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ous of the eye. These liquids are also used to transparentize the cornea or lens when either becomes opacified due to de-
generation or cataract formation. Methods involving the.use of these liquids during retinal surgery or diagnostic proce-
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Methods of Treating the Eye with Liquid
Perfluorocarbons

Background of the Invention

The eye, which is responsible for vision, is
probably the most remarkable organ in animals. It is
comprised of many complex components, for example,
cornea, aqueous humor, lens, vitreous and retina, with
each having its own highly specialized function
contributing significantly to the overall visual
experience. Unfortunately, each section of the eye is
susceptible to well-known pathological disorderé which
can reduce the quality of vision and/or resultiné in
partial or total blindness. Such pathological pro-
cesses comprise vitreous liquefaction and opacifica-
tion, retinal detachment, glaucoma, and opacification
of the lens and cornea.

The vitreous is a remotely oxygenated
transparent mass that in most animals is physically a
gel-like substance. It consists predominantly of
water and fills the posterior chamber of the eye. The

vitreous functions to give shape to the eye, transmit
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light, and form a semi-solid support for the retina
against the choroid. When the vitreous is physically P
altered or becomes opague, permanent blindness can
develop. For example, should the vitreous partially
liquify, as it often does with age, its supporting
capability is diminished and retinal detachment may
result. It is well appreciated that retinal detach-
ment is the leading cause of blindness in the United
States. |

Furthermore, the vitreous may become opaque
as a direct consequence of cellular infiltration or
hemorrhage. Cellular infiltrations are common in a
number of inflammatcry processes of tissue surrounding
the vitreous. As a result of inflammation, opacifica-
tion degeneration of the vitreous may be seen.
Vitreous hemorrhage is also very common, particularly
in diabetics, and occurs when the retina ciliary body
ruptures and hemorrhage into the vitreous develoéing
large opaque areas. Unlike most other tissue, how-
ever, the vitreous is avascular and does not contain

significant macrophages. Therefore, if foreign agents

" or blood penetrate into the vitreous, they may perman-

Xy,

ently remain in the vitreous thereby leading to
partial or total vision impairment. In either disease z
process, ligquefaction or opacification of the gel-like
substance, vitreous replacement with a suitable

substitute is required.
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For several years, surgical removal and
replacement of the vitreous with a less than optimal
substitute has been known. Vitreous replacement has
been accomplished by a variety of liquids including
salt solutions, vitreous humor from animals, spinal
fluids and other substances thought to have desirable

properties. Survey of Ophthalmology 17: "A Review Of

Substances And Techniques Of Vitreous Replacement" by
G.H. Peyman, E.S. Ericson and D.R. May pp. 41-51,.
1972. Silicone oils (dimethylsiloxanes of various
viscosities) have been used for partial replacement of
vitreous humor with success but doubtful application
because<of7pathological changes after long term

replacement. New England Journal of Medicine 258:

"Alloplasty In Surgery Of The Eye" by W. Stone,.Jr.,
pp. 486-490, 1958. There also have been reported
results from the use of lyophilized vitreous, pure
hyaluronic acid, or polygeline and the use of collagen
is still in its experimental stage. Gloor, B.P.M.P.-

IN: Moses R.A. (Pd.) alters physiology of the eye.

Clinical application. 7th Ed. St. Louis: C.V. Mosby

Company., p. 270 (1971). Biochimica et Biophysica
BActa 156: "Studies On Hyaluronic Acid" The Prepara-
tion And Properties Of Rooster Comb Hyaluronic Acid"

by D. A. Swann, pp. 17-30 (1968) and U.S. Patent

4,141,973, issued February 27, 1979 to Balazs.
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Out of the presently available vitreous
replacements, salt solutions,'silicone oils and
hyaluronic acids are predominantly used even though .-
they are less than optimal substitutes with each
having its own major disadvantages. Salt solutions
are not readily compatible with the retina or the
optic nerve, yielding some disintegration of vision,
changes at the end of the optic nerve and retinal
unhealthiness. Silicone oils, in addition to their
toxicities, also tend to emulsify and break-off into
droplets, a process ofteﬁ called "fish- egging",
thereby enhancing their turbidity. Finally, hyalu-
ronic acid is very expensive, difficult to produce and
has a fixed viscosity. Since hyaluronic acid is
derived from rooster combs, its éupply is limited.

Most knowledge of present vitreous replace-
ment concerns the use of gases such as air, nitrogen,
and sulfurhexafluoride. The first fluorocarbon to be
used as a gas in the vitreous was octafluorocyclo-

butane or perfluorocyclobutane. Archives of Ophtha-

mology 90: "Octafluorocyclobutane And Other Gases For

Vitreous Replacement" by C.M. Vygantas, G.A. Peyman,

¥

M.J. Daily and E.S. Ericson pp. 235-236, 1973. Other
perfluorpcarbon gases more recently tested are per-
fluoromethane, perfluorcethane and perfluoropropane.

Archives of Ophthamology 98, "Intravitreal Longevity

Of Three Perfluorocarbon Gases"™ by H. Lincoff, J.

Mardirossian, A. Lincoff, P. Ligett, T. Iwamoto and F.
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Jakobjec, p. 1610, 1980. Perfluoro-n-butane and
perfluoroisobutane have also been studied. Vitreous

Surgery And Advances In Fundus Diagnosis And

Treatment, moctafluorocyclobutane (C,Fg) Gas As
Vitreous Replacement" by C.M. Vygantas pp. 423-425,
1975. These gases are being used because they are
biologically inert, insoluble in water and pass
through membranes very slowly. They, therefore,
equilibrate with blood gases (02, C02, NZ) in the
vitreous and reach an equilibrium condition after
hours or days. The equilibrium finally reached is a
function of the partial pressure of the particular éas
as well as the .blood gases. However, since perfluoro-
cérbon gases are compressible, they will remain in an
equilibrium state 6nly as long as the gas pressure is
essentially unchanged. For example, the gases would
increase in volume duriﬁg an airplane flight while
their volume‘woﬁld probably also change during’anes-_
thesia because most anesthetic gases rapidly diffuse
through body tissues. Fluorinated anesthetics might
represent particularly complicated gas-vapor level
equilibrium. Because of these undesired'properties;
among others, perfluorocarbon gases are less than
optimal as vitreous replacements. However, in spite
of considerable work reported in connection with
vitreous replacement, as set forth herein above, there

is no ideal gelatinous substitute for the complex
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glycoprotein structure of the vitreous body. ZXnown
vitreous replacements are not completely satisfactory
because they may cause post-operative complications .
resulting in total blindness. Vitreous substitutes,
thus, have somewhat fallen into disrepute because
basic researchers have had difficulty introducing a
substitute that is clear, inert, well tolerated, and
remains viscous long enough.

The retina comprises the innermost tunic of
the eyeball containing the nervous elements for
reception of visual stimulae. The phenomenon of
detachment of the retina consists of physical separa-
tion of the retina from its juxtaposition to the
choroid. The moét important factor contributing to
retinal detachment is liquefaction and shrinkage of
the vitrebus, commonly known as vitreous retraction.
In addition, vitreous retraction generated by vitreous
shrinkage may produce retinal tear with or without
retinal detachment. There are presently three methods
of treatment for retinal tear with or without retinal
detachment.  The first consists of scleral buckling
(forcing the anterior wall of the choroid against the
posterior side of the retina) which utilizes an
external encircling band in retinal tears and detach-
ments. Also, removal of the entire vitreous gel from
the vitreous cavity may be utilized in retinal detach-

ment. However, this procedure is utilized only in
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extreme cases. The third method requires the patient
to lie on his ventral surface while the physician
introduces into the posterior chamber an air bubble
(having a specific gravity less than vitreous fluid)
in order to forée the detached retina back against the
choroid. Moreover, the patient must remain on his
ventral surface during the early recovery stage,
perhaps for many days. All three forms of treatment
appear to be quite inconvenient to the patient as well
as the physician, and constitute somewhat extreme

methods of treatment.

The aqueous humor is the fluid produced iﬁ
the eye which fills the anterior chamber, located
bétween the cornea and the lens. Because agqueous
humor is being produced constantly, its rate of
formation and exit from the eye is directly related to

the steady straight level of intraocular pressure. 1In

"glaucoma", elevated intraocular pressure is related

to the eye's reduced capability to facilitate outflow
of aqueous humor. Thus, the abnormally high pressure
squeezes against the retina, occluding circula£ion in
the choroid and retina, the optic disk becomes dis-
torted and concave,'and blindness results. The
primary treatment for glaucoma presently is to medi-
cate the eye with a drug that decreases the rate of
aqueous humor formation. The present course of
therapy is to suppress the rate at?hhich aqueous'humor

is formed. But it appears possible to totally replace

" o T
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the aqueous humor in glaucoma. The problem with

replacing aqueous humor, however, is to find a suit-

able substance. Heretofore, there have been no es
attempts to replace the agueous humor with substi-

tutes.

The cornea and lens are normally transparent
to provide refracting surfaces for the optical system
of the eye. BAny change in the transparency of the
cornea or the lens will seriously interfere with the
clarity of the retinal image. Nevertheless, the
cornea and lens are subject to loss of transparency
and will develop opacity depending upon the disease
process as to which'each may be affected. Presently,
the opaque areas in the cornea and lens are surgically
removéd. In addition, the lens is often totally
removed, for example in cataract surgery. The unde~
sirable complications that can develop from surgical
treatment of opague areas within the cornea and lens
are well known. Moreover, if surgical removal of the
opaque areas is successful, vision will probably
remain impaired and even possibly incorrectable.

It is apparent from the above brief overview .
of various disorders of the eye and the current state
of knowledge that there are critical needs which must

be met, and problems to be solved, so that the pre-

cious phenomenon of eyesight may be either restored or

preserved.
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Summary of the Invention

ﬁiquid'perfluorocarbons and substituted
derivatives thereof have been found to be substitﬁtes
for the vitreous or aqueous. Also, such liquids can
be fofced into opaque areas within the cornea or lens
and transparentize them so that vision may be re-
stored. These liquids can be introduced intq.the
vitreous to treat retinal tears (rips) or detachments.
Other radiopaque liquids can be introduced into the
eye for diagnostic purposes.

This invention is directed to the use of
perfluorocarbon liquids and substituted derivatives
thereof in ophthalmological disorders. Perfluoro-
carbons have been found to be advantageous substitutes
for the liquids within the eye as well as transparen-

tizing agents for the cornea and lens. These liquids

- have been introduced into eyes of experimental animals

tb function as vitreous and aqueous humor substitutes,
and as transparentizing agents. They have been proven
to be useful substitutes, and experimental animals
treated with these ligquids not only maintain normal
vision, but can live normal lives after treatment.
Furthermore, the ﬁerfluorocarbons surprisingly are
retained indefinitely within the eye, particularly
within the cornea and lens, as well as the posterior

and anterior chambers. These and other remarkable

: -
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discoveries will become further understood in the
details which follow.
The perfluorocarbon liguids are preferably &
transparent or light transmissive, inert, remain
viscous indefinitely, and can be chemica;ly designed
to have certain viscous and elastic properties.

Moreover, neat fluorocarbon liquids generally dissolve

© at least 20 times as much oxygen and carbon dioxide as

water, aqueous or vitreous, have zero oncotic pressure
{like vitreous), are more dense than water, are
immiscible with blood or water, and can be sterilized
by autoclaving. Thus, these liquids are comprised of
unusual chemical apd physical properties endowing them
with unique, unexpected and advantagedus uses in
ophthalmological disorders. Exeﬁplary of suitable
perfluorocarbon liquids and substituted derivatives
are perfluorooctylbromide (PFOB), perfluoro l-methyl-
decalin (PP9), and perfluoro 1, 3-dimethyladamantané
and perfluorotrimethylbicyclo[3.3.1l.]nonane mixtures
(DAWN) .

Thus, this invention is predicated in part

upon the discovery that perfluorocarbon ligquids are

"y
W

ideal as substitutes for the vitreous and agueous
humor. They are inert, transparent or light trans-
missive, and well tolerated. As such, they fulfill
outstanding needs in eye,disordérs such as replacement
of cloudy or opague vitreous after hemorrhages and

inflammatory processes. Another important discovery
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involved in this invention is that these ligquid
perfluorocarbons can be introduced into opaque areas
within the cornea or lens providing transparent
"windows" therein to enhance an otherwise obstructed
visual procéss. Remarkably, these windows are fairly
permanent and localized in the tissue.

Furthermore, these dense compounds, having
specific gravitieé greater than one, can be ideally
employed in the treatment of retinal tears or detach-
ments. for instance, currently a phyéician, during
surgery or treatment of a patient during retinal
detachment, will lie on his back and the patient is
lying_on his posterior surface. In contrast, the use
of liquids of this inveniion during such treatment
enables the detached retina to be mechanidally sup-
ported agéinst the choroid while the patient rests on
his back and the physician stands or sits in a normal

position. The novel liquids may simply be removed

after the retina is attached, if desired.

In another aspect of this invention, substi-
tuted perfluofocarbon liquids, e.g., PFOB, can be
introduced into the eyes as radiopaque agents to X-ray
intraocular structures. Such diagnostic techniques
are very much needed, especially as here where inert

liquids may be employed.
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Detailed Description of the Invention

The perfluorocarbons and any derivatives
thereof may be generally termed as "ligquids". The
term "liquids", as used herein, is a comprehensive
designation incorporating compounds that are in a
state neither solid or gaseous such as liquids,
emulsions and gels. The term "perfluorocarbon" means
a "cyclic" or "acyclic" compound of carbon. Whereas
the term "substituted derivativés thereof" character-
izes substituted perfluorocarbons with chemical
elements within their structures such as oxygen,
nitrogen and bromine, etc. It should also be noted
that the term "perfluorocérbon“ denotes substitution
of all hydrogen atoms attached to the carbon atom
chain or ring and any carbon side groups with fluor-
ine. It is conceivable in the manufacture of such
compounds that minor amounts of substantially fluori-
nated derivétives may be mixed with completely fluori-
nated compounds. This is permissible pfoviding that
the lack of complete replacement of all hydrogens does
not affect the essential characteristics of the liguid
perfluorocarbons of this invention, particularly when s
active hydrogens critically-enhance the toxicity of

the compounds. Among the perfluorocarbon compounds

"which may be employed are perfluorotributylamine

(FC47), perfluorodecalin (PP5), perfluorotetrahydro-

furan (FC80), perfluoroether (PID)

__ SUBSTITUTE SHEET
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[(CF CFOCFZ(CFZ)ZCFZOCF(CF3)2], perfluoroether

F3)2
(PIID) [(CF3)ZCFOCFZ(CFZ)GCFZOCF(CF3)2],
CcFy
perfluoropolymer (E3) [CFBCHF(OCFZCF)ZOCFZCFZCF3],

CF3 |
perfluoropolymer (E4) [CF3CHF(OCF2CF)3OCF2CF20F3,
perfluoroetherpolymer (Fomblin ¥/01), perfluorodo~
decane, perfluorobicyclo[4.3.0]nonane, perfluorotri-
methylcyclohexane,

perfluoroisopropylcycibhexane, perfluoroendotetra=-
hydrodicyclopentadiene, perfluoroadamantane, per-

fluoroexo-tetrahydrodicyclopentadiene, perfluorobi-

cyclo[5.3.0.]decane, perfluorotetramethylcyclohexane,

perfluoro-l-methyl—4-isopropy1cyclohexane, per-

fluoro—n-butylcyclohexane, perfluorodimethylbicyclo-
[3.3.1.]nonane, perfluoro-l-methyl adamantane,
perfluoro-l-methyl-4-t- butylcyclohexane, perfluoro-
decahydroacehaphthene, perfluorotrimethylbiéyc10-.
[3.3.1.1nonane, perfluoro-n-undecane, perfluoro-
tetradecahydrophenanthrene, perfluoro-1,3,5,7-tetra-
methyladamantane, perfluorododecahydrofluorene,
perfluoro-1,3-dimethyl adamantane, perfluoro-n-octyl-
cyclohexane, perfluoro-7-methyl bicyclo[4.3.0.]
nonane, perfluoro-p-diisopropylcyclohexane, and
perfluoro-m-diisopropylcyclohexane.

It is to be understood that perfluorocarbon
ligquids of this invention may be formed of "neat"

perfluorocarbon liquids; emulsions, suspensions or

SUREAT;
oM

Do WIPO
7ERNATﬂﬂ§>

~ SUBSTITUTE SHEET




WO 83/03201 PCT/US83/00336

10

15

20

-14-

solutions of perfluorocarbons in mixture with them-
selves or other solvents. For instance, perfluoro-
1,3-dimethyl adamantane is normally a solid but in o=
mixture with perfluorotrimethylbicyclo[3.3.1l.]lnonane a
liquid is formed, i.e., DAWN. Also, when the per-
fluorocarbon liquids are emulsified in water, some-

times milky or even somewhat clear or transparent

liquids, emulsions, gels or solutions might result

which may be suitable for use in this invention. Of
course, ideally for vitreous substitutes transparency

is preferred. On the other hand, some eyesight is

better than none, therefore, even somewhat milky

. £luids may be used. Where the liguids are used in

surgery for retinal repair, the property of transpar-
ency is not important. 1In brief, then, the nature of
the "liquid" state may include pure ligquid perfluoro-
carbon, emulsions, solutions, suspensions, etc., of
éerfluorocarbon compounds in ofher liguid mediums.
Incorporated herein by reference, therefore, are
emulsions or suspensions of perfluorocarbons disclosed
in U.S. Patents 3,911,138 and 4,105,798 as suitable
liquids for use in this invention. The following
TABLE I lists certain presently preferred perfluoro-

carbon liquids.
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In éddition, other presently preferred

liquid perfluorocarbons are perfluorotributylamine

o
i

(rC47) , perfluorotetrahydrofuran (FC80), perfluoro-
ether (PID), Perfluoroether (PIID), perfluoropolymer
(E3), perfluoropolymer (E4), perfluoroetherpolymer
(Fomblin Y/01l) and perfluorododecane.

The above perfluorocarbons are capable of
being synthesized by either well known chemical or
electrochemical processes. The chemical processes
yield fairly pure substances of known structure,
having well define boiling points. Whereas the
electrochemical processes tend to yield a mixture of
isomers, the liquids have well defined boiling points.
With respect to gas chromatography, each liquid is
capable of being well defined by either the'packed or
capillary column procedure. The standard to defiﬁe
each compound in gas chromatography is prepared as
follows: 2 microliters of neat liquid are added to
120 milliliters of air in a sealed bottle and allowed
to vaporize producing a stock standard; upon vapori-
zation, 120 microliters of the vapor from the stock
standard are added to another 120 milliliters of air
in a sealed bottle producing the working standard; the
sample measured by the procedure is withdrawn from the
working standard, thus, a typical sample will contain
16.7 pico liters of perfluorocarbon per milliliter of
standard; however, in the capillary column procedure,

the sample is split into a ratio of 23:1, therefore,
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only 1/23 of the sample is actually measured. As
indicated in‘Table II, the retention time is highly
definitive of each liquid used in this invention.
Moreover, the capillary procedure is more specific

5 than the packed column procedure by defining addi-
tional characteristic peaks of each compound. Thus, a
more precise definition of compounds can be had with

the capillary column procedure.

 gUBSTITUTE SHEET




WO 83/03201

PCT/US83/00336

-18~

*098 9°TBE
‘098 ZGE

4 .
ToU 001
(4%

urw/wo G
1:€¢
utuw/ (W oy
00061
J008¢C
Do lE
ateos Tin3 AT00°0
exxn[TW/Td £°97)

o8 N.n@d

1
Tow 0T .
91

utw/wo g°g
utw/Tw of
00061
20052
000071
mﬁﬂom Aﬁ:u >AQQ.O
xexxlTW/Td £°97])

Cyeag
Tsieaq
awr L UoTjualaYy
syead
atduweg
uofjenually
{epTwoaqiAjoooiaontjxad)

g0dd (1)
mcc:mmsoo

poads aapaooay
371ds

motd sen ON
aanjeaaduway, 10j309(uy
aanjeaadwa], x031093190
aanjexadwal uuntod
KataTiysues 19paoosy
paepuelsg

dn 358

s»xyuuntod Axeyyyden

vxUUNTOD posjoed

JAudeabojewoayd seg

II d971avy,




PCT/US83/00336

WO 83/03201

-] Q=

-

coes 7TISL
*088 9°6¢L
*09s 0¢CL
t098 9°60L
“o8s 9°Gy9
S
Tow 001
8
"08s8 T eov
t0as T 16t
‘038 7°6LE
"09s pTrot
Toas gToveE
*o9s ove
"oas U1l
L
oW 001
14

"O09S 87961
To9s8 B8T9ET
‘098 gTyel

€
Tow 0
8

I2ITTITTTW/E3937100Fd = qu/1d

uunyo) Axeyiyde) buyasautbug sse(d OoFIJFIUSIFOS
unfo) poyoed *oui ‘oostadng

u:mE:uum:ﬁ KAydeabojewoayd sen Qg F93uv

LR R 24
¥ ¥ %
*¥

Syeaq
Vyeag
Eyeag
Cyeag
Tyeog
QWYY UOTIUDIAY
syjead
atduesg
uogjenuslny
(sueuou [T - ¢ "g JoTo&o1qTAYyysutajoxongyxad
pue suejuewepeiAyjlauyp-¢’y oxonyjaad)
’ NMVd

Lyeagq
Ixeaq
Syeaq
i Vyeoag
Eyead
Cyeag
Tyeaq
Quyy, uofjualay
syead
a1dueg
uotjenusijly
(urTesepriyjsu-1 oxongjaad)
6dd

(€)

(2)

{(penuijuo) II AIAVL)

LR ea o
e & kit |

LRy
P

T

B R e aTe e sy
—

€
~

L
SR




WO 83/03201 PCT/US83/00336

10

15

20

25

-20-

The above perfluorocarbons all have in
common a high solubility in oxygen and carbon dioxide,
inertness, transparency, and they are suitable for
introduction into the eye in the treatment of ophthal-
mological disorders, e.g., vitreous replacement. A
particular perfluorocarbon or a mixture of perfluoro-
carbons falling within the family of liquids exempli-
fied by the above derivatives may be used according to
the principles of my invention. One main property
generic to the preference of the ligquids according to
this invention over other fluoro-containing liquids is
their chemical structure rendering them RES-phobié.
These compounds have been defined in my U.S. Patent
3,911,138 as "perfluorocyclocarbons", especially
perfluoro (methyicyclohexane), perfluoro
(1,3-dimethylcyclohexane), perfluoro (decahydronaph-

thalene), perfluoroc (decahydro-l-methylnaphthalene)

- and perfluord (decahydrodimethylnaphthalenef, or

mixtures thereof, perfluorinated bicyclononane,
perfluorinated bicyclooctane, perfluorinated adaman-
tane hydrocarbon, perfluoromethyladamantane and
perfluorodimethylbicyclo[3.3.1.]nonane, perfluorodi-
methyladamantane and perfluorotrimethylbicyclo-
[3.3.1.]nonane, perfluorotetrahydrodicyclopentadiene
and perfluorobicyclo[5.3.0.]decane, perfluorotetra-
hydrodicyclopentadiene, perfluorinated bicyclononane,
perfluorinated bicyclooctane, pérfluorinated adaman-

tane hydrocarbon, perfluoromethyladamantane and
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perfluorodimethylbicyclo[3.3.1]nonane, perfluorodi~
methyladamantane and perfluorotrimethylbicyclo-
[3.3.1.]nonane, and perfluorotetrahydrodicyclopenta-
diene and perfluorobicyclo[5.3.0] decane. RES-phobic
perfluorinated liquids tend to accumulate less in the
bodies of animals, principally in the liver, and to a
lesser extent in the spleen and kidneys. This is
significant because such liquids will not become fixed
indefinitely within the cells of the organ. There is
another pfoperty associated with this class of per-
fluorocarbons that is preferentially utilized when
they are introduced into the eye. 'A perfluorocarbon
or a mixture thereof is preferably employed having a
vapor pressure within the range of about 1 to about 25
torrs at about 35°C. Thus, sucﬁ liquids or mixtures
are not only RES-phobic, but upoh escaping the cell
expediently, they will not cause adverse gas collec-
tion in the tissue of animals.

In its broadest aspect, the method of my
invention involves the introduction of liquid per-
fluorocarbons into the eye to treat ophthalmological
disorders. The liquid can be introduced into the
intraocular structure of the eye by different metho-
dologies of injection. For example, the neat liquid
can be injected into the aqueous or vitreous by in-
serting a needle through the pars plana ciliaris and
the perfluorocarbon liquid can be introduced slowly.

The objective is to introduce neat liquid into the
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anterior or posterior chamber to form one large volume
rather than having it disperse into small droplets
(fish-egging). Because the cohesiveness of perfluoro- as
carbon liquids is very high, i.e., the liquids have
5 strong coalescing prdperties, the fish-egg phenomenon
can be avoided. Fish~egging will enhance the tur-
bidity of the substitute, interfering adversely with
the visual process. BAlso, intraocular pressures
greater than 30 mm should be avoided to prevent
10 arterial occlusion. It is possible to monitor the
intraocular pressure via the Schiotz Tonometer or
another needle, or the same one by halting the iﬁjec-
tion momentarily, and monitoring the pressure within
the syringe. The introduction of the liquid into the
15 anterior or posﬁerior chamber is expected to momen-
tarily raise intraocular pressure. The increased
intraoéular pressure, however, will immediately return
to normal due to the dynamic state of the fiuids _
within the eye, i.e., thé interaction of the hydro-
20 - static, osmotic and oncotic forces., The liquid may
also be introduced into the anterior or posterior
chamber as set forth in U.S. Patent No. 4,141,973,

issued February 27, 1979 to Balazs. This procedure

=

permits the withdrawal of the existing liquid with one
25 syringe while introducing the liquid by a second
syringe. The withdrawal and injection method, as in
the single injection method, is preferably performed

slowly. Where the liquid is introduced into the
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cornea or lens, i.e., a small amount is introduced by
means of single or multiple injections.

Vitreous replacement'is indicated, as stated
herein above, upon liquefaction or opacification,
e.g., age, cellular infiltration and hemorrhage. The
perfluorocarbon liquids are optimal substitutes for
the vitreous. They can be advantageously designed to
have similar physical properties of the vitreous being
replaced. For example, volume, transparency, consis-
tency, rigidity as well as Qiscoelasticity, i.e., vis-
cosity and elasticity, can all be incorporated in the
preparation of the liquid. 2Among other advantages,
these liquids have similar refractive indices, higher
solubilities fof oxygen and carbon dioxide, immisci-

bility with blood and water, cohesiveness and inert-

_ness. Because perfluorocarbons generally are immis-

cible with blood and water, the removal of future
cellular infiltration or hemofrhage into the substi-
tuted vitreous can be accomplished much easier. More
importantly, the disadvantages observed with other
present vitreous substitutes can be diminished with
the perfluorocarbon liquids. Thus, vision that is
partially or totally obscured can be restored with

these compounds without experiencing the known disad-

"vantages of the present substitutes. For a comparison

of physical properties between the perfluorocarbon

liquids and human vitreous, see Tables I and III.
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TABLE III
Human Human
Vitreous Agueous
Humor
Characteristics
Weight 3.9 ¢ ——
Volume _ 3.9ml 0.25 ml
Water content 98-99.7% ———
pH 7.5 ———
Specific gravity 1.0053 x1.0000
Refractive index . 1.3349 1.3338
Viscosity
(relative to -water) —— 1.025-1.040
Flow rate S 2 mcl/min.
Osmotic pressure —— 3-5 m0 sm/L
Liquid state hydrogel liquid
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As developed above, these liquids can be
used in eye aqueous replacement as well. The unique
feature of cohesiveness permits the perfluorocarbon
liquids to remain in the anterior chamber indefi-
nitely. In other words, the immiscibility of these
ligquids with the équeous, and their cbalescing ability
preclude their exit from the anterior chamber.
However, the newly produced aqueous can still contin-
uously drain from the anterior chamber.- Moreover,
these liquids do not interact with the cornea or lens
because of their inert characteristics. The refrac-
tive indices of these ligquids also are very similar to
agueous humor. Thus, such liquids are optimal candi-
dates for aqueous replacement. See Tables I and III
to compare the physical characteristics of the human
aqueous with the perfluorocarbon liquids.

Opaque areas within the cornea or lens can
be treated with these perfluorocarbon liquids. Such
liguids can be introduced, as described above, into
the opague areas within the cornea or lens providing a
small transparent window therein. Thus, partial or
total obstructed vision resulting from opaque areas
within the cornea or lens can be -improved by the

transparentizing effect of these liquids. The per-

" fluorocarbon liquids, therefore, can be ideally

employed as transparentizing agents within the cornea
or lens because of their unique properties comprising

inertness, transparency, and high coalescence.
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In retinal detachment, the use of perfluoro-
carbon liguids as a method of treatment is signifi- :
cant. Because perfluorocarbon liquids are inert and s
more importantly have a density greater than vitreous,
the neat liquid can be introduced into the vitreous
while the patient is lying in a dorsal position. The
mechanics comprise a dense perfluorocarbon liguid
encountering the anterior surface of the detached
retina. The dense liquid, by means of gravity, will
then compress the detached retina enébling retinal
reattachment. The significance of such treatment
permits the patient to be treated and recover while
lying in a dqrsal position when retinal reattachment
is indicated. |

Substituted perfluorocarbon liquids such as
perfluoroocfylbromide, can be introduced into the
aguecus or vitreous of an animal and be used as a
radiopaque agent. That is, such £luid can be used to
allow-X-rays to be taken of the intraocular tissues.

| The invention, its principles and objectives
will be further understood in view of the following
examples with reference to the drawing which is an
anatomical illustration of the eye. The drawing-is
self-explanatory and illustrates the many components
of the eye. The agueous humor is contained within the
anterior chamber, whereas the vitreous is located in
the posterior chamber or vitreous body. The pars

plana ciliary, not illustrated, constitutes the
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posterior two-thirds of the inner surface of ciliary
body and it appears grossly smooth. It should be
noted that the pars plana ciliary is the site where
the syringe is introduced into the eye to reach the
aqueous and vitreous.

The following examples illustrate the use of
the perfluorocarbon liquids and substituted deriva-
tives thereof in the eyes of experimental animals.
Example 1

A single injection containing perfluoro-
octylbromide (PFOB), was introduced into the eye of an
anesthetized, living cat. The injection, using a
small syringe and 26 gauge peedle of 0.2 milliliter
was made into the anterior chamber of the eye. The
injection was performed under direct vision where the
neat PFOB liquid could be seen to about half-way £fill
the interior portion of the anterior chamber. The
replaced aqueous humor presumably exited through its
normal path into blood. Because PFOB has a specific
graﬁity greater than agueous humor, the introduced
liquid remained in the lower half of the anterior

chamber. Thus, the interaction of the PFOB with the

" lens and corhea was monitored in the lower half of the

eye and the upper half observed as a controlled area.
The condition of the eye looked good. In addition,
because of the radiopaque properties of PFOB, X-rays
were taken of the cat's eye which confirmed the

presence of PFOB in the lower-half of the cat's




WO 83/03201 PCT/US83/00336

10

15

20

25

-28-~

anterior chamber without adverse effects. After about
one year no adverse effects have been observed.
Example 2

A single injection containing DAWN (per-
fluoro 1,3-dimethyladamantane and perfluorotrimethyl-
bicyclo[3.3.1.]nonane) was introduced into each eye of
a rabbit. The injection using a small syringe and 27
gauge needle of 0.1 milliliter was made into the
interior chamber of the left eye and another small
syringe and 27 gauge needle of 0.1 milliliter was.made
into the posterior chamber by way of the pars plana

ciliary of the right

eye. Media and fundi were normalrin both eyes after
at least about one year. No opacification occured énd
normal blood vessels were observed.
Example 3

A single injection containing PP9 (peffluoro
1-methyldecalin) was introduced intracorneally into
the left eye and intfalens in the right eye of a
rabbit. The injection using a Hamilton syringe and 30
gauge needle of 8 microliters was made into ﬁhe cornea
of the left eye and another Hamilton syringe and 30
gauge needle of 17 microliters into the lens of the -
right eye. After about two months, no changes were
observed in the structure of the eyes and PP9 was
still visible. After about five months, the eyes were

still clear.
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What is claimed is:

1. A method of treating an eye comprising
introducing intraocularly a liquid comprising a

perfluorocarbon or substituted derivative thereof.

2. The method of Claim 1 wherein said

liquid is introduced into the vitreous of the eye.

3. The method of Claim 2 which is conducted

to substantially replace said vitreous.

. 4. The method of Claim 2 wherein upon the
introduction of said liquid said vitreous is withdrawn

from the eye.

5. The method of Claim 1 wherein said

liquid is introduced into the aqueoﬁs of the eye.

6. ‘The method of Claim 5 which is conducted

to substantially replace said aqueous.

7. The method of Claim 1 wherein said

liquid is introduced into the cornea.

'8. The method of Claim 7 wherein said
liquid is introduced in a sufficient amount to form a

transparent window in said cornea.
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9. The method of Claim 1 wherein said

liquid is introduced into the lens.

10. The method of Claim 9 wherein said
liquid is introduced in a sufficient amount to form a

transparent window in said lens.

11. The method of Claim 1 wherein said
perfluorocarbon or substituted derivative thereof is
in a physical state selected from the group consisting
of a neat liquid, an emulsion, a gel, a solution and a

suspension.

12, - The method of Claim 1 wherein said

liquid is a perfluorocyclocarbon.

13. The method of Claim 12 wherein said
perfluorocyclocérbon is selected from the group
consisting of perfluoro (methylcyclohexane), perfluoro-
(1,3-dimethylcyclohexane), perfluoro (decahydronaph-
thalene), perfluoro (decahydro-l-methylnaphthalene),
perfluoro (decahydrodimethylnaphthalene), perfluoro-

dimethyladamantane, perfluorotrimethylbicyclo[3.3.1.]-

2
k3

nonane, perfluorotetrahydrodicyclopentadiene,
perfluorobicyclo[5.3.0.]decane and perfluorodimethyl-

bicyclo[3.3.1.]nonane, or mixtures thereof.
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14. The method of Claim 1 wherein said

ligquid is radiopaque.

15. The method of Claim 14 wherein said
substituted derivative is selected from the group
consisting of a brominated perfluorocarbon and an

iodinated perfluorocarbon.

16.. The method of Claim 14 wherein said

liquid is perfluorooctylbromide.
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17. A method of repairing the retina of an
eye comprising introducing into the vitreous a liquid
compfising a perfluorocarbon or substituted derivative "as
thereof in an amount sufficient to hold the retina

S against the choroid during said repair.

18. The method of Claim 17 wherein the
repair is provided to a detached retina and the
detached retina is held against the choroid during the

repair.

19. The method of Claim 17 wherein said

liquid is removed after said repair.

<7
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20. A diagnostic method comprising intro-
ducing into an eye a radiopague ligquid perfluorocarbon
or substituted derivative thereof and detecting the

radiopacity of the resultant eye.

21. The method of Claim 20 wherein said
substituted derivative is selected from the group con-
sisting of a brominated perfluorocarbon and an iodi-

nated perfluorocarbon.

22. The method of Claim 20 wherein said

liquid is perfluorooctylbromide.
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23. A method of treating an eye comprising
introducing intraocularly a transparent liguid per-
fluorocarbon or substituted derivative thereof. Y

24. The method of Claim 23 wherein said

transparent liquid is a perfluorocyclocarbon.

25. The method of Claim 24 wherein said
perfluorocyclocarbon is selected from the group
consisting of perfluoroc (methylcyclohexane), perfluoro-
(l,3-dimethylcyclohexaﬁe), perfluoro (decahydronaph-
thalene), perfluoro (decahydro-l-methylnaphthalene),
perfluoro(decahydrqdimethylnaphthalene), perfluoro~-.
dimethyladamantane, perfluorotrimethylbicyclo[3.3.1.]~
nonane, perfluorotetrahydrodicyclopentadiene, '
perfluorobicyclo[5.3.0.]decane and perfluorodimethyl-

bicyclo[3.3.1.]lnonane, or mixtures thereof.

o
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AMENDED CLAIMS
[received by the International Bureau on 15 August 1983 (15.08.83);
original claims 1 to 25 have been replaced by the amended claims 1 to 24]

(1) A method of treating a disorder of an
eye comprising introducing intraocularly a liquid
comprising a liquid perfluorocarbon or substituted

derivative thereof in an amount effective to treat

said disorder.

(3) The method of Claim 2 wherein said

vitreous is substantially replaced with said liquid.

(4) The method of Claim 2 wherein the
introduction of said liquid into said vitreous and the
withdrawal of vitreous from said eye is conducted at

the same time.

(6)  The method of Claim 5 wherein said

aqueous is substantially replaced with said liguid.

(8) The method of Claim 7 wherein séid
liquid is introduced in a sufficient amount to form a

sﬁbstantialiy transparent window in said cornea.

(10) The method of Claim 9 wherein said
liquid is introduced in a sufficient amount to form a

substantially transparent window in said lens.
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(11) 'The‘method of Claim 1 wherein said
perfluorccarbon or substituted derivative thereof is =
in a physical state selected from the group comnsisting .
of neat liquid, emulsion, gel, solution and suspen-

5 sion.

(12) The method of Claim 1 wherein said

liquid perfluorocarbon is a perfluorocyclocarbon.

(14) The method of Claim 1 wherein said

liquid perfluorocarbon is radiopaque.

(15) The method of Claim 14 wherein said
perfluorocarbon is selected from the group consisting
of a brominated perfluorocarbon and an iodinated

perfluorocarbon.

(16) - The method of Claim 14 wherein said

liquid perfluorocarbon is perfluorococtylbromide.
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(17) A methéa”of.repairing a retinal
disorder of an eye of an animal comprising introducing
into the vitreous of said eye a liquid comprising a
liquid perfluorocarbon or substituted derivative
thereof, locating said animal in a position to provide
means for said liguid to maintain the retina against
the choroid of said eye to repair said retina, and
maintaining said animal in said position for a time to

effect said repair.

(18) The method of Claim 17 wherein said

retinal disorder is either a detached or torn retina.

(19) The method of Claim 17 wherein said
liquid is removed from said vitreous after said

repair.

(20) A diagnostic method comprising intro-
ducing into an eye a radiopaque liquid perfluorocarbon
or substituted derivative thereof in an amount effec-
tive to detect radiopacity and detecting the radio-

pacity of the resultant eye.

(21) The method of Claim 20 wherein said
liquid perfluorocarbon is selected from the group con-

sisting of a brominated perfluorocarbon and an iodi-

nated perfluorocarbon.
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(22) The method of Claim 20 wherein said

liquid perfluorocarbon is perfluorooctylbromide.

(23) A method of treating a disorder of an
eye comprising introducing intraocularly a substan-
tially transparent liquid perfluorocarbon or substi-
tuted derivative thereof in an amount effective to

5. treat said disorder.

{24) The method of Claim 23 wherein said

liquid perfluorocarbon is a perfluorocyclocarbon.
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