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Abstract
Background To compare the outcomes of half-dose verteporfin photodynamic therapy (vPDT) for central serous chorior-
etinopathy (CSCR) with or without subfoveal fibrin.
Methods One hundred seventy-three cases of CSCR treated with half-dose vPDT between September 2008 and February
2018 were retrospectively reviewed and classified into two groups: CSCR with subfoveal fibrin (fibrin group) and without
subfoveal fibrin (no-fibrin group). The changes in best-corrected visual acuity (BCVA) from baseline and in central macular
thickness (CMT) were recorded at 1, 3, and 6 months after the treatment.
Results Forty-eight eyes were included in the fibrin group and 125 eyes in the no fibrin group. There were no statistical
differences in the baseline characteristics including age, gender, duration of symptoms, and CMT between the groups. The
baseline mean BCVA of the fibrin group was significantly worse than that of the no fibrin group (0.47 ± 0.32 versus 0.32 ±
0.31 in logMAR; p= 0.003). There was no statistically significant difference between the two groups in the improvement of
BCVA at each follow-up point (1 month: p= 0.069; 3 months: p= 0.111; 6 months: p= 0.172, respectively) and in the
reduction of CMT (1 month: p= 0.367; 3 months: p= 0.767; 6 months: p= 0.496, respectively). In the fibrin group, the
rates of complete resolution of the subretinal fibrin at 1, 3, and 6 months after vPDT were 72.9%, 95.8%, 95.8%,
respectively. The SRF resolution rate at 1, 3, and 6 months was 72.9%, 89.6% and 91.7% respectively in the fibrin group and
was 62.4%, 83.2% and 84.0% in the no fibrin group. There was no significant difference of SRF resolution rate between the
two groups at 1 month (p= 0.216), 3 months (p= 0.350), and 6 months (p= 0.228). No ocular adverse event was
encountered in both groups.
Conclusion Half-dose vPDT was effective and safe for CSCR patients with subfoveal fibrin.

Introduction

Central serous chorioretinopathy (CSCR) is characterized
by serous detachment of the neurosensory retina with or
without detachment of retinal pigment epithelium (RPE). It
is more frequent among healthy young men with type A
personalities [1]. Usually the subretinal fluid (SRF) is

transparent, allowing clear visualization of the underlying
RPE and choroidal details, but sometimes it may become
cloudy and greyish. This greyish-white subretinal exudate
has been demonstrated to be located closely to the leakage
point on fundus fluorescein angiography (FFA) [2, 3].
Optical coherence tomography (OCT) scan through the
greyish-white subretinal exudate present with high reflec-
tance material between the detached neurosensory retina
and underlying RPE. A RPE detachment (PED) can often
be found adjacent to the exudate [4, 5]. Histopathologic
studies have demonstrated that the greyish-white exudate
seen ophthalmoscopically is actually fibrin [6]. Fibrin is
believed to leak into the subretinal space through RPE
micro-rip [2] and has been documented in up to 61% of
cases in Asian population [4, 7, 8].

Although it has been reported that half-dose verteporfin
photodynamic therapy (PDT) is an effective and safe
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treatment option for both acute and chronic CSCR [9–11], to
the best of our knowledge, there are currently limited clinical
data on the application of this therapy for patients with
fibrinous exudation, especially for patients with subfoveal
fibrin. Yannuzzi suggested that more attention should be paid
when treating leaks near the fovea when there is accompanied
by fibrin because fibrin is capable of forming bioconjugates
with verteporfin and may potentially stimulate subretinal
fibrosis and fibrotic scar formation, leading to permanent
visual loss [12]. The safety of half-dose verteporfin PDT
(vPDT) in which the light is delivered to the subfoveal fibrin
site in CSCR remains insufficiently evidenced. The purpose
of this study is to compare the outcomes of half-dose vPDT
for CSCR with or without subfoveal fibrin.

Methods

A consecutive series of patients diagnosed with CSCR and
treated with half-dose vPDT (by the same doctor ZMW) in
ophthalmology department of Peking University People’s
Hospital from September 2008 to February 2018 were ret-
rospectively reviewed. This study followed the guidelines
of the Declaration of Helsinki and was approved by the
Investigational Review Board of the Peking University
People’s Hospital.

The patients were enrolled in the study when the fol-
lowing baseline criteria were fulfilled: (1) the presence of
SRF involving the foveal center on OCT; (2) age between
18 and 55 years; (3) the presence of dilated choroidal ves-
sels and choroidal hyperpermeability in the macula on
indocyanine green angiography (ICGA); (4) more than
6 months follow-up with available best-corrected visual
acuity (BCVA) and OCT images at 1, 3, and 6 months after
vPDT. The exclusion criteria were as follows: (1) previous
PDT or laser photocoagulation or anti-vascular endothelial
growth factor injections to treat CSCR; (2) choroidal neo-
vascularization, drusen, polypoidal choroidal vasculopathy
or other maculopathy; (3) any retinal vascular disease or
choroidal disease; (4) previous use of steroid systemically
or topically at baseline.

All eyes underwent half-dose PDT with verteporfin
(Visudyne, Novartis AG, Bulach, Switzerland) within
2 days after diagnosis of CSCR. Three mg/m2 of verteporfin
was infused for 10 min, followed by delivery of laser energy
at 689 nm at 15 min from the start of infusion. A total light
energy of 50 J/cm2 was delivered for 83 s covering the
hyperfluorescent area observed in the mid-phase of ICGA.
Areas of choroidal hyperpermeability were measured and
treated separately. After treatment, the patients were
instructed to avoid strong light for 48 h.

Baseline characteristics including age, gender, duration
of symptoms, BCVA, and central macular thickness (CMT)

were collected. BCVA and CMT at 1, 3, and 6 months after
vPDT were recorded. OCT images at baseline and each
follow-up visit were reviewed by two retinal specialists
(MZ and JQ). All eyes were divided into two groups based
on whether subfoveal fibrin was present or absent on
baseline OCT images. Eyes with subfoveal fibrin were
defined as those with high reflectance material between the
detached neurosensory retina and underlying RPE in the 1
mm central subfield. BCVA was changed to logarithm of
the minimal angle of resolution (LogMAR) score from
Snellen acuity. The CMT were defined as the distance
between the inner surface of the choroid and the inner
limiting membrane at the fovea centre. Ocular and nono-
cular adverse events were also collected from medical
record and analysed.

Statistical analyses were performed on the full analysis
set and all missing values of efficacy analysis were inputted
using the last-observation-carried-forward method. Com-
parisons of baseline demographics and clinical data were
made between the two groups using the two-tailed t-test and
Wilcoxon signed-rank test for continuous variables and
using the Pearson Chi-square test/Fisher’s exact test for
binary variables. Pearson Chi-square test was applied to
compare the SRF resolution rate at each follow-up visit
between the two groups. All statistical analyses were per-
formed using the Statistical Packages for the Social Sci-
ences (SPSS, version 24, Chicago, IL, USA). P values less
than 0.05 were considered statistically significant.

Results

One hundred seventy-three eyes of 153 patients were
enrolled in this study, 48 eyes were divided into the fibrin
group (Fig. 1a) and 125 eyes were recruited into the no
fibrin group (Fig. 1b).

The baseline characteristics of the patients are listed in
Table 1. The mean age of the patients was 44.6 ± 8.5. One
hundred and twenty-eight patients were male and 45 were
female. The mean logMAR BCVA before PDT was 0.36 ±
0.32 (Snellen equivalent 20/46). The mean CMT before
PDT was 347.8 ± 165.3 μm. No statistical differences were
identified between the two groups on age, gender, mean
duration of symptoms, and CMT. The mean BCVA of the
fibrin group was significantly worse than that of the no
fibrin group (p= 0.003) (Table 1). In the fibrin group, nine
eyes (18.8%) showed a “string-like” pattern bridging the
posterior surface of the sensory retina and the RPE above
the leakage site, which seemed to arise from the swelling of
the outer nuclear layer (ONL) and thickening of photo-
receptor of outer segment (POS) (Fig. 2a). Ten eyes
(20.8%) showed hyperreflective fibrin surrounding a
hyporeflective lucency on OCT (Fig. 2b). RPE
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abnormalities were demonstrated in 42 of 48 eyes (87.5%)
in the fibrin group and 105 of 125 eyes (84.0%) in the no
fibrin group (p= 0.642).

The average follow-up period after vPDT was 21.9 ±
22.9 months (6–110 months). Serial changes of BCVA and

CMT at each follow-up visit in the two groups are presented
in Fig. 3a and Fig. 3b, respectively. Both groups showed
significant improvements in BCVA (p < 0.01) and CMT (p
< 0.01) compared with the baseline up until the last follow-
up visit (p < 0.01). There was no statistically significant

Fig. 1 Examples of the fibrin group and the no fibrin group in this
study. a OCT raster scans of a 34-year-old male patient with BCVA of
0.3 logMAR; the subfoveal fibrin present as high reflectance material
between the detached neurosensory retina and underlying RPE b OCT

raster scans of a 47-year-old female patient with BCVA of 0.1 log-
MAR; there was no high reflectance material between the detached
neurosensory retina and underlying RPE.

Table 1 Baseline characteristics
of the CSCR patients in two
groups.

Variable Fibrin group No fibrin group p

Cases (eyes) 173 48 125

Sex (male:female) 128:45 38:10 90:35 0.439

Age (years) 44.6 ± 8.5 44.3 ± 9.0 44.7 ± 8.3 0.576

Symptom duration (months) 14.1 ± 24.7 13.7 ± 22.0 14.2 ± 25.8 0.303

LogMAR BCVA 0.36 ± 0.32 0.47 ± 0.32 0.32 ± 0.31 0.003

(Snellen equivalent) (20/46) (20/59) (20/42)

CMT (μm) 347.8 ± 165.3 331.9 ± 176.5 354.0 ± 161.0 0.122

Values are presented as the mean ± SD unless otherwise indicated.

BCVA best corrected visual acuity, LogMAR logarithm of the minimal angle of resolution, CMT central
macular thickness.

The bold value means the difference between two groups was statistically significant.
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difference between the two groups for the improvements of
BCVA at each follow-up visit (1 month: p= 0.069;
3 months: p= 0.111; 6 months: p= 0.172; Fig. 3a) and
reduction of CMT (1 month: p= 0.367; 3 months: p=
0.767; 6 months: p= 0.496; Fig. 3b).

In the fibrin group, the rates of complete resolution of the
subretinal fibrin at 1, 3, and 6 months after vPDT were
72.9%, 95.8%, 95.8%, respectively. The SRF was com-
pletely absorbed in 72.9%, 89.6% and 91.7% of eyes at 1, 3,
and 6 months, respectively. A representative case is shown
in Fig. 4. The fibrin always resolved prior to the decrease in
SRF. SRF was not completely resolved in 13, 5, and 4
patients at 1, 3, and 6 months, respectively. At 1 month,
only 5 patients were left with subtle fibrin exudate. At
3 months and 6 months, only 2 patients were left with subtle
fibrin exudate. In the no fibrin group, the SRF was com-
pletely absorbed in 62.4% of eyes at 1 month, 83.2% at
3 months and 84.0% at 6 months. There was no significant
difference of complete SRF resolution rate at 1 month (p=
0.216), 3 months, (p= 0.350) and 6 months (p= 0.228).

In the fibrin group, four eyes (8.3%) suffered recurrence
and three of them underwent a second half-dose vPDT. All
of them showed completed resolution of SRF after the
second PDT within 1 month. A representative case is shown
in Fig. 4. In the no fibrin group, 11 eyes (8.8%) had
recurrence and 4 of them underwent a second half-dose
vPDT. Two of them showed completed resolution after the
second PDT within 1 month, but the other two had persis-
tent SRF during the whole follow-up period. There was no

significant difference in the recurrence rate within 6 months
between the two groups (p= 1.000). No ocular adverse
event was encountered in both groups.

Discussion

CSCR accompanied by subretinal fibrin was firstly reported
by Gass [13]. Histopathological analysis showed that the
greyish-white exudate seen ophthalmoscopically is fibrin
[6, 14]. Subfoveal fibrin accumulation in CSCR is a visually
impairing manifestation and it may increase the risk of
formation of fibrotic scars, vascularization of the fibrosis,
and the formation of an RPE rip without proper treatment
[15, 16].

With the advent of OCT technology, Shinojima et al.
demonstrated that the fibrin were observed both within the
subretinal space and beneath the RPE in 6 of 21 CSCR
patients using spectral domain-OCT (SD-OCT) and con-
focal scanning laser ophthalmoscopy [17]. Ten eyes with

Fig. 2 “String-like” pattern and hyporeflective lucency sur-
rounded by fibrin in the fibrin group. a “String-like” pattern bridging
the posterior surface of the sensory retina and RPE (arrow). A-line scan
from a 40-year-old male patient with BCVA in logMAR of 0.2; dipping
of the posterior layer of the neurosensory retina were noted. b The RPE
and hyperreflective fibrin surrounding a hyporeflective lucency in central
serous chorioretinopathy (arrow head). A-line scan from a 34-year-old
male patient with BCVA in logMAR of 0.3; a central hyporeflective
lucency of the subretinal fibrin were found.

Fig. 3 Serial changes of BCVA and CMT from baseline at each
follow-up visit in the two groups. a Serial changes of BCVA from
baseline at each follow-up visit in the two groups. There was no
significant difference between the two groups for improvement in
BCVA at each follow-up visit (1 month: p= 0.069; 3 months: p=
0.111; 6 months: p= 0.172, respectively). b Serial changes of CMT
from baseline at each follow-up visit in the two groups. There was no
significant difference between the two groups for reduction of CMT at
each follow-up visit (1 month: p= 0.367; 3 months: p= 0.767;
6 months: p= 0.496, respectively).
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CSCR were analysed with OCT and FFA by Hussain et al.
and found six eyes (60%) showed subretinal fibrin over
the leakage site and all these eyes had ink-blot leak [18].
These studies provide the evidence that the fibrinogen, the
monomeric precursor of fibrin, may be emanated from the
choriocapillaris and form fibrin beneath the RPE and gain
access into the subretinal space through tiny RPE defects.
In our study, RPE defects were found in 42 eyes (87.5%)
in the fibrin group. Kim et al. and Fujimoto et al. found

that miniscule RPE defects within a PED corresponding to
the exact location of a leakage site on FA [4, 8]. This
probably meant the presence of fibrin is an important sign
of disease activity as the fibrin is corresponding to the
leakage site and RPE abnormalities, which partially gave
evidence to Yu’s hypothesis that CSCR with subretinal
fibrin may be an early indicator of CSCR. In our study,
hyporeflective lucency within subfoveal hyperreflective
fibrin was observed in ten eyes (20.8%) on OCT. Saito
et al. firstly reported the similar finding of a central
lucency surrounded by hyperreflective contents using time
domain-OCT (TD-OCT). They hypothesized that the
exudative fluid from the choroid spring out into the sub-
retinal space from the micro-defect of the RPE [2]. Yan-
nuzzi et al. suggested that a central hyporeflective lucency
within surrounding fibrin may be a sign of active leak by
using en face OCT [5].

In this study, nine eyes (18.8%) showed a “string-like”
pattern bridging the posterior surface of the sensory retina
and the RPE above the leakage site. In all of these eyes, the
ONL and the POS were thickened. The similar results were
reported by previous studies [4, 8, 19, 20]. But as for the
mechanism of this pattern, different authors hold different
opinions. Yu et al. believes that the subretinal fibrin may act
as a “glue” between the RPE and the neurosensory retina
and then retinal sagging develops [19]. In the other hand,
Besada et al. hypothesized that this sign may arise from the
hydrostatic pressure of the exudative fluid that springing out
from the choriocapillaris indenting and folding the outer
retinal layer [21]. The swollen POS was not the consequent
of the subretinal fibrin but a factor facilitating this pattern.
In our study, the visual acuity of the fibrin group was sig-
nificantly worse than that of the no fibrin group at baseline.
We suggest that the structural defects in the outer retinal
layer associated with the fibrinous exudate may explain why
the visual acuity was worse when fibrin was accumulated at
the subfoveal space.

The treatment for subfoveal fibrin has not been well
studied. The spontaneous resolution of the subretinal fibrin
in the CSCR cases has been previously reported [16, 18]. Ie
et al. evaluated 11 CSCR patients accompanied by sub-
retinal exudative fibrin. The exudate gradually dissolved
without any treatment [18]. Rezai et al. reported a
pregnancy-induced CSCR patients accompanied by sub-
foveal fibrin. Two weeks after delivery without treatment,
OCT showed resolution of SRF and the disappearance of
subfoveal fibrin [16]. However, Schatz et al. reviewed ten
CSCR eyes with subretinal fibrin. All eyes were followed
up without any intervention. Subretinal fibrin led to sub-
retinal fibrosis in seven of the ten eyes. After the formation
of fibrotic scars, vascularization of the fibrosis, and the
formation of an RPE rip, the visual acuity of the eyes
decreased to different extent. The authors suggested that the

Fig. 4 A representative case of central serous chorioretinopathy
with subfoveal fibrin resolution after half-dose vPDT. A 48-year-
old woman with blurred vision for 3 months in the left eye. Her BCVA
was 0.8 logMAR (20/126) at baseline. a A color fundus photograph
and OCT showed subfoveal fibrin located between the detached
neurosensory retina and irregular RPE. b. FA and ICGA images
demonstrated choroidal hyperpermeability and dilated choroidal ves-
sels. PDT was delivered for covering the hyperfluorescent area
observed in the mid-phase of ICGA (yellow circle). c–e One month,
3 months, and 6 months after half-dose vPDT. Both the subretinal fluid
and fibrin resolved at 1 month visit. Her visual acuity improved to 0.3
logMAR (20/40). Ellipsoid zone band irregularity was shown at
1 month visit but restored at 3 and 6 months’ visit.
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RPE cells beneath the subretinal fibrin tended to lose their
normal, epithelial, morphologic features and “pump” func-
tions, which can lead to severe visual loss [15].

In the past, thermal laser photocoagulation has been
used for CSCR with subretinal fibrin [2, 15, 18]. Saito
et al. [2] reported that after using laser photocoagulation
at the leakage point in nine CSCR eyes with subretinal
fibrin, SRF and fibrin were absorbed in all eyes during the
follow-up period. Schatz et al. [15] reported three eyes
with subretinal fibrin treated with laser photocoagulation
exhibited fibrotic scarring. It is noteworthy that the loca-
tions of the fibrin in their studies were outside the central
subfield. Symeonidis et al. reported a case of CSCR
complicated by subretinal fibrin accumulation [22]. After
intravitreal injections of ranibizumab, the subretinal fibrin
was dissolved and the SRF was completely absorbed.
However, no further experimental studies investigating
the potential anti-vascular endothelial growth factor effect
on subretinal fibrin. Although vPDT is considered to be an
effective and safe therapy for CSCR [10], the use of half-
dose vPDT for CSCR with subfoveal fibrin has not been
well studied. Yannuzzi proposed that theoretically,
exaggerated PDT responses in the macula may be related
to an excessive amount of fibrin in the subretinal space at
the treatment site [12]. It is still controversial to use half-
dose vPDT to treat CSCR with subfoveal fibrin. In our
study, all eyes underwent half-dose vPDT and the results
showed that there was no statistically significant differ-
ence in the improvement of BCVA at 1, 3, and 6 months
after vPDT between the group with or without subfoveal
fibrin. And there was no significant difference of complete
SRF resolution rate between the two groups at 1, 3, and
6 months after vPDT. These demonstrate that half-dose
vPDT is effective and safe for the CSCR with subfoveal
fibrin, as well as those without subfoveal fibrin. Fujimoto
et al. found fibrin will remain in the subretinal space for a
while after the neurosensory retina reattached [8]. In
contrast, in our study, the fibrin always resolved prior to
the decrease in SRF. The rapid response to PDT may
suggest that this method may be an effective treatment
option in the management of the CSCR complicated by
subretinal fibrin accumulation.

Our study had certain limitations. First, we did not
quantify the amount of fibrin. Furthermore, this study had a
short follow-up period, which is an innate limitation of
retrospective studies. A prospective randomized control
study with long-term follow-up is needed to further inves-
tigate the advantages of half-dose vPDT for CSCR with
subfoveal fibrin.

In conclusion, this study has demonstrated that half-dose
vPDT is an effective and safe treatment for CSCR patients
with subfoveal fibrin.

Summary

What was known before

● Although it has been reported that half-dose verteporfin
photodynamic therapy (PDT) is an effective and safe
treatment option for both acute and chronic CSCR.
Yannuzzi suggested that more attention should be paid
when treating leaks near the fovea when there is
accompanied by fibrin because fibrin is capable of
forming bioconjugates with verteporfin and may poten-
tially stimulate subretinal fibrosis and fibrotic scar
formation, leading to permanent visual loss.

What this study adds

● Half-dose vPDT was effective and safe for CSCR
patients with subfoveal fibrin.
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