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CENTRAL SEROUS
CHORIORETINOPATHY

High-Resolution Imaging of Asymptomatic Fellow
Eyes Using Adaptive Optics Scanning Laser
Ophthalmoscopy

MELVIN GERARDY, MD,* NILUFER YESILIRMAK, MD,* RICHARD LEGRAS, PHD,†
FRANCINE BEHAR-COHEN, MD, PHD,*‡ ELODIE BOUSQUET, MD, PHD*‡

Purpose: To investigate cone density in the asymptomatic fellow eye of patients with
unilateral central serous chorioretinopathy (CSCR).

Methods: Seventeen asymptomatic fellow eyes of patients with unilateral CSCR and 17
eyes of aged-matched and gender-matched healthy controls underwent adaptive optics
ophthalmoscopy. Cone density and spacing were assessed at the fovea. Clinical and
multimodal imaging findings were also recorded.

Results: In the CSCR group, the patient mean age was 48.9 ± 9.8 years. The mean (±SD)
subfoveal choroidal thickness was 417.8 ± 125.2 mm. The foveal external limiting mem-
brane and ellipsoid zone were intact in all patients. Adaptive optics fundus imaging showed
a significant decrease in cone density at 2° of eccentricity nasal and temporal to the fovea
in asymptomatic fellow eyes of patients with unilateral CSCR compared with controls (P =
0.001 and P = 0.027, respectively). No statistically significant difference in cone density was
found at 4° of eccentricity nasal and temporal to the fovea between both groups.

Conclusion: Asymptomatic fellow eyes of patients with unilateral CSCR showed a reduced
density of foveal cones in the absence of a decreased visual acuity and photoreceptor line
disruption on optical coherence tomography. These results suggest that the photoreceptors
could be damaged independently of the occurrence of a serous retinal detachment.

RETINA 42:375–380, 2022

Central serous chorioretinopathy (CSCR) is character-
ized by the presence of a serous retinal detachment

(SRD) associated with retinal pigment epithelium (RPE)
alterations and increased choroidal thickness.1 Central
serous chorioretinopathy shows features of the pachych-
oroid disease phenotype that is characterized by the pres-
ence of dilated choroidal vessels in the Haller layer,
associated with a thinning of the choriocapillaris and Sat-
tler layer called pachyvessels.2 Other diseases related to
these pachychoroid features have been reported, including
pachychoroid pigment epitheliopathy (PPE), pachychor-
oid neovasculopathy, polypoidal choroidal vasculopathy,
and peripapillary pachychoroid syndrome.2 Whether these
entities are the progressive evolution of a single entity or a
singular clinical manifestation complicating an underlying
pachychoroid phenotype is a matter of debate.3

The term “PPE” was first introduced by Warrow et al4

to describe RPE changes occurring in areas of choroidal

thickening in patients without a history or clinical signs
of previous subretinal detachment. Although acute
CSCR is unilateral on presentation, in most cases, about
half of the patients experience PPE in their asymptomatic
fellow eye.5,6 In addition, a thinning of the outer nuclear
layer has also been described in eyes with PPE, possibly
related to focal choroidal ischemia and subsequent RPE
disruption and photoreceptor apoptosis.7 These observa-
tions suggest that RPE and outer retinal alterations may
develop in the absence of subretinal fluid and result from
a dysregulation of the choroidal blood flow.
Adaptive optics (AO) retinal imaging, which uses

movable mirrors to compensate for aberrations in the
optical path between the retina and the camera, allows
visualizing in vivo individual cone photoreceptors.8

However, cone imaging is impaired when a subretinal
fluid or retinal pigment epithelium detachment is pre-
sent, limiting its potential in patients with active
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CSCR. In the two published studies that have assessed
CSCR eyes,9,10 the photoreceptor mosaic changes
have thus been assessed in patients with resolved sub-
retinal fluid and a lower cone density has been shown
compared with normal healthy eyes and interpreted as
a consequence of the SRD. However, whether cone
photoreceptors could be altered in the asymptomatic
fellow eye of patients with unilateral CSCR in the
absence of any subretinal fluid remains unknown.
The aim of this study was to investigate cone density in

the asymptomatic fellow eyes of patients with unilateral
CSCR by AO imaging and to compare it with that found
in healthy age-matched and gender-matched eyes.

Materials and Methods

Study Design

This was a monocentric, observational, retrospective
study conducted in a tertiary ophthalmologic center,
Ophtalmopôle, Cochin Hospital, Paris, between June
2018 and April 2019.

Ethics Statement

The study protocol adhered to the tenets of the
Declaration of Helsinki and was approved by the
Ethics Committee of the French Society of Ophthal-
mology (IRB 00008855 from Société Française
d’Ophtalmologie). Informed consent was obtained
before performing the imaging procedures from each
patient and healthy subject.

Study Patients

Data on the asymptomatic fellow eyes of patients with
unilateral CSCR imaged with AO fundus imaging were
analyzed. Only fellow eyes with 20/20 visual acuity and
without detectable signs of previous SRD were included

in the study. The exclusion criteria were (1) fellow eyes
with ongoing SRD, or with a previous history of SRD,
confirmed by OCT and/or blue-light fundus autofluores-
cence (BAF); (2) fellow eyes with pigment epithelium
detachment (PED) or bulges/irregularities in the macular
area; (3) patients with other retinal diseases, including
high myopia or hypermetropia (.26 diopters or ,+6
diopters); and (4) insufficient pharmacologically induced
mydriasis (,5 mm).
These fellow eyes without any history of previous

CSCR episode and without any symptoms or signs of
SRD were considered as unaffected contralateral eyes
and referred in the article as “asymptomatic fellow eye.”
The eye with CSCR was referred as “active CSCR eye.”
In addition, a group of age-matched and gender-

matched patients without ocular disease and with
normal fundus examination and normal macular
OCT was used as a control group.

Study Protocol and Imaging Analysis

The medical and imaging data collected included
age, sex, history of corticosteroid intake, the best-
corrected visual acuity (BCVA) converted into log-
MAR scale, spectral domain OCT with enhanced
depth imaging (EDI) mode (Heidelberg Spectralis;
Heidelberg, Germany), BAF, and fluorescein (FA) and
indocyanine green angiography (Spectralis). The clin-
ical form of the disease in the active CSCR eye was
also recorded. Chronic CSCR was defined by the
presence of a persistent SRD for at least 6 months. In
other cases, CSCR was classified as acute/recurrent. The
choroidal thickness was manually measured on EDI
horizontal B-scans passing through the fovea. The
presence of a PED or bulges/irregularities on the SD-
OCT B-scan was recorded. The integrity of the foveal
external limiting membrane and ellipsoid zone was
assessed by spectral domain-optical coherence
tomography and classified into two categories: intact or
fragmented/absent by two trained retina specialists (M.G.
and E.B.). Disagreements were resolved by an open
adjudication. Blue-light autofluorescence images were
assessed to confirm the presence of hyperautofluorescent
or hypoautofluorescent areas corresponding to RPE
alterations. On indocyanine green angiography, the
presence of dilated choroidal veins (pachyvessels) in
the early phase and the presence of hyperpermeability
plaques in the midphase were recorded.

Adaptive Optics Fundus Imaging Acquisition
and Analysis

Patients underwent AO fundus imaging (rtx1; Imag-
ine Eyes, Orsay, France). The imaging field size of this
commercial clinical prototype is 4° · 4°, which is
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equivalent to 1.2 mm · 1.2 mm on the retina. Retinal
images were acquired at 0°, 2°, 4°, and 6° of eccentric-
ity, along the four meridians (nasal, temporal, superior,
and inferior), with the patient fixating on a cross con-
trolled by the operator during the examination. The
imaging depth was chosen to have the sharpest live
retina images. Foveolar cone densities (inside a circle
of ,2° of radius) cannot be imaged using the rtx1 AO
device because of the small size and packed arrange-
ments of the central foveal cones11 and limitations in
the system wavefront compensation capabilities.12

For one final image, a set of 40 raw images of the
same retinal area were acquired automatically at a rate
of 9.5 frames per second with an exposure time of 10
ms. These images were recorded and averaged to
display a final image with an improved signal-to-noise
ratio13,14 (Figure 1). The test–retest variability of rtx1
and its software was shown to be good in a previous
study.15

AO Image Analyzes

Adaptive optics images of adjacent retinal areas
along the horizontal meridian were mounted together

to obtain a montage covering up to ± 6° of eccentricity
from the foveal center using i2k software (DualAlign,
Clifton Park, NY). Each montage was aligned with the
SLO-IR and OCT images acquired in the same eye
using PowerPoint software (Microsoft, Seattle, WA).
The foveal center of the montage images was deter-
mined as previously described.12

Cones along the horizontal meridian corresponding
to 2° and 4° of retinal eccentricities were automatically
detected using built-in software (AO detect Mosaic
b13; Imagine Eyes, France) in 50 mm · 50 mm zones.
The analysis included the cone density, interphotore-
ceptor distance (average value of distances to neigh-
boring cones), and packing regularity (number of
nearest neighboring cones). For comparison, the same
parameters were calculated in the corresponding areas
of one eye of normal subjects.

Statistical Analysis

Descriptive data are presented as the mean ± SD for
quantitative variables and as counts and percentages
for categorical variables. Comparisons between vari-
ables were performed using the Mann–Whitney test or

FIGURE 1. Adaptive optics retinal imaging of the asymptomatic fellow eye of a 40-year-old woman with unilateral chronic central serous cho-
rioretinopathy. A. Colocation of the AO montage with the corresponding OCT B-scan centered on the fovea (the green line indicates the position of the
OCT B-scan) and with the laser scanner optics to determine the exact position of the fovea and the retinal eccentricities at 2° and 4° nasal and temporal
to the fovea. Cones in the very center of the fovea appear blurred because of the resolution limit of the AO camera. B. Magnified image of the sampling
window of 50 mm · 50 mm at 2° of eccentricity temporal to the fovea with cone counted using automated AO detect software. C. Density map of the
corresponding cone count sampling window. D. Interphotoreceptor distance map of the corresponding cone count sampling window. E. Packing
regularity of the corresponding cone count sampling window representing the number of the nearest neighboring cones.
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Student’s t-test when appropriate. Statistical analyses
were performed using XLSTAT software, version
2014.6.01 (Addinsoft, Paris, France). A P-value
,0.05 was considered significant.

Results

Patient Characteristics

Seventeen patients with unilateral CSCR were
included in this study. Patient characteristics are sum-
marized in Table 1. The patient mean age was 48.9 ± 9.8
years. Fourteen patients (82.4%) were male. A previous
steroid use was reported in 5 of the 14 patients (35.7%)
for whom these data were available. Seven patients
(41.2%) had an acute/recurrent form of unilateral CSCR,
and 10 patients (58.8%) had a chronic form of the dis-
ease. The mean BCVA was 0 ± 0 logMAR (Snellen, 20/
20). The subfoveal choroidal thickness was increased in
the active CSCR eyes compared with the asymptomatic

fellow eye (453.3 ± 101.8 mm vs. 421.8 ± 117.2 mm; P
= 0.05). In the asymptomatic fellow eyes, spectral
domain-optical coherence tomography showed extra-
macular PED or bulges in 11 eyes (64.7%) and the
foveal external limiting membrane and ellipsoid zone
were continuous in all eyes on spectral domain-optical
coherence tomography. In the asymptomatic fellow eyes,
RPE changes outside the macular were observed in 10
eyes (58.8%) on BAF. Indocyanine green angiography,
available in 13 asymptomatic fellow eyes, showed pa-
chyvessels in the early phase in five eyes (38.5%) and
hyperfluorescent plaques in the midphase in seven eyes
(53.8%).

Comparison of Cone Density Between
Asymptomatic Fellow Eyes of Patients With
Unilateral CSCR and Control Subjects

The age-matched and gender-matched healthy con-
trol group consisted of 17 eyes of 17 subjects (Table
2). Adaptive optics fundus imaging showed a signifi-
cant decrease in cone density at 2° of eccentricity nasal
and temporal to the fovea in the asymptomatic fellow
eyes of patients with unilateral CSCR compared with
control subjects (P = 0.001 and P = 0.027, respec-
tively). No statistically significant difference in cone
density was found at 4° of eccentricity nasal and tem-
poral to the fovea between both groups. In addition,
the spacing of cones was higher at 2° of eccentricity
nasal and temporal to the fovea in the asymptomatic
fellow eyes of patients with unilateral CSCR compared
with control subjects (P ,0.001 and P = 0.04, respec-
tively). No statistically significant difference in cone
spacing was found at 4° of eccentricity nasal and tem-
poral to the fovea between both groups.

Comparison of Cone Density of Asymptomatic
Fellow Eyes of Patients With Unilateral Active
CSCR According to the Clinical and Multimodal
Imaging Findings

No statistically significant difference in cone density
was found according to the previous corticosteroid
intake, clinical form of CSCR in the active eye,
presence of extramacular PED/bulges, subfoveal cho-
roidal thickness, and presence of pachyvessels or
hyperfluorescent area in the midphase of indocyanine
green angiography (data not shown).

Discussion

We analyzed the cone density in asymptomatic
fellow eyes of patients with unilateral CSCR using a
commercial AO device. To avoid artifacts with AO,

Table 1. Clinical and Imaging Data in the Asymptomatic
Fellow Eyes of Patients With Unilateral Central Serous

Chorioretinopathy Included in this Study

Age, Mean ± SD, years 48.9 ± 9.8
Gender, male, n (%) 14 (82.4%)
Previous corticosteroid intake*,
n (%)

5 (35.7%)

BCVA of the asymptomatic fellow
eye, logMAR, mean ± SD (Snellen)

0 ± 0 (20/20)

Clinical form of CSCR in the active
eye
Acute/recurrent, n (%) 7 (41.2%)
Chronic, n (%) 10 (58.8%)

Imaging of the asymptomatic fellow
eyes
OCT

Extramacular pigment epithelium
detachment and/or bulges
outside the macular

11 (64.7%)

RPE bulge/irregularity, n (%) 4 (23.5%)
Pigment epithelium detachment,
n (%)

7 (41.2%)

Macular photoreceptor line integrity
Intact external limiting membrane,
n (%)

17 (100%)

Intact ellipsoid zone, n (%) 17 (100%)
Subfoveal choroidal thickness
(mm), mean ± SD

421.7 ± 117.2

Autofluorescence
RPE changes outside the
macular, n (%)

10 (58.8%)

Indocyanine green angiography†
Pachyvessels, n (%) 5 (38.5%)
Hyperfluorescent area in the
midphase, n (%)

7 (53.8%)

*Data available for 14 patients.
†Available for 13 patients.
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asymptomatic fellow eyes with signs of previous
subretinal detachment or PED in the macular area
were excluded. The subfoveal choroidal thickness in
the asymptomatic eyes was lower than that in the
active CSCR eyes as previously reported16 and still
above normative values.16 Signs of extramacular
PPE were observed using OCT in 64.7% of asymp-
tomatic fellow eyes. This rate is slightly higher than
that previously reported6 but depends on the imaging
modality used. Indeed, Ersoz et al5 have observed
signs of PPE in 44.5% of asymptomatic fellow eyes
using FA and in 61% of cases using multimodal imag-
ing. In a previous study conducted in 68 patients with
unilateral CSCR, we have found signs of PPE in 52%
of asymptomatic fellow eyes using BAF, a rate con-
sistent with the 58.8% of RPE changes observed on
BAF in this study.6

The high frequency of RPE abnormalities in the
asymptomatic fellow eyes of patients with CSCR
suggested that a pathology affecting the choroid–
RPE complex could precede the occurrence of a SRD,
which is consistent with classical pathophysiological
hypotheses. Indeed, we have previously shown that
19% of patients with PPE developed a subretinal
detachment during a mean follow-up of 2 years.6

Another group has reported that 17% of patients with
PPE developed CSCR during a 3-year follow-up.5

Some authors have assumed that PPE and CSCR could
represent two stages of the same process caused by
choroidal dysfunction.3

In CSCR, several studies have shown that a
sustained subretinal detachment could cause photore-
ceptor damage and an irreversible vision loss.17 Cur-
rent CSCR treatments with laser or photodynamic
therapy aim to reduce the duration of the subretinal
fluid.18 It remains to be determined whether other

mechanisms independent of the subretinal fluid could
lead to photoreceptor damage. Our study showed a
reduction in the number of juxtafoveal cones in the
central 2° eccentricity, in the region where the blue
cones density peaks (from 0.75 to 1.5°).19 Blue cones
are first lost in several retinal diseases because of their
increased sensitivity to oxidative stress.20 In CSCR,
this new finding could indicate an external neuroretinal
suffering in the absence of any SRD in eyes with PPE.
This reduction could be due to not only an abnormal

blood flow regulation in eyes with pachychoroid but
also an excessive susceptibility to oxidative stress in
patients with CSCR. Indeed, several articles have
reported abnormal autonomous nervous system regu-
lations in patients with CSCR21,22 and potentially an
overperfusion of the outer retina with a subsequent
higher risk of oxidative stress.23 A recent work pub-
lished by our group and others has identified systemic
markers that could indicate an increased susceptibility
to oxidative stress in patients with CSCR.24 The level
of lipocalin 2, a small acute stress protein involved in
iron homeostasis that has been shown to play a crucial
role in photooxidative-induced retinal damage in a
rodent model,25 is significantly reduced in the serum
of patients with acute or chronic CSCR.24 In addition,
increased levels of oxidative stress biomarkers have
been measured in patients with CSCR.26,27

Our study has some limitations including its small
sample size and the lack of follow-up. The choroidal
thickness was not evaluated in our healthy control
group. The AOSLO quantification with automated
image analysis to count the cones could have slightly
underestimated the cone density by 0% to 9%
compared with a manual measurement.12,28,29 How-
ever, a manual measurement could also lead to mis-
identify rods as cones.30

Table 2. Cone Density and Spacing in the Asymptomatic Fellow Eyes of Patients With Unilateral Central Serous
Chorioretinopathy (CSCR) Compared With the Control Group

Asymptomatic Fellow Eyes of
Patients with Unilateral CSCR

(n = 17) Control Subjects (n = 17) P

Age, mean ± SD, years 48.9 ± 9.8 49.2 ± 7.1 0.9
Gender, male, n (%) 14 (82.4%) 14 (82.4%) 1
Cone density (cones/mm2)
2° of eccentricity nasal 25,468 ± 3,981 30,119 ± 3,083 0.001
4° of eccentricity nasal 19,941 ± 2,393 20,557 ± 1,216 0.38
2° of eccentricity temporal 25,802 ± 3,050 29,314 ± 5,439 0.027
4° of eccentricity temporal 20,484 ± 2,497 19,778 ± 2,142 0.4

Spacing (mm)
2° of eccentricity nasal 7 ± 0.7 6.3 ± 0.3 ,0.001
4° of eccentricity nasal 7.9 ± 0.5 7.7 ± 0.3 0.22
2° of eccentricity temporal 6.9 ± 0.5 6.5 ± 0.7 0.04
4° of eccentricity temporal 7.8 ± 0.5 7.8 ± 0.4 0.4
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In conclusion, using AO, we found a significantly
reduced cone density in the macula of asymptomatic
fellow eyes of patients with unilateral CSCR. This result
completes previous observations made with other imag-
ing systems, showing that the external retina can be
damaged independently of the occurrence of a SRD and
is not solely a consequence of it. This could occur as a
result of an abnormal choroidal flow regulation, mechan-
ical stresses related to the pachyvessels, and an increased
systemic susceptibility to oxidative stress. Further studies
are needed to confirm this assumption.

Key words: central serous chorioretinopathy, pa-
chychoroid, adaptive optics, optical coherence tomog-
raphy.
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