autofluorescence densitometry in our technique
primarily measures the rod photopigments, the data are
unsuitable for assessing the photopigments at the fovea.
With regard to the light absorbance characteristics, auto-
fluorescence optical density difference may be affected by
macular pigments and cone photopigments. Because of
absorption by the macular pigment, the AF signal is low at
the fovea. Therefore no differences of AF intensity can be
observed between bleached and unbleached state. We
could observe the decline of photopigments and related
functional impairment in the area of SRD except for the
fovea. Although most subjective vision complaints are
about central vision, abnormalities of parafoveal and peri-
foveal function, which can be detected by our technique,
also affect subjective symptoms. These problems may be
overcome by using a longer light source for the measure-
ments. On the other hand, recent research reported that
quantitative measurement of FAF can be performed with
HRAZ2 modified by insertion of a fluorescence reference
chip (Duncker T, et al. IOVS 2010;51:ARVO E-Abstract
262). Quantitative measurement of photopigment might
be achieved using this method in combination with
autofluorescence densitometry.

In conclusion, we observed reduction and recovery of
photopigments in CSC under different conditions. We
think that autofluorescerice densitometry can evaluate
retinal function based on the changes in the photopig-
ments in CSC figures 3 and 5.
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SUBFOVEAL CHOROIDAL THICKNESS
AFTER TREATMENT OF
VOGT-KOYANAGI-HARADA DISEASE

ICHIRO MARUKO, MD,* TOMOHIRO IIDA, MD,* YUKINORI SUGANO, MD,*
HIROSHI OYAMADA, MD,* TETSUJU SEKIRYU, MD,* TAKAMITSU FUJIWARA, MD,f

RICHARD E SPAIDE, MD#

Purpose: To evaluate the subfoveal choroidal thickness in Vogt-Koyanagi-Harada
(VKH) disease using enhanced depth imaging optical coherence tomography.

Methods: Retrospective observational study. Subfoveal choroidal thickness was
measured using enhanced depth imaging optical coherence tomography, in which the
optical coherence tomography instrument was placed close enough to the eye to obtain an
inverted image, which was averaged for 100 scans. All patients were diagnosed as having
the ocular findings of VKH disease with or without extraocular disorders. The patients were
followed during their initial treatment with corticosteroids.

Results: All 8 patients (16 eyes) with acute phase VKH disease presented with thickening
of the choroid. The serous retinal detachment disappeared in 1 month after corticosteroid
treatment. The mean choroidal thickness in 16 eyes decreased from 805 + 173 um at the
first visit to 524 + 151 um at 3 days (P < 0.001) and 341 = 70 um by 2 weeks (P < 0.001).

Conclusion: Patients with active VKH disease have markedly thickened choroids,
possibly related not only to inflammatory infiltration but also to increased exudation. Both
the choroidal thickness and the exudative retinal detachment decreased quickly with
corticosteroid treatment. Enhanced depth imaging optical coherence tomography can be
used to evaluate the choroidal involvement in VKH disease in the acute stages and may

prove useful in the diagnosis and management of this disease noninvasively.

RETINA 31:510-517, 2011

Vogt—Koyanagi—Harada (VKH) disease is a bilat-
eral granulomatous uveitis characterized by the
iridocyclitis and exudative retinal detachment in the
acute stage. Although the extraocular manifestations
in VKH disease are also reported such as meningi-
smus, tinnitus, perception deafness, cerebrospinal
fluid pleocytosis, alopecia, poliosis of the eyebrow,
eyelashes and scalp hair, and depigmentation of
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skin,"? some patients with only ocular findings are
diagnosed as probable or incomplete VKH disease
according to its criteria.

Ocular findings of VKH disease, including probable
and incomplete cases,” show the following character-
istics independent of any extraocular disorders: in the
acute stage, fluorescein angiography shows multifocal
leaks from the level of retinal pigment epithelium
(RPE) with later multilobular pooling of dye within
multiple serous retinal detachments. Indocyanine green
angiography shows patchy filling delays and blockage
by subretinal fluid with hypofluorescent spots with inter-
spersed areas of increased fluorescence and indistinct

visualization of choroidal vessels, which are often seen

throughout all phases, and there can be late segmental
staining of choroidal vessels.>” Optical coherenceto-
mography (OCT) shows partitioned subretinal fluid
with associated intraretinal edema.®'! In the chronic
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and remission stage, a sunset glow fundus, peripheral
atrophy, and scarring of the RPE are observed.
Vogt—Koyanagi—Harada disease is a common form
of uveitis in Asia, especially in Japan.'*'*'? Vogt—
Koyanagi-Harada disease appears to originate from
the choroid. Evaluating the choroidal involvement has
potential importance for assessing treatment efficacy
and recurrence in VKH disease. Indocyanine green
angiography enables visualization of the choroidal
vessels; however, it limited the utility for VKH disease
because diagnostic characteristics include the blurred
visualization of choroid. Also, indocyanine green
angiography is invasive and inconvenient to perform
repeatedly during the course of a patient’s follow-up.
B-mode ultrasonographic imaging is capable of
demonstrating more marked amounts of choroidal
thickening'*'*; however, the resolution of conven-
tional ultrasonography is orders of magnitude less than
that of OCT. Recently, a new method for the
evaluation of the choroid was developed and called
enhanced depth imaging OCT (EDI-OCT).'¢ In the
current study, we observed the morphologic choroidal
change during the treatment in the acute stage of
ocular finding of VKH disease using EDI-OCT.

Methods

This retrospective study followed the tenets of the
Declaration of Helsinki. The Institutional Review
Board at the Fukushima Medical University School of
Medicine and the Iwate Medical University approved
the observation and the retrospective comparative
analysis using OCT for eyes with macular and retinal
disorders.

Each patient had a complete ophthalmic examina-
tion to include indirect ophthalmoscopy, slit-lamp
biomicroscopy with a contact lens, and digital
fluorescein and indocyanine green angiography
(TRC-50IX/IMAGEnet H1024 system; Topcon, To-
kyo, Japan). The patients had best-corrected visual
acuity measurements that were obtained with a Japa-
nese standard decimal visual chart and calculated by
logarithm of the minimum angle of resolution scale for
comparing the mean best-corrected visual acuity. All
eyes were examined by the Heidelberg Spectralis OCT
(Heidelberg Engineering, Heidelberg, Germany) with
eye tracking and image averaging systems. The
vertical and horizontal scans were obtained at each
measurement to evaluate the center of fovea precisely.
Follow-up function with Spectralis OCT software was
used to avoid measuring the different position with
first examination.

Table 1. The Clinical Changes of Choroidal Thickness and Height of Serous Retinal Detachment During the Follow-up Periods in VKH Disease

Height of SRD (um)

Choroidal Thickness (um)

Mening- Auditory Integu-

Day 3 Day 7 Day 14

Day 7 Day 14 Baseline Day 1

Day 3

ismus Findings mentary Eye Type Baseline Day 1

Diag-
nosis

Patient Age Gender*

0
0
86
57
24

143
119

194
186
178

209
146
184
177
616

647
1,234

341
355
318

498
543
452
428
415
484
319

695
690
639

721
1,000t

1,000
1,000t

OD SRD
0OS SRD
OD SRD
0S SRD
OD SRD
0S SRD
0D SRD

Deafness None

Incomplete Yes

M

30

194

115

782

872
843
612

Incomplete Yes Deafness None

54

104
102

81

165
786
522
345

325
413

626

720
568
556
577

Deafness None

Incomplete Yes

41

COOO0OO0OOO0COOOOW
- N

- 57
131 126

392 247
266 150

412
308
509
451
762
627
445
523
339

311

805 + 173 695 = 175 524 * 151 412 = 101 341 + 70 408 * 352 263 + 232 163 = 133 94 * 60

576
656

None

Tinnitus

Incomplete Yes

17

0
87
112
213

101

0
186
163
529
324

0
188
210

0
208
263
847
776

233
396
371
465
443
306
328
261
245

259
421

440
805

570
955
963
1,0001
1,0001

0S8 Papillitis
OD S8RD
0S SRD
0D SRD
0S SRD
OD SRD
0S SRD
OD SRD
0S SRD

None

Tinnitus

Incomplete Yes

51

404
569
531
335
405
278
250

774
975
930
571
688
550
461

825

None

None

Incomplete Yes

22

689

30

59
133

74
187
134
172

72
163
189
200

681
876
649
634

None

Tinnitus

Incompiete NA

41

72

44

72

NA None None

Probable

F

35

0

50

Mean = SD 36.4 —

Choroidal thickness measured using the spectral-domain EDI-OCT technique.

*Male to female ratio was 3:5.
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thickness values become more than 1,000 um.
Papillitis, papillitis type of VKH disease.

tThese are defined as a 1,000 uwm because the inner scleral border cannot be visualized when choroidal

NA, not available; Deafness, perceptive deafness; SRD, serous retinal detachment type of VKH disease;



