WO 01/ 03620 PCrl AUOO/ 00826 1 USE OF TRYPAN BLUE TO VI SUALI SE THE ANTERI OR
LENS CAPSULE OF THE EYE Field of the Invention The present invention
relates to woanapeti c net hods, conpositions, and uses, RGF/&U00§H0826
particularly to nethods, conpositions and uses associated with the eye,
such as cataract treatnent. Backgroundl of the Invention Cataract is an
exceptionally common condition affecting people of all racial groups.
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15  bright lights may result i.e. glare. Cataracts also affect animals, including animals such as
dogs and cats.

Cataract most commonly occurs with increasing age but may occur as a congenital or genetic
anomaly or in association with various diseases or certain medications. It is frequently the
20 most common cause of decreased vision (not correctable with glasses) yet is one of the most’

successfully treated conditions by surgery.

The standard treatment for cataracts, is removal of the lens substance, and replacement of the
cataractous human lens with an intraocular lens. Intraocular lenses are inserted into the eye in
.. 25 placé of the removed cataractous lens, thereby improving and frequently retaining vision to

normal levels.

Techniques for cataract treatment have been advanced by pl_xaboemulsiﬁcation surgery, this
involving a very small corneo-limbal incision, to gain access to the lens capsule, creating an
30 incision in the lens capsule to access the lens substance (cortex and nucleus) and removal of
the lens by high frequency ultrasound and suction with irrigation. The capsule (the basement
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of the intraocular lens (with resultant astigmatism and lens-edge induced glare} but this occurs
less frequently following capsulorhexis because the forces generated within the capsular bag
20 are more symmetrical. Thus capsulorhexis is a critical step in achieving a good surgical

result.

Visualization of the capsule, particularly the anterior lens capsule, is critical in capsulorhexis
procedures. Capsulorhexis is generally performed in the presence of the red reflex, where

25  light reflecting off the retina highlights the anterior capsule against a reddened background.
Capsulorhexis is difficult in patients with dense cataracts (mature, usually white or very dense
cataracts) where the red reflex is difficult to see, or simply not present. In these cases, elective
extracapsular surgery is usually performed with its inherent inadequacies and difficulties.
Capsulorhexis may also be difficult to perform in presence of corneal opacities (such as scars)

30 or vitreous opacity, such as vitreous hemorrhage (for examples sometimes seen in patients
with diabetes).
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4. Development of specialized cutting techniques, such as radiofrequency cutting
devices, which require expensive additional instrumentation and have been shown
to produce circular holes in the anterior lens capsule of inferior strength to the

20 - standard capsulorhexis.
None of these techniques have found widespread use.

There remains a distinct mean for methods, compositions and uses which enable ready
25  visualization of the anterior lens capsule, so that capsulorhexis can be carried out so as to
allow cataract removal and replacement with an intraocular lens in a safe, efficient, and cost-

effective manner.

Summary of Invention
30 This invention is concerned with methods, compositions and uses for the visualization of the

anterior lens capsule during cataract removal and lens replacement procedures. The invention
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during the capsul orhexis procedure, which conprises 20 filling the
anterior OfMEBer of the eye with viscoel satic substances of different

viscosities, introducing a trypan blue solution conprising about 0.05%to

3% w w trypan blue solution belowthe.viscoelastjc su anc s f r atinme
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In accordance with a further aspect of this invention there is provided a method for the
visualization of the anterior lens capsule during the capsulorhexis procedure, which comprises

20 filling the anterior chamber of the eye with viscoelsatic substances of different viscosities,
introducing a trypan blue solution comprising about 0.05% to 3% w/w trypan blue solution
below the viscoelastic substances for a time sufficient to stain the anterior lens capsule,
removing from the anterior chamber of the eye the excess trypan blue and viscoelastic
substances, re-introducing fresh viscoelastic substances into the anterior chamber of the eye,

25 and thereafter carrying out capsulorhexis, lens removal and replacement with an intraocular
lens.

In a still further aspect this invention relates to a method for cataract treatment which
comprises filling the anterior chamber of the eye with viscoelastic substances, introducing a
30 trypan blue solution comprising about 0.05% to about 3% w/w trypan blue below the
viscoelastic substance for a time sufficient to stain the anterior lens capsule, removing from
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manufacture of a composition for the visualization of the anterior lens capsule of the eye

during removal of cataractous lenses and lens replacement procedure. The cataractous lenses
may be human lenses, or lenses of animals, such as domestic animals. The composition is
preferably provided as a two part composition, the first part comprising trypan blue powder
20 and the second part comprising an ocularly compatible solution wherein the trypan blue is

mixed with the solution to give a composition for instillation into the eye.

Trypan blue is a widely available dye, which has been used in medical applications for many
years. It is FDA approved for in-vivo and in-vitro uses. Trypan blue is preferably freshly
25 prepared at the time of use. This may be conveniently achieved by a two chamber unit
containing dry trypan blue (in powder form) in one chahxber, and an ocularly compatible
solution in the other chamber, for example separated by openable barrier means such as a
rubber stopper, such that on mixing after opening the barrier means an ocularly acceptable
composition is prepared which can be introduced into the anterior chamber so as to stain and
30 allow subsequent visualization of the anterior lens capsule. As an alternative, trypan blue
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20  sense "composition” is used to describe the solution resulting from the mixing of trypan blue
powder with an ocularly compatible solution to give the solution for instillation into the eye.

In accordance with another aspect of the invention there is provided a method for visualising
the anterior lens capsule of a human subject which comprises instilling into the anterior
25  chamber of the eye a try-pan blue solution of trypan blue dissolved in an ocularly compatible

vehicle.

In a further aspect of this invention there is provided a method for the visualization of the
anterior lens capsule which comprises introducing trypan blue into the anterior chamber of the
30 eye following the addition of viscoelastic substances into the anterior chamber of the eye.
Trypan blue is used to visualize the anterior lens capsule by introducing the trypan blue into
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Tripathi B. Wolffs Anatomy of the Eye and Orbit, Lippincott-Raven, 1998, which is
20 incorporated herein by reference. For the present purposes the eye includes a pupil margin
defined by the iris which regulates access of light to the lens. Pupil dilation caused by
contraction of the iris dilator muscle defines a pupil margin and an area without the pupil

overlying the lens.

25 The nature of the viscoelastic substances is not critical to this invention. A preferred
technique involves using a more viscous viscoelastic (such as Healon GV, Pharmacia &
Upjohn) agent at the pupil margin and a less viscous agent (Healon) within the pupil, as this
serves to minimize leakage of trypan blue away from the central anterior lens capsule (in one
case too much trypan blue was instilled, staining the posterior lens capsule and obscuring the

30 view during the rest of the procedure). Such compositions are widely used in relation to other

ocular treatments and surgery and these materials are commercially available from many




exanpl e, in Duke-Elder S and Wbar KC. System of Ophthal nol ogy, Volune I1I.
The Anatony of the Visual System Henry Kinpton , London ron AS,
Tripathi R WePVR&0hi B. Wiff s Anatony of the Eye and C#%E’%U&%?

Li ppi ncott-Raven, 1998, which is 20 irg;or porated herein by reference. For
t he present purposes the eye includes a pupil margin defined by the iris
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edema.

Generally, the pupil is dilated prior to the process of this invention, utilizing well-described
20 agents for pupil dilation. Topical and peribulbar anaesthetic is conventionally used to
anaesthetise the eye. Two very small comeal-limbal incisions are made on either side of the
eye through which probes are inserted for carrying out the process of this invention. Through
these very small incisions, a fluid introduction suction probe is introduced in order to add
viscoelastic agents prior to trypan blue, and to remove solutions added to the eye. A needle
25  for capsulorhexis and a phacoemulsification probe can be readily inserted through the other
incision. An intraocular lens can be inserted readily through the incision, which has been used
for the phacoemulsification probe. Incisions are generally self-sealing and require no suture,

or on some occasions only a single sufure.

30 According to a still further aspect of the invention there is provided a process for cataract
treatment which comprises filling the anterior chamber of the eye with viscoelastic substances,
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w w to about 3% w w trypan blue below the viscoelastic substance for a
time sufficient to stain the anterior |ens capsule, renoving fromthe
~anterior ggh of the eye the excess trypan blue and viscoelastic
substances, re-introducing viscoelsatic substances into the anterior
capsul e, &ﬁe“t‘%ereafter 5 carrying out capsul orhexis, lens removal and

repl acenymis My Wadleghtly HRRCH ?ksén%%n-gﬂd the &waf B \hdial ctici dsAH SRS Pect s
is applicabl e to cataractous Ienses of humans and ani mals, for exanple,

dogs 1and (white) catamactHt sves apticipatesh that the capsplerbexie phase pf hepisimgeryeveyld hee 1 o
the fol | et beRusk bfhdor VH3ufizaid ¢tthe ledcBPsiletaghinst the white lens substance. She

underwent routine cataract surgery with the exception that trypan blue was used to stain the
anterior lens capsule for each procedure'(carried out some weeks apart). Healon GV was
instilled into the anterior chamber at the pupil margin; the Healon instilled in the middle of

20 this ring of Healon GV, so that the less viscous Healon covered the anterior lens capsule. 0.1%
trypan blue was the injected under the Healon and allowed to remain in contact with anterior
capsule for approximately thirty seconds. Typically up to 0.1ml of the trypan blue solution
was used. Capsulorhexis was the performed routinely, the anterior lens capsule stained blue
was in sharp contrast to the underlying cataractous lens substance. The surgical result was

25 excellent with a return to normal levels of visual acuity. Follow up to eleven months has
revealed no adverse effects from the procedure.

Patient B

This patient had poor vision due to corneal scarring. Although ultimately a corneal graft will
30 be required, it was felt that her cataract was contributing to the visual deficit. As there is a

long waiting time for corneal graft material and because it was felt that staging the procedures
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Every capsulorhexis specimen was submitted for histopathological examination. This
confirmed that trypan blue stains the anterior half of the capsule but does not penetrate into
20 the lens, thus allowing a sharp contrast between stained capsule and unstained underlying

cataractous lens material.

We have used trypan blue in 31 cases as of 24 June 1999. The longest follow-up has been
eleven months. We have seen no adverse reactions, which could be attributed to use of trypan

25  Dblue.

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, or variations such as “comprises” or "comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers or steps but

30 not the exclusion of any other integer or step or group of integers or steps.
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c L Ms 1. The use of trypan blue in the manufacture of a conposition to

enhance the whioshahd zation of the anterior |lens capsule Oﬁﬁf‘)égm‘ﬁé during
renmoval of cataractous |enses and |lens replacement proce . . Use

according to claim1 wherein the conposjtion isprovidet—as—a—twe—part

conposition, the first part conprising trypan b|LI ¥ ﬁ:ﬂﬂﬁ"'ﬂ I“m second
1 R N Mpan bl ue

part conpri '%San ocul arly conpati bl e sol ution

is mxed w e solution to give a conposition#*or | hstsllsat*on into the
eye. 10 3. Use according to claim1l wherein the conposition is in the form
of a two chanber unpjt co | ni dry,trypa | ue.in _one .chanber, separated
by openabl ehﬁbar ri e?hene“safnn%mr@'ﬁe B{H’F’a%g%)&?? & 2pfomreg it%ﬁnli‘ar?cé)ﬁ&

ot her chanber. 4. Aviswiliaaidnioftheditetiod 1e:sicapsulelef tiendye dindig demotal 0fpatath@todf a
human subj ect which, 15 ¢ rises instilling into the anterior chanber of
the eye a trypan blm%ﬁm‘“‘eﬁ@ﬁﬁﬁmﬁgue di ssol ved in an ocularly
conpati ble vehicle. 5. A nethod for the visualization of the anterior |ens
capsul e agcording to claim.4 i.ch cqonprises intrqducing trypan blue into
the ant er?_or -chanbe S%Fccfgé“geﬁ?\égmﬂblﬂﬂ}e?%ﬂ?gm%s‘ﬁﬂﬂﬂw Hidegst ay 2 two part

vi scoel asti ¢ subst aps@fositioh,Othé fiest daik RbinPrisisg) RA" bIeS dpovHé?aﬁVﬁle fecondt gt hod

for the visualization of ,the anterior |ens capsule during capsul qrhexis
procedures accor di nEPRRSISEEANIY! IWFPE‘H_“‘%‘?T&W%S“#’F’FF’!‘H@ @Hh?é? mxed
chanber of 25 the M_Btﬁéﬂsbiﬁtib’ﬂt%g%h%h 6sitfon¥es BRREon infdithOsYeci Ng a trypan
bl ue sol ution conprising about 0.05% ww to 3% w w trypan bl ue bel ow t he
viscoel astic substance for a tine sufficient to stain the anterior |ens
capsul e, 1pemVi ng f UGhcdoBn? O ShinP"l GHRERAhe LbmpBiRioRYIS ih tRe FHRESE al twoPAN
bl ue and viscoelastic , re- 1ntroducing viscoelaatic into the anterior
capsul e, and t her eafhagyberunt santeiping dry topan hlys in encehamber sepgrated bywpenadlend

replacement w th anpdritirRéhstfréth ah 6arly Bt ORI inthebBE AAGBE.

4. A method for visualising the anterior lens capsule of a human subject which
15 comprises instilling into the anterior chamber of the eye a trypan blue solution of
trypan blue dissolved in an ocularly compatible vehicle.

5. A method for the visnalization of the anterior lens capsule according to claim 4
which comprises introducing trypan blue into the anterior chamber of the eye
20 following the addition of a viscoelastic substances into the anterior chamber of

the eye.

6. A method for the visnalization of the anterior lens capsule during capsulorhexis
procedures according to claim 5, which comprises filling the anterior chamber of
25 the eye with viscoelastic substances, introducing a trypan blue solution
comprising about 0,05% w/w to 3% wiw trypan blue below the viscoelastic
substance for a time sufficient to stain the anterior lens capsule, removing from
the anterior chamber of the eye the excess trypan blue and viscoelastic , re-
introducing viscoelsatic into the amterior capsule, and thereafter carrying out
30 capsulorhexis, lens removal and replacement with an intraocular lens.



13 CL bt ol 11101 s 7. A nethod for cataract
t r eat ment ' rises filling the anterior chanber of _the eye with
" sy  BETA

vi scoel asti C ces, introducing a tr si ng

about 0.05% w w to about 3% w w trypa_nmlgl ue m ' astic 5
substance for a time sufficient to stain thel ﬂm"mlmmﬂﬂj%psul e, .
renmoving from the anterior chanber of the eye therLexcess t'ypan bl ue and
vi scoel astic substances, re-introducing viscoel satic substances into the

anterior capsul e, anehethol doramataraet treamenti widchoevinprisgySfilling the anteriot ehiambecopval -
and replacenent with an intraocu] at Ielgs%. 10 .8, ret ho accg[di n(g o
claims5, wherein vittd§&fa¥t CV'§Q?51§§%€8 BFSui PIEFRG avggl?ﬁ?si ug Syigton

i ntroduced into theorpfisinglaboas6.05% @16 aboudSthanadrypan bie belowahk Gissbeladticer

t he | ens _capsul e, subst ance bei.ng i ntroquced at the

pupi| nargin of t%ggl%%ﬁeng%e t\é/‘{’ésg“%ﬁ?ﬁ'?tﬁ?w 8 ROIGROTIFRS FAPRMF: TBPOENE B9 ¢ he

anterior lens 15 ampSiefior chamber of the eye the excess trypan blue and viscoelastic
substances, re-introducing viscoelsatic substances into the anterior capsule, and
thereafter carrying out capsulorhexis, lens removal and replacement with an
intraocular lens.
10
8. A method according to claim 5, wherein viscoelastic substances of differing
viscosity are introduced into the eye, a less viscous substance being introduced
over the lens capsule, and a more viscous substance being introduced at the pupil
margin of the eye so as to minimise leakage of trypan blue from the anterior lens
15 capsule.



