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for Evaluation of Choroidal Venous Circulation
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Purpose: The purpose of this study was to investigate the effects of rapid intravenous ad-
ministration of a small bolus of indocyanine green (ICG) dye on early phase findings of ICG
angiography.

Methods: Rabbit eyes were used. Ten normal eyes, 5 eyes with occlusion of vortex veins,
and 5 eyes with chorioretinal atrophy were examined by ICG angiography, and early-phase
findings after a rapid injection of a small bolus of dye were compared with those obtained
with an ordinary injection.

Results: In normal eyes, after the rapid injection it was possible to visualize some small
bright fluorescent boluses in the choroidal veins from 6 to 12 seconds after injection, while
with the ordinary injection they were unclear. In eyes with occlusion of vortex veins, the
rapid injection resulted in visualization of the choroidal veins with delayed filling against the
background, and the region of the choroidal veins with delayed filling could easily be deter-
mined. In eyes with chorioretinal atrophy, only the rapid injection clearly revealed the chor-
oidal veins with delayed filling.

Conclusions: The rapid injection made it possible to detect the choroidal veins with delayed
filling that were not clearly and easily visible using an ordinary injection. Rapid injection of

ICG dye is useful for a detailed examination of choroidal circulation. Jpn J Ophthalmol
2001;45:453-462 © 2001 Japanese Ophthalmological Society
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Introduction

Indocyanine green (ICG) angiography has made
possible detailed examination of various chorioreti-
nal lesions.!™ However, it is often difficult to detect
in detail changes in early phase findings because vas-
cular images overlap one another due to the three-
dimensional structure of the choroidal vessels, and
because inflow of the dye into the choroid is very
fast. Thus, additional analysis methods, such as the
subtraction method, a computer-assisted method of
image analysis, have been introduced.”®* However,
they are technically elaborate and time-consuming.
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Prunte and Flammer’ reported that delayed filling
of choroidal arteries and choriocapillaris and conges-
tion of choroidal veins were delineated using intra-
venous administration of a small bolus of ICG dye,
in patients with central serous chorioretinopathy.

In the present study, we examined the usefulness
of rapid intravenous administration of a very small
bolus of ICG dye for ICG angiography applied to
experimentally induced choroidal lesions.!*13

Materials and Methods
Animals

Only 1 eye of each rabbit was used for experiment.
In total, 20 eyes of 20 adult rabbits (15 pigmented, 5
albino) weighing 1.5 to 3.0 kg were used. These eyes
showed no abnormalities on ophthalmoscopy. We
adhered to the guidelines described in the ARVO
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Statement for the Use of Animals in Ophthalmic
and Vision Research.

Preparation of Chorioretinal Lesions

Vortex vein occlusion. The 5 albino rabbits were
used. After general anesthesia was induced with 30 to
35 mg/kg of intravenously injected sodium pentobar-
bital (Nembutal®; Dainippon, Osaka), the vortex
veins of the right eye were approached through a lim-
bal conjunctival incision, and two veins in each eye
were ligated in stages with 6-0 nylon thread. The left
eye remained intact.

Chorioretinal atrophy. Five pigmented rabbits
were used. Under general anesthesia as described
above, the rabbits were intravenously injected with
20 mg/kg of 3% sodium iodate via an ear vein; 4
months after the injection of sodium iodate, chori-
oretinal atrophy was recognized by ophthalmoscopy
and fluorescein angiography.

Fluorescein Angiography

A 1.0-mL portion of 5% sodium fluorescein solu-
tion was injected into an ear vein for angiography us-
ing a TRC-50 IA fundus camera (Topcon, Tokyo).

ICG solution 1.0 mL

U | |

ICG solution 0.02mi Saline (20 mL)

, |
(= = _ ]

Figure 1. Injection methods. Top: Ordinary injection
method. Bottom: Rapid injection method.
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ICG Angiography

Normal eyes (the remaining 10 pigmented rab-
bits), eyes with occlusion of vortex veins (5 albino
rabbits), and eyes with chorioretinal atrophy (the
previous 5 pigmented rabbits) were examined. The
rapid injection method was performed first, and the
ordinary injection method was done thereafter in the
same eye at least 5 minutes after the initial experi-
ment using the rapid injection method. By 5 minutes,
fluorescence due to the initial dye injection was no
longer visible in the fundus. A Topcon TRC-50 TA
fundus camera was used for ICG angiography, which
was recorded on video (SVO-260®; Sony, Tokyo).
The first 20 seconds of images were fed to a personal
computer (Power Macintosh 8100/100 AV®, Apple)
at a rate of five frames per second by a video frame-
grabber, and the images obtained by the rapid injec-
tion method were compared with those obtained by
the ordinary injection method.

Ordinary injection method. One milliter of ICG
(Diagnogreen; Daiichi Pharmaceutical, Tokyo) solu-
tion (25 mg dissolved in 10 mL of manufacturer-sup-
plied distilled water) was injected into an ear vein
via a 23-gauge intracatheter.

Rapid injection method. Indocyanine green solu-
tion (0.02 mL; 25 mg dissolved in 2 mL of manufac-
turer-supplied distilled water) was injected into an

Figure 2. The field of measurement for mean gray value.
Square measuring field with area of 5 X 5 pixels within re-
gion of choroidal veins (square) was selected.
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ear vein via a 23-gauge intracatheter, immediately
followed by a 20-mL saline flush (Figure 1).

Dilution Curve Analysis

Five of the 10 normal eyes, 3 of the 5 eyes with oc-
clusion of vortex veins, and 3 of the 5 eyes with chori-
oretinal atrophy were examined by dilution curve
analysis. In a series of digital angiograms obtained
during the first 20 seconds, a square measuring field
with an area of 5 X 5 pixels within the region of the
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choroidal veins was selected, and the mean gray
value of these points was calculated using NIH (ver-
sion 1.59/1.60b7) software (Figure 2). Fluorescence
intensity could range from 0 to 255 in the gray value.

Results
Control Eyes

ICG angiography. In all 10 normal eyes, the chor-
oidal arteries were delineated 4 seconds after admin-
istration of ICG dye, and the choroidal veins began

Figure 3. Indocyanine green angiography: Control eyes, ordinary injection method (4.4 seconds after injection). Choroidal
veins began to be delineated (4.4 to 6.4 seconds after injection). Brightness of choroidal veins increased rapidly (6.4 to 13.4
seconds after injection). Brightness of choroidal veins remained constant and then decreased slowly.
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to be delineated soon afterward. With the ordinary
injection method, the brightness of the choroidal
veins increased rapidly within 4 to 6 seconds. Bright-
ness remained constant for 10 seconds and then de-
creased slowly in all 10 eyes (Figure 3). With the
rapid injection method, the choroidal veins were de-
lineated 4 seconds after administration of ICG dye,
and the brightness of the choroidal veins increased
rapidly within 4 to 5 seconds. Subsequently, bright-
ness decreased rapidly between 7 to 10 seconds after
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dye administration and was constant again thereafter
in 8 of the 10 eyes. In the other 2 eyes, the rapid in-
jection method revealed the regions of delayed fill-
ing of choroidal veins as bright fluorescent boluses in
the choroidal veins, which were hardly detectable
with the ordinary injection method, within 6 to 14
seconds after administration of ICG dye (Figure 4).

Dilution curves. All eyes exhibited the following
pattern. With the ordinary injection method, the mean

Figure 4. Indocyanine green angiography: Control eyes, rapid injection method (4.2 seconds after injection). Choroidal
veins began to be delineated (4.2 to 5.2 seconds after injection). Brightness of choroidal veins increased rapidly (5.2 to 11.2
seconds after injection). Brightness of choroidal veins decreased rapidly and became constant thereafter, and bright fluores-
cent boluses in choroidal veins could be seen (arrows).
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Figure 5. Dilution curves for control eyes. (A) Ordinary
injection method. @: normal filling, M: delayed filling.
Mean gray value increased rapidly from 4 to 6 seconds,
and remained constant after reaching maximum value.
Mean gray value for region of choroidal veins with delayed
filling was always lower than that for region of choroidal
veins with normal filling. (B) Rapid injection method. @:
normal filling, M: delayed filling. Rapid descent of curve
after reaching maximum gray value occurred from 5 to 7
seconds after injection. Curve for region of choroidal veins
with delayed filling descended slowly after reaching maxi-
mum gray value.

gray value of the choroidal veins with normal filling
increased rapidly within 4 to 6 seconds, and after
reaching the maximum, the gray value remained al-
most constant. The mean gray value exhibited a similar
pattern in the region of choroidal veins with delayed
filling (Figure 5A). With the rapid injection method,
as with the ordinary injection method, the mean gray
value of the choroidal veins with normal filling in-
creased rapidly within 4 to 6 seconds. However, after
reaching the maximum gray value, the curve descended
rapidly. In contrast, the curve for the region of the
choroidal veins with delayed filling descended slowly
after reaching the maximum gray value, and the
mean gray value was much higher from 7 to 14 sec-
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onds than in the choroidal veins with normal filling
(Figure 5B).

Eyes with Occlusion of Vortex Veins

ICG angiography. The choroidal arteries were
delineated 4 seconds after administration of ICG
dye, and the choroidal veins began to be delineated
soon afterward. With the ordinary injection method,
the choroidal veins with delayed filling were delin-
eated as hypofluorescence from 4 to 7 seconds after
administration of ICG dye in all 5 eyes, and the dye
flowed in slowly 7 seconds after dye administration.
With the rapid injection method, only the choroidal
veins with delayed filling were delineated as positive
images later than 7 seconds after administration of
ICG dye, in all the 5 eyes (Figure 6).

Dilution curves. All eyes exhibited the following
pattern. With the ordinary injection method, the
mean gray value of the choroidal veins with normal
filling gradually increased up to 11 seconds. The
mean gray value of the regions of choroidal veins
with delayed filling was always lower than that of the
choroidal veins with normal filling (Figure 7A). With
the rapid injection method, after reaching the maxi-
mum gray value, the curve for the choroidal veins
with normal filling descended rapidly, and the gray
value for the choroidal veins with delayed filling be-
came higher than that for the choroidal veins with
normal filling (Figure 7B).

Eyes with Chorioretinal Atrophy

Ophthalmoscopy revealed spots around the optic
discin all 5 eyes as well as extensive chorioretinal atro-
phy in the vicinity of the disc. Fluorescein angiography
revealed a pepper-and-salt pattern of hyperfluores-
cence coinciding with the regions of chorioretinal atro-
phy and normal fluorescence around the optic disc.

ICG angiography. The choroidal arteries were
delineated 4 seconds after administration of ICG
dye, and the choroidal veins began to be delineated
soon afterward. Choroidal arteries with delayed fill-
ing were not detected in any of the 5 eyes. With the
ordinary injection method, the regions of the choroi-
dal veins with delayed filling were not clear in 4 of
the 5 eyes. The rapid injection method delineated
only the regions of the choroidal veins with delayed
filling as brighter than the surrounding area in all the
5 eyes from 4 to 7 seconds after injection (Figure 8).

Dilution curves. All eyes exhibited the following
pattern. With the ordinary injection method, the di-
lution curves were similar in pattern in the regions of
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Figure 6. Indocyanine green angiography: Eyes with occlusion of vortex veins. Top: Ordinary injection method (6.0 seconds
after injection). Choroidal veins with delayed filling, imaged as hypofluorescence, were delineated (8.0 seconds after injec-
tion). Brightness of choroidal veins with delayed filling was almost same as that of surrounding area. Bottom: Rapid injec-
tion method (6.0 seconds after injection). Choroidal veins with delayed filling were delineated as hypofluorescence (8.0 sec-
onds after injection). Only choroidal veins with delayed filling were noted as positive finding (arrows). @, H: field of
measurement for dilution curve.
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Figure 7. Dilution curves for eyes with vortex vein occlu-
sion. (A) Ordinary injection method. @: normal filling, l:
delayed filling. Mean gray value of choroidal veins with nor-
mal filling is always higher than that of choroidal veins with
delayed filling. (B) Rapid injection method. @: normal fill-
ing, M: delayed filling. After reaching maximum gray value,
curve for choroidal veins with normal filling descended rap-
idly, and gray value of choroidal veins with delayed filling
became higher than that of veins with normal filling.

the choroidal veins with delayed filling and in the
surrounding choroidal veins (Figure 9A). With the
rapid injection method, as for the ordinary injection
method, the curve for the choroidal veins with de-
layed filling was less steep than that in the surround-
ing choroidal veins for the first 3 to 4 seconds after
administration of ICG dye. However, after reaching
the maximum gray value at about 4 seconds, the
curve for the surrounding choroidal veins descended
rapidly compared with that for the choroidal veins
with delayed filling (Figure 9B).

Discussion

The rapid injection method yielded ICG angio-
graphic images of better quality than those yielded
by the ordinary injection method. In 2 of the 10 con-
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trol eyes, the rapid injection method clearly showed
the choroidal veins with delayed filling, while it was
necessary to examine the original images repeatedly
with the ordinary injection method. The regions of
the choroidal veins with delayed filling corresponded
to the sites of choroidal venous-venous anastomoses
and branching of choroidal veins. The presence of ir-
regular filling in the choroidal veins was detectable
with the rapid injection method even in control eyes.

In the eyes with occlusion of vortex veins, the cho-
roidal veins with delayed filling were detectable with
the ordinary injection method, indicating irregular
filling of dye. However, it was necessary to examine
the original images repeatedly to determine the cho-
roidal veins with delayed filling, making objective
evaluation very difficult. In contrast, with the rapid
injection method, only the choroidal veins with de-
layed filling were delineated selectively as positive
findings.

In the eyes with chorioretinal atrophy, with the
rapid injection method the choroidal veins with de-
layed filling were observed in the boundary between
atrophic lesions and normal tissue in 4 of the 5 eyes,
while it was necessary to examine the original images
repeatedly with the ordinary injection method. This
choroidal venous abnormality was difficult to detect
using the ordinary method of ICG angiography,
even with the use of a recently developed ICG an-
giography device which can obtain 32 frames/second
continuously in the early phase of angiography.'4

The dilution curve for the choroidal veins with
normal filling exhibited rapid descent after reaching
maximum brightness with the rapid injection method
(Figures 5B, 7B, 9B), whereas constant brightness
was obtained with the ordinary injection method
(Figures 5A, 7A, 9A). On the other hand, with the
rapid injection method, for the regions with delayed
filling of choroidal veins, dilution curves showed that
the brightness of the dye decreased gradually after
reaching maximum gray value. As a result, dilution
curves for the regions with the choroidal veins with
delayed filling were higher than those for sites with
normal filling after reaching maximum gray value
(Figures 5B, 7B, 9B).

Riva and Ben-Sira!® examined dilution curves for
the human retinal artery under different conditions
using a fluorophotometer, and found that the total
amount of dye and volume of solution influenced
maximum brightness, while injection time flattened
the curves. In the present study, ICG solution (12.5
mg/mL, 0.02 mL) was injected in 0.02 seconds with
the rapid injection method, while with the ordinary
injection method 1.0 mL of a 2.5 mg/mL solution was
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Figure 8. Indocyanine green angiography: Eyes with chorioretinal atrophy. Top: Ordinary injection method (4.0 to 7.0 sec-
onds after injection). Region of choroidal veins with delayed filling was not clearly visible. Bottom: Rapid injection method
(4.0 to 7.0 seconds after injection). Only region of choroidal veins with delayed filling was brighter than surrounding area
(arrows). @, H: field of measurement for the dilution curve.
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Figure 9. Dilution curves for eyes with chorioretinal atro-
phy. (A) Ordinary injection method. @: normal filling, H:
delayed filling. After reaching maximum, gray value of
choroidal veins with delayed filling was almost same as
that of the choroidal veins with normal filling. (B) Rapid
injection method. @: normal filling, M: delayed filling. Af-
ter reaching maximum gray value, curve for choroidal
veins with normal filling descended rapidly, and gray value
of choroidal veins with delayed filling became higher than
that of veins with normal filling.

injected in 1 second; the injection time in the rapid
injection method was thus 1/50 of that in the ordi-
nary injection method. The shorter injection time in
the rapid injection method caused a rapid drop in
brightness in the choroidal veins after maximum
value had been reached, enabling us to detect the
choroidal veins with delayed filling.

Prunte and Flammer® reported that delayed filling
of the choroidal artery and choriocapillaris and con-
gestion of the choroidal vein were clearly delineated
using a scanning laser ophthalmoscopy system for
ICG angiography in patients with central serous
chorioretinopathy by injecting 8 mg/0.3 mL ICG so-
lution followed by rapid injection of 5 mL of sterile
water. The use of a small amount of ICG dye with a
short injection time in our method probably facili-
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tates analysis of choroidal venous filling. However,
no distinct difference in the delineation of delayed
filling of the choroidal artery or congestion of the
choriocapillaris was observed between the rapid in-
jection method and the ordinary injection method.
The differing results appear to be due to the differ-
ence in choroidal vascular structure between rabbit
and human eyes. They may also be due to the differ-
ence in pathology between the animal model we
used and patients with central serous chorioretinop-
athy. Another possibility is that the scanning laser
ophthalmoscope delineates the choriocapillaris more
clearly than the conventional fundus camera.

In conclusion, use of a recently developed ICG an-
giographic apparatus has made it possible to exam-
ine choroidal lesions in greater detail, and has re-
vealed that choroidal venous abnormalities are
present in various choroidal diseases such as central
serous chorioretinopathy,’ age-related macular de-
generation,”>1%17 Harada’s disease,’” and concussion
necrosis.® The present study demonstrated that the
rapid injection method enables us to make an objec-
tive evaluation of chorioretinal disorders in rabbit
eyes. Thus, although there are problems associated
with clinical application of this method, such as in
the conditions of administration and the imaging de-
vice to be used, we conclude that the rapid injection
method may be useful for examination of choroidal
circulation in chorioretinal diseases.

This study was supported by Grant-in-Aid for Scientific Research
C2 No. 09671812 of the Ministry of Education, Science, Sports and
Culture, Japan.
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