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Abstract

Purpose To evaluate the effect of half-dose verteporfin

photodynamic therapy (hPDT) on the physiology of the

macula determined by focal macular electroretinograms

(FMERGs) in eyes with chronic central serous chori-

oretinopathy (CSC).

Methods Fourteen eyes of 13 patients with chronic CSC

were treated with hPDT. The best-corrected visual acuity

(BCVA) was measured, and optical coherence tomography

(OCT) and FMERGs were performed at the baseline, and at

4 days, 1, 3, 6, and 12 months after the hPDT.

Results The subreitnal fluid was resolved in 12 of the 14

eyes after the hPDT. The amplitude of the a-wave at

12 months was significantly increased by 1.28 times over

that at the baseline. The amplitude of the b-wave was also

increased but not significantly (P = 0.055). The implicit

time of the a-wave was significantly reduced at 6 months,

and that of the b-wave at 3 months. The amplitudes of the

oscillatory potentials did not change significantly during

the 12-month follow-up period.

Conclusions hPDT led to an improvement in the FMERGs

for at least 12 months without a transient depression of the

FMERGs in eyes with chronic CSC. hPDT can be used

safely to treat eyes with CSC.
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Introduction

Central serous chorioretinopathy (CSC) is a relatively

common vision-threatening disease characterized by serous

retinal detachments at the posterior pole with retinal pig-

ment epithelial detachments (PEDs). Although the exact

mechanism of the development of CSC is still not defini-

tively determined, the current explanation is that CSC

develops from an initial hyperpermeability of the choroidal

vessels and not related to alterations in the retinal pigment

epithelium (RPE). The hyperpermeability of the choroidal

vessels leads to the formation of the PED, which causes a

breakdown of the barrier function of the RPE. The break-

down then leads to leakage of fluid through the RPE into

the subretinal space and a detachment of the neurosensory

retina [1–3]. The natural course of acute CSC is self-lim-

iting, and it resolves in 3–4 months either with or without

changes in the RPE and photoreceptors as assessed by

optical coherent tomography (OCT). However, some of the

patients with CSC have a recurrence of the subretinal fluid

and PED, and this condition is then defined as chronic

CSC. Ultimately chronic CSC leads to RPE atrophy, for-

mation of subretinal fibrin, disturbances in the photore-

ceptors, and a reduction of visual acuity [4–7]. Thus, to

prevent permanent dysfunction of the macula, chronic CSC

needs to be properly treated.

Laser photocoagulation is generally used to treat CSC

with obvious focal leakage observed on fluorescein

angiography (FA). However, CSC with subfoveal or par-

afoveal leakage points should not be treated with laser

photocoagulation because of the complication of scotoma.

In addition, iatrogenic choroidal neovascularization after

laser photocoagulation for CSC is reported [8]. Recently,

photodynamic therapy (PDT) with verteporfin has been

used to treat chronic CSC, and it is reported that PDT can
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lead to a resolution of the subretinal fluid and improvement

of the visual acuity [9, 10]. However, there are complica-

tions accompanying PDT such as secondary choroidal

neovascularizaion, severe choroidal ischemia, and RPE

atrophy [9–11].

To reduce the risk of PDT-induced complications, safety

enhanced PDT, such as half-dose verteporfin PDT (hPDT),

is reported to be effective with low incidences of compli-

cations during a one-year follow-up period [12–14].

However, the direct effect of hPDT on the physiology of

the macula has not been determined.

Focal macular electroretinograms (FMERG) are used to

assess the physiology of the macular area [15, 16]. A study

from our laboratory reports that the functional impairments

of the macula immediately after standard-dose PDT for

age-related macular degeneration were correlated with the

hypoperfusion of the choroidal vessels [17]. Therefore, we

believe that assessments of the macular physiology after

hPDT would provide information on the physiological

status of the macula.

The purpose of this study was to evaluate the effect of

hPDT on the physiology of the macular area in eyes with

chronic CSC. To accomplish this, we retrospectively ana-

lyzed the records of FMERGs performed before and up to

one year after the hPDT in eyes with chronic CSC.

Patients and methods

All the patients were informed on the procedures and the

possible complications, and all signed an informed consent

form before the hPDT. They also agreed to the recording of

visual acuity, OCT, and FMERGs during the follow-up

examinations. The treatment protocol conformed to the

tenets of the Declaration of Helsinki and was approved by

the Institutional Review Board Committee of Nagoya

University Hospital.

We reviewed the medical records of 14 eyes of 13

patients who had been diagnosed with chronic CSC and

received hPDT at the Nagoya University Hospital from

July 2009 to May of 2010. The diagnosis of chronic CSC

was based on the findings of FA, indocyanine green

angiography (ICGA; Heidelberg Retina Angiography;

Heidelberg Engineering GmbH, Heidelberg, Germany),

and spectral-domain OCT (SD-OCT; Spectralis

HRA?OCT; Heidelberg Engineering GmbH). CSC was

diagnosed when a serous retinal detachment was present.

The inclusion criteria were: (1) presence of subretinal

fluid involving the fovea for at least 3 months, (2) active

leakage from the RPE on FA, and (3) hyperpermeablity of

the choroidal vessels on ICGA within the macula where

FMERG was performed. Some of the eyes in this study

presented with recurrent CSC. Thus, the duration of

symptoms may represent the entire period including

recurrences. Eyes with other chorioretinal disorders that

can produce subretinal exudations, e.g., choroidal neovas-

cularization, were excluded. Patients who had already

received laser photocoagulation, PDT, or intravitreal anti-

vascular endothelial growth factor injections were also

excluded.

The patients had comprehensive clinical examinations

including FMERGs before the hPDT at the baseline, and at

4 days, and at 1, 3, 6, and 12 months after the hPDT.

Photodynamic therapy

hPDT treatment was performed as described in detail

[17, 18]. A half-dose of verteporfin (3 mg/m2, Visudyne;

Novartis AG, Basel, Switzerland) was injected intra-

venously over a 10-min. period. Fifteen min. after the

beginning of the infusion, a 689-nm diode laser was used to

deliver 600 mW/cm2 for at least 83 s. to produce a total

energy dose of 50 J/cm2. The hPDT spot size was selected

to cover the diameter of the hyperpermeable choroidal

lesion in the images recorded in the mid-phase of ICGA.

All patients had only one hPDT treatment even if a

recurrence or resistance occurred during the follow-up

period.

Best-corrected visual acuity (BCVA)

Measurements of the BCVA were made with the early

treatment of diabetic retinopathy study (ETDRS) charts at

4 m at each visit.

Measurements of optical coherence tomographic

(OCT) images

SD-OCT was performed at each visit, and the central

macular thickness was measured in the SD-OCT images

recorded with the 12-radial scan protocols. The enhanced

depth-imaging technique was used to obtain clear images

of the choroid. The subfoveal choroidal thickness was

measured as the distance from outer border of the RPE to

the inner sclera in the vertical and horizontal OCT images,

and the values were averaged.

Focal macular electroretinograms (FMERGs)

Focal macular electroretinograms (FMERGs; ER-80;

Kowa, Nagoya, Japan) were recorded before the hPDT, and

on day 4, and months 1, 3, 6, and 12 after the hPDT as

described in detail [19]. Briefly, a Burian-Allen bipolar

contact lens electrode (Hansen Ophthalmic Development
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Laboratories, Iowa City, IA, USA) was used to pick-up the

FMERGs. The stimulus spot size on the macula was 15� in
diameter, and the background light covered nearly the

entire visual field. The source of the background light was

embedded in the camera (CF-60DSi; Canon, Tokyo,

Japan). The luminance of the stimulus was 30 cd/m2, and

that of the background was 1.5 cd/m2.

The responses were digitally band pass filtered from 5 to

500 Hz. Five hundred responses were averaged at a stim-

ulation rate of 5 Hz (Neuropack S1 MEB-9400; Nihon

Kohden, Tokyo, Japan).

The a-wave amplitude was measured from the baseline

to the trough of the first negative wave, and the b-wave

amplitudes from the first trough to the peak of following

positive wave. The implicit times of the a-waves and

b-waves were also measured to the peak of each wave. For

the OPs amplitudes, the amplitude of each OP was mea-

sured from the trough to the peak (O1–O3), and the sum

was used for the statistical analyses.

Statistical analyses

All statistical analyses were performed with SPSS ver. 23

(IBM-SPSS, Chicago, IL. USA). Shapiro-Wilk tests were

used to determine whether the data were normally dis-

tributed. The mean ± standard error of the means of the

data are presented. Repeated ANOVA followed by Dun-

nett’s multiple comparison tests were used for the normally

distributed data, and the Friedman test was used for the

non-normal distributed data. The differences were consid-

ered significant when P\ 0.05.

Results

Fourteen eyes of 13 patients with chronic CSC underwent

hPDT. The characteristics of the patients are presented in

Table 1. One patient had chronic CSC in both eyes (pa-

tient’s number, 13). The mean age at the time of the hPDT

was 52.2 ± 2.6 years with a range of 34 to 62 years. The

average duration of the symptoms was 54.9 ± 24.5 months

with a range of 3–360 months. The average spot size was

3578 ± 336 lm.

BCVA and OCT measurements

The mean BCVA before the hPDT was 74.1 ± 3.17 letters

measured with ETDRS chart. The BCVA at 1 month after

the hPDT was 77.8 ± 2.3 letters, which was significantly

better than the pretreatment number (Tables 1, 2). At

12 months after the hPDT, the patients had an improve-

ment in their BCVA by 10.1 ± 0.9 letters. None of the

patients had a reduction in the BCVA or reported a central

scotoma after the hPDT.

Optical coherence tomography images were examined

to determine whether a SRD was present and to measure

the thickness of central fovea and subfoveal choroid at each

time point. The examinations showed that the subretinal

fluid had resolved in 10 of the 14 eyes at 1 month after the

hPDT, but a recurrence developed in one of these eyes

(Fig. 1). In 3 other eyes, the subretinal fluid resolved in

3–6 months, and the one other eye had retention of the

subretinal fluid over the 12-month follow-up period.

Table 1 Demographics and clinical characteristics of patients

Patient Age

(years)

Sex

(M/F)

Affected

eye (R/L)

Duration of

symptoms

(months)

BCVA

before hPDT

(letters)

BCVA after

hPDT at 12 months

(letters)

Spot size

(lm)

Subfoveal

PED

Residual SRF

at 12 months

after hPDT

1 49 M L 72 52 69 5001 - -

2 44 M R 24 72 77 4445 - -

3 34 M R 5 81 91 2446 - -

4 57 F L 5 85 92 2449 - -

5 41 M R 13 82 89 2662 - -

6 52 M L 11 85 93 1941 - -

7 70 F L 360 80 89 2930 - -

8 51 F L 60 70 82 3483 - -

9 47 M L 72 80 93 4803 - -

10 62 M R 72 52 57 3142 - ?

11 56 M L 24 63 74 2999 ? ?

12 44 M R 3 67 79 4472 - -

13 62 F L 24 81 95 2916 - -

13 R 24 88 99 6400 - -

M Male, F female, R right, L left, BCVA best-corrected visual acuity, hPDT half-dose photodynamic therapy, SRF subretinal fluid
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The foveal thickness was decreased significantly at

month 1 compared to that of the pretreatment thickness

(from 349.9 ± 28.5 lm to 184.1 ± 12.7 lm). Much of the

decrease was due to the resolution of the subretinal fluid

(Table 2). At 12 months after the hPDT, the foveal thick-

ness was 191.9 ± 14.1 lm. None of the patients had reti-

nal edema during the 12-month follow-up period.

The subfoveal choroidal thickness also decreased sig-

nificantly from 421.4 ± 32.7 lm at the baseline to

346.8 ± 27.7 lm at month 1 after the hPDT (Table 2). The

subfoveal choroidal thickness was reduced to about 20.3%

of the baseline thickness at 12 months. Only one eye had a

large PED at the subfovea at the baseline.

Changes in FMERGs

FMERGs were recorded to determine the physiology of the

retina in a 15� area around fovea (Fig. 2a). The a-wave,

b-wave, and oscillatory potentials (OPs) were analyzed

(Fig. 2b). Representative OCT images showed that the

subretinal fluid still remained on day 4 after the hPDT. The

different components of the FMERGs had not improved on

day 4 (Fig. 2c, d, Patient 13 L, Patient 2). The amplitude of

the a- and b-waves of the FMERGs of patient 13 L had

increased at 12 months and of patient 2 at 1 month. The

one eye with a PED at the subfovea had a reduction of the

a-wave amplitude by 56.3% and the b-waves amplitude by

7.9% of the baseline amplitude at day 4 compared to the

baseline amplitudes; a-wave from 1.03 to 0.45 lV; b-wave,
from 1.89 to 1.74 lV (Fig. 2e, Patient 11). However, the

implicit times of the a-wave and b-wave were not pro-

longed in this case and this patient did not have a central

scotoma or any reduction of the BCVA on day 4. At

12 months after the hPDT, the amplitudes and implicit

times of a-wave and b-wave in all three cases had improved

(Fig. 2c–e). The mean amplitude of the a-wave was

0.95 ± 0.12 lV and the b-wave was 2.02 ± 0.30 lV
before the hPDT (Table 2). The amplitude of the a-wave

improved significantly to 1.28 ± 0.09 times the baseline

value at 12 months after the hPDT. The amplitude of the

b-wave was also increased at 12 months but the increase

was not significant (P = 0.055). The mean implicit time of

the a-wave was significantly reduced from 24.8 ± 0.29 ms

at the baseline to 23.8 ± 0.35 ms at 6 months and

23.9 ± 0.30 ms at 12 months. Similarly, the mean implicit

Table 2 Treatment results of patients with chronic CSC treated by half-dose PDT

Pretreatment Day 4 Month 1 Month 3 Month 6 Month 12 Statistics

BCVA (letters) 74.1 ± 3.2 75.4 ± 2.5 77.8 ± 2.3� 80.1 ± 2.8� 81.9 ± 2.9� 84.2 ± 3.2� a

Central foveal thickness (lm) 349.9 ± 28.5 308.4 ± 27.8 184.1 ± 12.7� 199.2 ± 16.5� 184.6 ± 17.5� 191.9 ± 14.1� a

Subfoveal choroidal thickness

(lm)

421.4 ± 32.7 411.6 ± 36.9 346.8 ± 27.7� 334.4 ± 25.7� 333.7 ± 29.4� 336.0 ± 30.9� a

Amplitude (lV) (change ratio to pretreatment)

a-wave 0.95 ± 0.12 0.98 ± 0.12 0.93 ± 0.14 0.97 ± 0.11 1.09 ± 0.10 1.17 ± 0.12 b

(1.09 ± 0.09) (0.96 ± 0.06) (1.04 ± 0.07) (1.23 ± 0.12) (1.28 ± 0.09*) a

b-wave 2.02 ± 0.30 1.96 ± 0.23 2.20 ± 0.35 2.07 ± 0.26 2.35 ± 0.25 2.43 ± 0.26 b

(1.02 ± 0.07) (1.10 ± 0.09) (1.07 ± 0.07) (1.27 ± 0.16) (1.29 ± 0.09) a

OPs 1.31 ± 0.27 1.19 ± 0.22 1.40 ± 0.33 1.29 ± 0.29 1.62 ± 0.35 1.57 ± 0.27 b

(0.98 ± 0.09) (1.09 ± 0.14) (1.00 ± 0.12) (1.28 ± 0.18) (1.23 ± 0.10) b

Implicit time (ms)

a-wave 24.8 ± 0.29 25.2 ± 0.35 24.8 ± 0.25 24.3 ± 0.36 23.8 ± 0.35� 23.9 ± 0.30* a

b-wave 45.81 ± 0.70 45.53 ± 0.56 44.81 ± 0.55 44.08 ± 0.47� 43.34 ± 0.51� 42.89 ± 0.43� a

Data are expressed as mean ± standard error of the mean

BCVA best-corrected visual acuity, OPs oscillatory potentials

a, repeated measures of ANOVA followed by Dunnett’s multiple comparison test for comparing each time point with pretreatment; b, Friedman

test; *, P\ 0.05; �, P\ 0.01; �, P\ 0.001

Fig. 1 Efficacy of half-dose photodynamic therapy (hPDT) with

verteporfin for treating chronic central serous chorioretinopathy

(CSC). The numbers above the bars present the number of eyes with

residual serous retinal detachment (SRD) at each time after the hPDT
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times of the b-wave was reduced significantly from

45.81 ± 0.70 ms at the baseline to 44.08 ± 0.47 ms at

3 months, to 43.34 ± 0.51 ms at 6 months, and to

42.89 ± 0.43 ms at 12 months. The amplitudes and

implicit times of the OPs did not change significantly.

Discussion

The mechanism underlying the effectiveness of PDT is

believed to be its ability to occlude pathological choroidal

neovascular vessels as well as the normal choroidal vessels

and choriocapillaris [20, 21]. Thus, the mechanism of the

effect of hPDT for chronic CSC is assumed to provoke

transient choriocapillaris hypoperfusion and choroidal

vascular remodeling. Although the targeting of the hyper-

permeable choroidal vasculature by PDT in eyes with CSC

led to an immediate resolution of the subretinal fluid,

several complications related to the PDT including chor-

oidal ischemia and acute inflammation are reported [9, 10].

The results of earlier studies show that acute inflammatory

reactions began almost immediately after PDT, and the

subretinal fluid accumulation peaked in several days [22].

In addition, our group reported earlier that the amplitudes

Fig. 2 Optical coherence

tomographic (OCT) images and

focal macular

electroretinograms (FMERGs)

of eyes with chronic CSC that

responded favorably to hPDT.

a The size of the stimulus to

elicit the FMERGs was 15�
(white circle). b FMERGs

recorded from a normal eye.

The upper line shows the

a-wave and b-wave, and the

lower line shows the oscillatory

potentials (OPs). The sum of O1,

O2, and O3 was used for the

analyses. c–e Representative

cases of chronic CSC treated

with hPDT. The OCT images

(left column) and FMERGs

(right column) of each patient

before treatment (Pre), day 4,

month 1, and month 12 after the

hPDT. The patient numbers are

in accordance with those in

Table 1. L Left eye

264 K. Oiwa et al.
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of the a- and b-waves of the FMERGs were reduced one

week after PDT for eyes with age-related macular degen-

eration. The reduction was correlated with the reduction of

choroidal circulation, and both the amplitude of the

FMERGs and choroidal circulation improved to the pre-

PDT level in 1–3 months [17].

In this study, we found that the hPDT did not depress the

different components of the FMERGs especially in the

acute phases on day 4 and 1 month after the hPDT. In

addition, none of the patients reported a transient scotoma.

Thus, hPDT appears to be a better treatment for eyes with

chronic CSC.

Several studies on the use of hPDT in eyes with CSC

that report that some patients developed a transient sco-

toma after hPDT. Lai, et al. report that two of 20 patients

developed a transient scotoma within the first 2 days after

hPDT. They also report that eyes with PED in CSC patients

had a transient reduction in the multifocal ERGs at 4 days

after hPDT, whereas eyes without a PED did not have the

transient reduction after the hPDT [12]. In our study, one

eye with a PED and serous retinal detachment at the sub-

fovea before the hPDT had a transient reduction in the

amplitudes of the a- and b-waves. Even though the

amplitudes of the a- and b-waves improved to the baseline

at 1 month, the amplitudes of both waves had not improved

completely at 12 months after the hPDT. In addition, the

implicit times of the a- and b-waves were also reduced after

the hPDT. These findings suggest that in CSC with a

subfoveal PED there might be differences in pharmacoki-

netics. Therefore, we need to remember that retinal func-

tion after hPDT for eyes with chronic CSC associated with

a subfoveal PED may not completely improve.

Our results show that there were significant improve-

ments in the different components of the FMERGs at one

year after the hPDT suggesting improvements in macular

function. We found that the implicit times of the a- and b-

waves were reduced in a relatively short time after the

hPDT accompanying the resolution of the subretinal fluid,

which suggests the improvement of retinal functions. In

other words, the physiology of the outer and inner retina

can improve after both the remaining RPE and photore-

ceptors regain their cellular connections. However the

amplitudes of the a- and b-waves required a longer time to

improve compared to the implicit times. In addition, the

amplitudes of the OPs did not improve significantly

throughout the 12-month follow-up period. However, we

followed the patients for only 12 months and the number of

patients in this study was small. Thus, it might take a

longer time to improve the amplitude of OPs. We had

suggested earlier that the functional disturbances related to

CSC may involve the inner retina as well as the photore-

ceptors [23]. We suggest that the disturbances of the inner

and outer retina by long existing subretinal fluid are severe,

and some neuronal cells that were severely damaged may

have become permanently damaged. Thus, it may take a

longer time for the macula to recover with an improvement

of the amplitudes of the a- and b-waves and the OPs.

There are limitations in this study. The number of

patients was small and a control group was not examined.

The background of the patients, particularly the disease

duration varied widely because some recurrences occurred

without subjective symptoms.

In conclusion, we found that hPDT for chronic CSC

improves the BCVA and FMERGs without severe dys-

function of macula in the early postoperative period. In

addition, the macular function observed by FMERGs

improved after reattachment of neurosensory retina. These

results provide clinical evidence that hPDT can be good

treatment option for chronic CSC.
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