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Introduction

In 1961 two medical students from Indiana, H.R. Novo-
tny and D.L. Alvis, authored a paper which described
retinal angiography techniques still in use today. ' The
utilization of a fundus camera equipped with an exciter
filter, barrier filter, and electronic flash to sequentially
document the retinal blood flow following a sodium
fluorescein injection was outlined in their landmark
article. The complete story behind the implementation
of this procedure began many years prior to this semi-
nal report, however. The fluorescein angiography pro-
cedure is a culmination of the evolution of retinal
imaging intersecting with the application of sodium
fluorescein to ophthalmology.

This paper reviews published landmarks in the his-
torical development of fluorescein angiography by ex-
amining the evolution of retinal photography, the his-
torical use of dyes to view the retina, and important
work contemporaneous with Novotny and Alvis. It
traces the history of the fluorescein angiography proce-
dure through selected quotes from the publications of
significant contributors. A list of resources is included.
The reader is encouraged to further explore the histor-
ical record.
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Beginnings

The basic building blocks from which fluorescein angi-
ography evolved include anatomical drawings of the
retina and the use of fluorescein dye to view ophthal-
mic phenomena.

Fundus photography was developed in pursuit of an
accurate and specific graphic representation of the
retina. Medical illustration has a long history of depict-
ing the eye: the ancient Greeks made anatomical draw-
ings of the eye (Fig 1).% A landmark in the realistic
graphic representation of the retina was an 1854 publi-
cation by Van Trigt (Fig 2).° It is here that the story of
modern fundus photography begins. From Duke-
Elder:

"The frontispiece to this volume is interesting. It is
a photographic representation of the first coloured
printed illustration of the fundus of the eye which
appeared in the thesis of Adrian Christopher Van
Tright (1825-64), Dissertatio Ophthalmologica Inau-
guralis de Speculo Oculi in 1853... " Duke-Elder,
1967

Jackman, Webster and Bedell note early attempts at
retinal photography on anesthetized animals. =~ The
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Figure 1A: An eye as illustrated by Democritus in approximately 400 BC. Note the simple, two layer construction and the hollow tube' which
connects the eye to the brain. (B) Drawings by Celsus 400 years later included a lens, the anterior chamber, and the vitreous. (C) Galen's eye, from
about 150 AD, was much closer to reality, even if his theories were not. (reproduced from Duke-Elder, 1961).
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Figure 2: This realistic illustration was origi-
nally drawn in color by Van Trigt in 1853.
(reproduced from Duke-Elder, 1967).

Figure 3: The first published human fundus
photograph involved this apparatus, an albo-
carbon burner, and a 2 /, minute exposure.
(reproduced from Mann, 1970).
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Figure 4: With some imagination, you may
recognize the small top white area as the optic
disc, and the lower, larger light area as an
artifact. Blood vessels are unable to be de-

first published account of in-vivo human retinal photog-
raphy is by Jackman and Webster in 1886. * They
describe the use of an ophthalmoscopic mirror (a curved
mirror with a centrally located hole) in conjunction
with a two inch microscope objective (Fig 3). An albo-
carbon light source provided illumination during the
2'7, minute exposure. From their paper:

"After considerable practice, and numerous experi-
ments, we have at last succeeded in obtaining a very
fair photograph of the blind spot and a few larger
blood vessels of the living human retina.” Jackman
and Webster, 1886

As important as these early attempts were, it should
be noted that the images were quite blurry (Fig 4).
Improvements in instrumentation and technique were
needed before high quality fundus photography was to
become routine.

Adolf Baeyer, a 1905 Nobel Laureate in chemistry,
described methods for producing a number of new
organic dyes—including sodium fluorescein—in 1871.6
Ten years later, fluorescein dye was utilized by Ehrlich
to examine the flow of the aqueous humor.' This is the
first published use of sodium fluorescein in ophthalmol-
ogy; sodium fluorescein has since become an important
ophthalmic tool. Ehrlich describes his methods:

"l proceeded to inject 2cc of fluorescein, and when
the yellow absorbed—this happened in a few minu-
tes—I saw an effect nearby. After Y4 to '/ minutes |
could see a spot near the pupil border, soon the spot
encircled the pupil and | saw an intense green fluores-
cent color which diffused throughout the anterior
chamber within 2-3 minutes. "Ehrlich, 1881

Colored Dyes and the Eye

Ehrlich's investigation of fluorescein in the eye was
followed in 1910 by Burke who examined the choroid

fined. (reproduced from Mann, 1970).

and retina after the administration of fluorescein dye
in coffee.® In 1930, Kikai viewed the retina with filtered
light in an attempt to more clearly view injected dye. ° It
was not until 1939 that the path of dye in the retinal
blood vessels was described. !° While reading this next
excerpt, imagine, if you will, how the history of fluores-
cein angiography may have been changed if Sorsby had
a specific interest in photographing the retina, or if his
experiments had been carried out with a different
patient population.

"With these dyes whilst effective staining of the
brain could be obtained in the intact animal, staining
of the fundus was, as with the pure basic dyes, of the
most transient character. The retinal vessels could be
seen carrying a coloured blood stream for about two
minutes, but the colouration of the fundus amounted
to little more than a transient flushing. . .

The experimental observation that the damaged
retina retained the colour suggested the possibility
that the diseased retina in man might behave
similarly. " Sorsby, 1939

The use of fluorescein dye in circulation studies of
the intestine and skin were summarized by Lange and
Boyd in 1942. " Their technique included the rapid
injection of 2-4cc of 5% sodium fluorescein in the
antecubital vein. Using a purple light for excitation,
they observed the effect of fluorescein dye on multiple
tissues. Except for the lack of specifics describing oph-
thalmic imaging, their paper describes, in very general
terms, modern fluorescein angiography:

"If a definite section of tissue containing a small
artery and vein is observed with the aid of a low power
microscope after intravenous injection, one readily
can watch the stain enter the artery, pass the capillar-
ies, stain the surrounding tissue and return through
the vein. "Lange and Boyd, 1942



Patrick J. Same Landmarks in the Historical Development of Fluorescein Angiography 19

The next quote is taken from the discussion which
directly followed Howe's paper:

"Letter A Carbutt's dry plate is used with ten min-
utes exposure to an ordinary gas light, giving an
unretouched and unremagnified negative ... "Discus-
sion of above paper, 1887

Barr contributed thusly:

"Up to the present time, so far as I am able to learn,
attempts to photograph the interior of the human eye
have not yielded very encouraging results. In the
Philadelphia Photographer, of June 5, 1886, Drs.
Jackman and Webster, of Coggestall, Essex, England,
give results of their experiments. They succeeded in
showing the end of the optic nerve and an indistinct
outline of a part of one or two large vessels... .

I began experimenting to obtain a photograph of the
interior of the human eye, and the results are better
than others I have seen, showing the optic nerve and
vessels quite well... .

The lens in the camera has a focus of only three
inches, and this I think is important, for it makes a
very bright image, and consequently a very short
exposure—six to ten seconds—is sufficient......
Barr 1887

Lies a
Figure 5A: Gerloff's retinal photograph lacks magnification, but is
much clearer than earlier efforts. (B) Detail (reproduced from Gerloff,
1891) .

Fundus Photography Refined

Rapid progress in fundus photography was made in the
years just after Jackman and Webster's fuzzy fundus
photographs were published. Howe and Barr both made
progress toward better quality, as evidenced in the
next three quotes:12,13

"The photograph to which I venture to call atten-
tion is here presented. It will be seen that the disc is
perfectly distinct, even the shading of the different
parts is well defined. Moreover, the vessels are so
clearly shown over at least a third of the fundus that
the arteries can be distinguished from the veins... .

For while it must be admitted that the results here
presented are not entirely satisfactory, on the other
hand this is, as far as I can learn, the first time that
any photographs of the interior of the eye have been
produced in which the details were even recognizable, Figure 6A: This fine photograph of a normal eye was published in
and as such, they at least give promise of results of Dimmer and Pillat's 1927 atlas. (B) Dimmer's fundus camera. (repro-
great practical value in the future. "Howe, 1887 duced from Dimmer and Pillat, 1927).
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ZEISS

Reflex free
RETINAL CAMERA after
NORDENSON
| N instrument of simple construc- |
tion which can be used in any .l

hospital or private office withoul spe- |
vial training in photographic technigue,
To abtain a satisfactory record  of

fundus condition is a matter of min

nutes -||115'.
% Price $768 f.o.b. N.Y.

CARL ZEISS, Inc., 485 Fifth Ave., New York

728 South Hill Street, Los Angeles, Calif

Pactfie Coast Rranch

Gullstrand in 1910. e Nordenson introduced a cam-
era based on Gullstrand's principles in 1925.' The
Carl Zeiss Company marketed Nordenson's design as
the first commercially available fundus camera in 1926
(Fig 7). This camera had a 10° field of view and
required a '/, second exposure with color film.21

Bedell published a stereo atlas of fundus photo-
graphs in 1929.% In June of 1935, Bedell delivered the
Chairman's Address at the 86th Annual Session of the
American Medical Association.® He described the cur-
rent state of ophthalmic photography with this para-
graph:

"Direct color photography has attracted attention
and some excellent pictures have been presented, but
because of the expense and the difficulty of reproduc-

tion, it is not as yet popular. Eventually, drawings

Figure 7: An advertisement for the Zeiss fundus camera from1932.
Fundus cameras have changed dramatically in the last 50 years.
Advertising copy has not. (reproduced from American Journal of
Ophthalmology, 1932).

Fig. 4.—FAS lamp mounted on camera, an
power-pack [or pulse operation.

will be supplanted and even the most skillful artist
will be forced to admit the superiority of photographs.
For several years I have been taking colored
photographs." Bedell, 1935

Limitations in clinical use of fundus photography in
the 30's and 40's can be directly attributed to the
difficulty in obtaining quality images. Slow film speeds
and long shutter speeds were the rule with the then
current carbon arc illumination system. (Although
Hartinger described a modification of the fundus cam-

Figure 8: Hansell and Beeson modified a fundus camera to include an
electronic flash tube. (reproduced from Hansell and Beeson, 1953).

In 1891, Gerhoff used flash powder to illun&inate a
low magnification fundus photograph (Fig 5)¢ Bedell
cites Bagneries (1887) and Gerhoff (1891) as pioneers
in fundus photography, and notes that in 1899 Dim-
mer "electrified the Ninth International Congress with
his marvelous pictures. "° In 1907, Dimmer published
the first fundus photography atlas. * His high quality
black and white photographs were obtained using a
cumbersome apparatus and carbon arc illumination
(Fig 6).

Modern fundus camera design began in 1851 when
Helmholz introduced the direct ophthalmoscope. !¢ Its
design was improved upon by Thorner in 1899 and

Figure 9: The first modern fluorescein angiogram was taken by Dr.
Novotny of Dr. Alvis in 1959. Note the use of match sticks to signify

print sequence. (reproduced from Alvis and Julian, 1982).
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era by the addition of an electrical lamp, carbon arc
fundus cgmeras continued to be used through the
forties. ) A bright, instantaneous light source was
needed for high quality, routine fundus photography.

External eye photographs taken with a “lightning
illumination process' were shown by Cohn and Bois in
1888.%° In 1946, Edgerton developed the electronic
flash tube, and j 71 949 Rizzutti introduced its use to
ophthalmology. Electronic flash was adapted to the
fundus camera in 1953 in both Britain and the United
States (Fig 8):24,28

"The application of a new compact xenon arc lamp
(FA5) to retinal photography in colour is described.
The circuit required for pulse operation of the lamp is
given and some modifications of the Zeiss-Nordenson
retinal camera are mentioned... .

By these means standard and comparable records
of the fundus oculi may be obtained on Kodachrome
colour film at exposures of 15 sec.” Hansell and
Beeson, 1953

"By using again the ring of light just within the
pupil to illuminate the retina, and photographing
directly through the center of the pupil, one can obtain
pictures which are reflex-free. Because the flash expo-
sure of the tube is of the order of 0.0001 second, the
problems of blinking and of the movements of the eye
being photographed are eliminated. The use of the
flash-tube technique also is less fatiguing and annoy-
ing to the patient." Ogle and Rucker, 1953

1854 The firet color representation of the retina is published

1870

1871 Flucrescein is synthesized

1880

1881 The agueaus flow is examined with sadium fluorescein.

1886-981 In vive retinal photagraphy of human subjects is attempled and refined

1890

] 900 1889 High quality fundus photographs are shown.
1807 First fundus photegraphy atlas published.

1910 The choroid and retina are examined with sodium fluarescein.

1910

1920

1826 Fundus camera becomes commercially available

1930 Filters are used ta observe dye in the retina,

1930

1939 Dye flowing through retinal blood vessels is described.

1940

1946 The electronic flash twbe is invented

} 1950

1953 Electronic flash twbe technology is applied 1o fundus photography,

1960

1960 Sodium fluorescein is used to determine a retinal diagnosis.
1961 Moderm flucrescain anglography technigue is described

1958 Sadium fuorescain is phatographed in the cat retina using an exciter filter. ||
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By the early 1950's, fluorescein dye had been ob-
served flowing through the retina, filters had been
used to enhance the visualization of the retina filled
with dye, and flash-adapted fundus cameras were a
reality. A flurry of activity in the late 1950's preceded
Alvis and Novotny's important paper.

Modern Fluorescein Angiography

In early 1959, Chao and Flocks described a method for
measuring the retinal circulation time in cats. * Using
a stopwatch, ophthalmoscopy, and tryptan blue, they
found that the circulation time of the cat retina was
approximately 2 seconds. Their discussion concluded
with this observation:

"We do not yet know whether more innocuous indi-
cator solutions such as fluorescein can be used so that
the method could be adapted to the human retina. If it
could be, it is conceivable that the study of retinal
circulation time might be of value in such pathologic
conditions as retinitis pigmentosa, diabetic retinopa-
thy, and macular degeneration.” Chao and Flocks,
1959

Later that year, Flocks, Miller, and Chao published a
refinement of their technique, including the addition of
a motion picture camera, an exciter filter, and fluores-
cein dye:30

"If a cobalt-blue filter is inserted in the ophthalmo-
scope, the retina appears dark purple in color and the
vessels black. When intravenously injected fluorescein
reaches the central retinal artery, it lights up the
artery to a fluorescent yellow if viewed through the
cobalt-blue filter.... The idea was conceived that the
end points could be ascertained more precisely by
means of motion picture photography using a motion
picture film viewer and editor to examine leisurely the
individual frames of the film. With this technique the
unavoidable error due to the reaction time of the
person pressing the stop watch would be eliminated
and, in addition, a permanent objective record of the
circulation time and of the retinal circulation would
be obtained......

Figure 10: A timeline relating events which led to the development of
the fluorescein angiography procedure.
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Their attempts at fundus cinephotography of so-
dium fluorescein in humans failed:

"Two attempts to determine the retinal circulation
times in human beings using motion pictures were
unsuccessful because of insufficient light. Motion pic-
tures of the retina of cats is much easier to make than
the motion pictures of the human retina. We are
currently trying to improve the optical system of our
apparatus so that this method can be applied to the
study of human retinal circulation time.... "Flocks,
Miller, and Chao, 1959

The future of fluorescein angiography was not in
determining circulation time, but rather in the evalua-
tion and differential diagnosis of chorio-retinal disease.
In 1960, MacLean and Maumenee published this land-
mark description of fluorescein angioscopy: the first
published case of sodium fluorescein being used to
obtain a diagnosis.31

"The patient, Stanford University Hospital No
E-1234719 J.G., a white man, truck driver, 30 years
of age, was first seen in consultation on February 16,
1955. He stated that three years prior to that time he
had noted spots and flashes of light in front of his left
eye. He had seen an optometrist who prescribed glasses
for him. Four weeks prior to his examination visual
acuity in his left eye had suddenly decreased... .

A cobalt blue filter was placed in front of the beam of
the Haag-Streit slit lamp and the patient was given
2cc of 5.0 percent fluorescein intravenously. A dozen
small spots in the central portion of the tumor fluo-
resced within 30 seconds. A diagnosis of hemangioma
of the choroid was made.... " MacLean and
Maumenee, 1960

The final piece of our puzzle was to be published in
the journal Circulation by Novotny and Alvis. ' The
technique used to create the first successful fluorescein
angiogram (Fig 9) was published in 1961:

"The purpose of this paper is to describe a method
for the study of retinal blood flow in man by the use of
intravascular fluorescein and retinal photography,
and to report some preliminary observations made
with this method......

Serial fluorescence-photography of the human reti-
nal vasculature provides a dynamic record and in-
creased visibility of the vascular pattern and blood
flow by means of a simple technic... .

Separate arteriolar and venous filling phases, an
arteriovenous shunt, sluggish choroidal circulation,
stratified flow of fluorescein, and rapid central retinal
circulation times were observed in normal retinas.
Similar findings were seen in hypertensive and dia-
betic patients, and, in addition, neovascularization
was clearly defined, and some cotton-wool patches,
but not hemorrhages, were found to fluoresce. "Novo-
tny and Alvis, 1961
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Conclusion

Many events preceded the development of the modern
fluorescein angiography technique (Fig 10). This paper
includes excerpted quotations from the publications of
significant contributors. This historical review does
not contain every related past event, but summarizes
milestones within the process.

The history of fluorescein angiography as a diagnos-
tic test did not stop abruptly at the publication of the
last cited paper. This review does not examine the
evolution of clinical correlations and the development
of the diagnostic effectiveness of the fluorescein angiog-
raphy test, nor does it examine the rapidly advancing
electronic imaging frontier.

History continues to be written as the process is
enhanced by new imaging technologies. Previously over-
looked papers may acquire significance in light of fu-
ture developments. Popular techniques of today may
wither with the passage of time. A sense of the past
prepares us for the future. With an awareness of the
past, it is up to us, the ophthalmic photographers of the
present, to write the next chapter in the history of
fluorescein angiography.
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