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CLINICAL SCIENCE

Features of abnormal choroidal circulation in central
serous chorioretinopathy
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Aims: To evaluate abnormalities in the choroidal circulation in cases of central serous chorioretinopa-
thy (CSC).

Methods: A complete clinical ophthalmological examination was performed using simultaneous fluo-
rescein and indocyanine green (ICG) angiography with a confocal scanning laser ophthalmoscopy
and the digital images analysed in 36 consecutive patients with acute CSC. To quantify the choroidal
circulation, the foveal choroidal blood flow was measured in 11 patients using laser Doppler flow-
metry.

Results: Fluorescein angiography showed focal leakage from the retinal pigment epithelium in all
patients. ICG angiography revealed delays in arterial filling in 27 eyes (75%), and fluorescein angio-
graphy showed small hypofluorescent points around the leakage in 27 eyes (75%). Abnormal choroi-
dal hyperfluorescence was observed in 30 eyes (83%). The choroidal blood flow in eyes with CSC was
45% lower than in fellow eyes (p<0.01).

Conclusion: Decreased choroidal blood flow in CSC was demonstrated for the first time. The
decreased choroidal blood flow might be correlated with the small, localised hypofluorescent areas,
which may indicate non-perfused areas of the choriocapillaris that are frequently seen during ICG

angiography.

by a focal serous detachment of the neurosensory

retina. Fluorescein angiography shows dye leakage
from the retinal pigment epithelium (RPE) and subretinal dye
pooling. However, fluorescein angiography has not been useful
in determining the pathogenesis of CSC because of limitations
in imaging the choroidal vessels. Thus, while the clinical fea-
tures of CSC have been described, its pathogenesis is
controversial.'”

Numerous recent reports have described abnormalities of
the choroidal circulation using indocyanine green (ICG)
angiography.”” ICG is a dye that has several advantages over
sodium fluorescein for choroidal angiography, in that it binds
tightly to plasma proteins and thus prevents marked leakage
from fenestrated vessels such as the choriocapillaris. The dye
also absorbs and fluoresces in the near infrared range, which
enhances visualisation of the fluorescence through haemo-
globin, RPE, or xantophyll. Using ICG angiography, choroidal
vascular abnormalities, such as filling delays of the choroidal
arteries and choriocapillaris,® """ venous dilatation, " and
focal hyperfluorescence of the choroid,”” which indicate
hyperpermeability of choroidal vessels, have been reported.

In the present study, we performed simultaneous ICG
and fluorescein angiography wusing scanning laser
ophthalmoscopy' in patients with CSC. We observed delayed
arterial filling and hyperfluorescence of the choroid, which
had been reported previously. In addition, small, localised
hypofluorescent areas around the leaking point found in fluo-
rescein angiography were frequently observed by ICG
angiography. To assess the quantitatively analysis of the
choroidal circulation, measurements of the choroidal blood
flow in the centre of the fovea were performed in some of the
patients with CSC. Interestingly, the choroidal blood flow in
eyes with CSC was significantly lower than in fellow eyes. We
hypothesised that the hypofluorescent area disclosed by ICG
angiography might be associated with the non-perfused
choriocapillaris. This choroidal circulatory disturbance may
cause hyperpermeability of the choroidal vessels and/or
decreased choroidal blood flow.

C entral serous chorioretinopathy (CSC) is characterised

PATIENTS AND METHODS

We examined 36 consecutive patients (30 men, six women)
with acute CSC. The patients” ages ranged from 30-73 years
(mean 45 (SD 11) years). Eyes that also had another disease
such as preretinal membrane, drusen, or age related macular
degeneration were excluded from the study. Informed consent
was obtained from participants in accordance with the tenets
of the Declaration of Helsinki. In each patient, we performed
a complete clinical ophthalmological examination and simul-
taneous fluorescein and ICG angiography with a confocal
scanning ophthalmoscope (Heidelberg Retinal Angiograph;
Heidelberg Engineering, Dossenheim, Germany)." For simul-
taneous fluorescein and ICG angiography, 25 mg of ICG (Dai-
ichi Pharmaceutical Co, Ltd, Tokyo, Japan) were dissolved in 5
ml of a 20% fluorescein solution (Alcon, Tokyo, Japan) and
injected into the cubital vein. For fluorescein angiography, we
used an argon laser emitting at 488 nm for excitation and fil-
ters blocking transmission of wavelengths below 510 nm. For
ICG angiography, we used a diode laser emitting at 795 nm
and blocking filters for wavelengths below 835 nm. Digital
images were recorded for a minimum of 15 minutes after
injection and analysed. Imaging software contained in the
Heidelberg retinal angiograph was used to identify the same
region of comparison for both the fluorescein and ICG angio-
graphy images. When analysing the ICG images, we investi-
gated filling delays in the choroidal arteries and chorio-
capillaris and abnormal choroidal late ICG staining were
analysed. In addition, we analysed the small, localised
hypofluorescent areas around the leakage points, which were
defined as areas without staining during dye passage from the
carly to the late phase in ICG angiography.

For blood flow measurements, laser Doppler flowmetry was
used to assess the relative choroidal blood flow in the centre of
the fovea. Briefly, determination of the relative choroidal blood
flow was done using a method based on a laser Doppler flow-
metry technique, which has been described previously.” '* A
diode laser beam (670 nm) with an intensity of 20 UW was
delivered through a fundus camera (Model TRC; Topcon,
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Tokyo, Japan). The diameter of the probing laser was approxi-
mately 200 pm. During measurements, an area of the posterior
retina was illuminated at a wavelength of 570 pm with a reti-
nal irradiance of 0.03 mW/cm?, and proper fixation was ascer-
tained by direct observation of the foveola through the fundus
camera. All measurements were performed with the subjects
seated in a darkened room. Choroidal blood flow measure-
ments were obtained in 22 eyes of 11 patients with CSC (44
(SD 6) years of age). We continuously measured choroidal
blood flow in each subject for approximately 30 seconds. The
mean value of two choroidal blood flow measurements was
calculated in each case. The choroidal blood flow values
obtained in eyes with CSC were compared with those of the
fellow eyes.
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Figure 1 Typical cases of delayed
arterial filling using ICG
angiography. (A) Right eye of a 52
year old man with CSC. ICG
angiography (angle, 30°) 24
seconds affer dye injection shows
delayed arterial filling in the foveal
region (arrows). (B) Right eye of a
41 year old man. Delayed arterial
filling is observed 33 seconds after
dye injection (arrows) (angle, 30°).

The Mann-Whitney U test was used for statistical analysis
to compare choroidal blood flow in CSC eyes and fellow eyes.
p Values less than 0.05 were considered to be statistically sig-
nificant.

RESULTS

Focal leakage at the level of the RPE was observed in all
patients using fluorescein angiography. The early phase ICG
angiograms showed filling delays ranging from 1 disc
diameter to a larger area with a geographic pattern in the
choroidal arteries and choriocapillaris in 27 (75%) of 36 eyes
(Fig 1). These filling delays persisted until the dye filled the

Figure 2 Small, localised
hypofluorescent areas around the
fluorescein leaking point. (A) The
left eye of a 49 year old man with
CSC visualised by fluorescein
angiography (angle, 10°) 53
seconds after dye injection has
fluorescein leakage near the foveal
region (thin line). (B) Simultaneous
image of ICG angiography. The
thin line indicates the same region
of fluorescein leakage. Note that
the small, localised hypofluorescent
areas are seen around the leaking
point. (C) Late phase fluorescein
angiography (angle, 10°) 10
minutes affer dye injection in the
right eye of a 32 year old man with
CsC sKows fluorescein leakage and
weak pooling. (D) Simultaneous
image of ICG angiography.
Localised hypofluorescent areas are
seen around the fluorescein leaking
point.



Features of abnormal choroidal circulation in CSC

retinal veins. Focal leakage from the RPE was observed during
fluorescein angiography in the areas of the filling delays in all
36 eyes.

Small, localised hypofluorescent areas around the leakage
point detected by fluorescein angiography were obtained dur-
ing ICG angiography in 27 eyes (75%). Figure 2 shows typical
cases of localised hypofluorescent seen during ICG angio-
graphy. These hypofluorescent areas were continuously
observed throughout dye passage. In these regions biomicros-
copy and fluorescein angiography showed no abnormalities
such as RPE detachment or atrophy.

In the late phase angiogram, abnormal choroidal hyperfluo-
rescence was observed in 30 eyes (83%) (Fig 3) when the
intravascular dye had been washed out. The sizes of the
hyperfluorescent areas ranged from 0.5 to 3.0 disc diameters
and they were observed surrounding the leakage point in all
30 eyes and in areas away from the leakage points in 17 (47%)
of the 36 eyes.

To identify the quantitative state of the choroidal circula-
tion, we measured choroidal blood flow in eyes with CSC and
their fellow eyes in 11 patients. The results of the choroidal
blood flow measurements are shown in Figure 4. The foveal
choroidal blood flow in eyes with CSC (6.27 (4.64) arbitrary
units (AU)) was significantly lower (45%) than in fellow eyes
(11.41 (4.09) AU) (p<0.01).

DISCUSSION

Previously reported findings during ICG angiography of
disturbances in the choroidal circulation are filling delays of
the choroidal arteries and choriocapillaris,’' " venous
dilation," "> and focal hyperfluorescence of the choroid." In
the present study, delayed arterial filling was found in 27 eyes
(75%). The incidences of this delayed filling vary: 63%
reported by Scheider et al,® 71% by lida et al,"” and 100% by
Prunte and Flammer." Although the precise aetiology of the
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Figure 4 Relative foveolar choroidal blood flow (expressed in AU)
in eyes with CSC and fellow eyes.
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Figure 3 Abnormal choroidal
hyperfluorescence with ICG
angiography. (A) The right eye of a
37 year old man with CSC. ICG
angiography (angle, 10°) 14
minutes after dye injection shows
hyperfluorescent area about 1.5
disc diameters in size (arrows). (B)
The right eye of a 32 year old man
visualised during ICG angiography.
A hyperfluorescent area with
localised hypofluorescence is seen
12 minutes after dye injection
(arrows) (angle, 10°).

delayed filling is unclear, it might be correlated with the
evaluation of intravenous pressure in the choriocapillaris or
choroidal vein. Prunte and Flammer speculated that delayed
arterial filling is caused by capillary and venous congestion,
because leakage from the RPE occurred only in an area in
which ICG angiography showed choroidal capillary or venous
congestion. Our study confirmed the theory, because all fluo-
rescein leakage points from the RPE were also in an area in
which ICG angiography disclosed delayed arterial filling.

We also observed focal hyperfluorescence (83%) in the
present study, which has been interpreted as regional vascular
hyperpermeability.”"* The incidence of choroidal hyperfluores-
cence also differs among investigators. Scheider ef al,° Prunte
and Flammer," and lida et al** observed this feature in seven
(37%) of 19 eyes, 19 (59%) of 32 eyes, and 101 (96%) of 105
eyes, respectively, using scanning laser ophthalmoscopy. Using
a digital ICG fundus camera system, Guyer et a’ and Piccolino
et al*’ reported 100% and 94%, respectively. The differences in
the incidences among the studies may depend on different
angiographic methodology, such as equipment for ICG angio-
graphy and the dose of ICG. Although the findings varied, the
results of the present study confirm recent ICG angiographic
studies. In our study, we did not investigate dilation of choroi-
dal vasculature because its definition is unclear. However, we
also observed dilated vasculature.

In addition to previous ICG angiography findings, we also
frequently observed small, localised hypofluorescent arecas
around the fluorescein leakage. Prunte and Flammer de-
scribed this finding, but its frequency was unclear."” Hayashi
and coworkers also found similar focal choroidal ischaemia
but late hyperfluorescence was observed by fluorescein angio-
graphy in their case. In addition, the optical resolution of ICG
angiograms was poor at that time and did not permit evalua-
tion of smaller choroidal structures.” We used simultaneous
fluorescein and ICG angiography with confocal scanning laser
ophthalmoscopy (Heidelberg retinal angiograph) in the
present study, which enabled us to identify the same regions
of both fluorescein and ICG angiography."” Along with the
findings obtained using this technique, the hypofluorescent
areas disclosed by ICG angiography may be associated with
non-perfused choriocapillaris, because continuous hypofluo-
rescence was observed from the early to the late phase of the
ICG angiogram. Guyer et al’ reported multiple, “occult,”
presumed RPE, detachments in CSC. Multiple RPE detach-
ments were seen as early hyperfluorescence with central
hypofluorescence and a ring of hyperfluorescence later in the
ICG angiogram in that study. In the present study hyperfluo-
rescence was not seen in the early phase of the ICG
angiogram, and we consider our feature to be different from
RPE detachment. These localised continuous hypofluorescent
areas were observed only around the leakage point detected by
fluorescein angiography. We hypothesised that the primary
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cause of CSC is occlusion of the choriocapillaris, which agrees
with the hypothesis of Prunte and Flammer." There is
supporting evidence that plasminogen activator inhibitor 1,
the major antifibrinolytic agent, is increased in patients with
CSC."” Those authors hypothesised that the choroidal circula-
tory disturbance in CSC is caused by impaired fibrinolysis and
the resulting thrombotic occlusion in the choroidal veins.” On
the other hand, it is well known that intravenous injection of
adrenaline (epinephrine) that causes vasoconstriction in the
venous system'® " produces a condition similar to CSC in an
experimental animal model. Small, localised ischaemic
regions caused by non-perfusion or vasoconstriction of the
choriocapillaris may induce collateral choriocapillary conges-
tion around this region. The choroidal hyperpermeability
resulting from vessel congestion may be observed as localised
hyperfluorescence on ICG angiography. Clonic choroidal
hyperpermeability may affect to RPE mechanically or meta-
bolically and lead to changes in RPE function, which were
previously considered.' > *7 "7

An additional new finding in our study is decreased foveal
choroidal blood flow. Because angiography is a qualitative
method, we tried to quantitatively analyse the choroidal
circulation. We used a laser Doppler flowmetry technique, the
value of which is already established in patients with age
related macular degeneration." To our knowledge, this is the
first study to measure the blood flow in the choriocapillary in
CSC. Although bilateral choroidal vascular abnormalities in
CSC were reported,"” we compared the choroidal blood flow in
eyes with CSC with the blood flow in the fellow eyes in this
study. Interestingly, the blood flow in the choriocapillary in
eyes with CSC was significantly lower than in the fellow eyes.
Although there is little information about this new finding, it
might correlate with the non-perfused choriocapillaris ob-
served by ICG angiography. The non-perfused region may lead
to and increase choroidal vascular resistant resulting from
chronically congested capillaries and/or venous congestion
and finally lead to decreased choroidal blood flow. Further
research is necessary.

In conclusion, CSC is not merely an RPE disease, but it
involves choroidal vascular abnormalities including hyperper-
meability and decreased foveal choroidal blood flow. Although
the mechanism of these features remains speculative, this
choroidal circulatory disturbance may be associated with
localised occlusion of the choriocapillaris that was highly
obtained during ICG angiography.
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