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THESIS OUTLINE 

This Master thesis in Medicine consists of an Original Scientific Article, written between 

March 2021 and November 2021, with bibliographic research until September 2021.  

This article was written with the goal of submission to the journal Oftalmologia. The 

Oftalmologia follows AMA Manual of Style (10th Edition) and the ICMJE 

Recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly 

Work in Medical Journals. Therefore, these instructions were followed and are 

presented in Appendix 1.  
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RESUMO 

Introdução 

A Coriorretinopatia Serosa Central (CSC) é uma síndrome idiopática caracterizada por 

descolamentos serosos, idiopáticos, da retina neurossensorial na região macular, 

secundários ao aumento da permeabilidade e derrame dos vasos coroideus. Embora 

os mecanismos fisiopatológicos subjacentes não estejam, ainda, totalmente 

compreendidos, a imagiologia multimodal auxiliou a compreensão da importância do 

epitélio pigmentar da retina (EPR) e da coroide no desenvolvimento da CSC. Na 

maioria dos casos, a CSC aguda é autolimitada e apresenta bom prognóstico. No 

entanto, quando não há resolução da CSC aguda após 3 meses, ou em casos de CSC 

crónica, deve ser considerado tratamento. A CSC crónica é definida pela presença de 

descolamento seroso da retina persistente, ou recorrência do descolamento foveal, 

por um longo período de tempo. Está, geralmente, associada a alterações atróficas e 

degenerativas da retina e do EPR, causando uma diminuição progressiva da acuidade 

visual. A terapia fotodinâmica (TFD) com verteporfina, guiada por ICGA, tem-se 

revelado eficaz na preservação da acuidade visual, bem como da função anatómica, 

uma vez que reduz a hiperpermeabilidade vascular coroideia. São poucos os estudos 

sobre a eficácia e segurança a longo prazo da TFD na CSC, e estão, na sua maioria, 

limitados a 5 anos. O objetivo do nosso estudo foi avaliar a eficácia e segurança da 

TFD standard com verteporfina, durante um período de seguimento mínimo de 13 

anos, em doentes com CSC crónica, bem como explorar as alterações 

microestruturais e vasculares a longo prazo, relacionadas com a doença e com o 

tratamento. 

Materiais e Métodos 

Foi realizada uma análise retrospetiva de casos de CSC crónica da consulta de Retina 

Médica do CHUC. Foram incluídos 18 doentes com CSC crónica, tratados com TFD 

standard, e com, pelo menos, 13 anos de seguimento. As avaliações periódicas foram 

realizadas a cada 3 meses no primeiro ano, a cada 6 meses no segundo ano e, a 

partir daí, anualmente. Na visita final, todos os participantes foram submetidos a um 

exame oftalmológico completo, incluindo avaliação da melhor acuidade visual corrigida 

(MAVC), na escala ETDRS, exame de lâmpada de fenda, medição de pressão 

intraocular, e exame de fundo do olho sob midríase farmacológica. A imagiologia da 

retina e da coroide foi obtida recorrendo a abordagem multimodal com SD-OCT, SS-

OCT, Optomap e OCTA. Os seguintes foram critérios de inclusão: 1) CSC crónica 

diagnosticada por angiografia fluoresceínica (AF) e confirmada por ICGA e OCT; 2) 

idade ≥ 18 anos; 3) CSC persistente há mais de 6 meses, ou alterações do EPR 
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induzidas por descolamentos multifocais recorrentes, associados a sintomas de CSC 

crónica com duração ≥ 6 meses; 4) capacidade de fornecer consentimento informado. 

Este estudo seguiu os princípios da Declaração de Helsínquia para pesquisa 

biomédica e foi aprovado pelo Comité de Ética local. Foi obtido consentimento 

informado de todos os participantes. 

Resultados e Discussão 

A nossa amostra é constituída por 23 olhos de 18 doentes, 15 homens (83.3%) e 3 

mulheres (16.7%), com uma idade média de 63.9 ± 8.5 anos. O período médio de 

seguimento foi 15.8 ± 1.4 anos (intervalo, 13-18 anos). O número médio de 

tratamentos foi 1.2 ± 0.4, sendo o spot foveal localizado na região subfoveal em 

36.8%, justafoveal em 36.8%, extrafoveal em 21.1%, e peripapilar em 5.3%. No início 

do estudo, estava presente fluído subretiniano (FSR) em todos os olhos, proliferação 

do EPR em 9.1%, e atrofia em 9.1%. A MAVC média inicial foi de 62.7 ± 22.7 letras 

(intervalo, 10-85 letras). Na última visita, a MAVC foi de 64.6 ± 19.2 letras (intervalo, 

20-85 letras). Não houve uma melhoria estatisticamente significativa na MAVC (P > 

0.05, Teste-T para amostras emparelhadas), embora tenha sido registado um ganho 

médio de 1.87 ± 11.9 letras (intervalo, -25 a 25 letras). No final do seguimento, apenas 

3 olhos (13.04%) apresentavam FSR, 3 (13.04%) tinham fibrose e 15 (65.2%) 

apresentavam atrofia na visita final. A espessura macular central (EMC) média, 

definida como a espessura média no diâmetro central de 1 mm da grelha ETDRS, 

reduziu de 340.7 ± 114.9 µm na baseline para 228.7 ± 38.6 µm no final do seguimento 

(P < 0.05). O tamanho médio do spot da TFD foi 3.390 µm. Dezanove olhos (82.6%) 

foram submetidos a uma sessão única de TFD, e os outros 4 (17.4%) realizaram 2 

sessões. Não houve casos de neovascularização coroideia (NVC) detetados na visita 

final. 

Conclusão 

Concluindo, este estudo constitui, tanto quanto é do nosso conhecimento, a 

investigação mais longa (superior a 13 anos) da eficácia e segurança da TFD standard 

na CSC crónica, até à data. O nosso estudo demonstrou que a TFD standard guiada 

por ICGA é um procedimento seguro, sem efeitos adversos graves, a nível ocular ou 

sistémico. Apenas 17.4% dos casos necessitaram de duas sessões, e não houve 

qualquer caso de progressão para neovascularização coroideia. No entanto, cerca de 

dois terços dos casos apresentava atrofia retiniana na visita final. Estudos 

randomizados, prospetivos e multicêntricos, com amostras amplas são necessários 

para determinar o regime ideal de TFD.  
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Palavras-chave: coriorretinopatia serosa central crónica, terapia fotodinâmica, fluído 

subretiniano, atrofia da retina, angiografia por tomografia de coerência ótica 
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ABBREVIATIONS 

BCVA: best-corrected visual acuity 

CSC: central serous chorioretinopathy 

cCSC: chronic central serous chorioretinopathy 

CMT: central macular thickness 

CNV: choroidal neovascularization 

DCP: deep capillary plexus 

EDI: enhanced-depth imaging 

FA: fluorescein angiography 

FAF: fundus autofluorescence 

ICGA: indocyanine green angiography 

NRT: neuroretinal thickness 

OCT: optical coherence tomography 

OCTA: optical coherence tomography angiography 

PDT: photodynamic therapy 

RPE: retinal pigment epithelium  

SCP: superficial capillary plexus 

SRF: subretinal fluid 

SS-OCT: Swept-Source optical coherence thickness 
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ABSTRACT 

Introduction 

Central Serous Chorioretinopathy (CSC) is an idiopathic syndrome characterized by 

idiopathic serous detachments of neurosensory retina at the macula, secondary to 

increased permeability and leakage from choroidal vessels. Although the underlying 

pathophysiological mechanisms are not fully understood, multimodal imaging shed new 

light into the choroidal and Retinal Pigment Epithelium (RPE) contribution to its 

pathogenesis. In most patients, acute CSC usually resolves without treatment and has 

a good prognosis. However, if there is no resolution of acute CSC after 3 months, or in 

case of chronic CSC, treatment should be considered. Chronic CSC is defined by the 

presence of a persistent serous retinal detachment or recurrence of foveal detachment 

for a long period of time, and it’s often associated with atrophic and degenerative 

changes of the retina and RPE, leading to progressive visual acuity loss. ICGA-guided 

verteporfin photodynamic therapy (PDT) has been shown to be effective in preserving 

visual acuity as well as anatomical function, by reducing choroidal vascular 

hypermeability. There are few long-term studies on the efficacy and safety of PDT in 

CSC, and they are mostly limited to 5-years follow-ups. The aim of this report is to 

evaluate the 13-year follow-up of chronic CSC patients treated with standard-fluence 

PDT and to explore the long-term microstructural and vascular choroidal changes 

related to the disease and treatment. 

Methods 

A retrospective, interventional case-series analysis with a cross-sectional evaluation 

was conducted on 18 patients with cCSC, treated with standard PDT, and with at least 

13 years of follow-up in Coimbra’s University Hospital Center. Evaluations were 

performed every 3 months in the first year, every 6 months during the second year, and 

annually thereafter. All participants underwent a comprehensive ophthalmic 

examination, including best-corrected visual acuity (BCVA), measured with ETDRS 

charts, slit-lamp exam, intraocular pressure measurement and dilated fundus 

examination with a noncontact lens. Retinal and choroidal imaging was performed with 

SD-OCT, SS-OCT, Optomap and OCTA. The following were inclusion criteria: 1) 

chronic CSC diagnosed with fluorescein angiography (FA) and confirmed by ICGA and 

OCT; 2) age ≥ 18 years; 3) persistent CSC of >6-month duration or RPE changes 

induced by multifocal recurrent detachment associated with symptoms of cCSC lasting 

at least 6 months; 4) the provision of written informed consent. This study followed the 

tenets of the declaration of Helsinki for biomedical research and was approved by the 

local Ethic Committee. Informed consent was obtained. 
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Results and Discussion 

A total of 23 eyes of 18 patients, 15 men (83.3%) and 3 women (16.7%), were 

included, with a mean age of 63.9 ± 8.5 years. The mean follow-up period was 15.8 ± 

1.4 years (range, 13-18 years). The mean number of treatments was 1.2 ± 0.4, and the 

foveal spot was subfoveal in 36.8%, juxtafoveal in 36.8%, extrafoveal in 21.1% and 

peripapillary in 5.3%.  Subretinal fluid was found in all eyes, RPE proliferation in 9.1% 

and atrophy in 9.1% of the eyes at baseline. The Initial mean BCVA was 62.7 ± 22.7 

letters (range, 10-85 letters). In the last visit, BVCA was 64.6 ± 19.2 letters (range, 20-

85 letters). There was not a statistically significant improvement in BCVA (P > 0.05, 

Paired-Samples T-Test), although a mean gain of 1.87 ± 11.9 letters (range, -25 to 25 

letters) was registered. At the end of our follow-up, only 3 eyes (13.04%) presented 

subretinal fluid, 3 (13.04%) had fibrosis and 15 (65.2%) showed atrophy at the final 

visit. Mean central macular thickness (CMT), defined as the average thickness of the 

central 1 mm diameter of the ETDRS grid, reduced from 340.7 ± 114.9 µm at baseline 

to 228.7 ± 38.6 µm at the end of the follow-up (P < 0.05). The mean spot size was 

3.390 µm. Nineteen eyes (82.6%) were submitted to only one session of PDT, and the 

other 4 (17.4%) underwent 2 sessions. There were no cases of choroidal 

neovascularization (CNV) detected in the final visit. 

Conclusion 

In conclusion, to the best of our knowledge, this study is the longest investigation 

(more than 13 years) of the efficacy and safety of standard PDT in cCSC to date. Our 

study showed that ICGA-guided PDT full-fluence is a safe procedure, with no ocular or 

systemic sever adverse effects. Only 17.4% of cases needed two sessions, and there 

was no case of progression to choroidal neovascularization. However, about two-thirds 

of the cases presented atrophy in the last visit. Furthermore, randomized, prospective 

multicenter studies with large samples are desirable to determine the optimal regime of 

PDT. 

 

Key words: chronic central serous chorioretinopathy, photodynamic therapy, 

subretinal fluid, retinal atrophy, optical coherence tomography angiography 
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INTRODUCTION 

Central Serous Chorioretinopathy (CSC) is a chorioretinal disease characterized by 

idiopathic serous neurosensory retinal detachments at the posterior pole of the fundus 

(1-8). CSC commonly affects young-to-middle-aged men (6, 9, 10). and although the 

exact cause of CSC is unclear, its pathogenesis is thought to be related to 

abnormalities of the retinal pigment epithelium (RPE) and/or choroid (1, 10-12). Risk 

factors include the use of corticosteroids, psychological stress, type A personality, 

among others. Despite the cause, the final pathway seems to be related to choroidal 

vascular hyperpermeability, resulting in leakage and accumulation of subretinal fluid 

(SRF) (1, 3-5, 7, 9-11). 

Indocyanine green angiography (ICGA) characteristically shows multifocal areas of 

choroidal abnormalities, such as vascular filling delay, congested and dilated choroidal 

vessels, choroidal staining, and hyperfluorescent areas in late frames of the angiogram 

(1, 2, 4, 5, 8-11). Optical coherence tomography angiography (OCTA) is a noninvasive 

method that allows a direct insight into choriocapillaris perfusion and vasculature 

patterns, without the need for a dye injection (4, 5, 8). Previous studies using OCTA 

among CSC patients have reported irregular flow patterns, involving choriocapillaris 

dilatation with increasing flow signals, and focal or defused dark areas with flow signal 

voids, corresponding to the ICGA abnormalities (4, 5). Other studies using enhanced-

depth imaging (EDI) optical coherence tomography (OCT) or Swept-Source OCT (SS-

OCT) have shown a thickened choroid and/or dilated choroidal vessels in patients with 

CSC, which might indicate increased hydrostatic pressure (7, 8, 13). 

CSC is subcategorized in 2 categories: acute CSC and chronic CSC (cCSC). Acute 

CSC usually is self-limiting and has a good prognosis, with normal vision returning 

within 3 or 4 months in the majority of cases (1, 3, 4, 6, 7, 10). However, the recurrence 

rate is up to 50% without any treatments and 10% of patients have more than 3 

recurrences when the follow-up lasts for 15 years (6, 8). In cases with persistent SRF 

and more extensive retinal and choroidal damage, characteristic of cCSC, significant 

central visual impairment or permanent symptoms and changes of the outer segments 

of the photoreceptors and retinal pigment epithelium (RPE) may occur (1-4, 6-9). 

Treatment should be considered after 3 months without resolution of acute CSC and in 

chronic CSC (1). ICGA-guided photodynamic therapy (PDT) has been shown to be an 

effective angiomodulator treatment of cCSC (1-5, 7, 9, 10, 12). The primary target of 

treatment is the inner choroid, leading to a short-term narrowing of choroidal vessels 

and long-term vascular remodeling, thus reducing extravascular leakage (1-5, 9, 10, 
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12, 14). 

Many studies have been published since the first report produced by Yannuzzi et al 

(15) in 2003, and numerous protocols have been tested: standard-fluence PDT, half-

dose PDT, half-fluency PDT, and half-time PDT (1, 9, 11). Possible complications of 

conventional PDT are: RPE and neuroretinal atrophy, choroidal ischemia, and 

secondary choroidal neovascularization (CNV) (3, 5, 7, 10, 12, 16).  

PDT causes a far less destructive effect on the RPE compared to other treatment 

methods introduced in the past, such as focal laser photocoagulation (14). It can result 

in visual improvement, shortened duration of symptoms and reduced recurrence rates, 

with a good safety profile (16). Long-term studies, up to 4 years and 6 months, showed 

noteworthy improvements in visual and anatomic outcomes with low recurrence rates 

with full-fluence PDT for cCSC (1, 7, 17). Another study conducted by Rouvas et al. 

(18) demonstrated that the application of standard PDT is efficient, providing anatomic 

and functional improvement in the treated eyes, with a low recurrence rate of 13.4% 

after a mean follow-up period of 35.8 ±16.6 months. In the last-mentioned study, none 

of the patients presented adverse effects, reinforcing the efficacy and safety of the 

proposed method. 

Modifications of PDT parameters have been attempted and have shown similar 

efficacy to standard PDT in terms of anatomical and visual outcomes, and usually with 

fewer complications (5, 7). Nevertheless, there are limited studies with large sample 

size and long-term follow-up to provide evidence regarding the long-term efficacy and 

safety of PDT in cCSC, especially full-fluence PDT (1, 2, 7, 9, 17). Furthermore, studies 

on the long-term choroidal vascular effects of PDT by non-invasive methodologies 

such as SS-OCT and OCTA are few in the literature.  

The aim of this report is to evaluate the 13-year follow-up of chronic CSC patients 

treated with standard-fluence PDT and to explore the long-term microstructural and 

vascular retinal and choroidal changes related to the disease and treatment. To the 

best of our knowledge, this is the longest follow-up ever studied for the treatment of 

cCSC with PDT. 
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MATERIALS AND METHODS 

A retrospective, interventional case-series analysis with a cross-sectional evaluation 

was conducted on 18 patients with cCSC, treated with standard PDT, and with at least 

13 years of follow-up in Coimbra’s University Hospital Center. This study followed the 

tenets of the Declaration of Helsinki, and the approval of the Institution Review Board 

was obtained.  

The inclusion criteria were: 1) chronic CSC diagnosed with fluorescein angiography 

(FA) and confirmed by ICGA and OCT; 2) patient’s age 18 years or older; 3) persistent 

CSC of >6-month duration or RPE changes induced by multifocal recurrent detachment 

associated with symptoms of cCSC lasting at least 6 months; 4) the provision of written 

informed consent. The following were exclusion criteria: 1) the presence of any other 

macular conditions that might compromise visual acuity; and 2) hepatic insufficiency, 

known hypersensitivity to fluorescein, or any other condition that might contraindicate 

PDT or angiographic examinations. 

The presence of diffuse or poorly defined widespread areas of leakage in FA, 

originating from broad areas of RPE damage, made the diagnosis of cCSC. ICGA was 

performed to verify the presence of choroidal vascular hyperpermeability, to calculate 

its size, and to guide the PDT if indicated. Baseline evaluation involved best-corrected 

visual acuity (BCVA) with Early Treatment Diabetic Retinopathy Study chart, fundus 

eye examination, FA (Topcon TRC-50 IA; Topcon, Tokyo, Japan), ICG-A (Topcon TRC 

50-IA; Topcon), and OCT (OCT Stratus 3; Carl Zeiss Meditec, Dublin, CA). The OCT 

was intended for monitoring and measuring the SRF, for evaluating structural changes 

of the neurosensory retina and RPE and the presence of intraretinal cysts, and to 

measure the central macular thickness (CMT). CMT was defined as the average 

thickness of the central 1 mm diameter of the ETDRS grid. During all follow-up, NRT 

and SRF height were manually measured in Stratus 3 OCT. To calculate NRT, markers 

were positioned on the fovea centralis, between the internal limiting membrane and the 

anterior limit of the subretinal fluid. To determine the SRF thickness, markers were 

placed between the anterior limit of the SRF and the RPE, without including it. The sum 

of the neural retina thickness and the subretinal fluid thickness corresponds to total 

CMT. Baseline retinal atrophy was reevaluated in OCT and redefined as complete RPE 

and outer retinal atrophy (cRORA) (19). 

All patients were treated with standard PDT with verteporfin, according to the 

recommended protocol for CNV secondary to Age-Related Macular Degeneration 

(Treatment of Age-Related Macular Degeneration (TAP) Study Group 1999). Every 
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patient was administered with 6 mg/m2 of intravenous verteporfin over 10 minutes, 

which was then activated by a laser wavelength of 698 nm, 15 minutes after the 

infusion started. It used an energy intensity of 600 mW/cm2 for 83 seconds, similar to a 

total dose of energy of 50J/cm2. Standard PDT was applied only to areas of choroidal 

hyperpermeability (plus 1 mm diameter) identified in ICGA, including the subfoveal 

area. Individual spots were performed sequentially in multiple leaks separated by >2 

mm because they were >1 mm diameter. Bilateral treatments were performed in the 

same session. Retreatment was performed when patients presented clinical evidence 

of persistence or recurrence. Recurrence was based on OCT findings, such as 

subretinal or intraretinal fluid, and was then confirmed with FA and ICGA. 

Evaluations were performed every 3 months in the first year, every 6 months during the 

second year, and annually thereafter.  

BCVA was considered improved when there was a gain of five or more letters, and 

vision loss when there was a decrease of at least five letters in relation to the initial visit 

BCVA. At each visit, besides the evaluation of BCVA and the measurement of SRF 

thickness and NRT, the assessment also included the number of treatments, the 

presence of side effects, the presence of recurrences.  

All 18 patients were convoked for a last visit, in which Spectralis SD-OCT and SS-OCT 

(Topcon DRI OCT-1 Atlantis) were performed to measure the SRF, for evaluating 

structural changes of the neurosensory retina, RPE and choroid, such as development 

of RPE atrophy (cRORA) and/or fibrosis, and to measure the central macular thickness 

(CMT) and the choroidal thickness. SS-OCT and OCTA were performed in treated and 

non-treated contralateral eyes, in order to compare choriocapillaris’ flow densities, 

superficial capillary plexus (SCP) and deep capillary plexus (DCP) vessel densities, 

and confirm the presence of signs of conversion to neovascular disease in study eyes. 

Fundus autofluorescence (FAF) was performed for identification of hyperfluorescent or 

hypofluorescent areas, descending tracts and  the status of the fovea. 

Statistical analyses were performed using STATA software (version 16.0). Descriptive 

statistics, confirmation of normality with the Kolmogorov-Smirnov test, inferential 

statistics using paired t-tests and uni and multivariate linear regressions were 

performed. For all statistical tests, a p value < 0.05 was considered statistically 

significant. 
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RESULTS 

Twenty-three eyes of 18 patients were included in the study, 15 men (83.3%) and 3 

women (16.7%). The patients had a mean age of 63.9 ± 8.5 years, with a minimum of 

48 and a maximum of 81 years. Mean duration of cCSC, defined as the interval 

between baseline visit and treatment, was 8.5 months. All patients were followed for a 

mean period of 15.8 ± 1.4 years (range, 13-18 years). The mean PDT spot size was 

3.390 µm. Five of the patients had bilateral CSC. Nineteen eyes (82.6%) were 

submitted to only one session of PDT, and the other 4 (17.4%) underwent 2 sessions. 

The mean number of treatments was 1.2 ± 0.4, and the foveal spot was subfoveal in 

36.8%, juxtafoveal in 36.8%, extrafoveal in 21.1% and peripapillary in 5.3%. Of the 4 

eyes which underwent a second session of PDT, 2 were retreated after 6 months 

because of the presence of subretinal fluid and cystic changes in OCT, 1 after 21 

months because of recurrence of subretinal fluid, and 1 after 6 years. No systemic or 

ocular side effects were found to be related to the treatment.  

BCVA Evolution  

The initial mean BCVA was 62.7 ± 22.7 letters (range, 10-85 letters), it was 67.1 ± 22.4 

letters (range, 10-90 letters) after the first year of follow-up and, in the last visit, it was 

64.6 ± 19.2 letters (range, 30-85 letters). There was a statistically significant 

improvement (P < 0.05) in BCVA at the first year of follow-up, with a mean gain of 5.08 

± 10.36 letters. This gain was, however, lost at the end of follow-up, despite a final 

mean gain of 1.87 ± 11.9 letters (p>0.05). The progression of BCVA over the years is 

represented in figure 1. 

Visual acuity at the end of our follow-up improved in 8 eyes (34.8%), remained 

unchanged in 9 eyes (39.1%), and decreased in 6 eyes (26.1%). Differences in visual 

acuity were not correlated with the spot nor with the number of PDT sessions. 
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Fig. 1. Progression of BCVA over the years (15.8 ± 1.4 years), using ETDRS Scoring 

Method. 

CMT Evolution  

Mean CMT decreased from 340.7 ± 114.9 µm at baseline to 290 ± 152.8 µm after the 

first year of follow-up. It was 228.7 ± 38.6 µm at the end of the follow-up. There was 

both a statistically significant decrease (P < 0.05) in this measure, when comparing 

baseline to one-year follow-up, and to the final (figure 2). 

 

Fig. 2. Progression of CMT over the years (15.8 ± 1.4 years), evaluated by OCT. 
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Morphologic Results 

The morphologic results were evaluated by OCT. Subretinal fluid was found in all eyes, 

RPE proliferation in 9.1% and atrophy in 9.1% of the eyes at baseline. At the end of our 

follow-up, only 3 eyes (13.04%) presented subretinal fluid, 3 (13.04%) had fibrosis and 

15 (65.2%) showed some degree of atrophy at the final visit. The 3 eyes who 

presented SRF in the last OCT had a final BCVA of 85, 45 and 35 letters. The first 2 

underwent only one session of PDT, and the latter 2 sessions. Mean BCVA of the eyes 

which presented atrophy in the last visit was 60.7 ± 21.3 letters, and in the eyes without 

atrophy in the last visit, it was 71.9 ± 12.5. However, this difference was not statistically 

significant. When comparing the presence of atrophy in the last visit OCT with the 

number of treatments, the foveal spot and baseline CMT, we found there was no 

statistically significant relation between these variables (P > 0.05). However, out of the 

eyes in which PDT spot involved the fovea (36.8%), 57.1% presented atrophy in the 

OCT at the final visit, while only 14.3% showed atrophy at baseline. This difference 

was not statistically significant.  

In the final visit, the FAF showed that 12 eyes (57.1%) had hyperfluorescent areas, 

which represent cellular suffering, 17 eyes (80.9%) showed hypofluorescent areas, 

which represent cellular death, 4 eyes (19.1%) presented descending tracts, and 17 

eyes (80.9%) exhibited alterations affecting the fovea (both hyper and hypo-

autofluorescent changes). 

 

Fig. 3. Comparison of retinal morphologic changes, assessed by OCT, between 

baseline and the end of the follow-up. 

100%

9.10%
13.04%

65.20%

Subretinal Fluid Atrophy

Baseline Final
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Choroidal’s Structural Long-Term Changes 

The final mean subfoveal choroidal thickness of treated eyes was 262.4 ± 87.86 µm. 

As for the untreated contralateral eyes, this value was 234.3 ± 24.5 µm. No significant 

differences between treated and non-treated eyes were found (P > 0.05), despite CSC 

treated eyes having in average a thicker choroid. 

The OCTA was used to compare the choriocapillaris’ flow density and SCP and DCP 

vessel densities, in both treated and non-treated contralateral eyes. We found there 

was no statistically significant difference (P > 0.05) between each of these 

measurements, when comparing treated eyes with non-treated contralateral eyes 

(table 2). BCVA at the end of our follow-up was not associated with the choriocapillaris’ 

flow density, nor with SCP and DCP vessel densities of treated eyes (P > 0.05). There 

were also no cases of CNV, nor other signs related to progression to neovascular 

disease found in OCTA in the final visit. 

 Choriocapillaris’ flow 

density 

SCP vessel 

density 

DCP vessel 

density 

Treated 199.9 ± 630.1 48.5 ± 4.8 45.9 ± 3.8 

Non-treated 239.7 ± 731.6 47.7 ± 4.6 46.8 ± 5.1 

 

Table 1. Comparison between treated and non-treated eyes with PDT regarding 

capillary plexus density and the flow density of the choriocapillaris. 
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DISCUSSION 

In the current report, we analyze the long-term results of treatment with standard PDT 

with verteporfin in cCSC, and we also explore the associated structural and vascular 

choroidal changes. We found that visual acuity outcome was not associated with the 

foveal spot location nor with the number of PDT sessions, although the pattern of 

visual improvement can be influenced by the progression of atrophic changes 

associated with the disease. Only 17.4% of cases needed two sessions, and there was 

no case of progression to choroidal neovascularization. However, about two-thirds of 

the cases presented atrophy in the last visit. 

CSC is not a completely benign disease, as RPE atrophy and the associated visual 

loss seen in chronic and persistent CSC is a slow but continuous process (20-22). 

Different treatments have been previously proposed in managing cases of chronic or 

persistent CSC, and even though some might offer a more rapid resolution of SRF as, 

for example, focal laser at the RPE layer, these treatments did not affect the final 

functional outcomes and the recurrence rate of the disease (20). PDT is generally 

recommended for cCSC, and recent theories lead us to believe its mechanism of 

action is related to the release of free radicals that damage endothelium, reducing 

choroidal vasculature hyperpermeability and extravascular leakage, and provoking 

long-term vascular remodeling (12, 23-25). However, there is a lack of studies on the 

long-term effects of PDT in cCSC. Our report is the first to describe the efficacy, safety 

and the chorioretinal changes 13 or more years after standard PDT for cCSC.  

If left untreated, cCSC can lead to irreversible changes in the neurosensory retina, 

progressive damage of RPE, and consequential worse visual prognosis (1, 26). 

Currently, there are no standard therapeutic protocols for cCSC. Although, many other 

studies have shown that ICGA-guided verteporfin PDT with a standard protocol could 

be effective in chronic CSC, with both visual and anatomical improvement reducing the 

SRF. Photodynamic therapy enables constriction of inner choriocapillaris vessels 

followed by long-term vascular remodeling and also choriocapillaris hypoperfusion (20, 

27, 28).  

Vasconcelos et al. (12) reported that 5 years after standard PDT, all 17 eyes of the 15 

patients included in their study had complete resolution of SRF, with a significant 

improvement in mean BCVA and reduction in choroidal thickness. In our report, visual 

acuity improved in 34.8%, and decreased in 26.1%. After one year of treatment, gain in 

visual acuity was significant, however this was lost at the end of follow-up, with a final  

mean gain of only 1.87 ± 11.9 letters.The average number of treatments was 1.2 ± 0.4. 
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Furthermore, 82.6% of eyes were submitted to one session of PDT, while 17.4% (4 

eyes) underwent 2 sessions, either because of persistence of SRF, or because of 

presence of SRF and cystic changes in OCT. Differences in visual acuity outcome 

were not associated with the foveal spot location nor with the number of PDT sessions 

each eye underwent. Three eyes presented SRF in the last OCT. The first 2 underwent 

only one session of PDT, and the latter 2 sessions. Another study by Silva et al. (1) 

found that 93.4% eyes had SRF resolution and the mean BCVA improved significantly 

from 58.8 letters to 66.9 letters at the end of a 4-year follow-up period. The anatomical 

success rate in our study was comparable to these studies. However, our pattern of 

visual improvement was different from observed in latter studies. This could be due to 

longer follow-up with progression of atrophic changes. Retinal pigment epithelium 

atrophy, chorioretinal scars, and choroidal hypoperfusion, all of which can cause outer 

retinal layer attenuation, have been assigned to standard PDT (1). At the end of our ≥ 

13-years follow-up, resolution of subretinal fluid occurred in 87% of cases, 13% had 

fibrosis and 65% showed atrophy at the final visit. Furthermore, out of the eyes which 

PDT spot involved the fovea (46.8%), 57.1% presented atrophy in the OCT at the final 

visit, while only 14.3% were showing atrophy at baseline. However, the number of 

treatments, the foveal spot location and baseline CMT had no statistically significant 

relation to atrophy in the last visit. Therefore, despite being difficult to draw definite 

conclusions regarding the impact of PDT in atrophy development, and therefore in final 

BCVA, this long-term finding could be due only to the chronicity of the disease and its 

preferential location in the central macula, and not to treatment itself. 

No systemic or ocular side effects were found to be related to the treatment. Piccolino 

et al. (29) noted a 12.5% retreatment rate in 9 months of follow-up. A study by 

Tarantola et al. (30), with an average follow-up of 21.9 months, established that 27.3% 

(3 of 11 eyes) required 2 treatment sessions because of reappearance of subretinal 

fluid. Our rate of treatment is similar to other series with shorter follow-up. 

OCTA was performed in both untreated and PDT-treated eyes to assess the density of 

the capillary plexus vasculature and the flow density of the choriocapillaris layer. No 

significant differences between treated and non-treated eyes were found, despite CSC 

treated eyes having in average a thicker choroid. Other studies using OCT or SS-OCT 

have shown a thickened choroid and/or dilated choroidal vessels in patients with CSC, 

which might indicate increased hydrostatic pressure in the choroid (7, 8, 13). These 

leads us to conclude these changes are associated with the disease itself, rather than 

with PDT. Interestingly, untreated eyes showed a higher mean vascular density of the 

choriocapillaris compared to treated eyes (239.7 µm vs. 199.9 µm). This might be 
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explained by the remodeling of the choriocapillaris vasculature resulting from the 

treatment or the natural progression of the disease, in which compression by dilated 

choroidal vessels causes progressive atrophy of the choriocapillaris, or from both.  

No cases of CNV nor other signs related to progression to neovascular disease were 

found in treated eyes. Therefore, neovascularization does not appear to be related to 

PDT, nor does any ischemia induced in the choroid seem to be caused by this 

treatment. In the same study previously mentioned, Vasconcelos et al. (12) observed 

that morphological and functional chorioretinal changes were not correlated with the 

location of the treatment, neither with the progression of visual acuity, and are more 

likely to be related to the disease itself than with the treatment provided. In our report, 

no systemic adverse effects were noticed as well, which confirms previous results 

showing PDT with verteporfin as a safe method in the treatment of cCSC. However, 

there were some recurrences, and cases of RPE atrophy were observed in the OCT at 

the final visit, limiting visual gains in the long-term. 

Our study has several limitations, including the retrospective design, the use of Stratus 

3 OCT, not being able to follow-up the outer retinal layers alterations since baseline, 

the small sample size, and the fact that we did not compare the outcomes of full-

fluence PDT and half-fluence PDT, which is now more commonly used in clinical 

practice. Additionally, the irregularity of the follow-up (every 3 months in the first year, 

every 6 months during the second year, and annually thereafter), especially due to 

cases of patients who would miss visits, may also be considered a limitation in this 

study, even so unscheduled visits were allowed in the presence of symptoms. 

Nevertheless, to the best of our knowledge, this is the longest follow-up (an average of 

16 years) of treatment outcomes of full-fluence PDT in cCSC to date. 

In conclusion, our results support the long-term effectiveness and safety of standard 

PDT with verteporfin, as a treatment for cCSC. These results are extremely relevant in 

the comprehension of the role of PDT in chronic CSC, considering this is a disease 

without any standard therapeutic protocols established. Furthermore, randomized, 

prospective multicenter studies with large samples on the long-term effects of PDT are 

necessary to determine the guidelines of this treatment, in order to prevent recurrences 

and ocular or systemic adverse effects. 
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