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ICGA hypofluorescence
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▪ Hypofluorescence in the late phase of ICGA is easy to interpret 
when it corresponds to a choriocapillaris hypoperfusion 
evidenced on the early phase of FA and ICGA 

AMPPE FA ICGA



ICGA hypofluorescence
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▪ Hypofluorescence in the late phase of ICGA is easy to interpret when it 
corresponds to a choriocapillaris hypoperfusion evidenced on the early 
phase of FA and ICGA , and confirmed by OCTA

AMPPE FA ICGA



Common 
interpretation of 

differences 
between late 
phase FA and 

ICGA
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choriocapillaris hypoperfusion leakage through impaired RPE 

FA

ICGA

choriocapillaris hypoperfusion no leakage through impaired RPE due to 
ICG MW or bounding to proteins 



Hypofluorescence in late phase ICGA only
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▪ We studied 3 diseases in which hypofluorescent lesions appeared only at the late 

phase (20 to 30min) of ICGA and extended these observations to other diseases.

▪ MEWDS

▪ Syphilitic Placoid

▪ Chronic CSCR 



MEWDS
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▪ We studied 15 eyes (15 patients) 
• aged 18 to 34     ( 3 M, 12 F) 

• color photo, FA, ICGA, OCT 

▪ All had the same sequence on ICGA
• normal early phase , progressive hypofluorescence of white 

dots

• best contrasted at 30 min

Ret Cases Brief Rep  2017 11: S81-S85



25/09/2023 20:03Hôpital Lariboisière8

MEWDS

30 min
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MEWDS

30 sec 3 min

30  min



MEWDS
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ICGA

EZ irregularity or 
disruption in front 
of dark spots on 
late phase ICGA



FAF FA 28 sec FA 7 min

ICG 26 sec ICG 5 min ICG 30 minICG 8 min

MEWDS
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MEWDS



Syphilitic placoid
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▪ We studied 15 eyes (12 patients) 
• aged 34- 58      ( 11 M, 1 F) 
• color photo, FA, ICGA, OCT 

▪ All had the same sequence in ICGA
• normal early phase , 

o except for black spots due to RPE granulations 

• progressive hypofluorescence of of the 
plaque

• best contrasted at 30 min

Am J Ophthalmol. 2022;241:40-46.



Syphilitic placoid
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FAF

3 min

10 min

20 min



Syphilitic placoid
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FAF FA: 17 sec FA: 12 min

ICGA: 2 min ICGA: 18 min



Syphilitic placoid
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FAF FA 25 sec FA 7 min

ICGA 30 sec ICGA 5min ICGA 20 min 



▪ All the cases had the 
same dynamics of 
fluorescence in ICGA

• Progressive 

heterogeneous  
hypofluorescence  in the 
area of the 
autofluorescent plaque 

• corresponding to a loss or 
fragmentation of the EZ on 
OCT 
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Syphilitic placoid



Chronic CSCR
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▪ We studied 20 eyes (19 patients) 
• aged 52- 69      ( 16 M, 4 F) 
• color photo, FA, ICGA, OCT 

▪ With hypofluorescent lesions appearing ONLY on the late phase of ICGA

▪ All had the same sequence in ICGA:
• dilated choroidal veins in early phase ICGA 
• progressive hyper-fluorescent plaques at the mid-phase of ICGA
• becoming progressively hypo-fluorescent at the late phase

Brit J Ophthalmol. 2020;104(6):852-856.

J Clin Medicine. 2021;10(19):4525.



▪ dilated choroidal 
veins

▪ hyperfluorescent 
plaques

▪ late 
hypofluorescence

▪ corresponding to 
hyper 
autofluorescence 
area 

25/09/202319 25/09/2023

28 sec 6 min 42 31 minFAF



Chronic CSCR

▪ Some, late dark spots 
did not correspond to 
leakage on FA
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1min04 3min20

6min50 32 min

ICGA ICGA

ICGA

FA FA

FA ICGA



Chronic CSCR
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ICG early ICG late FAF

▪ Dark spots in late ICGA did not correspond to 

hypo-autofluorescence in blue light.

▪ They most often 
corresponded to 
FIPED on OCT



Chronic CSCR
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▪ All the cases had the 
same dynamics of 
fluorescence in ICGA

• Hyperfluorescent area   
at the mid-phase of 
ICGA

• becoming 
hypofluorescent at the 
late phase (30min) 



How to find a common explanation ?
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ICG and the fluorescence of the fundus
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▪ ICG is a large amphiphil molecule

• which is linked to 
o water1

o albumin 1

o and to lipoproteins, especially phospholipids  2,3

▪ These characteristics  prevent its passage through the retinal vascular endothelium

• but not through the choriocapillaris endothelium

▪ ICG diffuses into the choroidal stroma1

• but does not enter the subretinal space

1.Flower RW. Evolution of ICG choroidal angiography. Opt Eng. 1995;34(3):727-736.
2. Mordon S, et al. Indocyanine Green: Physicochemical factors affecting its fluorescence in Vivo. Microvasc Res. 1998;55(2):146-152
3. Yoneya S, Saito T, Komatsu Y, Koyama I, Takahashi K, Duvoll-Young J. Binding properties of indocyanine green in human blood. Invest  Ophth Vis 
Sci. 1998;39(7):1286-1290. 



ICG and the fluorescence of the fundus

25/09/2023 20:03Hôpital Lariboisière25

▪ ICG penetrates progressively into the RPE cells

• findings often neglected in the interpretation of late phase of the  
ICGA (30 min or more) 

Ophthalmology 1998;105:1060-1068

The ICG dye does not remain 
solely within the choroidal 
intravascular space but 
extravasates  into the choroidal 
stroma and accumulates within 
the RPE. These  findings will 
enhance the interpretation of 
clinical ICG angiography.



ICG and the fluorescence of the fundus
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▪ At 7 min, ICG starts to enter the basal portion of the RPE

▪ At 40 min, there is no longer ICG in the vessels, its presence in the choroid is negligible

• RPE is markedly stained by ICG  

Chang AA, et al. Histologic localization of indocyanine green dye in aging primate and human ocular tissues,clinical angiographic correlation. Ophthalmology. 1998. 

Monkey eye 7 min after IV ICG injection   Human eye  40 min after IV  ICG injection  



ICG et fluorescence du fond d'œil
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Invest Ophth Vis Sci 57, 4376–4384 (2016). 

Confirmation de la localisation spécifique de l'ICG aux 
cellules de l'EP chez la souris

L'OA-ICG est une nouvelle méthode d'imagerie à haute résolution des cellules 
de l'EP.  Elle a révélé la présence d'un signal stable qui a persisté entre 20 et 120 
minutes après l'injection IV d'ICG à une dose clinique standard.

Dans l'œil humain



ICG et fluorescence du fond d'œil
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Deep infrared confocal imaging of RPE flat-mounts and caveolin 
immunohistochemistry
A: Deep infrared imaging of RPE flat mount one hour after ICG intravenous 
injection, insets show magnification. B: Caveolin-1 immunohistochemistry on 
RPE flat mount one hour after ICG injection, insets showmagnification. 
C: Merge of image A and B, inset shows magnification with yellow co-stained 
vesicles(white arrows), caveolin-1 vesicles (green arrows) and ICG-stained 
vesicles (red arrows)Scale bar: 20μm

Transverse pictures showing ICG staining (red)  from 
photoreceptor outer segments to inner nuclear layer 1h (A) and 
6h (B) after IV ICG injection

A

B

Identification of structures labeled by indocyanine green (ICG) in the rat choroid and retina can guide interpretation of ICG angiography. 
D Mejlachowicz, PaLassiaz, M Zola, B Leclercq, E Gélizé, S  Achiedo, M Zhao, A Rousseau, F Behar-Cohen . Soumis à IOVS

1hour

6 hours



ICG and the fluorescence of the fundus
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▪ Other indices of the affinity of ICG for the RPE

IOVS 2005

This study demonstrates the in vitro uptake of ICG by 
cultured human  RPE cells.   Ouabain reduced the uptake 
of ICG into RPE cells, which suggests that ICG uptake by the 
RPE is likely to involve the Na + ,K + - ATPase pump.

Ophthalmology 2003

Persistence of RPE staining in the 
macular center , 3 months, after ILM 
peeling using ICG  in the surgery of 
MH . the MH is closed.

Ocular Immunology and  Inflammation 2019 

Two days after IV ICG injection the fundus is still 
fluorescent in IR , except at the level of white 
dots which remain black 

Multimodal imaging allowed us to suggest the RPE to be the key tissue involved in the inflammatory 
process. The photoreceptors alterations may be consequent to the RPE dysfunction rather than the 
expression of a direct damage induced to the cells by the disease.



Schematic late  ICG hypofluorescence in various diseases

▪ In MEWDS

• RPE fails to internalize ICG at the 

level of white dots.

• by contrast with the surrounding 
RPE the white dots appear 
progressively dark.

• This RPE dysfunction does not imply 
cellular death, but disturbs, 
transiently,  photoreceptor cells 
function and anatomy 
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MEWDS

Late phase ICG

Owens SL. Brit J Ophthalmol. 1996;80(3):263
Gaudric A, Mrejen S. Retin Cases Brief Reports. 2016;11
Zicarelli F, Ocular immunology and inflammation. 2019:1-7



Schematic late  ICG hypofluorescence in various diseases
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Syphilitic placoid

Late phase ICG

▪ In acute syphilitic placoid

• RPE fails to internalize ICG at the 

level of the plaque .

• by contrast with the surrounding 

RPE the plaque becomes 

progressively dark.

•However, the RPE dysfunction is not 

as homogeneous as in the MEWDS.

• It may also be transient without 

scarring if the treatment is started 

early.



Schematic late  ICG hypofluorescence in various diseases
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Chronic CSCR

Late phase ICG

Mid phase ICG

▪ In chronic CSCR

• The early/mid phase 

hyperfluorescence of the lesions 
can be explained by choriocapillaris 
hyperpermeability and staining of 
the sub RPE space.

• In the late phase hypofluorescence  
reveals the inability of the RPE to 
uptake ICG 



Schematic late  ICG hypofluorescence in various diseases
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Chronic CSCR

Late phase ICG

Mid phase ICG

▪ In chronic CSCR

• This late hypofluorescence does 

not correspond to RPE atrophy at 
this stage 

ICGA FAF



Other cases 
EEP/APMPPE
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▪ Plaques visibles
en AF et ICG 
correspondent à

• hyperreflectivité
ONL

• disruption EZ

• fragmentation IDZ

• granulations EP

FA 8 min ICGA 20 min

ONLEZ

IDZ RPE



EEP (APMPPE)

▪ Hypoperfusion localisée de 
la choroïde interne  

• pas de coloration 
tardive 

• malgré la diffusion de 
colorant dans la 
choroïde

• pas de passage, dans, ni
à travers l'EP
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ICG



EEP (APMPPE)

▪ Hypoperfusion localisée de 
la choroïde interne  

• faible coloration tardive 
en fluo

• par diffusion de 
colorant dans la 
choroide

• puis à travers l'EP
altéré
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FLUORESCÉINE



Other cases : choroidal hemangioma
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▪ "Washout" phenomenon

"

"

Mosby, 1997



Other cases : choroidal hemangioma
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▪ "Washout" phenomenon

ICG leakage in 
the SRD

90 sec

15 min 30 min

This 1-minute stage of intense hyperfluorescence seen with 
choroidal hemangiomas is brighter than any other tumor, ..... 
At the end of the study at 30 minutes there is almost routinely 

a "washout" hypofluorescence where the low-resistance, 
high-flow properties of this tumor allow rapid flow of the dye 
into and out of the tumor.

Therefore the tumor empties sooner than the normal 
surrounding choroid and thus appears hypofluorescent in 
comparison

C Shields,  in  Indocyanine Green 
Angiography 
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BAF

Schematic late  ICG hypofluorescence in various diseases

no defect in 
choriocapillaris perfusion

ICG perfusion 

progressive absence of 
RPE ICG uptake

ICG progressive wash-out

absence of RPE ICG 
uptake over the 

hemangioma

Nal RPE fluorescence

BAF ICGA 5min ICGA 15min ICGA 30 min



Choroidal hemangioma 
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▪ BAF and late ICGA have similarities and differences
•  do not show exactly the same RPE alteration  

45 mnBlue Autofluoresence 

43 min

late  hypo-fluorescencehypo-autofluorescencehyper-autofluorescence

late  hypo-fluorescence

ICGA

ICGABAF



Best's disease
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BAF

ICGA 4min

ICGA 30min

hyper-autofluorescence

late  hypo-fluorescence

iso-fluorescence



Dome shaped macula
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late  hypo-fluorescence



▪ In Stargardt's disease

• Macular atrophy was totally dark 

on late phase ICGA

▪ In GA

• some late fluorescence was usually 

present on late ICGA

25/09/2023 20:03Hôpital Lariboisière45

Ophthalmology. 2016;123(9):1879-1886. 

BAF ICGA

Stargardt

GA

This diffrence was thought to be due to 
differences in choriocapillary perfusion



Complete and incomplete RPE atrophy
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Ophthalmic Genet. 2014;37(2):1-11. 

The fovea was severely degenerated, with little evidence 
of any retinal cell layer, including the RPE

Retina. 2018;38(10):1937-1953. 

Complete Outer Retinal Atrophy Complete RPE and Outer Retinal Atrophy



ICGA and drusen 
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Late hypofluorescence in ICG goes well 
beyond the drusen area 



ICGA and drusen
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Investigative Opthalmology Vis Sci. 2019;60(6):2102

Age Related Scattered  Hypofluorescent Spots on Late 

Phase IVCGA (ASHS-LIA) were mainly located in the macular 

region, and manifested as hypofluorescent spots on late-

phase ICGA that could be scattered or confluent. No 

corresponding abnormalities on other multimodal imaging, 

including color FP, FFA, FAF, and SD-OCT were seen. 



ICGA and drusen
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Eye. Published online 2022:1-12. doi:10.1038/s41433-022-02016-3

Good evidence supports the hypothesis that 
ASHSLIA represents exclusion of a dye that does 
not bind the principal hydrophobic lipids in BrM 
and does not gain access to the RPE.

ICG dye is water-soluble and binds preferentially to 
phospholipid over hydrophobic neutral lipid such 
as esterified cholesterol



ICG et fluorescence du fond d’œil
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▪ En résumé,

• L'ICG pénètre activement dans les cellules de l'EPR par son pôle apical 
grâce à un mécanisme impliquant la pompe Na + ,K + - ATPase.

• Il est moins évident de savoir comment l'EPR absorbe l'ICG par son pôle
basal, qui est cependant connu pour l'internalisation des lipides et des 
protéines

• La fluorescence tardive du fond d'œil dans la phase tardive de l'ICGA est
principalement due à la fluorescence de l'EP

• L'hypofluorescence uniquement tardive de l'ICGA dans diverses maladies, 
peut être due à défaut d’absorption de l'ICG par les cellules de l'EP altérées

• Celà peut aider à mieux comprendre la pathogénie de ces maladies 
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