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with outcomes of photodynamic therapy in central serous
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OBJECTIVES: To investigate the threshold thickness of the foveal outer nuclear layer (ONL) associated with favourable visual
outcome after half-dose photodynamic therapy (PDT) in patients with central serous chorioretinopathy (CSC).
METHODS: The CSC patients were divided into two groups according to whether their best-corrected visual acuity (BCVA) at 1 year
after half-dose PDT was 20/20 or worse than 20/20. Three multivariable logistic regression models were respectively created to
determine the prognostic value of the pre-PDT foveal ONL thickness, the pre- and the post-PDT foveal ONL thickness ratio, which
was defined as the foveal ONL thickness in the CSC eye to that in the normal contralateral eye, for predicting the outcome of half-
dose PDT. The areas under the receiver operating characteristic curves (AUCs) were compared and the best cut-off values were
determined, respectively.
RESULTS: Totally, 134 patients were included. The pre-PDT foveal ONL thickness, the pre-PDT and the post-PDT foveal ONL
thickness ratios were all independent predictors of the outcome after half-dose PDT in their respective model (all P < 0.05). The AUC
of the post-PDT foveal ONL thickness ratio was significantly higher than the AUCs of the other two parameters (0.940 vs 0.840 and
0.882, DeLong test: both P < 0.05), with the cut-off value of 0.81.
CONCLUSIONS: The threshold of the foveal ONL thickness ratio is 0.81. Active CSC eyes with a foveal ONL thickness ratio of 0.81 or
more could probably retain BCVA of 20/20 after half-dose PDT. They were considered reasonable to wait for spontaneous resolution
of sub-retinal fluid.
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INTRODUCTION
Central serous chorioretinopathy (CSC) is a common macular
disease and often presents as well-circumscribed serous retinal
detachment in the macular region on clinical examination and
with one or several points of leakage at the level of the retinal
pigment epithelium (RPE) detectable with fluorescein angiography
(FA) [1]. The natural course of acute CSC is usually considered a
self-limiting process, with a promising visual prognosis. However,
chronic CSC may result in a loss of vision, attributable to the
cumulative death of photoreceptor cells as retinal detachment
persists [2–7]. Photodynamic therapy (PDT) has been shown to be
effective in promoting the resolution of the subretinal fluid [8–14],
however, the visual outcome is worse in CSC eyes with thinner
baseline foveal outer nuclear layer (ONL) [14, 15].
On the other hand, Matsumoto and Hata reported that some

CSC eyes with relatively thin foveal ONL could still maintain
favourable visual acuity [5, 16]. And, Hata further speculated that
there may be a “threshold” of ONL thickness to retain some level
of visual acuity [5].
To investigate the threshold of reduction in foveal ONL

thickness associated with favourable visual outcome after PDT,

the medical records of patients with CSC were reviewed in
this study.

MATERIALS AND METHODS
This retrospective study was approved by the Ethics Committee of the Eye
& Ear, Nose, Throat Hospital of Fudan University Shanghai China (2020052).
The study adhered to the tenets of the Declaration of Helsinki. The medical
records of CSC patients who received half-dose PDT in the clinic of our
hospital between January 2012 and October 2019 were reviewed.

Patients
The clinical diagnosis of CSC was based on symptoms, reduced visual
acuity with or without metamorphopsia or micropsia; the presence of
serous retinal detachment on both fundus and optical coherence
tomography (OCT) examinations; the presence of active angiographic
leakage in FA (TRC-50IX; Topcon Corp., Tokyo, Japan); and/or abnormally
dilated choroidal vasculature and other features in indocyanine green
angiography (ICGA; Spectralis HRA+OCT; Heidelberg Engineering, Heidel-
berg, Germany) consistent with the diagnosis of CSC [17].
The patients included were those with clear and detailed medical

records: one affected eye in the first episode of CSC and a normal
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contralateral eye (best-corrected visual acuity (BCVA) ≥ 20/20); no clinical
signs or history of any other intraocular disease in either eye; no history of
CSC or active CSC in the contralateral eye; no history of refractive surgery
in either eye; no anisometropia (≤1 dioptre difference between bilateral
eyes); accurately known symptom duration; subretinal fluid resolution
within 2 months of half-dose PDT; no recurrence within 12 months of half-
dose PDT.
The data were collected for both eyes, including BCVA, physical

examination information, OCT examination and refraction data, which
were converted to spherical equivalents (SEs), calculated as the spherical
dioptric power plus one-half of the cylindrical dioptric power. The
symptom duration and half-dose PDT spot diameter in each CSC eye
were also collected.

Half-dose PDT protocol
The PDT protocol for CSC was performed using half the normal dose of
verteporfin (Visudyne; Novartis AG, Bülach, Switzerland), that is, 3 mg/m2

verteporfin, with a rationale that using a lower dose has less severe
collateral damaging effects to the retina and choroid. Verteporfin was
infused over 8 min, followed by delivery of laser at 689 nm at 10min from
the commencement of infusion to target the area of choroidal dilation and
hyperpermeability [8, 9] (Fig. 1A). The total light energy of 50 J/cm2 over
83 s was delivered to the angiographic leakage sites shown in FA or the
area of choroidal hyperperfusion as observed in ICGA [8–10].

Optical coherence tomography protocol
All OCT images were obtained with a line scan protocol (line scans of
30°, composed of 100 averaged images; Heidelberg Spectralis OCT,
Heidelberg Engineering, Heidelberg, Germany). For each patient’s scan,
this protocol was applied both horizontally and vertically and centred
on the fovea in both eyes. The OCT images that passed through
the central fovea were selected for the measurement of the ONL
thickness. OCT images were taken within 1 week before half-dose PDT,
2 months (±2 weeks) and 12 months (±2 weeks) after half-dose PDT
were analysed [15].

Optical coherence tomography image analysis
The foveal ONL thickness was the average of the distance between the
internal limiting membrane and the external limiting membrane at the
centre of fovea measured from the horizontal and vertical images across
the centre of fovea respectively [5, 14, 16, 18]. (Fig. 1B, C) The ratio of foveal
ONL thickness was defined as the foveal ONL thickness in the CSC eye to
that in the contralateral eye. The measurements were made manually
using the supplied software (in 1:1 μm mode; HRA/Spectralis Viewing
Module 6.0.9.0, Heidelberg Engineering).
For foveal ONL thickness measurements, both intra-observer repeat-

ability and inter-observer reproducibility were evaluated on 25 normal
eyes and 25 CSC eyes. YJ measured the same scan from each eye twice at
an interval of 1 week to calculate the intra-observer repeatability. Inter-
observer reproducibility was evaluated between YJ and JC, who measured

the same scan independently. All the measurements of foveal ONL
thickness were then made by YJ Intraclass correlation coefficients (ICCs)
were used to assess the repeatability and reproducibility of the
measurements [19].
The patients were divided into two groups according to their BCVA at 1

year after half-dose PDT as 20/20 (Group 1) or worse than 20/20 (Group 2).

Statistics analysis
Statistical analyses were performed using SPSS for Windows (version 21.0;
SPSS; Chicago, IL, USA) and MedCalc Statistical Software (version 16.8.4;
MedCalc; Ostend, Belgium). The calculated values are presented as either
frequency (proportions), means ± standard deviations, or medians. The
Kolmogorov–Smirnov test was used to confirm the normality of the data.
Three multivariable logistic regression models were respectively created to
determine the prognostic value of the foveal ONL thickness before PDT
(Model 1), the foveal ONL thickness ratio before PDT (Model 2) and the
foveal ONL thickness ratio after PDT (Model 3) for predicting the visual
outcome at 1 year after half-dose PDT. The outcome of half-dose PDT was
treated as a dichotomous variable (0= Group 1 with BCVA of 20/20, 1=
Group 2 with BCVA lower than 20/20). Factors such as sex, age, symptom
duration, BCVA before half-dose PDT, SEs of the CSC eye 1 year after half-
dose PDT and half-dose PDT spot diameter were included in these
multivariable models to adjust for potential confounding. The discrimina-
tive ability of each parameter was assessed with receiver operating
characteristic (ROC) curves. For each parameter tested, the area under the
ROC curve (AUC) was calculated and the best cut-off value that yielded the
highest accuracy was determined, along with its sensitivity and specificity.
The DeLong test was used to compare the AUCs [20]. A P value <0.05 was
considered statistically significant.

RESULTS
In total, 134 patients were enroled in the study. The demographic
data for the patients were listed in Table 1. There were 96 (71.6%)
patients in Group1, each of whom had a BCVA of 20/20 at 1 year
after half-dose PDT. There were 38 (28.4%) patients in Group2,
with a median BCVA of 20/26 (logMAR, 0.125; range, 0.1–2.0). The
measurements of the foveal ONL thickness by Y.J. showed good
intra-observer repeatability, with an ICC value of 0.980 for normal
eyes and 0.990 for CSC eyes. The inter-observer reproducibility
between Y.J. and J.C. was also satisfactory, with an ICC value of
0.986 for normal eyes and 0.992 for CSC eyes.
Table 2 showed that the foveal ONL thickness before PDT, the

foveal ONL thickness ratio before PDT and the foveal ONL
thickness ratio after PDT were all independent predictors of the
visual outcome after half-dose PDT in their respective model, even
after adjustment for baseline clinical characteristics, such as sex,
age, symptom duration, BCVA before half-dose PDT, SEs of the
CSC eye 1 year after half-dose PDT, and half-dose PDT spot

Fig. 1 Illustrations of how indocyanine green angiography (ICGA) was used to determine the half-dose photodynamic therapy (PDT) spot
size and how the foveal outer nuclear layer (ONL) thickness was measured in optical coherence tomography (OCT) scans of eyes with
active central serous chorioretinopathy (CSC). A ICGA showed dilated choroidal vasculature and hyperperfusion. The yellow circle
represented the laser spot size of 2319 μm, used for half-dose PDT. B, C Foveal ONL thickness was defined as the distance between the internal
limiting membrane and the external limiting membrane at the centre of the fovea. B Horizontal line scan of an eye with severe foveal ONL
thinning (30 μm). C Horizontal line scan of an eye with minimal foveal ONL thinning (84 μm). All measurements were made manually using the
supplied software, in 1:1 μm mode.
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diameter (Table 2; all P < 0.05). The eyes with greater values of
these foveal ONL thickness parameters were less likely to have
unfavourable visual outcomes after PDT (Fig. 2 and Table 2; each
adjusted odd ratio <1: 0.917, 0.000, and 0.000, respectively).
The AUC values of Models 1 and 2 were statistically comparable

(Table 2; AUC: 0.840 vs 0.882, P= 0.193). And the AUC of Model 3
was significantly greater than the AUCs of the other two models
(Table 2; AUC: 0.940 vs 0.840, 0.882; both P < 0.05). In Model 3, the
cut-off value of 0.814 presented a sensitivity of 90.6% and a
specificity of 86.8%. (Table 2, Fig. 3)

DISCUSSION
This study showed that the foveal ONL thickness before PDT, the
foveal ONL thickness ratio before and that after half-dose PDT
were all independent predictors of the visual outcome of half-
dose PDT. The foveal ONL thickness ratio after PDT could best
predict the visual outcome of PDT, with a cut-off value of 0.81.
Consistent with the previous study, this study showed that

foveal ONL thickness before PDT was independently associated
with the visual outcome after PDT [14] (Table 2; Model 1). The
foveal ONL contains cone cell bodies. The reduction in foveal ONL
thickness indicated cone cells loss, which resulted in a visual
acuity decrease [5, 16].
Although the difference between the AUCs of Model 1 and

Model 2 did not reach statistical significance, the AUC of Model 2
was greater than the AUC of Model 1(Table 2 and Fig. 3), which
suggested that the ratio of foveal ONL thickness before PDT might
be better than the value of foveal ONL thickness before PDT in
predicting the visual outcome. In our previous study, we
demonstrated that the foveal ONL thickness varied widely in a
normal Chinese population (Also shown in Fig. 2C, F), but that
there was little difference between the bilateral eyes (OD: 103.19
± 14.25 μm) [range 70–151]; OS: 103.90 ± 14.63 μm [range 69–155];
OD-OS: −0.71 ± 4.36 μm [range −13 to +12] [21]. In this study,
since only one eye was affected with CSC in each patient, the
normal contralateral eye could be used as the control. We
hypothesised that the ratio of the foveal ONL thickness in the CSC
eye to that in the normal contralateral eye was better than the
value of foveal ONL thickness in the CSC eye to indicate the extent

of reduction in foveal ONL thickness due to CSC. For example, the
eye in Fig. 2A, and the eye in Fig. 2D, both had similar baseline
foveal ONL thicknesses (61 μm and 60 μm, respectively), whereas
their ratios of foveal ONL thickness before PDT differed (0.70 and
0.55, respectively). This partly explained their significantly different
visual outcomes after PDT (Fig. 2). Compared with the absolute
value, the ratio removed the contribution of inter-individual
variation. Therefore, the ratio of the foveal ONL thickness before
PDT might be better than the thickness value for predicting the
outcome of PDT.
Moreover, this study showed that the AUC in Model 3 was

significantly greater than those in either Model 2 or Model 1
(Table 2). This suggested that the foveal ONL thickness ratio after
PDT can best predict the visual outcome. The ONL thinning was
considered due to the photoreceptor cells loss [5, 16]. However,
our previous study showed that, besides photoreceptor cells loss,
retinal stretch also contributed to the foveal ONL thinning in the
active CSC eyes [22]. And retinal stretch recovered when the
subretinal fluid resolved, leading to foveal ONL thickness increase
in some degree, ranging 9.15 ± 8.16 μm [22] (also shown in Fig. 2A,
B, 22 μm; D, E, 2 μm). Therefore, the ratio before PDT may more or
less lead to the overestimation of the loss of photoreceptors.
Because there is no quantitative formula with which to calculate
the contribution of retinal stretch to foveal ONL thinning, it
remained impossible to determine the precise extent of reduction
in photoreceptors in the active phase of CSC. Therefore, only the
ratio of the foveal ONL thickness after PDT can precisely indicate
the actual extent of photoreceptors loss, because it removed the
influence of both retinal stretch and inter-individual variation.
Since the value of foveal ONL thickness before PDT in Model 1

and the ratio of foveal ONL thickness before PDT in Model 2 was
influenced by inter-individual variation and/or retinal stretch,
neither of these parameters could precisely indicate the actual
extent of reduction in photoreceptors. Therefore, the cut-off
points in these models (75.5 μm in Model 1 and 0.75 in Model 2)
may not be reliable enough.
However, the foveal ONL thickness ratio after PDT in Model 3

was not influenced by either inter-individual variation or the
retinal stretch, and thus, the threshold determined for this
parameter was accurate and stable. The cut-off value was 0.81,

Table 1. The demographic data for the patients.

Mean SD Median Min Max Pa

Age (y) 44.93 8.53 44.00 28 67 0.274

Male, n (%) 99 (73.9%) NA NA NA NA NA

Symptom duration before half-dose PDT (days) 172.86 354.18 76.00 25 3692 <0.001

BCVA before half-dose PDT (logMAR) 0.32 0.33 0.20 0.00 2.00 <0.001

BCVA 1 y after half-dose PDT (logMAR) 0.12 0.36 0.00 0.00 2.00 <0.001

SEs of the CSC eye 1 y after half-dose PDT (D) −0.32 1.16 0.00 −3.88 2.25 <0.001

SEs of the normal contralateral eye (D) −0.20 1.24 0.25 −3.88 2.25 <0.001

The difference in SEs between bilateral eyes (D) −0.12 0.37 −0.13 −0.88 0.88 0.006

Half-dose PDT spot diameter (μm) 3105.01 832.69 2983.50 1457 5881 0.381

Foveal ONL thickness of the normal contralateral eye (μm) 104.85 12.46 104.00 78 141 0.689

Foveal ONL thickness of the CSC eye before PDT (μm) 77.25 16.73 79.50 30 108 0.325

Foveal ONL thickness of the CSC eye after PDT (μm) 86.83 21.21 91.00 29 127 0.050

Foveal ONL thickness ratio before PDT 0.74 0.15 0.75 0.30 1.03 0.032

Foveal ONL thickness ratio after PDT 0.83 0.18 0.90 0.28 1.08 0.001

The difference in SEs between bilateral eyes was defined as a difference in SEs between the CSC eye and the normal contralateral eye of the same patient.
BCVA best corrected visual acuity, CSC central serous chorioretinopathy, D dioptres, N/A not applicable, logMAR logarithm of the minimum angle of resolution,
ONL outer nuclear layer, PDT photodynamic therapy, SD standard deviation, SEs spherical equivalents, y years.
aThe Kolmogorov–Smirnov test was used to confirm the normality of the data. P ≥ 0.05 indicates that the data are normally distributed, and the mean value is
shown in bold. P < 0.05 indicates that the data are not normally distributed, and the median value is shown in bold.
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which suggested that eyes with residual photoreceptors of more
than 81% can retain visual acuity of 20/20 after PDT. Based on the
retinal stretch hypothesis, if the foveal ONL thickness ratio before
PDT was 0.81, the ratio would increase to some extent to more
than 0.81 after PDT, due to retinal stretch recovery. That is, eyes,
with a foveal ONL thickness ratio before PDT of 0.81, do actually
hold more than 81% residual photoreceptors, and thus these eyes
can recover to visual acuity of 20/20 after PDT. Therefore, we could
conservatively conclude that it is reasonable to wait for
spontaneous resolution of sub-retinal fluid in eyes with foveal
ONL thickness ratio before PDT of >0.81.
Although acute CSC is typically a self-limiting process with few

recognised visual sequelae, recurrent CSC and chronic CSC may
develop RPE atrophy and neurosensory retinal changes that result in
permanent loss of visual function [2–4]. Recently, Mrejen has
reported that 12.8% of their 133 chronic CSC study patients
progressed to bilateral legal blindness [23]. Half-dose PDT has
become a major treatment for CSC [4, 8–13]. At present, the timing
of half-dose PDT depends mainly on the duration of symptoms [8–
13]. However, symptom duration is subjective and sometimes
arbitrary. In contrast, the foveal ONL thickness is objective. Moreover,
patients with similar symptom duration can differ in their outcomes
after PDT, whereas, those with different symptom duration but a
similar extent of reduction in foveal ONL thickness had similar
outcomes after PDT [15]. Furthermore, both Ohkuma and we (this
study) showed that the foveal ONL thickness was independently
associated with the visual outcome of PDT [14]. (Table 2) Therefore,
besides symptom duration, we believe the foveal ONL thickness can
be helpful in determining the timing of PDT.
Our data suggested that the foveal ONL thickness ratio after

PDT could best predict visual outcome after PDT, with a cut-off
value of 0.81. Based on the retinal stretch hypothesis, in active CSC
eyes whose foveal ONL thickness ratio was >0.81, although PDT
may be an option, waiting for spontaneous resolution of the
subretinal fluid was also reasonable. Whereas, for eyes with foveal
ONL thickness ratio <0.81, immediate PDT was suggested to

promote quick resolution of the subretinal fluid, thus, to retain the
residual photoreceptors as much as possible. And these patients
should be informed that their visual acuity after PDT might be
worse than 20/20. In addition, for those patients with foveal ONL
thickness in the normal contralateral eye close to the minimum
value (70 μm) [21], immediate half-dose PDT was also recom-
mended, even if the foveal ONL thickness ratio before PDT was
>0.81, to retain as many of the limited number of photoreceptors
as possible. Further studies with methods to remove the
contribution of retinal stretch, thus obtaining a precise extent of
reduction in foveal ONL thickness in the active phase, may be
helpful to determine the latest timing for PDT more accurately.
The threshold of foveal ONL thickness ratio at which a visual acuity
of 20/20 was retained, 0.81, should also be tested in other
progressive degeneration diseases. This study was limited by its
retrospective design and relatively small population. Moreover,
the axial length was not included. As the ranges of SEs in both
eyes were relatively small and the difference in SEs between
bilateral eyes was ≤1 dioptre in each patient, the axial length
might not have affected the results significantly. Further
prospective studies with large populations and axial length might
tell us more.
The threshold of the foveal ONL thickness ratio is 0.81. Active

CSC eyes with a foveal ONL thickness ratio of 0.81 or more could
probably retain BCVA of 20/20 after half-dose PDT. They were
considered reasonable to wait for spontaneous resolution of sub-
retinal fluid.

Summary
What was known before

● Half-dose photodynamic therapy (PDT) has become a major
treatment for central serous chorioretinopathy (CSC).

● The timing of half-dose PDT, mainly depending on symptom
duration, remains somewhat arbitrary.

Table 2. Three multivariable models using different foveal outer nuclear layer thickness parameters for predicting the visual outcomes after
photodynamic therapy.

Model 1a Model 2a Model 3a

Foveal ONL thickness of the
CSC eye before PDT (μm)

Foveal ONL thickness ratio
before PDT

Foveal ONL thickness ratio
after PDT

aOR (95% CI) P Value aOR (95% CI) P Value aOR (95% CI) P Value

Visual Outcomes 1 y after PDT (1: 0) 0.917 (0.870–0.967) 0.001 0.000 (0.000–0.000) <0.001 0.000(0.000–0.000) <0.001

Model statistics

AUC (95%CI) 0.840 (0.760–0.919) 0.882 (0.817–0.947) 0.940 (0.895–0.985)

Sensibility 0.771 0.729 0.906

Specificity 0.789 0.921 0.868

Cut-off 75.50 0.747 0.814

De Long test P value Model 1 vs 2 0.193

Model 1 vs 3 0.008

Model 2 vs 3 0.023

Foveal ONL thickness ratio was defined as the foveal ONL thickness in the CSC eye to that in the normal contralateral eye.
aOR adjusted odd ratio, AUC area under curve, BCVA best corrected visual acuity, CI confidence interval, CSC central serous chorioretinopathy, logMAR
logarithm of the minimum angle of resolution, ONL outer nuclear layer, PDT photodynamic therapy, y year.
aMultivariable logistic regression models adjusted for baseline characteristics, including sex, age, symptom duration, BCVA (logMAR) before PDT, spherical
equivalents of the CSC eye 1 year after PDT, and PDT spot diameter, to determine the association between the ONL parameter and the visual outcomes 1 year
after PDT. The visual outcomes 1 year after PDT was treated as a dichotomous variable (0= Group 1, whose BCVA was 20/20; 1= Group 2, whose BCVA was
lower than 20/20).
Please note that each of these three parameters was an independent predictor of the visual outcome after half-dose PDT in their respective model, even after
adjustment for baseline clinical characteristics (all P < 0.05). The foveal ONL thickness ratio after PDT in Model 3 could best predict the outcome after PDT.
(AUC: 0.940 vs 0.840, 0.882; Delong’ test: Model 1 vs 3 P= 0.008; Model 2 vs 3 P= 0.023).
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● The value of the foveal outer nuclear layer (ONL) thickness of
the CSC eye was an independent predictor of the visual
outcome of half-dose PDT.

What this study adds

● The ratio of foveal ONL thickness in the CSC eye to that in the
normal contralateral eye is better at predicting PDT outcome
than the value of foveal ONL thickness in the CSC eye.

● The threshold of the foveal ONL thickness ratio is 0.81.
● It indicated that the active CSC eyes with a foveal ONL

thickness ratio of 0.81 or more could probably retain visual
acuity of 20/20 after half-dose PDT. Therefore, these eyes are
considered reasonable to wait for spontaneous resolution of
sub-retinal fluid.
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