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Abstract 
Purpose: To study the safety and efficacy of 1/3-dose verteporfin photody-
namic therapy (PDT) for subacute central serous chorioretinopathy (CSC). 
Methods: In this case series, 59 eyes (59 patients) diagnosed with subacute 
CSC in Shenyang the 4th hospital from January 2014 to December 2015 were 
treated with 1/3-dose verteporfin PDT and followed up for at least 1 year. The 
symptoms and the diagnosed history were more than 3 months but shorter 
than 6 months. The central foveal thickness (CFT), neuroretinal thickness 
(NRT), height of subfoveal retinal fluid (SRF), and subfoveal choroidal thick-
ness (SCT) were observed at baseline and after treated at 1, 2, 3, 6 and 12 
months with EDI-OCT, Best-corrected visual acuity ( BCVA) was also studied 
at the same time. Results: After 1, 2, 3 and 6 months of 1/3-dose verteporfin 
PDT treatment, the BCVA improved significantly (P < 0.01) comparing to the 
baseline. The LogMAR BCVA of baseline and 1, 2, 3, 6 and 12 months was 
0.553 ± 0.11, 0.201 ± 0.13, 0.149 ± 0.10, 0.137 ± 0.09, 0.143 ± 0.07 and 0.148 ± 
0.08 respectively. OCT scan showed that the subfoveal choroid thickness 
(SCT) was 458.25 ± 24.23 μm, 379.31 ± 9.31 μm, 353.24 ± 8.57 μm, 349.35 ± 
7.51 μm, 365.23 ± 8.08 μm and 358.41 ± 7.96 at baseline and 1, 2, 3, 6 and 12 
months respectively. The SCT of 1, 2, and 3 months after treatment reduced 
significantly (P < 0.01) comparing to baseline. The neuroretinal thickness 
(NRT) was not significantly different after 1/3-dose PDT (P > 0.05). The 
height of SRF changed significantly. There was no retinal pigment epithelium 
atrophy and choroidal neovascularization (CNV) in all cases after more than 
12 months follow-up. Conclusion: Treatment of 1/3 dose verteporfin PDT 
could safely and effectively reduce expansion of choroidal vessel and choroidal 
choriocapillary, promoting absorbance of subretinal fluid for subacute CSC. 
1/3-dose verteporfin PDT may be an alternative method to treat the subacute 
CSC. 
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1. Introduction 

Central serous chorioretinopathy (CSC) frequently affects young-to-middle-aged 
men [1] [2]. The exact etiology of CSC is unknown, although disturbances in 
choroidal circulation are suggested to be related to CSC. EDI-OCT shows the 
characteristics of the accumulation of subretinal fluid (SRF). Indocyanine green 
angiography (ICGA) has shown the hyperpermeability of choroidal vessels in 
eyes with CSC [3] [4]. CSC is generally recognized as a self-limiting disease with 
good prognosis, and resolves spontaneously within 3 - 4 months [3] [4]. Howev-
er, in the long term, approximately half of the patients experience persistent or 
recurrent SRF [5] [6]. In these patients, the prognosis can be poor due to com-
plications such as diffuse atrophy of the retinal pigment epithelium (RPE), sub-
retinal fibrosis, and thinning of the outer sensory retina [3] [7]. 

In 2003, photodynamic therapy (PDT) with full-dose verteporfin was reported 
as a new treatment for chronic CSC [8]. However, complication such as second-
ary choroidal neovascularization (CNV), pigmentary changes of the RPE, and 
persistent choroidal ischemia can occur after full-dose verteporfin PDT [8] [9] 
[10] [11]. In recent years, PDT with half-dose verteporfin has been conducted in 
chronic CSC with similar effects and reduced complications [12] [13] [14] [15] 
[16]. Although the dose verteporfin is half, there are also some complications 
such as the CNV, atrophy of RPE [3] [17]. There are some reports showing that 
1/3-dose verteporfin PDT was safe and effective in chronic CSC [18]. The pur-
pose of this study was to determine the safety and efficacy of 1/3-dose vertepor-
fin PDT in subacute CSC. We investigated the results of the LogMAR BCVA af-
ter 1/3-dose verteporfin PDT at deferent time. The choroidal thickness and 
neuroretinal thickness had also been assessed. The subacute CSC was diagnosed 
that symptoms were more than 3 months but shorter than 6 months. The timing 
of treatment was also concerned. 

2. Methods 

1) Study Participants 
We reviewed the results and the data of subacute CSC patients who have re-

ceived 1/3-dose verteporfin PDT from Jan 2014 to Des 2015 at Department of 
Ophthalmology, Shenyang the forth people hospital. CSC was diagnosed as de-
tachment of the neurosensory retina from the macular caused by idiopathic lea-
kage or diffuse leakage from the RPE. Leakage from RPE was detected by fluo-
rescein angiography (FA) and choroidal vascular hyperpermeability was de-
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tected by ICGA. Subacute CSC was diagnosed when symptoms more than 3 
months but shorter than 6 months and the SRF persisted for shorter than 6 
months. The inclusion and exclusion criteria are listed in Table 1. This study 
was approved by the Institutional Review Board of the forth people hospital. 
Written informed consent was obtained from all patients. The procedures of this 
study followed the tenets of the Declaration of Helsinki. 

2) All patients received 1/3 of the standard dose of verteporfin (1.8 mg/m2 

PDT), which was infused over 10 min, followed by laser treatment 15 min after. 
The laser delivered to cover the area of choroidal hyperpermeability that was 
detected during the middle phase of ICG. The total light energy was 50 J/cm2. 
The power was 600 mW/cm2. After treatment, patients were instructed to avoid 
sunlight for 3 days. 

3) Baseline and follow-up examination 
Patients were assessed at baseline and at 1, 2, 3, 6 and 12 months after PDT. 

Measurements of best-corrected visual acuity (BCVA), slit-lamp examination, 
dilated fundus examination, and OCT were performed at each visit. BCVA was 
measured based on the Chinese standard decimal visual acuity chart at 5 m and 
was converted to the logarithm of the minimum angle of resolution (LogMAR) 
scale for analysis. OCT was performed with enhanced depth imaging (EDI-OCT)  

 
Table 1. Inclusion and exclusion criteria of the patients recruited in the study.  

Inclusion 
criteria 

1) Subjective symptoms or persistence of subfoveal fluid on OCT for more than 3 
months but shorter than 6 months 

2) Patients whose follow-up period was available for more than 12 months after 
1/3-dose verteporfin PDT 

3) Presence on FA of active angiographic leakage secondary to CSC 

4) Choroidal vascular hyperpermeability and abnormal dilation of choroidal 
vasculature, consistent with a diagnosis of CSC 

5) Difficult to treat by Laser photocoagulation (LP) because of leakage from the 
subfoveal, parafoveal, or broad area 

Exclusion 
criteria 

1) Auto fluorescence shows some atrophy RPE 

2) Symptoms more than 6 months  

3) Presence of CNV or other maculopathy or other ocular diseases that could 
affect visual acuity 

4) Presence of choroidopathy that may affect choroidal thickness 

5) No history of PDT, LP, anti VEGF injections, TA injections or other treatments 
within 3 months before 1/3-dose PDT for CSC 

6) Optic media opacity that could interfere with adequate acquisition of OCT, FA, 
and ICG images 

7) Absolute contraindication for 1/3-dose PDT or FA 

8) Myopia (≤6 D), hyperopia (>6 D) and aphakia 

PDT, photodynamic therapy; CT, optic coherence tomography; CSC, central serous chorioretinopathy; 
CNV, choroidal neovascularization; LP, laser photocoagulation; TA, triamcinolone acetonede; VEGF, vas-
cular endothelial growth factor; FA, fluorescein angiogramphy; ICGA, indocyanine green angiogramphy 
Photodynamic therapy. 
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using spectral-domain OCT (Spectralis HRA+OCT, Heidelberg Engineering, 
Heidelberg, Germany). During post-PDT visits, the locations assessed at baseline 
were re-examined using the eye-tracking function of Spectralis OCT. OCT im-
ages were used to measure central foveal thickness (CFT), neuroretinal thickness 
(NRT), height of SRF, and subfoveal choroidal thickness (SCT). They were ma-
nually measured beneath the fovea on horizontal and vertical OCT images using 
the built-in-caliper function of the Heidelberg eye explore software. The average 
of the horizontal and vertical scan measurements was used in evaluations. 

CFT was defined as the distance between the internal limiting membrane and 
the outer portion of the RPE. Height of SRT was defined as the distance between 
the outer surface of the sensory retina and the inner portion of the RPE.NRT 
was calculated by subtracting SRF height from CFT. SCT was defined as the dis-
tance between the outer portion of RPE and the inner surface of the sclera. Base-
line FA and ICGA were performed using Spetralis HRA (Heidelberg Engineer, 
Heidelberg, Germany) in all patients. Window defect was defined as an area of 
hyperfluorescence on FA without an increase in size from early to late phase. All 
areas of the window defect on a 30-degree field of view were measured and 
summed up using the built-in caliper function of the Heidelberg Eye Explore 
software. Retreatment was considered if SRF persisted for over 1 year after PDT 
or if SRF recurred and persisted for 3 months. Auto fluorescence was used to 
check the RPE at baseline and after PDT. 

4) Statistical comparisons were made between the baseline and 1, 2, 3, 6, 12 
months after PDT using Student’s t-test for numeric data with SPSS19.0 software 
(SPSS Inc., Chicago, Illinois, USA). A P-value < 0.05 was considered statistically 
significant. 

3. Results 

59 eyes of 59 subacute CSC patients were included in this study. Among the pa-
tients, 38 were men and 21 were women with a mean age of 45.47 ± 5.30 (range, 
34 - 48 years) at the time of 1/3-dose verteporfin PDT. The overall mean fol-
low-up period was 14.1 ± 8.4 months (range 12 - 23 months). There was no eye 
with previous exposure to corticosteroids (25 50% eyes of patients with a history 
of smoking). The mean PDT spot area was 14.2 ± 9.1 mm2 (range, 3.4 - 4.2 
mm2). The mean history of CSC was 4.32 ± 1.28 months (rang, 3 - 6 months). 

After initial 1/3-dose PDT, absorption of SRF was complete in all (100%) eyes; 
No eye had SRF recurrence 12 months after PDT. 

1) Best-Corrected Visual Acuities 
The mean LogMARBCVA at baseline and 1, 2, 3, 6 and 12 months after 

1/3-dose PDT was 0.553 ± 0.11, 0.201 ± 0.13, 0.149 ± 0.10, 0.137 ± 0.09, 0.143 ± 
0.07 and 0.148 ± 0.08 respectively. Baseline BCVA significantly improved at 2, 3 
and 6 months after PDT (all P < 0.01). The BCVA values at each time point were 
compared between the baseline and deferent follow-up time after 1/3-dose PDT 
(Figure 1). 

https://doi.org/10.4236/ojoph.2017.74040


L. Xu et al. 
 

 

DOI: 10.4236/ojoph.2017.74040 314 Open Journal of Ophthalmology 
 

 
Figure 1. The LogMAR BCVA after 1/3-dose verteporfin PDT. 

 

 

Figure 2. The thickness of the SCT after 1/3-dose verteporfin PDT. 
 

2) SCT Changes after 1/3-Dose Verteporfin PDT 
The mean SCT at baseline and at 1, 2, 3, 6 and 12 months after 1/3-dose PDT 

was 458.25 ± 24.23 μm, 379.31 ± 9.31 μm, 353.24 ± 8.57 μm, 349.35 ± 7.51 μm, 
365.23 ± 8.08 μm, and 358.41 ± 7.96 respectively. After 1/3-dose PDT, baseline 
SCT became significantly thinner at 1, 2, and 3 months (all P < 0.01). Baseline 
SCT was not significantly compared with 6 months (P = 0.41) (Figure 2). 

3) There was no CNV, atrophy of RPE and other side effect in all patients. 
Auto fluorescence had no change at baseline and after PDT. 

4. Discussion 

Our study suggested that relatively early PDT might improve outcomes of sub-
acute CSC. Acute CSC was diagnosed as the history shorter than 3 - 4 months, 
and the chronic CSC was more than 6 months [1] [3]. But the period of more 
than 3 months but shorter than 6 months was not mentioned. In our study, the 
subacute CSC was diagnosed that the history was more than 3 months but 
shorter than 6 months. Accumulation of serous retinal detachment (SRD) results 
in damage of photoreceptor cells retinal atrophy [19] [20] and RPE damage [7]. 
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These reports suggested that accumulation of SRD and aging may cause reduc-
tion of RPE function. Previous short-term and long-term studies showed a sig-
nificant correlation between the baseline and final BCVA values [16] [22] [21]. 
In these studies, half-dose PDT was used to treat the chronic CSC. After 1 or 3 
years follow-up, there were 33% patients had recurrent SFD and lowly BCVA. 
Ooto et al. reported that damage of photoreceptor cells was associated with loss 
of BCVA [19]. Damage of photoreceptor cells may not be restored even after a 
prolonged period after half-dose PDT. A relatively early PDT before the occur-
rence of visual impairment is important to maintain good visual acuity in eyes 
with CSC. Our study showed that 1/3-dose verteporfin PDT in subacute CSC 
can maintain or improve the BCVA. 

Our study suggested that early 1/3-dose verteporfin PDT may actively im-
prove outcomes of subacute CSC .Inoue et al. reported that eyes without intense 
hyperfluorescence on ICGA were not responsive to PDT and that the recurrence 
rate was predicted to be high [23]. This suggested that PDT was effective in res-
olution of SRD only in cases with high hydrostatic pressure in the choroid. They 
also suggested that in eyes with CSC and intermediate hyperfluorescence, a dis-
rupted RPE might not tolerate small changes in choroidal hydrostatic pressure, 
resulting in recurrences. SRD accumulation would occur when hydrostatic 
pressure in the choroid exceeds RPE tolerance. PDT induces occlusion of the 
choriocapillaries [24] and reduces hydrostatic pressure in the choroid. As PDT 
does not restore disrupted RPE, it is not effective in cases with disrupted RPE 
and intermediate hydrostatic pressure. These findings and our study suggested 
the importance of relatively early treatment of PDT, before the disruption of 
RPE. 

Our study suggested that the SCT were lower after PDT than baseline in all 
cases and the SRF were resulted. That means the 1/3-dose PDT is also effectively 
in subacute CSC. The previous study showed that half-dose PDT was effective 
with chronic CSC [16] [21]. There were also some reports showed that there 
were CNV and atrophy of RPE in chronic CSC with half-dose PDT. Although 
some cases were relative with long history of CSC and disrupted RPE, the half- 
dose of PDT may be also damage the choroidal vessel or RPE. 1/3-dose PDT had 
effect in chronic CSC in the previous reports [18]. Reduced dose of PDT 
(1/3-dose) was used in our study. It suggested that 1/3-dose PDT was effectively 
and safely with subacute CSC. There was no any CNV and atrophy of RPE in all 
cases. There was no any safe event during follow-up. 

The choroid of the eyes with CSC is thicker than that of normal eyes [25]. 
Previous studies have shown that the choroidal thickness rapidly decreased after 
successful PDT and that it remained decreased for years [8] [26] [27] [28]. The 
previous study reported that choroidal thickness decreased by 4.1 μm for every 
year increase in age [29]. Therefore, gradual decrease of choroidal thickness may 
be caused by an aging effect, during which the effect of the PDT may no longer 
exist. To the best of our knowledge, our study was the first to demonstrate the 
effect of 1/3-dose PDT in subacute CSC and the changes in choroidal thickness 
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of eyes in the long-term. Further study is needed to find the long-term changes 
in choroidal thickness and other images after PDT. 

Our study had several limitations, including its nonrandomized and 
long-term retrospective. Some patients may have a long history of CSC and did 
not remember the exact duration of symptoms even though these were our ex-
clusion ceria. 

5. Conclusion 

1/3-dose PDT for subacute CSC had high anatomical and functional success 
rates in the 12 months follow-up. Relatively early 1/3-dose PDT is recommended 
in order to maintain good visual function of patients with subacute CSC. 
1/3-dose PDT was safe and effective in subacute CSC. 
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