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SUMMARY 

The purpose of this study is to better characterise, on 
the basis of a large number of cases and follow-up 
evaluations, choroidal abnormalities recently observed 
with indocyanine green (ICG) angiography in central 
serous chorioretinopathy (CSC). Digital ICG videoan
giography was performed in 145 patients with active or 
inactive, acute or chronic CSc. Forty-eight patients 
were re-examined in a follow-up period of 6-22 months 
(mean 10 months). Areas of choroidal leakage 
attributable to hyperpermeability of the choriocapil
laris were found in 98.6% of patients in association with 
active or resolved pigment epithelial leaks and pigment 
epithelial detachments. Diffusion of ICG into the 
choroid was characterised by rapid centrifugal spread
ing of the dye with a wash-out pattern which was 
particularly evident in areas corresponding to pigment 
epithelial detachments. In patients with a long-standing 
disease, when choroidal hyperfluorescence faded, 
hypofluorescent spots became increasingly evident 
revealing pigment epithelial alterations not shown by 
fluorescein angiography. Areas of choroidal leakage 
remained unchanged in each patient during the follow
up period, even when sub retinal exudation resolved 
either spontaneously or after photocoagulation. In 5 
eyes we observed the appearance of leakage points on 
pre-existing areas of choroidal leakage. Zonal hyper
permeability of the choriocapilIaris characterises all the 
evolutional stages of CSC and seems to be the primary 
alteration of this disease. When it corresponds to 
pigment epithelial detachments choriocapillaris hyper
me ability is probably associated with local hyperperfu
sion. 

Modern indocyanine green (ICG) angiography, 
using high-resolution digital imaging procedures, 
has to a great extent overcome the limits of 
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fluorescein angiography in imaging of the choroidal 
vasculature.1-3 The first important result of introdu
cing this new tool of clinical investigation is its better 
angiographic delineation, and thus greater possibi
lities for laser treatment of the occult choroidal 
neovascularisation in age-related macular degenera
tion?A But ICG angiography also seems able to 
provide a better understanding of various other 
chorioretinal disorders. It could be the right tool to 
clarify the role of the choroid in central serous 
chorioretinopathy (CSC). 

This disease is characterised by a serous retinal 
detachment in the posterior pole and one or more 
focal leaks revealed by fluorescein angiography at 
the level of the retinal pigment epithelium. It 
essentially affects young and middle-aged men, 
usually without remarkable medical histories. The 
course of the disease is benign for the majority of the 
patients, but recurrences and chronic persistence of 
subretinal fluid can lead to chorioretinal atrophic 
changes with permanent visual loss.5 

Despite good knowledge of the clinical and 
fluorescein angiographic characteristics, the aetiol
ogy and the pathophysiological basis of the disease 
are still unknown. In recent years attention has been 
focused on the role of the retinal pigment epithe
lium,6,7 but the observations with ICG angiography 
by our group and others suggest a primary involve
ment of the choroid in CSc.8-11 Schedier et al.9 

observed perfusion defects of the choroid in 63% of 
their patients with CSC and stressed the role of this 
alteration in the pathogenesis of the disease. 
However, choroidal perfusion defects were not 
recognised with ICG angiography in our first series 
of patients and in the series of Guyer et al.lO,ll The 
main result of our previous study was the constant 
observation of areas of dye diffusion in the choroid 
corresponding to the pigment epithelial alterations 
that characterise CSc.10 We proposed zonal hyper
permeability of the choriocapillaris as the primary 
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Fig. 1. Central serous chorioretinopathy with resolution of the sub retinal but not of the choroidal exudation. (a), (b) 
Fluorescein and indocyanine green (ICG) photographs taken at the initial examinaton. (c), (d) Fluorescein and lCG 
photographs taken about 1 (..2 years later. 

lesion in CSC, leading to degenerative alterations of 
the retinal pigment eeithelium and passage of fluid in 
the subretinal space. 0 

The purpose of this report is: (1) to verify the 
results of our previous study analysing the lCG 
angiographic findings in a large number of patients 
with CSC; (2) to study the evolution of the lCG 
angiographic pattern in CSc. 

PATIENTS AND METHODS 

A total of 145 patients with active or inactive CSC, 
examined in the past 2 years at the Retina Service of 
the University Eye Clinic of Genoa, were included in 
this study. Exclusion criteria were: (1) a history of 
ocular trauma; (2) vascular, inflammatory and 
tumoral manifestations of the fundus known to be 

associated with subretinal fluid and chorioretinal 
scars; (3) macular drusen; (4) pigment epithelial 
detachments not associated with leakage points at 
least in one eye; (5) clinical or fluorescein angio
graphic signs of choroidal neovascularisation Thirty
three of the 34 patients reported in our previous 
study on CSC and lCG angiography were included in 
the present series.lO The patient excluded was found 
to have a small choroidal neovascularisation which 
had simulated CSC.lO On the basis of clinical history, 
fundus examination and fluorescein angiography the 
cases were classified as acute CSC (85), healed CSC 
(12) and chronic CSC (48). Chronic CSC was defined 
as cases in which widespread pigment epithelial 
alterations could be ascribed to persistent or 
recurrent subretinal exudation.12,13 
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(a) (11) 
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Fig. 2. Central serous chorioretinopathy with a leakage point corresponding to a pre-existing area of choriocapillaris 
hyperpermeability. (a), (b) Fluorescein and indocyanine green (lCG) photographs taken at the initial examination. (c), (d) 
Fluorescein and lCG photographs taken 1 year later. 

Each patient underwent digital ICG videoangio
graphy using the Topcon IMAGEnet H1024 Digital 
Imaging System (Ijssel, The Netherlands). For this 
examination one-third of a 10 ml solution containing 
50 mg of ICG was injected intravenously. ICG 
images were taken at 1 or 2 second intervals until 
the choroid was completely filled, and thereafter 
images were obtained at intervals of increasing 
length until 30-60 minutes after injection. Forty
eight patients, of whom 32 had acute CSC and 16 had 
chronic CSC, were re-examined every 3-6 months in 
a follow-up period of 6-22 months (mean 10 
months). Fifteen of these patients received laser 
photocoagulation of the leakage points. 

On the ICG angiograms we evaluated choroidal 
filling, choroidal vascular permeability and altera-

tions of the retinal pigment epithelium. We defined 
as perfusion defects of the choroid areas of 
hypoftuorescence persisting when the surrounding 
choroidal veins were completely filled. In the areas of 
choroidal leakage we evaluated the characteristics of 
dye diffusion in the angiographic sequence. We 
recognised a 'wash-out phenomenon' where the 
ICG dye was cleared from the stained choroidal 
tissue with a centrifugal movement in the space of a 
few minutes. In patients with follow-up we looked for 
any changes relative to the ICG angiographic 
findings obtained at the first examination. 

RESULTS 

One hundred and thirty-two of the 145 patients were 
male. The average age was 40.8 years (range 29-56 
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Fig. 3. (a) Fluorescein photograph showing small pigment epithelial detachments in a patient with central serous 
chorioretinopathy in the fellow eye. (b) Indocyanine green staining of the detachments and of underlying choroidal areas. (c), 
(d) Progressive centrifugal shifting of the dye in the choroid with washout of previously fluorescent areas and appearance of 
dark spots. 

years) for patients with acute or healed ese and 52.4 
years (range 34-66 years) for patients with chronic 
eSc. Patients with acute ese had one or more 
leakage points, with different degrees of activity, in 
one (78) or both (7) eyes. The patients classified as 
having healed ese had had an acute episode of ese 
less than a year before, which had resolved 
spontaneously or following laser treatment. 

The patients with chronic ese complained of 
visual impairment of more than 2 years' duration. 
Visual acuity varied considerably: from 20/20 to less 
than 20/200. One half of the patients had a visual 
acuity between 20/30 and 20/50 in the worse eye. 
Flourescein angiography revealed bilateral pigment 
epithelial changes in all these patients. Large 
irregular zones of pigment epithelial atrophy or 

vertically oriented atrophic tracts were present in at 
least one eye. Thirty-two patients had subretinal fluid 
with pigment epithelial leakage or decompensation. 
In the remaining cases episodes of active ese were 
documented by previous examinations. 

Small pigment epithelial detachments were present 
in 40 (27.5%) patients: in 15 (17.6%) with acute and 
in 25 (52%) with chronic eSc. Some of the smallest 
pigment epithelial detachments were recognised only 
by their characteristic imaging on the leG angio
grams. 

During the follow-up period subretinal exudation 
and fluorescein leakage points disappeared in the 15 
eyes that underwent photocoagulation and in 
another 12 eyes that had not been treated. In 5 
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Fig. 4. (a) Fluorescein photograph in an eye with central serous chorioretinopathy and diffuse alterations of the retinal 
pigment epithelium. The arrow indicates a pigment epithelial detachment. (b)-(d) The indocyanine green angiographic 
sequence shows the wash-out phenomenon in the areas of choridal leakage, in particular in areas corresponding to the pigment 
epithelial detachment (arrow). 

patients new leakage points were found during the 
follow-up examinations. 

The behaviour of leG at the leakage points was 
essentially analogous to that of fluorescein (Figs. 1,2). 
When fluorescein leakage was low the subretinal 
diffusion of leG could hardly be distinguished from 
the background fluorescence. In the late phase of 
leG angiography, when background fluorescence 
was considerably reduced, a hyperfluorescent spot 
could be seen at the level of the pigment epithelial 
defects, as well as a diffuse staining of the sub retinal 
fluid. The detachments of the retinal pigment 
epithelium became fluorescent in the first minutes 
of the leG examination. The dye was then gradually 
eliminated from the subepithelial space leaving 
residues along the border of the detachment (Figs. 

3, 4). In the more advanced angiographic phases the 
pigment epithelial detachments appeared as hypo
fluorescent areas surrounded by a hyperfluorescent 
ring. 

We observed defects of choroidal perfusion in 4 
patients (2.7%), 2 of whom suffered from hyperten
sion. All had multiple pigment epithelial alterations. 
In each case more areas of delayed choroidal filling 
were observed, but filling was always completed 
during the recirculation phase. One or more areas of 
dye diffusion in the choroid became evident from 3 
to 5 minutes after dye injection in all patients except 
two (98.6%) with inactive disease (Figs. 1-4). This 
finding was observed beneath all leakage points, all 
areas of pigment epithelial decompensation and all 
pigment epithelial detachments. They also occurred 
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Fig. 5. (a)-(d) Enlargement of hypofluorescent spots evidenced by indocyanine green angiography (b, d) in a patient with 
central serous chorioretinopathy. The fluorescein angiographic pattern is the same at the first observation (a) and 6 months 
later (c). 

in some regions where degenerative changes of the 
retinal pigment epithelium were visible with fluor
escein angiography and/or biomicroscopy. In the 
eyes with choroidal perfusion defects the areas of dye 
diffusion in the choroid did not show a clear 
topographic correspondence with the areas of 
delayed filling of the choriocapillaris. 

Dye diffusion progressed in a centrifugal way from 
the area first stained, and in 2-5 minutes extended 
over double this area. Shifting of leG in the choroid 
was particularly evident and rapid ; with the wash-out 
phenomenon, corresponding to all the pigment 
epithelial detachments and several areas where 
alterations of the retinal pigment epithelium 
appeared as dark spots during the most advanced 
angiographic phases (Figs. 3, 4). In many areas of 

choroidal leakage, as background fluorescence faded, 
these hypofluorescent spots of varying size and 
irregular shape became more and more visible. 
They were more evident and numerous in patients 
with recurrent or chronic disease. 

In the 48 cases followed with periodic examina
tions the areas of dye diffusion in the choroid were 
always present and did not show significant varia
tions. They persisted also when the leakage points 
had disappeared spontaneously or after photocoagu
lation (Fig. 1). During follow-up we did not detect 
any areas of choroidal leakage which had not been 
present at the first observation. In the patients in 
whom new leakage points appeared, these corre
sponded to choroidal areas where dye diffusion was 
already evident at the first angiographic examination 
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(Fig. 2). At the follow-up examinations hypofluor
escent spots were unchanged in all cases except for 3 
in which some patches appeared slightly enlarged 
(Fig. 5). In one eye we progressively observed the 
presence of a leak, of a pigment epithelial detach
ment after regression of the leak and of dark spots 
after regression of the detachment. 

DISCUSSION 

The aetiology of CSC and the pathophysiological 
mechanism underlying the formation of the serous 
retinal detachment that characterises this disease are 
still unclear. The hypothesis that the subretinal fluid 
originates from a previous choroidal exudative 
process dates back nearly 30 years.14 Fluorescein 

.angiography, however, because of the limitation in 
imaging through the retinal pigment epithelium and 
the physiological leakage of fluorescein from the 
choriocapillaris, was not able to reveal choroidal 
vascular hyperpermeability in CSc. ICG angio
graphy, which utilises a dye fluorescent in the near
infrared range and almost completely bound to 
plasmatic proteins, has recently been able to reveal 
this choroidal abnormality.8-11 ICG does not leak in 
angiographically appreciable quantities from the 
normal fenestrations of the choriocapillaris;15 thus 
detection of dye leakage into the choroidal tissue 
must be considered as a sign of hyperpermeability of 
the choroidal vessels. Areas of choroidal leakage 
have been observed by Scheider et al. in 37% of 19 
patients with· CSC, and bi us, in our previous study, 
in 94% of 33 patients. ,10 In that first series of 
patients with CSC we did not find choroidal 
perfusion defects, which were, in contrast, seen in 
63% of the cases reported by Scheider et al.9,10 The 
results of the study of Guyer et al.11 are in agreement 
with ours. In the present study we wanted to 
determine, in a sufficiently large number of cases, 
the proportion of patients with CSC who have 
perfusion defects and hyperpermeability alterations 
of the choroid. The behaviour of ICG in the choroid 
was evaluated in a series of cases covering the wide 
spectrum of clinical manifestations of CSc. In the 
follow-up examinations we looked for further 
elements which could help to reveal the role of the 
choroid in CSc. 

We observed choroidal perfusion defects in only 4 
(2.7%) of the 145 patients in our series. Areas of dye 
diffusion in the choroid, on the other hand, were a 
practically constant finding (98.6%). These results do 
not allow us to establish a causal relationship 
between focal delays of choroidal filling and 
choroidal vascular hyperpermeability in CSc. The 
large discrepancy between our results and those of 
Scheider et al. is probably due to the limited field and 
image resolution of the videoangiographic system 
(scanning laser ophthalmoscope) utilised by these 
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authors, and to the different definition given by them 
to the areas of choroidal filling delay.9 Our assess· 
ment for recognising these areas was carried out in 
an angiographic phase advanced enough not to 
include physiological delays in choroidal perfusion. 

As we have already discussed in our previous 
study, the areas of choroidal exudation, due to their 
shape and size, probably visualise groups of 
hyperpermeable lobules of the choriocapillaris. This 
condition of zonal hyperpermeability of the chor
iocapillaris seems to characterise patients with CSC 
in all the evolutional stages of the disease. We have 
found areas of choroidal leakage beneath all the 
alterations of the retinal pigment epithelium except 
for the degenerative changes secondary to chronic 
persistence of subretinal fluid. We have seen these 
areas remaining unchanged for the whole follow-up 
period (up to 22 months), even after regression of the 
neurosensory· retinal detachment, if present. In 5 
eyes we were able to observ.e that an area of 
hyperpermeability of the choriocapillaris preceded 
the appearance of leakage points on the correspond
ing retinal pigment epithelium. In no case did we find 
new areas of choroidal hyperfluorescence on the ICG 
angiograms performed during follow-up. All these 
observations induce us to believe that the abnormal 
permeability of the choriocapillaris.in CSC precedes 
the alterations of the retinal pigment epithelium and 
presumably is the cause of these alterations. The 
static nature of the choroidal angiographic pattern 
also suggests that the causative factor of vascular 
hyperpermeability acts in a lasting and constant 
manner in patients with CSc. Another possible 
hypothesis is that a temporary 'noxa' may produce 
long-lasting or irreversible damage to the endothe
lium of the choriocapillaris. 

The present study confirms our previous observa
tion that in CSC diffusion and clearing of the ICG 
dye from the areas of hyperpermeable choriocapil
laris takes place in a more evident and rapid way 
than in other pathological conditions in which there 
is leakage from abnormal choroidal vessels.1O With a 
large number of patients available we were also able 
to note a particularly rapid shifting of the dye 
outwards from the regions of early staining that 
corresponded to the pigment epithelial detachments. 
Beneath every detachment the dye which diffused 
from the abnormal choriocapillaris was cleared with 
a centrifugal movement in the space of a few 
minutes. The same pattern of diffusion of the dye 
in the choroidal tissue was observed in some of the 
areas where hypofluorescent spots appeared in the 
late angiographic phases. This wash-out phenom
enon visualises a rapid turnover of the plasmatic 
proteins in the extravascular space of the choroid and 
owes its existence to the short duration of the 
choroidal recirculation phase of the ICG dye.16 
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When the concentration of ICG in the blood 
decreases significantly, the dye in the choroidal 
extravascular space originating from hyperperme
able vessels is progressively diluted and cleared. 

Assuming, on the basis of the Fick Principle, that 
the time taken to remove a substance from a tissue is 
proportional to the local blood flow, we may 
presume a condition of elevated blood flow in the 
areas of choroid where ICG angiography shows the 
wash-out phenomenon. Using a similar theoretical 
basis radioactive wash-out techniques have been 
developed for measuring choroidal blood flowP We 
propose that there is focal choroidal hyperperfusion 
corresponding to the areas of pigment epithelial 
detachment accompanying CSc. A particularly 
marked haemodynamic stress on the choroidal side 
could lead to the formation of the pigment epithelial 
detachments. Leaks, atrophy and hypofluorescent 
spots revealed by ICG angiography are the other 
possible responses of the retinal pigment epithelium 
to the exudation from the choriocapillaris. 

The behaviour of ICG in the pigment epithelial 
detachments of CSC and the hypofiuorescent spots 
revealed by ICG in this disease were first described 
by Us,lO and concurrently by Guyer et aZY Small 
hypofluorescent areas surrounded by hyperfluores
cent rings, corresponding to the pigment epithelial 
detachments, and hypofluorescent spots characterise 
the terminal ICG angiographic phase in many cases 
of CSC. With ICG angiography pigment epithelial 
detachments in CSC can be easily recognised and 
distinguished from other focal alterations of the 
retinal pigment epithelium. Pigment epithelial 
detachments were found in 27.5% of our patients 
and in 79% of patients with CSC studied with ICG 
angiography by Guyer et aZY From these observa
tions pigment epithelial detachments in CSC seem to 
be much more frequent than commonly believed. 
With ICG angiography the pigment epithelial 
detachments of CSC can also be distinguished from 
the serous detachments of age-related macular 
degeneration, which remain not fluorescent during 
all angiographic phases.z,18 The different angio
graphic imaging characteristics could reflect a 
different origin of the sub pigment epithelial fluid 
and/or different permeability conditions of Bruch's 
membrane.19 

Hypofluorescent spots are the angiographic doc
umentation of a pigment epithelial alteration pre
viously not revealed by fluorescein angiography. In 
our series they were more evident and numerous in 
patients with long-lasting CSc. In one case they 
followed the reattachment of a pigment epithelial 
detachment. They did not regress in any of the 
patients during follow-up. In 3 eyes we saw these 
spots enlarge during the follow-up period, indepen
dently of the presence of sub retinal or subepithelial 

exudation. With this finding ICG angiography offers 
new evidence to support the observation that 
alterations of the retinal pigment epithelium pro
gress in CSC also in the absence of sub retinal fluid,z° 

Swelling and hyperpigmentation of the pigment 
epithelial cells have been reported in a histological 
study of a serous Rigment epithelial detachment 
accompanying CSc. 1 These abnormalities could 
underlie the hypofluorescent lesions (pigment epithe
lial detachments and hypofluorescent spots) which 
may be found with ICG in CSc. 

In conclusion, the results of this study provide 
positive support for the concept, already expressed 
by Gass14 many years ago and recently taken up 
again by our group and other authors,9-11 that 
choroidal exudation precedes pigment epithelial 
alterations in CSc. For serous detachment to form 
in CSC the rate of exudation into the subretinal 
space must exceed the rate of active and passive fluid 
removal through the retinal pigment epithelium,z2 A 
high rate of sub retinal influx or an abnormally low 
capacity for reabsorption of the subretinal fluid could 
alternatively be considered as the causative factor for 
accumulation of fluid. On the basis of experimental 
data Marmoi3,24 suggests that impairment of the 
transport mechanisms of the retinal pigment epithe
lium around the site of leakage is a necessary 
condition in CSC. A functional alteration of the 
retinal pigment epithelium may be supposed in the 
areas where ICG angiography reveals damage to the 
choriocapillaris. However, we think that massive 
exudation originating from an area with abnormal 
permeability of the choriocapillaris could reach the 
subretinal space with a rate of flow so high as to 
overwhelm also the normal transport mechanisms of 
the retinal pigment epithelium. On the basis of our 
observation we also propose that when the zonal 
hyperpermeability of the choriocapillaris corre
sponds to a local condition of particularly elevated 
blood flow, retinal pigment epithelial detachments 
can occur. 

This study was presented in part at the Third Meeting of 
the European Macula Group, Athens, Greece, 20-22 April 
1994, and at the International Symposium on Fluorescence 
Angiography, Quebec City, Canada, 20-24 June 1994. 

Key words: Central serous chorioretinopathy, Fluorescein 
angiography, Indocyanine green angiography, Retinal pigment 
epithelium, Subretinal fluid. 
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