
Laser Energy and Dye Fluorescence 
Transmission Through Blood In Vitro 

STEVEN M. COHEN, MD., JIN HUI SHEN, PH.D., 
AND WILLIAM E. SMIDDY, M.D. 

• PURPOSE: Because of the potential usefulness of 
evaluating and treating choroidal neovasculariza-
tion obscured by blood, we designed this study to 
quantify the transmission of dye fluorescence and 
laser energy through blood. 
• METHODS: Blood preparations anticoagulated 
with ethylenediaminetetraacetic acid with hemato-
crits of 0% (plasma), 46%, and 99% were placed 
in open cuvettes with path lengths of 100, 200, or 
500 μπι and were exposed for one minute to either 
100% oxygen or 100% carbon dioxide. Each 
cuvette was then sealed. Photographs of the cu
vettes of blood in front of a flask of fluorescein or 
indocyanine green solution were decoded and used 
to calculate the percent transmission of fluores
cence through blood. Cuvettes of blood were also 
placed in the path of argon, krypton, and diode 
lasers for energy transmission measurements. 
• RESULTS: Plasma transmission of fluorescein 
and indocyanine green fluorescence and argon, 
krypton, and diode laser energy was 89% to 100% 
for all samples tested. Transmission of fluorescein 
fluorescence and argon laser energy through 99% 
hematocrit samples were both less than 5%. 
Transmission of indocyanine green fluorescence 
through 100-, 200-, and 500^m-thick cuvettes 
filled with 99% hematocrit blood was 57%, 34%, 
and 4%. Transmission of krypton laser energy was 
50%, 25%, and 6%; and transmission of diode 
laser energy was 60%, 35%, and 12% through 
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99% hematocrit blood. Intermediate transmission 
values were obtained for 46% hematocrit samples. 
• CONCLUSIONS: Krypton and, to a slightly great
er degree, diode laser energy penetrate a thin film 
of blood. Indocyanine green fluorescence also 
penetrates a thin film of blood. If a layer of blood 
appears thinner than 500 μπι, then indocyanine 
green angiography may be useful in imaging un
derlying pathologic features. If a lesion can be 
imaged with indocyanine green, then it can proba
bly be treated with a krypton or diode laser. 

T HE DEVELOPMENT OF FLUORESCEIN ANGIOGRA-

phy and the argon laser have enhanced under
standing and treatment of many retinal diseas

es.1'7 Unfortunately, diagnosis and treatment of some 
potentially treatable lesions (for example, choroidal 
neovascularization) are limited by blocked transmit-
tance from overlying hemorrhage.8 

Both recent and more established diagnostic and 
therapeutic modalities offer potential benefits, de
pending on the transmission spectra. Indocyanine 
green angiography has proven useful for imaging 
some cases of choroidal neovascularization obscured 
by hemorrhage.9,10 Additionally, the krypton red and 
diode infrared lasers, which have the theoretic advan
tage over the argon green laser of better penetrating 
blood and other ocular pigments, have proven useful 
for treating many ophthalmic disorders.11'25 

The purpose of this study was to determine the 
transmission characteristics of dye fluorescence and 
laser energy through hemorrhage. The fluorescence 
transmission of fluorescein and indocyanine green 
dye through blood in vitro and the energy transmis
sion of argon green, krypton red, and diode infrared 
laser through blood in vitro were quantified. 
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MATERIAL AND METHODS 

BLOOD FROM HEALTHY VOLUNTEERS WAS DRAWN INTO 

tubes anticoagulated with ethylenediaminetetraacetic 
acid (EDTA). One sample with a hematocrit of 46% 
and hemoglobin of 15 g/dl was used without further 
processing. The other samples were centrifuged at 
5,000 rotations per minute for ten minutes to separate 
the red blood cells from the plasma (hematocrit 0%). 
The packed red blood cells were tested and found to 
have a hematocrit of 99% and hemoglobin of 32 g/dl 
(Coulter Counter, T890, Miami, Florida). Each sam
ple was used within four hours of preparation. Blood 
was placed on an open quartz cuvette with low 
oxygen permeability (Hellma Cells, Jamaica, New 
York) and treated for one minute in a closed system 
with either 100% oxygen or 100% carbon dioxide 
before use. The blood formed a 100- to 500-μπι thin 
layer during treatment, allowing the samples to equili
brate quickly with the gas. The cuvette was then 
sealed and mounted for use with either a laser or the 
videoangiography camera. Each experiment was per
formed by measuring transmission through multiple 
sites of a single cuvette. 

A videoangiography system was used to record 
images of polystyrene flasks containing either fluores-
cein (Fluorescite Injection 10%, Alcon, Humacao, 
Puerto Rico) or indocyanine green (Cardio-Green, 
Becton Dickinson Microbiology Systems, Cockeys-
ville, Maryland) diluted in water. The absorption and 
emission bands of fluorescein are 465 to 490 nm and 
520 to 530 nm, respectively.26 The absorption and 
emission bands of indocyanine green are 790 and 835 
nm, respectively.27 A fluorescein concentration of 
0.01 mg/ml and an indocyanine green concentration 
of 0.02 mg/ml were prepared. These concentrations 
were chosen to maximize the fluorescence of the 
indocyanine green solution.28 Maximum fluorescence 
of indocyanine green in water and blood occurs at 
835 nm.26 Therefore, we used water-based solutions of 
indocyanine green in this study. Indocyanine green 
solutions were used within two minutes of preparation 
because of the rapid decay of their fluorescence. 
Flash, gain, and exposure settings were set to closely 
match the intensity from the unobscured flask of 
fluorescein or indocyanine green. Quartz cuvettes, 
with thicknesses of 100, 200, and 500 μπι containing 

blood with hematocrits of 0%, 46%, and 99%, were 
placed in front of the flasks of fluorescent solution. 
Both oxygen-treated and carbon dioxide-treated 
blood was tested. A square of black cardboard paper 1 
mm thick was placed in front of the flask of fluores
cent solution as a control. 

The mean intensity of a 40 X 80-pixel (3.3 X 
6.6-mm) region in the center of the image of the 
cuvette, the image of the black paper, and an 
unobscured image of the flask was recorded photo
graphically (Figure). The digital reading from the 
camera is directly proportional to light intensity. 
Fluorescence transmission through blood (Tblood) was 
calculated using the following equations. First, the 
background generated by electrical noise and scat
tered light detected by the camera (ο^^) was sub
tracted from the signal over the blood (Sblood) and the 
signal over the flask (Sflask) to zero the system. Second, 
the zeroed signal over blood was divided by the zeroed 
signal over the flask to yield the fluorescence trans
mission through the blood-filled cuvette (Tblood+cuv<:tte). 

JUnnA ·5, blood 
blood+cuvette 

paper 

Sflask ^paper 
(1). 

Similarly, the transmission through the cuvette 
(TcuvetK) was calculated by dividing the zeroed signal 
over a water-filled cuvette (Scuvette — S^^) by the 
zeroed signal over the flask (Sflask - S ^ J . 

T 
S — S 

cuvette p; 
ö f i . j , O, 

(2). 
Sflask paper 

Transmission through the water-filled cuvette ranged 
from 0.88 to 0.98. Finally, the transmission through 
blood (Tblood) was calculated by dividing the transmis
sion through blood-filled cuvette by the transmission 
through the water-filled cuvette. 

1 blood ~" 
T blood+cuvette 

T (3). 

This corrects for absorption and scatter by the 
cuvette. 

Argon green (514 nm with only the green filter in 
place), krypton red (647 and 676 nm), and diode 
infrared (810 nm) lasers were tested for transmission 
through blood. A fiberoptic was focused to a 500-μπι 
spot size with a +10.00- diopter lens. Each laser was 
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initially calibrated to a transmission of 100 mW 
through a 100-, 200-, or 500-μπι quartz cuvette 
containing water. A three- to five-second laser pulse 
was necessary to achieve a stable reading on the 
power meter. Three energy readings were recorded 
with each laser through a cuvette with either oxygen-
treated or carbon dioxide-treated blood with hemato-
crit of 0%, 46%, or 99% and path lengths of 100, 200, 
and 500 μπι. A wet mount of blood was treated with 
each laser using 100 mW, a five-second exposure, and 
a 500- μηα spot size and then was inspected under the 

Figure (Cohen, Shen, and Smiddy). A flask of 0.02 
mg/ml of indocyanine green (F) partially obscured by a 
200^m-thick cuvette filled with oxygen-treated 99% 
hematocrit blood (B) and a 1-mm-thick piece of card
board paper (P). The blood transmission of this sample 
was 30%. 
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TABLE 1 

MEAN FLUORESCENCE TRANSMISSION THROUGH 
CARBON DIOXIDE-TREATED BLOOD 

CUVETTE 
HEMATOCRIT THICKNESS 

(%) <μΜ) 

0 

46 

99 

100 
200 
500 
100 
200 
500 
100 
200 
500 

INDOCYANINE 
FLUORESCEIN GREEN 

(%) (%) 

98 
92 
99 

5 
2 
1 
1 
0 
0 

microscope to assure that the blood had 
gone photocoagulation. 

98 
96 

100 
76 
54 
18 
57 
34 

4 

not under-

RESULTS 

PERCENTAGE TRANSMISSION OF DYE FLUORESCENCE AND 
laser energy through oxygen-treated vs carbon diox
ide-treated samples never differed by more than eight 
percentage points. For all samples with a transmission 
difference of greater than two percentage points, 
transmission was greater through carbon dioxide-
treated blood than through oxygen-treated blood. 

Fluorescence transmission through plasma was 
89% to 100% for all samples tested with both dyes. 
The variation in transmission within the measured 
area was low, with standard deviations of 2% to 5%. 
Consistently, fluorescein transmission was much less 
than indocyanine green transmission (Tables 1 and 
2). For oxygen-treated 46% hematocrit blood samples 
of 100-, 200-, and 500-μπι thicknesses, the indocya
nine green fluorescence transmission was 76%, 49%, 
and 19%; and the fluorescein fluorescence transmis
sion was 6%, 2%, and 1%, respectively. For oxygen-
treated 99% hematocrit blood samples of 100-, 200-, 
and 500- μηα thicknesses, transmission of indocya
nine green fluorescence was 50%, 30%, and 6%; and 
transmission of fluorescein fluorescence was 1%, 0%, 
and 0%, respectively. The average transmission over a 
3,200-pixel area is reported in Table 2. 
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TABLE 2 

MEAN FLUORESCENCE TRANSMISSION THROUGH 
OXYGEN-TREATED BLOOD 

HEMATOCRIT 

0 

46 

99 

CUVETTE 
THICKNESS 

{μ») 

100 
200 
500 
100 
200 
500 
100 
200 
500 

FWORESCEIN 

99 
97 
89 
6 
2 
1 
1 
0 
0 

INDOCYANINE 
GREEN 

96 
99 
98 
76 
49 
19 
50 
30 
6 

Mean laser energy transmission through plasma 
was 93% to 100% for all samples tested with all lasers 
(Tables 3 and 4). There was one percentage point or 
less variability in the multiple readings for each 
sample. Consistently, argon laser energy transmission 
through blood was much less than that for krypton 
and diode laser. For oxygen-treated 46% hematocrit 
blood samples of 100-, 200-, and 500-μπι thicknesses, 
the diode laser energy transmission was 62%, 32%, 
and 14%; krypton laser energy transmission was 54%, 
27%, and 10%; and argon laser energy transmission 
was 15%, 1%, and 0%, respectively. For oxygen-
treated 99% hematocrit blood samples of 100-, 200-, 
and 500-μιη thicknesses, diode laser energy trans
mission was 55%, 35%, and 10%; krypton laser 
energy transmission was 49%, 25%, and 7%; and 
argon laser energy transmission was 3%, 1%, and 0%, 
respectively. 

DISCUSSION 

LASER TREATMENT IS BENEFICIAL FOR A VARIETY OF 

retinal and choroidal disorders characterized by ab
normal blood vessel proliferation and abnormal vas
cular leakage.1'7,22'25,29,30 Associated subretinal, intra-
retinal, or preretinal hemorrhage may limit diagnostic 
and therapeutic efforts because of blocked fluores
cence during angiographie imaging studies or because 
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TABLE 3 

MEAN LASER ENERGY TRANSMISSION THROUGH 
CARBON DIOXIDE-TREATED BLOOD* 

HEMATOCRIT 

0 

46 

99 

CUVETTE 
THICKNESS (LLM( 

100 
200 
500 
100 
200 
500 
100 
200 
500 

ARGON 

100 
100 
95 
20 

2 
0 
4 
0 
0 

KRYPTON 
(%) 

100 
100 
100 
60 
30 
10 
50 
25 

6 

DIODE 
(%) 

100 
100 
100 
62 
40 
14 
60 
35 
12 

•The mean oi three measurements is reported. The varia
tion among readings was always less than two percentage 
points. 

of blocked transmittance of incident laser energy.6,8 

Furthermore, the delay necessary for resolution of 
hemorrhage may prevent or limit effective treatment 
in some instances.31,32 The classic example of this is 
subretinal choroidal neovascularization.1,31,32 New di
agnostic imaging systems and lasers with longer 
wavelengths have been designed to overcome these 
limitations. 

Indocyanine green angiography may be useful for 
imaging retinal and choroidal vessels that are partially 

TABLE 4 

MEAN LASER ENERGY TRANSMISSION THROUGH 

HEMATOCRIT 

(%) 
0 

46 

99 

OXYGEN-TREATED BLOOD* 

CUVETTE 
THICKNESS |μΜ) 

100 
200 
500 
100 
200 
500 
100 
200 
500 

ARGON 

(%) 
100 
100 
93 
15 

1 
0 
3 
1 
0 

KRYPTON 

(%) 
100 
100 
100 
54 
27 
10 
49 
25 
7 

DIODE 

(%) 
100 
100 
100 
62 
32 
14 
55 
35 
10 

*The mean of three measurements is reported. The 
tion among readings was always less 
points. 

varia-
than two percentage 
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obscured by hemorrhage.9,10 This study was designed 
to model blood (99% hematocrit) layered over the 
retina (100 to 500 μπι is a common thickness range 
encountered clinically). We used a water-based solu
tion of indocyanine green in our experiments because 
indocyanine green in water and blood both have peak 
fluorescence at 835 nm.26 Since transmission through 
blood is wavelength dependent, our results should be 
applicable to the clinical situation of in vivo angiogra-
phy in which indocyanine green is mixed with blood. 
The results of this study are consistent with our 
clinical experience in which indocyanine green fluo
rescence penetrated thin hemorrhages more com
pletely than fluorescein. In this study, indocyanine 
green fluorescence transmission was 76% through a 
100- μπι-thick layer of 99% hematocrit blood. Thick
er intervening blood layers reduced transmission of 
fluorescence (Tables 1 and 2). 

Theoretic considerations and clinicopathologic 
studies have shown that krypton red laser energy has 
a higher transmission through blood than argon 
green laser energy.13,15 For this reason krypton laser 
photocoagulation is frequently chosen for treatment 
through thin layers of blood. The diode laser emits 
infrared light near 810 nm. Its transmission spectrum 
is similar to that of krypton lasers and, therefore, it 
has similar theoretic benefits.14 The results of this 
study confirm the capability of both krypton and 
diode lasers to penetrate thin films of blood. Trans
mission of diode (60%) and krypton (50%) laser 
energy though a ΙΟΟ-μπι-thick layer of 99% hemato
crit blood was much greater than transmission of 
argon green (4%) laser energy. As was found with dye 
fluorescence, thicker intervening blood layers reduced 
laser energy transmission (Tables 3 and 4). 

The transmission data in this study are somewhat 
consistent with calculations made by L'Espérance15 

but are in contrast to studies by Folk, Shortt, and 
Kleiber.13 L'Espérance15 calculated that a 100-μιη film 
of oxygenated blood would transmit 84% of krypton 
(647 nm) energy and 28% of argon (514 nm) energy. 
These figures are based on the absorption curve for 
oxyhemoglobin.15 In this study, a 100-μπι film of 
oxygenated blood transmitted 54% of krypton (647 
and 676 nm) energy and 15% of argon (514 nm) 
energy. Our transmission measurements were proba
bly lower than those calculated by L'Espérance15 

because Our samples comprised red blood cells and 
not pure hemoglobin in solution. Red blood cells 
scatter light more than a homogeneous solution of 
hemoglobin. 

Folk, Shortt, and Kleiber13 measured the absorp
tion of argon and krypton lasers by blood in vitro and 
in an animal model and found that argon and 
krypton laser energy was not transmitted through a 
100-μπι sample of 45% hematocrit blood. There are 
at least three possible reasons why our results differed 
from those found by Folk, Shortt, and Kleiber. First, 
we used blood anticoagulated with EDTA, whereas 
they used washed red blood cells diluted with serum. 
We repeated portions of our laser experiment with 
blood prepared identically to the method described by 
Folk, Shortt, and Kleiber13 and found no differences 
from our original results. Therefore, the differences 
between these results cannot be explained by differ
ence in the blood. Second, we used a sensitive power 
meter and quartz cuvettes with excellent transmission 
characteristics. The cuvettes and power meter used in 
their study are not specified. Finally, we placed the 
power meter immediately behind the sample of blood. 
If the power meter is too small or too far from the 
irradiated sample, the laser energy is scattered beyond 
the angle subtended by the detector. 

Since indocyanine green and the krypton and 
diode lasers emit light in the red and infrared range, 
fluorescence from indocyanine green and energy from 
the krypton and diode lasers should theoretically 
penetrate blood to a similar extent.14 Our experiments 
are quantitatively consistent with this prediction. 
Indocyanine green fluorescence was transmitted 
through blood in percentages comparable to those of 
krypton and diode laser energy. Since the transmis
sion of indocyanine green fluorescence closely match
es the transmission of krypton and diode laser energy 
through blood, it is probable that if a choroidal 
neovascular membrane with overlying hemorrhage 
can be seen with indocyanine green angiography, 
then the membrane can be treated with a krypton or 
diode laser. 

These experimental studies lend encouragement 
both to indocyanine green as a valuable diagnostic 
dye and to red- and infrared-wavelength lasers as 
therapeutic modalities for retinovascular disorders in 
situations complicated by associated hemorrhage. 
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