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under low luminance conditions, we need
to measure the VA using test charts with
low background luminance. It is well
known that VA is affected by the degree
of ambient luminance and Shaler*
reported that the VA of normal eyes
decreased under low luminance condi-
tions. Because patients with good VA can
have depressed visual function, for
example, decreased contrast sensitivity,
poorer colour discrimination, reduced
focal macular electroretinogram (ERG),
reduced focal retinal sensitivity and visual
field defects,”'? it might be expected that
patients with central serous chorioretin-
opathy would also have decreased VA
under low luminance. There have been
no studies focusing on low luminance
VA in patients with central serous
chorioretinopathy.

The purpose of this study was to deter-
mine the VA of patients with central
serous chorioretinopathy under low lumi-
nance conditions. To accomplish this, we
made a computer program to create low
luminance visual acuity charts and deter-
mined the VA under six different back-
ground luminance levels in seven patients
with central serous chorioretinopathy.

METHODS

Seven eyes of seven patients with central
serous chorioretinopathy and six eyes of
six age-matched healthy control subjects
were tested. The inclusion criteria were:
1. presence of subretinal fluid (serous
retinal detachment: SRD) involving the

fovea in the optical coherence t0m0~ .

graphic (OCT) images
2. unilateral central serous chouoxetm~
opathy with the fellow eye normal and

3. visual acuity of 0 logMAR or better in -

both eyes.
The exclusion criteria ‘«r’e"rje: :

1. evidence of choroidal '11é0\fascula1"i$a-‘
tion in the fluorescein anfrioaraphié
(FA) and mdocyanme green.. angi-
ographic images and

2. the presence of other ocular or
macular diseases.: Patients wnh central
serous chotioretinopathy, ‘who had
received laser photocoavulanon were
also excluded»'
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" ground luminance were used,

The diagnosis of central serous chori-
oretinopathy was based on the presence of
a serous retinal detachment documented
byleakage from the retinal pigment epithe-
lium in the fluorescein angiographic
images. The VA was measured with a
Landolt C chart using standard retro-
illumination with a luminance of 220 c¢d/
m?, We also examined six eyes of six normal
volunteers with the same testing protocol.

The OCT examination was carried out:
with either a Heidelberg Spectralis OCT

(Heidelberg Engineering, Heidelberg,
Germany) or with a Stratus OCT 3000 (Carl
Zeiss Meditec, Inc, Dublin, CA, USA). The

height of the serous retinal detachment.
(SRDH), the width of the serous retinal "

detachment (SRDW) and the: t'hickness of

sensory retina (foveal thickness: FT ) were

manually measured in the horizontal cross-
sectional OCT images, which mcluded the
fovea (Figure 1). These" m;asul ements
were made by one of the authors (KS) ;,who
had no information about the patients.
The values of these parametels were used
for statistical analyses. :

The procedures used in this study con-
formed to the tenets of_ the Declaration
of Helsinki.: An informed consent was
obtained from all subjects. Approval to
conduct this study was obtained from the
Institutional: Review Board of Surugadai
Nihon University Hospital, Tokyo, Japan.

Low luminance visual acuity
charts-and procedures
“ Low luminance VA charts were created

with an Apple PowerMac G5 computer
and displayed on a monitor (SONY GDM-

- F500). Landolt Cs were used for the char-

acters and they followed the design rule of
the Early Treatment Diabetic Retinopathy
Study charts (Figure 2). Six levels of back-
| namely,
78.20 cd/m?, 31.87 cd/m? 11.87 cd/m?
4.14 cd/m? 1.30 cd/m? and 0.37 cd/m?.
The luminance of the Landolt C rings was
kept as close to zero cd/m? as possible and
the contrast for all conditions approached
100 per cent.

Identification of the largest Landolt C
at the distance of 308 cm represented a
VA of 0.7 logMAR units. The ring size was
reduced in steps of 0.1 to -0.4 logMAR

"Where ‘y’ is the logMAR VA and ‘x’

units. The tests wele conducted from the
lowest lummance level in“a dark room
after wzutm(y seven mmutes for dark
adaptauon !

Analyses ,

We compared the VA of the eyes with
cent:al serous chonbneunopathy with that
of the fellow eyes and that of normal eyes

_ateach luminance level. To determine the

statistical significance of any differences,
Student’s #tests were used. The VA in

‘1ogMAR units was plotted on the ordinate

for the different luminance levels on the
abscissa. The data were fit to a linear equa-
tion as:

y=a%x+Db,

is the
luminance expressed in logarithmic units.
‘a’ is the steepness of the best-fitted line
and represents how much the VA is
altered by a step change in the back-

ground luminance.
Thus, a large ‘a’ value means that the

VA would be greatly changed by a step
change in the background luminance. ‘b’
is the logMAR VA at very low or no back-
ground luminance, that is, when ‘X’ is
zero. This is the point where the regres-
sion line intersects the ordinate of the
logMAR VA line (Figure 1). The differ-
ence in the slopes for central serous cho-
rioretinopathy, fellow and normal eyes
were tested for significance by assessing
the interaction term between background
luminance and eye type using an analysis
of covariance (ANCOVA) technique.
The correlations between the param-
eters of the OCT images and the constants
a’ and ‘b’ were determined by the Spear-
mann coefficients of correlation. The Bon-
ferroni correlation was used to avoid type I
error. The statistical significance was set at
0.01 for the ttests because there were five
comparisons and at 0.17 for the ANCOVA
because there were three comparisons.

RESULTS

The patients with central serous chori-
oretinopathy included five men and two
women and the mean and standard devia-
tion of their ages was 41.3 = 3.9 years
(range 39-50 years). The duration of the
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Figure 1. Optical coherence tomographic (OCT) image and lnfrared fundus photo-
graph; also shown in a graph relating the visual acuity in logMAR units to the background
luminance in eyes with central serous chorioretinopathy (CSC). The serous retinal
detachment height (SRDH) was taken to be the distance between the outer segment/
it inner segment (IS/OS) line of the photoreceptors and the anterior surface of the retinal

B L2 RS e

& pigment epithelium/Bruch membrane. The width of- ﬂle serous retinal detachment
7 (SRDW) was taken to be the width of the serous retmal detachment in the OCT images
& and the foveal thickness was the distance between the mternal limiting membrane (ILM)
G and IS/OS line. In cases where the IS/0OS lme was’ ‘not clear, the basal edge of the
0 hyper-reflective band representing the detached sensory retina was used.
i1 Top left: Horizontal cross-sectional opncal “coherénce’ tomographic (OCT) image
2 including the fovea in an eye with central sercis chorioretinopathy (Case 5). The
13 cross-section corresponds to the hori 1zontal line md1cated in the right side of the fundus
i4 photograph. The serous retinal detachment helght (SRDH), width of the serous retinal
i5 detachment (SRDW) and the foveal thickness (FT).are shown.
i6 Top right: Infrared fundus photogl aph mdlcatmg the cross line of the leftside OCT
17 image.
i8 Bottom: Relationship between logMAR visual acuity (VA) and background luminance in
19 Case 5. The logMAR VA was linearly correlated with the luminance. The logMAR VA of
20 the central serous choriorétinopathji-affeéted eye was higher than that of the healthy
21 fellow eye at each luminance level. @: affected eye, O: healthy fellow eye. The fitted line
22 and the formula are shown as well
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symptoms was 1.0~1.5:months: (Table 1).

The mean. amés of the’ 1iormal volunteers
was 38 £ 9 years (range 22-47 years). The
mean VAs of the central serous chori-
or etmopathy and fellow eyes at each lumi-
nance are, shown 'in Table 1. At the lowest
lummance 1eve1 of 0.37 cd/m3, five of
seven patlents could not cor rectly identify
any of the targets using the eye with

: ’ce»ntralaﬁb'erqus chorioretinopathy. The
mean VAs “of the

‘ normal volunteers
wéré 0 = 0.05, 0.03 *= 0.04, 0.07 * 0.06,

“0.14 * 0.06, 0.23 = 0.11 and 0.38 + 0.11

logMAR units, respectively.
The VA in logMAR units is plotted
against the background log luminance in

= Figure 3. The VA of the eyes with central
.iserous chorioretinopathy was significantly

poorer than that of normal eyes at
all luminances except 0.37 cd/m? and
78.20 cd/m? (p < 0.01 for all). The VA of
the eyes with central serous chorioretin-
opathy was significantly poorer than that
of fellow eyes at all luminances except
0.37 cd/m? and 78.20 cd/m? (p < 0.01 for
all). No significant differences were found
among the central serous chorioretinopa-
thy, fellow and volunteer eyes in the slopes
of the fitted linear function by ANCOVA.

The constants, ‘a’ and ‘b’ and the coef-
ficient of regression (R?) are shown in
Table 2. There was no significant correla-
tion between any OCT parameters and ‘a’
(slope) or ‘b’ (intercept).

DISCUSSION

Patients with central serous chorioretin-
opathy have a relatively central scotoma,
metamorphopsia, micropsia, colour vision
abnormalities, and visual disturbances
under low luminance despite the relatively
good standard VA. Studies on the relation-
ship between the luminance of the
VA charts and VA in eyes with central
serous chorioretinopathy have not been
reported. Patients with central serous cho-
rioretinopathy often complain of difficulty
in reading during the evening and night,
that is, at low luminance levels. The VA
obtained by conventional acuity charts is
not a good measure for predicting how
these patients will perform in low lumi-
nance environments,
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16 g g -8 Fouet '
@ ;gz e 8 S @38 o < 55 5 B
17 o TR s = FT = foveal thickness, SRDH = height of the serous retinal detachment, SRDW = width of serous
& = @ & retinal detachment. When low luminance visual acuity was plotted against background luminance
9 @ '§ as-shown in Figure 1, the following formula was fitted: y = a * X + b, when y indicates log MAR
20 . § § and x indicates log (luminance), R% coefficient of regression
E e e e é % Table 2. Parameters of the optical coherence tomographic image and fitting of low
-+ B luminance visual acuity in eyes with central serous chorioretinopathy
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0.8 - O Affected eye under standard cbn@tions%&as at least 0 33

O Fellow eye logMAR units in all-eyes. These findings 34

A Volunteer suggest that the * foveal cones are 35

. 061 I not funétioning norinally in low light 36

g conditions. in eyes with central serous 27

= 04} - chonoretmopathy 38

§ [f Chuang ‘and. colleagues’® reported that 39

:>/~ o2k [he rods‘were more affected than cones in 40

5 eyes w1th central serous chorioretinopa- 43

& b “thy; howéver, they did not evaluate the 42

‘_:‘,‘ 0r rods seleétively to determine whether the 43

% ) cdnes were indeed normal. The decreased 44

02l “‘:‘VA measured under mesopic conditions 45

in_our study is probably due to impair- 46

ments of both cone and rod function. This 47

-0.4 ' : I 77 .. is consistent with the results of the 48

0.1 1 10 100° "' Humphrey perimetric retinal sensitivity 49

Luminance (cd/m2) " decrease in the detached area in eyes with 50

b " central serous chorioretinopathy.® 51

i Figure 3. Relationship between logMAR visual acuity (VA)and . S Recent advances in OCT have provided 32
2 the log background luminance. The data were fitted by the 'least" S some correlations of the foveal microstruc- 33
3 square method and a linear equation between the logMARvVA ture with visual function in several retinal 34
4 and log luminance for the three groups. The logMAR VA is - y diseases.”!1? Sekine, Imasawa and Iijima® 53
3 linearly correlated with the luminance. The logMAR' VA of the - reported that the thickness of the serous 50
G eye with central serous chorioretinopathy is sxgmﬁcantly higher retinal detachment and not neurosensory 37
7 than that of the fellow eye at each luminarce level. Visual retinal thickness, was significantly corre- 38
8 acuities at all levels of luminance except 0. 37cd/ m? are signifi- lated with visual sensitivity measured by 59
2 cantly different between central serous chorior etinopathy automated static perimetry in eyes with sy
0 and the eyes of normal volunteers (*p <0.05, **p- < 0.01). central serous chorioretinopathy. It was 61
i1 O: affected eye, [I: fellow eye, A: nmmal eye of control par- also reported that the initial VA was signifi- &2
12 ticipants, Error bars indicate standard devxatlon. cantly worse in eyes with a higher serous 63
; o retinal detachment in VogtKoyanagi- &4

. Harada disease but it was not significantly 65
H correlated with foveal thickness.!” There- 66
) fore, we anticipated the possibility that o7

14 Thus, we developed a computer ground luminance. The logMAR VA in some morphological parameters might be a8
i5 program which allowed us to credte eyeswith central serous chorioretinopathy  correlated with low luminance VA but this a9
i Landolt Cs on a computer monitor screen - was significantly higher, that is, poorer VA,  was not the case. Many factors such as the 70
7 with different background luminances. “than that in normal control eyes. patient’s age, duration of central serous 71
1% With these targets and backgrourid lumi:, Hypbtheses have been presented to chorioretinopathy, size of the detached 72
i nances, we were able to evaluate how lumi- eXfp}ain the decreased VA under low lumi-  area, central cone function and arrange- 73
20 nance levels affected the VA'in central nance in normal eyes.®* Thus, Hecht'®> ment of cone and rod cells, may have 74
2% serous chorioretinopathy patients. .. suggested that the number of cone pho- influenced the low luminance VA. 75
22 Shlaer* reported that lower backtrround~« .toreceptors activated is decreased at low There are some limitations of this study. 76
22 luminances led to lower VA in normal eyes luminances. Our subjects were dark- The small sample might have limited the 71
24 and we obtained similar’ 1esu1t,s in ;our adapted for seven minutes before testing statistical power of our anlayses. Further 73
25 normal eyes. The VA of eyes with central and the cone system was expected to investigation on the relationship between 79
26 serous chorioretinopathy also decreased  be functioning during this period in a microstructural changes and low lumi- &0
27 according to the decrease in background healthy retina, and all of the normal fellow nance VA would be helpful for under- 3
28 luminance but the deteuoxauon was more eyes could see at the lowest background standing the pathologic mechanism of 82
29 severe than that of. n01 mal eyes atall back-  luminance. Five of seven eyes with central ~ patients’ complaints under reduced lumi- 83
30 ground lummance levels) We found that  serous chorioretinopathy could not iden- nance conditions. 84
31 VA in logMAR units-was linearly corre- tify even one Landolt C at the lowest lumi- Studies of cases of unilateral central 85
32 lated wi‘t«h“'tl1'e<~'*logafi;hkh of the back- mnance level, although the VA measured serous chorioretinopathy have shown that 86
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the fellow eyes can have subclinical central
serous chorioretinopathy. The studies of
Maaranen, Tuppurainan and Mantyjirvi®
and Baran, Gurli and Esgin® support this
suggestion because they found a high per-
centage of colour deficiency in the fellow
eyes of patients with central serous chori-
oretinopathy. Baran, Gurlii and Esgin®
also observed that contrast sensitivity was
reduced in the fellow eyes of patients with
unilateral central serous chorioretinopa-
thy. lida and colleagues® reported choroi-
dal vascular abnormalities in indocyanine
green angiographic images in the unaf-
fected fellow eye. In our study, the VA of
fellow eyes was not significantly different
from that of age-matched normal eyes.
Further studies are needed to assess the
visual status of fellow eyes.

In conclusion, the VA of eyes with
central serous chorioretinopathy was sig-
nificantly more depressed at low back-
ground luminances than normal eyes.
Low background luminance VA testing is
useful for evaluating visual disturbances at
low ambient luminance experienced by
patients with central serous chorioretin-
opathy. There is a potential use here as
one of the functional parameters in evalu-
ating and flagging of central serous chori-
orétinopathy or therapeutic effect of new
therapies such as photodynamic therapy.
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Background: The purpose of this study was to determine baseline clinical factors to correlate
the outcome of half-dose verteporfin photodynamic therapy (PDT) in eyes with chronic central
serous chorioretinopathy (CSC).

Methods: In this prospective, non-comparative, interventional case series, 14 eyes of
14 patients with chronic CSC who received half-dose verteporfin PDT were examined. The best-
corrected visual acuity (BCVA), macular sensitivity in the central 4, 8, and 12 degrees, and fixa-
tion stability were evaluated at baseline and at months 1, 3, 6, and 12 after half-dose verteporfin
PDT. Macular sensitivity and fixation stability were determined by MP-1 microperimetry.
Results: Mean retinal sensitivity in the central 4 and 8 degrees was significantly better at 1,
3, 6, and 12 months after half-dose verteporfin PDT than at baseline. BCVA was significantly
better after half-dose verteporfin PDT but only after 3 months. Fixation was relatively unstable
in three eyes at baseline, but became stable at 12 months. BCVA at 12 months was significantly
correlated with pre-PDT fixation stability (r = 0.7120, P = 0.0038).

Conclusion: Half-dose verteporfin PDT results in a significant increase in mean central retinal
sensitivity for at least 12 months. Our findings indicate that microperimetry is a useful method
for evaluating the functional benefits of half-dose verteporfin PDT in eyes with chronic CSC.
Keywords: microperimetry, fixation point, retinal sensitivity, photodynamic therapy, chronic
central serous chorioretinopathy

Introduction

Central serous chorioretinopathy (CSC) is characterized by a serous retinal detachment
in the macular area. Patients complain of a blurred area in the central or paracentral
visual field.! In the majority of patients, CSC is self-limiting, and their visual acuity
recovers fully after resolution of the serous retinal detachment.! However, visual acuity
only reflects foveal function, and patients, even those with good visual acuity, can have
a reduction in other visual functions, eg, contrast sensitivity, color discrimination,
dark-adaptation, focal macular electroretinograms, and macular sensitivity.”

The MP-1 microperimeter (Nidek, Vigonza, Italy) is a relatively new instrument
that couples digital fundus imaging with automated microperimetry.® Recent MP-1
studies have clearly shown that eyes with resolved CSC can have significantly lower
central retinal sensitivity, even after good central visual acuity had been obtained.*!°

Photodynamic therapy (PDT) with verteporfin has been used to treat CSC, and posi-
tive visual outcomes have been reported in most patients.'** The good results have been
attributed to short-term choriocapillaris hypoperfusion and long-term choroidal vascular
remodeling, which leads to a reduction in choroidal congestion, vascular hyperperme-
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ability, and extravascular leakage.*"'¢ Because conventional
PDT can also result in complications, such as retinal pig-
ment epithelium atrophy, choroidal ischemia, and secondary
choroidal neovascularization,'>* several authors have used
safety-enhanced PDT with half the conventional dose of verte-
porfin (3 mg/m?)'-* or with reduced fluence of 25 J/cm? for
83 seconds, ie, 300 mW/cm?, in eyes with chronic CSC.2%2
They found sufficient photodynamic effects on the choroidal
vasculature and a good visual outcome with minimal retinal
damage. Improvement of macular sensitivity using MP-1 before
and after half-dose verteporfin PDT in eyes with chronic CSC
has recently been reported.'”?? We have also reported on the
effectiveness and safety of half-dose verteporfin PDT improve-
ments of retinal sensitivity for at least 3 months in patients with
chronic chorioretinopathy.” The purpose of this study was to
evaluate the effectiveness of half-dose verteporfin PDT on
macular sensitivity in eyes with chronic CSC after 1 year. In
addition, we determined the correlations between visual acuity,
retinal sensitivity, and fixation stability. .

Materials and methods

This was a prospective, consecutive, open-label, non-
comparative, interventional study conducted at the Surugadai
Nihon University Hospital. Sixteen eyes from 16 patients
with chronic CSC were examined in a prospective manner.?
Among these, a complete set of data was obtained for
14 patients over a follow-up period of 1 year were included
in the study. The demographics of the patients are shown in
Table 1. Inclusion criteria were the presence of subretinal
fluid involving the fovea in optical coherence tomographic

(OCT) images and a serous retinal detachment of at least
6 months in duration. Patients who had evidence of choroidal
neovascularization, polypoidal choroidal vasculopathy, or
other maculopathy documented by fluorescein angiography
or indocyanine green angiography were excluded. Patients
who had had treatments such as focal laser coagulation or
intravitreal injection of anti-vascular endothelial growth fac-
tor agents were also excluded.

Diagnosis of CSC was based on the presence of serous
macular detachment with leakage from the retinal pigment
epithelium in the fluorescein angiography images. A medical
and ocular history was obtained from each patient, and a
complete ophthalmic examination, including determination
of best-corrected visual acuity (BCVA), slit-lamp biomicros-
copy, OCT, fluorescein angiography, and indocyanine green
angiography was performed. All OCT examinations were
carried out using the Heidelberg Spectralis OCT instrument
(Heidelberg Engineering, Heidelberg, Germany) at baseline,
and 1, 3, 6, and 12 months after PDT. The procedures used
conformed to the guidelines of the Declaration of Helsinki.
Informed consent was obtained from all subjects after a
complete explanation of the procedures to be used.

Photodynamic therapy

PDT was performed using a 3 mg/m? body surface area of
verteporfin (Visudyne, Novartis AG, Biilach, Switzerland)
which is half the conventional dose of verteporfin,!-1%23
Verteporfin was infused over a 10-minute period followed by
delivery of 50 J/cm? from a 689 nm laser system (Carl Zeiss,
Dublin, CA) over an 83-second exposure period. The size of

Table | Demographics of the patients with central serous chorioretinopathy

Case Gender Age (years) Affected eye Duration (months) GLD (um) VA (decimal) LogMAR Fixation**
| m 45 R 12 3800 0.9 0.05 S
2 m 64 R 120 5100 0.7 0.15 S
3 m 40 R 48 2700 1.0 0.00 S
4 m 54 R 132 5900 1.5 -0.18 S
5 m 62 L 13 5300 0.7 0.15 S
6 m 57 R Unknown 4500 0.15 0.82 R
7 m 55 R 12 4500 0.7 0.15 S
8 m 45 R 72 4200 1.2 -0.08 S
9 m 41 R 6 4300 0.5 0.30 S
10 m 44 L 36 3500 02 0.70 R
I m 53 R 39 3100 0.5 0.30 R
12 m 50 L 6 4900 0.7 0.15 N
13 m 46 R 33 4000 0.9 0.05 S
14 m 56 L 60 5400 0.9 0.05 S
Mean 50.9 45.3 43714 0.65% 0.19

SD 7.6 41.5 9to.l 0.28

Notes: *Geometric mean; **§ = stable; R = relatively unstable.

Abbreviations: GLD, greatest linear dimension = spot size; VA, visual acuity; m, male; SD, standard deviation.
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the laser spot was the diameter of the region of indocyanine
green hyperpermeability, After treatment, protective spec-
tacles were given to the patients, and they were instructed to
avoid strong light for 5 days.

Assessment of location and stability

of fixation by MP-1 microperimetry

Fundus-monitored microperimetry was performed with the
MP-1.%2 A 4-2 staircase strategy using a Goldmann III size
stimulus was used, and 45 stimulus locations covering the
central 12 degrees were tested by microperimetry (Figure 1,
see the middle row of the center and right columns). The
mean retinal sensitivities at 12 locations covering the central
4 degrees (central microperimetry, c4MP-1), 28 locations

PrePDT

PrePDT

12 months afterPDT
case 9

case 11

Figure | Representative cases with similar pretreatment findings but with different
outcomes after half-dose verteporfin PDT.

Notes: The left column shows the fundus photographs (top), fluorescence
angiographic images at a late phase (middle), and indocyanine green angiographic
images at a late phase (bottom) for each case. The middle column shows a
horizontally scanned optical coherence tomographic image (top), macular retinal
sensitivity (middle), and fixation stability (bottom) at baseline for each case. The
right column shows horizontally scanned optical coherence tomographic image
(top), macular retinal sensitivity (middle), and fixation stability (bottom) 12 months
after half-dose verteporfin PDT for each case. Fundus photography, fluorescein
angiography, indocyanine green angiography, and optical coherence tomographic
findings, and macular sensitivity, but not fixation stability, at baseline are similar
in the two cases. The visual acuity at baseline was 0.5 in each case. The spot size
for PDT was 4300 um for case 9 and 3100 um for case I1. Twelve months after
half-dose verteporfin PDT, the optical coherence tomographic findings and macular
sensitivity was different although fixation stability became similar in both cases.
Visual acuity was 0.9 in case 9 and 0.4 in case | ].

Abbreviation: PDT, photodynamic therapy.

covering the central 8 degrees (central microperimetry,
c8MP-1), and at 45 locations covering the central 12 degrees
(central microperimetry, c12MP-1) were determined.

A fixation cross was presented at a maximum luminance
of MP-1. Subjects were asked to look at the center of the cross
and were encouraged to use their peripheral vision if needed.
Once the subjects had located the cross, the stability of fixa-
tion was measured for a period of 30 seconds. To determine
the stability of fixation, movements of the fundus image
were tracked while the patient tried to maintain continuous
fixation on the target. The autotracking system calculated the
horizontal and vertical shifts relative to a reference frame
and drew a map of the patient’s eye movements at 25 Hz
throughout the examination.

The stability of fixation was based on the locations and
movements using the MP-1 software, as recommended
by Fujii et al.?* Fixation was defined as being stable when
more than 75% of the fixation points were located within
a predetermined 2 degree diameter circle centered on the
gravitational center of all fixation points, regardless of the
position of the foveal center. Location of fixation was clas-
sified as “relatively unstable” fixation when less than 75%
of fixation points were located within a 2 degree diameter
circle, but more than 75% of fixation points were located
within a 4 degree diameter circle. The fixation was classified
as “unstable fixation” when less than 75% of the fixation
points were located within a 4 degree circle. All patients
were allowed one preliminary practice of the MP-1 to try to
standardize the learning effect.

Statistical analysis

Paired #-tests were used to determine whether retinal
sensitivity and BCVA in each post-treatment period were
significantly different from corresponding values at baseline.
Spearman’s correlation of coefficient analysis was performed
to determine the correlation between mean retinal sensitivity
and BCVA. We also performed stepwise multiple regres-
sion analyses to determine if any pretreatment factors were
significantly associated with post-PDT BCVA. Independent
factors investigated in the analysis were age (years), greatest
linear diameter of the choroidal hyperpermeability region
(microns), fixation stability, baseline BCVA in logarithm of
the minimum angle of resolution (logMAR) units, and retinal
sensitivity at 4, 8, and 12 degrees. The Bonferroni correla-
tion was used to avoid type I error. Statistical significance
was set at P << 0.0125 for the #-tests because there were four
comparisons and at 0.05 for the Spearman’s correlation of
coefficient analysis.

Clinical Ophthalmology 2012:6

subsmit your manuscript | waew




Fujita et al

Dovepress

Results

The CSC patients consisted of 14 men whose mean
age was 51 +7.6 (range 40—64) years. Duration of symptoms
was 6—132 months (Table 1). Serous retinal detachment
was resolved 1 month after PDT in 11 eyes, but cases 6 and
11 had a reduction and flatter serous retinal detachment,
which was still present 12 months after PDT.

Mean BCVA was 0.19 + 0.28 logMAR units at baseline,
0.18 £0.29 logMAR units at 1 month (P > 0.05),0.11 £0.28
logMAR units (P =0.01) at 3 months, 0.04 £ 0.27 logMAR
units (P=0.0002) at 6 months, and 0.03 = 0.26 logM AR units
(P =0.002) at 12 months after PDT (Table 2 and Figure 2).
At 12 months, all patients reported an improvement in their
vision, but only five patients had an improvement of their
BCVA by more than 0.2 logMAR units.

Mean retinal sensitivity within the central 4 degrees
(12 points) improved significantly from 7.42 + 4.75 dB at
baseline to 11.31 +£4.51 dB at 1 month, 13.66 =+ 4.57 dB at
3 months, 14.39 £4.97 dB at 6 months, and 15.19 +4.84 dB
at 12 months (Figure 3, P < 0.0125 for all time points). Mean
retinal sensitivity within the central 8 degrees (28 points)
improved significantly from 10.03 % 4.45 dB at baseline to
13.11 £ 3.88 dB at 1 month, 15.15 £ 3.41 dB at 3 months,
15.68 + 3.84 dB at 6 months, and 16.48 + 3.49 dB at
12 months (Figure 3, P < 0.0125 for all time points).

Mean retinal sensitivity within the central 12 degrees
(45 points) improved significantly from 11.84 + 3.89 dB
at baseline to 14.26 = 3.15 dB at 1 month, 15.95 + 2.80 dB
at 3months, 16.41+3.11dB at 6 months,and 17.11+2.82 dB
at 12 months (Figure 3, P < 0.0125 at 3, 6, and 12 months).

Fixation was central in all eyes for all measurements.
Fixation was stable in eleven cases at baseline and relatively
unstable in the other three cases (6, 10, and 11). Fixation
became stable at 1 month after PDT in cases 6 and 10, and
at 12 months after PDT in case 11 (Table 2).

Significant correlations were found between the sensitivi-
ties of c12MP-1 and BCVA at 6 and 12 months, between the
sensitivities of ¢c8MP-1 and BCVA at 3, 6, and 12 months,
and between the sensitivities of c4MP-1 and BCVA at 3 and
12 months.

Multiple regression analysis showed that among the inde-
pendent factors, only fixation stability (P = 0.0038, regres-
sion coefficient 0.357, adjusted R?=0.507) was significantly
associated with BCVA at 12 months.

We present two representative cases with different outcomes
after half-dose verteporfin PDT, although several pretreatment
findings were similar (Figure 1). The fundus appearance,
fluorescein angiography and indocyanine green angiography
findings, OCT findings, and macular sensitivity, but not fixation
properties, in both cases were similar at baseline. However, the
response to half-dose verteporfin PDT was very different.

Discussion

Our results showed that mean retinal sensitivity in the central
4 and 8 degrees was significantly better than baseline at 1,
3, 6, and 12 months after half-dose verteporfin PDT in eyes
with CSC. BCVA was also significantly better, but only after
3 months. Fixation was relatively unstable in three eyes at
baseline but became stable at 12 months after PDT. These
findings indicate that half-dose verteporfin PDT is effective

Table 2 Visual acuity in patients with central serous chorioretinopathy before and after half-dose photodynamic therapy

Case Pretreatment After treatment Period of stable fixation*
I month 3 months 6 months 12 months

| 0.9 1.0 1.2 1.5 1.5 Pre

2 0.7 0.6 0.6 0.8 0.7 Pre

3 1.0 1.0 1.5 1.5 1.5 Pre

4 1.5 1.2 1.5 1.5 1.5 Pre

5 0.7 0.7 0.8 1.0 1.0 Pre

6 0.15 0.1 0.15 0.2 0.2 | month

7 0.7 1.0 1.0 1.5 1.5 Pre

8 1.2 1.2 1.5 1.5 1.5 Pre

9 0.5 0.7 0.8 0.9 0.9 Pre

10 0.2 0.3 0.4 0.4 0.7 | month

11 0.5 0.5 0.4 0.5 0.4 12 months

12 0.7 0.7 0.9 0.9 0.9 Pre

13 0.9 0.9 1.0 1.0 1.5 Pre

14 0.9 0.7 1.0 1.5 1.2 Pre

Geomean™* 0.649 0.657 0.785 0917 0.942

Notes: *The point when stable fixation was observed. ‘pre’ means the stable fixation was first observed already at pre-PDT.

Abbreviations: geomean, geometric mean; PDT, photodynamic therapy.
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Figure 2 Mean best-corrected visual acuity in logarithm of the minimum angle of
resolution units before and after half-dose verteporfin PDT in patients with chronic
central serous chorioretinopathy.

Notes: The best-corrected visual acuity is significantly better at 3 months than at
baseline. *P < 0.0125; Bars are the standard deviations.

Abbreviation: M, months; PDT, photodynamic therapy.

in improving not only sensitivity in the macular region, but
also the stability of fixation.

We found that measuring retinal sensitivity and fixation
stability by microperimetry was probably more important
than determining just the visual acuity when evaluating
CSC patients. This was because visual acuity is measured
using high contrast letters under bright light conditions and
does not represent the visual tasks of CSC patients in their
daily lives.

We found that not only BCVA but also retinal sensi-
tivity and fixation stability improved significantly after
half-dose verteporfin PDT. In addition, retinal sensitivity
improved significantly at just 1 month after PDT, while
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Figure 3 Mean retinal sensitivity in the central retinal areas of 4, 8, and |2 degrees before
and after half-dose verteporfin PDT in patients with central serous chorioretinopathy.
Notes: There is significant improvement in sensitivity compared with baseline after
| month. *P < 0.0125 in comparison of mean retinal sensitivity from central 4 and
8 degrees at | month after treatment. **P < 0.0125 in comparison of mean retinal
sensitivity from central 4, 8, and 12 degrees at 3, 6, and |2 months. Bars show
standard errors of the means.

Abbreviation: M, months; PDT, photodynamic therapy.

BCVA improved only after 3 months. It is interesting that
all of the patients reported an improvement in their vision
and symptoms.

Senturk et al'® reported that both visual acuity and retinal
sensitivity significantly improved at 1, 3, and 6 months after
PDT in eyes with CSC. Reibaldi et al* reported that both
visual acuity and retinal sensitivity significantly improved at
3 and 12 months after PDT in eyes with CSC.

Our study had a small sample number, no control subjects,
and different durations of symptoms. These factors may
partly explain the discrepancies between our results and
those of Senturk et al'® and Reibaldi et al.?2 However, these
are quantitative differences and do not invalidate the effec-
tiveness of half-dose verteporfin PDT. Reibaldi et al?? also
reported that retinal sensitivity in the central 12 degrees at
12 months after PDT was significantly higher in low fluence-
treated eyes than in standard fluence-treated eyes.

A significant correlation was found between retinal sen-
sitivity and BCVA as early as 6 months after treatment, and
the difference decreased with time. Sensitivity in c4MP-1
were significantly correlated with BCVA at 3 months. This
was expected because the retinal sensitivity from the smaller
central area tends to reflect central foveal function. It was
interesting that retinal sensitivity was lowest in the most
central area and decreased with increasing eccentricity, ie,
c4MP-1 < c8MP-1 < c12MP-1. One explanation for this
is that the central retina might be more susceptible to the
effects of serous retinal detachment because the mean great-
est linear diameter in our cases was approximately 4700 pm,
which covered the central retinal area containing the area of
MP-1 measurements.

Sekine et al* investigated the relationship between retinal
sensitivity measured by Humphrey visual field analyzer and
morphological changes in eyes with CSC. They found a
significant correlation between retinal sensitivity and height
of the serous retinal detachment. It was striking that this cor-
relation, like that of ¢4MP-1 < ¢8MP-1 < ¢12MP-1, lasted
throughout the follow-up period of 12 months in our study. We
suggest that the long-lasting sensitivity reduction was due to
PDT. However, Ozdemir et al® reported that retinal sensitivity
was lower in the central 10 degrees in eyes with resolved CSC
than in control eyes. The sensitivity reduction in the central
area was present even after spontaneous resolution.

Because visual acuity is good in cases of CSC, it is rea-
sonable that fixation stability would also be good. In other
words, unstable fixation might indicate greater impairment
of central retinal function. Although our findings should be
carefully interpreted because of a small sample size, it is
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interesting that fixation stability at baseline was significantly
correlated with final visual acuity at 12 months. Two cases
with similar visual acuity and OCT appearances at baseline
had different courses after PDT.

There are several studies describing the importance of
fixation stability in evaluation of macular function after thera-
peutic intervention in retinal diseases.??%” Further studies
are needed to determine whether fixation stability can be a
predictive factor for BCVA after half-dose verteporfin PDT
in eyes with CSC.

Our study has several limitations, such as a relatively
small sample size and no control group. Further prospective
studies with control groups in larger series will be necessary
to determine the efficacy of half-dose verteporfin PDT or any
other treatment on the retinal sensitivity and fixation stability
in eyes with CSC.

In conclusion, retinal sensitivity and BCVA improved or
was maintained after half-dose verteporfin PDT. Our findings
indicate that it is important to determine retinal sensitivity
and fixation stability when evaluating the effect of PDT on
eyes with CSC. These parameters may be useful indicators
of the effectiveness of treatment.
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Abstract

Purpose: To present our findings on the cause of an acute visual field defect (VFD) that
developed in a patient on the day after vitrectomy for proliferative diabetic retinopathy.
Case: A 50-year-old man complained of a blind area in the superior visual field that
developed one day after vitrectomy. The patient had undergone uncomplicated vitrectomy
for a long-duration vitreous hemorrhage associated with proliferative diabetic retinopathy.
Residual vitreous hemorrhage hampered a clear view of the fundus. Goldmann perimetry
showed a horizontal VFD in the superior field. The area corresponding to the VFD was
examined by multifocal electroretinograms (mfERGs) and multifocal visual evoked potentials
(mfVEPs). The amplitudes of the mfVEPs were reduced with prolonged implicit times
especially when the superior hemifield was stimulated, while the amplitudes and implicit
times were within the normal range when other parts of the visual field were stimulated. In
addition, the full-field photopic ERGs and photopic negative responses were attenuated in
the right eye. These findings suggested that the VFD did not originate from alterations in the
retinal inner and middle layer but in the ganglion cells. The visual acuity improved to 1.2 but
his optic disc became pale and the VFD remained unchanged more than 12 years after the
surgery.
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Conclusion: We suggest that vitrectomy can cause ischemic optic neuropathy by interfering
with the circulation associated with diabetes mellitus. Evaluations by mfERGs, mfVEPs, and
full-field photopic ERGs were helpful in making the diagnosis.

Introduction

The visual function after vitrectomy depends on many factors, e.g., the underlying
vitreoretinal disease, surgical procedures, and complications in either the anterior or
posterior segments of the eye. Visual field defects (VFDs) are known to be a
postsurgical complication, and they can be caused by retinochoroidal circulatory
disturbances {1, 2}, nerve fiber damage due to excessive exposure to dry air {3-5], optic
nerve damage due to retrobulbar anesthesia [6-9], phototoxicity {10}, and elevation of
the intraocular pressure {11}. We report our findings in a patient who developed a
severe VFD on the day following an uncomplicated vitrectomy for a vitreous
hemorrhage associated with proliferative diabetic retinopathy {12]. A tentative
diagnosis of ischemic optic neuropathy (ION) was made from the acute onset, superior
hemianopsia, and the results of electrophysiological tests. We re-examined the patient
after 10 years, and the VFD and the electrophysiological results remained unchanged.
We conclude that our original diagnosis was correct, and also that the
electrophysiological findings were critical in determining the pathological site of the
VFD.

Case Report

A 50-year-old man underwent uncomplicated vitrectomy on September 22, 1998 for a vitreous
hemorrhage of 2 months duration which was associated with proliferative diabetic retinopathy. His
preoperative best-corrected visual acuity (BCVA) was hand movements in the right eye and 1.2 in the
left eye. He underwent conventional pars plana vitrectomy, and no complications were encountered
during the surgical procedures. His blood pressure increased to 176/107 mm Hg just before the
surgery, but it decreased and became stable between 116-140/70-90 mm Hg intra- and
postoperatively.

The patient complained of a blind area in the superior visual field of the right eye on the day after
the vitrectomy (fig. 1a). His decimal BCVA was 0.02 in the right eye. The residual vitreous
hemorrhage hampered a clear view of the fundus. On the second day after surgery, flash visual evoked
potentials (VEPs) and full-field single-flash electroretinograms (ERGs) were recorded simultaneously
{13}]. The recording electrodes for the ERGs were attached to the surface of the lower eyelids to avoid
using a contact lens electrode.

The implicit times of the flash VEPs were slightly delayed in both eyes and no difference was found
between the eyes (fig. Z). The amplitudes of the a- and b-waves of the full-field ERGs were normal but
the oscillatory potentials were slightly reduced in both eyes. However, no differences were found
between the eyes (fig. 2). At that time, we did not evaluate the photopic negative response (PhNR)
because its origin had not fully been determined.

Blood tests showed no abnormalities in the erythrocyte sedimentation rate, blood coagulation
factor, C-reactive protein, and complete blood count. The results for antinuclear antibody were
negative. ION was suspected because of the acute onset, horizontal hemianopsia, normal full-field
ERGs, and diabetes.

Oral carbazochrome and kallidinogenase were started. The fundus became more visible one week
after the surgery, and the BCVA improved to 0.7. Ophthalmoscopy showed localized edema adjacent
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to the optic disc (fig, 3a). The arm-to-retina time of the fluorescein angiography (fig. 3b) was delayed,
and an island-like hypofluorescence surrounded by a hyperfluorescent region was present inferior to
the optic disc.

Multifocal ERGs (mfERGs) and multifocal VEPs (mfVEPs) were recorded approximately two weeks
after the surgery according to the ISCEV standard {14, 15]. The amplitudes of the mfERGs (fig. 4a)
were within the normal range over the central retinal area, while the amplitudes of the mfVEPs (fig.
4b) were reduced and the implicit times prolonged especially those elicited by stimulating the
superior hemifield of the right eye. These findings suggested that the VFD did not originate in the
retinal inner and middle layer but was of ganglion cell origin.

The visual acuity improved to 1.2 in one month and has been stable for 12 years in the right eye,
but the optic disc gradually became paler especially in the inferior region (fig. 3c). Fluorescein
angiography (fig. 3d) showed a delayed arm-to-retina time and a semicircular hypofluorescent region
inferior to the optic disc. The VFD remained unchanged for more than 12 years after the surgery (fig.
1b). Optical coherence tomography (Spectralis OCT, Heidelberg Engineering, Germany) performed 12
years after the vitrectomy demonstrated a selective atrophy of the nerve fiber layer inferior to the
optic disc in the right eye (fig. 3e).

A re-examination of the PhNR of the photopic ERGs recorded at the initial examination showed
that it was selectively reduced in the right eye (tabie 1 and table 2). These findings strongly
supported our initial diagnosis of ION.

Discussion

Several mechanisms have been reported to explain the VEDs after vitreous surgery:
phototoxicity due to the bright light from the operating microscope or endoillumination
{16, 171, intra- or postoperative fluctuations of the intraocular pressure and/or
systemic blood pressure {18-Z0], mechanical stress on the optic nerve during the
creation of a posterior vitreous detachment {21}, chemicophysical stress on the retina
by dry air during fluid-air exchange {3}, retinal damage due to panretinal
photocoagulation [Z2], optic nerve damage due to retrobulbar anesthesia {6-9], and
damage to the optic nerve because of the compromised circulation associated with
diabetes mellitus [23-25].

Our case was initially diagnosed with ION because of the acute superior horizontal
VFD. The attenuated mfVEPs corresponding to the VFD and normal mfERGs suggested
that the pathological site was not in the outer and middle layers of the retina but the
ganglion cells and/or optic nerve. This supported our initial diagnosis.

Little information is available of cases that developed ION after vitrectomy {18, 26].
Pendergast et al. {18] reported on a 73-year-old woman with coronary artery disease
who developed ION 4 months after vitrectomy. Taban et al. [26] reported on two cases,
a 65-year-old woman with hypertension and diabetes mellitus who developed ION at
3.5 weeks after vitrectomy, and a 94-year-old man with hypertension whose visual
acuity was found to be reduced on postoperative day 34. Both were diagnosed with ION
but the etiology of the ION was not determined. Taban et al. {26} also found 190 cases
that developed a VFD after vitrectomy, and approximately 20% of these had evidence of
optic nerve damage, relative afferent pupillary defect, or optic nerve pallor. They stated
that in spite of the fact that the etiology of the VFD remains undetermined, VFD as a
complication of vitreous surgery is relatively common. We suggest that circulatory
disturbances associated with diabetes mellitus might have played some part in our
case.
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No obvious difference was found between the mfERGs from the superior and inferior
retina which also supports our suggestion that the VFD did not originate in the inner
and middle retinal layer but was of ganglion cell and/or optic nerve origin.
Furthermore, the selectively reduced PhNR in the right eye strongly supported this
idea, although we did not use this test in 1998. The PhNR has been reported to be a
sensitive test to determine functional alterations of ganglion cells, and its clinical
application has been extended {28-30]. Our case highlights the importance of the PhNR
in differentiating ganglion cell damage in patients with VFD after surgery. It is,
however, difficult to determine whether the ganglion cells or optic nerve was the exact
origin in the present case. We believe that it is more likely that the ganglion cell damage
was related to ION.

In summary, electrophysiological evaluations were helpful in making a diagnosis in
our case. The mfERGs, mfVEPs, and PhNR were useful in determining the pathological
site of the VFD that occurred after vitrectomy.
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Table 1. Amplitude and implicit time of the P-100 in flash VEPs

Stimulus Right Left R-L

intensi

Intensity Amp., pv Imp.T., ms Amp., pv Imp.T., ms Amp., pv Imp.T.,, ms

03]
ND-3 3.4 130 2.4 138 1.00 -8.00
ND-2 5.4 117.5 5 130 0.40 -12.50
ND-1 6.3 127.5 11.6 130 -5.30 -2.50
ND-0 9.9 126.3 8.9 125 1.00 1.30

2.0] 49 105 5.6 105 -0.70 0.00

Amp. = Amplitude; Imp.T. = implicit time.
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Table 2. Amplitude and implicit time of the a- and b-waves and PhNR in each eye

Stimulus Right Left R-L
Intensity Amp., v Imp. T, ms  Amp., uv Imp.T., ms Amp., uvV Imp.T., ms
a-  b- PhNR a- b- a- b- PhNR a-  b- a- b- PhNR  a- b-
wave wave wave wave wave wave wave wave  wave wave wave wave
03]
ND-3 0 224 224 45 825 056 224 14 60 80 -0.56 0.00 0.84 -15.00 2.50
ND-2 056 0.84 238 80 90 1.68 336 196 475 90 -1.12 -2.52 0.84 32.50 0.00
ND-1 0 532 784 40 65 0.84 532 10.08 425 65 -0.84 0.00 -2.24 -2.50 0.00
ND-0 1 8.4 8.4 42.5 70 6.16 17.08 13.16 45 70 -5.16 -8.68 -4.76 -2.50 0.00
2.0] 6.16 14.56 12.04 37.5 60 7.28 17.08 238 45 675 -1.12 -252 -11.76  -7.50 -7.50

Amp. = Amplitude; Imp.T. = implicit time.

Fig, 1. Goldmann perimetry performed on the day after vitrectomy and again more than one year after
surgery. The V-4 isoptor is constricted in the superior and temporal-superior visual field, and the
internal isoptor shows a superior hemianopsia on the following day (a). The superior hemianopsia
remained unchanged (b).
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fFig. 2. Simultaneously recorded flash VEPs and full-field single-flash ERGs. No significant differences
were found between the two eyes in the amplitude and implicit times of N-70 and P-100 in the flash
VEPs. The photopic ERGs recorded with skin electrodes showed no obvious differences between the
eyes in the amplitude and implicit times of the a- and b-waves, but the amplitudes of the PhNR were
reduced in the right eye. The arrow points to P-100. The values of the amplitudes and implicit times
are shown in table 1 and 2.
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Fig. 3. Fundus photograph, fluorescein angiogram, and optical coherence tomographic images.

a Fundus photograph taken one week after surgery showed localized edema adjacent to the optic disc.
b Fluorescein angiogram obtained on the same day as that in a shows a delayed arm-to-retina time
and island-like hypofluorescence surrounded by a hyperfluorescent region inferior to the optic disc.

¢ Fundus photograph taken 10 years after surgery shows a pale optic disc especially in the inferior
region. Visual acuity was 1.2. d Fluorescein angiogram obtained on the same day as ¢ shows a delay in
the arm-to-retina time and semicircular hypofluorescent region inferior to the optic disc. e The optic
nerve fiber layer thickness analysis using optical coherence tomography (Spectralis OCT, Heidelberg
Engineering, Germany) performed 12 years after vitrectomy showing selective atrophy of inferior
nerve fiber layer around optic disc in the right eye.
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Fig, 4. Multifocal ERGs and VEPs recorded one week after the vitreous surgery. a The amplitudes and
the implicit times of the mfERGs from the right eye are within the normal range. b The mfVEP showed
amplitude reduction and delayed implicit time especially from superior hemifield in the right eye.
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