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METHOD FOR rREPARATION AND TRANS~LANTATfON Of 
VOLUTE GRAl="TS AND SURCIC.'\C. !NSTRUHENT THfREf"OR 

RAr.KGROUNO OF THE INVENTION 

The presGnt invention relates in general to surgical 
instrument3 and sucglcal techniQues. Mor~ par~iculArly. chc 

present inventi6n is directed to ~ surgical tool (ur 

cransptancing sheecs of retinal cells. ep1theliAl tissue 

and/or choroi<1a1 tis~ue in a volute ·configuracion chruugh a 

scand2rd-sizcd in~i3ion in the eye, a graft for 
c~ansplantat1on to the subrPrinal region of the eye. a ~eLhod 

fnr preparing such grafcs for cran5piant.ation and a method fnr 

reconstrucLing dyscrophic retinas. rPrinal pigmenc.cpiehelial 
layer~ ~nrl choroid£. 

The n:tina is che sensory epithelial surface chat 

Lines c.h·e po$terior asp'lc.~ of the eye. receives the image 

formed by the lens, ccan:iduces this imaie inro neural impulses 

and conveys thi!\ informa.c.ion to the bra.in by che optic. nerve. 

Tha retina compri3e~ a number of layers, namely. thP ganelion 

c~ll layer, inner plexifarm layer. infter nuclear layer, outec 
plexiform layer, outer nuclear layer, photoreceptor innP.r 
segments and outer segments. ThP out_e~. nuclear layer 

comprises·thQ cQll bodies of the phocprecept.or cells vit:h the 

inner and outer segments being extens•ion$ of c.he eel l bodiC$. 

The choroid is a vascular tlletttb~ane containing laC'ge 

branched pis~ent eell$ that lies bec'lieen the retina and the 

sclerotic coat: of the vertebrate eye. Immediately betveen the 

choroid and the re~ina is che reeinal pigment epi~helium vhich 
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forms an incimate scructural and functional relationship ~ith 

~he photoreceptor cells. 

Several forms of blindnes~ are p~i~arily related t~ 

the loss of photoreceptor cells caused by defects in the 

retina. retinal pigment epithelium. choroid or possibly other 

factors (e.g. ineense light, retinal detachment. incraocular 

bleeding). !n several retinal degenerative diseases select 

populations of cells are lose. Specifically. in macular 
degeneration and cetinitis pigmentosa, the retinal 

photoreceptors degenerate vhile other cells in the retina as 

welt as the retina's central connections are maintained. In 

an effort to recover what vas previously thoughc to be an 

irreparably injured retina, researchers have suggested various 
forms of grafts and transplantation techniques, none of~vhich 

consticuce an effeccive manner for reconscructing a dyst~ophic 

retina. 
The cransplancation of r:-ecinal cells co the eye can 

be traced co a report by Royo et al., Grow~h ~: 313-336 

.(1939) in vhich embryonic retina vas transplanted to the 

anterior chamber of the maternal eye. A variety of cells were 

reported to survive, including photoreceptors. Subsequently 

del Cerro was able to repeat and extend these experiments ( del 

Cerro et al., Invest. Ophthalmol. Vi&. Sci.!§_: 1182-1185, 

1985). Soon aftervard Turner, et al. Dev. Brain Res. 
!§.:91-104 (1986) shoved that neonatal retinal t.issue could be 
transplanted into retinal wounds. ·. 

In related studies, Simmons et al.,~ Neurosci. 

Abstr. 10: 668 {1984) demonstrated that emhr~onic retina could 

be transplanted intracranially, survive, show considerable 

normal developmenc, be able to innerv~~e central structures. 

and accivace these scructures in a light-dependent: fashion. 
Furchermoret chese incracranial transplants ~ould elicit 

light-dependent behavioral responses ~pupillary re(lex) that 
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vere mediated th~ough the hosc·s nervuus SYStem. ~lasson et 
al .• ~ Neurol. 102: 102-108 rl9BR) and Kl~sGan ec al. f!:y~. 

~~ Acad .• ~USA 8~:6958-6960 (1987). 

Li and Turner, ~x2. Eye Res. !1:911 {1988J have 
proposed the transp l an cation of' t"etina l pigwt9nt epi theli11m 
<RP£) into the subrecinal space as a ther~~eutic approach in 
the RCS dystrophic rar to replace defective mutanc RP! cell~ 
vith their healthy wild-type cuunteroarcs. Ar.cording co chei~ 
approach. RPE was isolated fr~rn six-. to oisht-day old black 
eyed rAtS and sraftcd into the ~ub1~Linal space by using a 
leaion paradigm vhich penetraCAf' chroush the :;clera and 
choroid. A 1 ml injection of RrE (40,000 - 60.000 calls) uas 
made ac che incisi<>n sice into the $;nbretinal space by !llean:s 
of a 10 ml sy~inge co vhich ~4G actached a 30 gauge needle. 
Houevcr, chis method u~~troys the cellulAr polarity and nactve 
organlzation ot ChP donor ~•ti~al pigment epichelium ~hich is 
desirable for transplants. 

c1el Cerro. < dAl Carro at al~, Invest. Ophc;,baimol. 
V.is. Sci. a!: 1182-llBS, l98~J reported.a methnd for che 
cr-a.nsl'lancacion of tissnP scrips into the anterior ch~mber or 
into the host recina. The strip~ vere prepared by e~cising 

the neural ~etina tram Che donnr ~ye. ThQ ~ecina va~ then cuL 
into sui rable tissue strips which vere c..hen 1pjected inr.n tha 
appropriate loca~ion by means of a JO gaugQ needle or 
micropipettP with the width of che scrip Limited to ~he inner 
diamQcer of the needle (2'0 micromece~sl An~ tha long~h of the 
scrip betng.less t.hRn 1 millimeter. Uhile del Cerro repor~s 
chat the in~raocular cransplancation of retinal strlps can 
survive. he noies that the procedure h•s some definite 

~ . 
limic.ations. .Fo&" instance. his techniques do noc allo~ for 
the replacemen~ of jusc che missine cell~ (4.g. 
photorecepcors) but always include a mixtut"e 0£ r-etinal cells. 
Thus, vith such a transplant appropriace reconstruct.inn of the 
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dyscrophic retina chat lacks a sp~cific population of cells 

re.g., phoco~eceptors) is noc possible. 
del Cerro et al .• Neurosci. Lett. 2£: 21-26, 1988. 

also reported a procedure for the transplantation of 
dissociated neuroretinal cells. In chis procedure, the donor 
retina is cue inco small pieces, incubaeed in trypsin for 15 
minutes. and tricurated into a single cell suspension by 
aspirating it through a fine pulled pipette~ Comparable to 
the Li and Turner approach discussed above, this procedure 
destroys the organized native structure of the transplant, 
including the donor outer nuclear layer; che scricc 
organization of the photorecepcors vich ehe outer segments 
directed coward the pigment eptcheli~m and che synaptic 
terminals facing che outer plexiform layer are lost. 
Furchermore, no means of isolating and purifying any given 
population of retinal cells (e.g. photoreceptors) from other 
retinal cells vas demonstrated. 

It is ~elieved by the present inventor chat ic is 
necessary to maintain the phocoreceptors in an organized. outer 
nuclear layer structure in order co restore a reasonable 
degree of vision. This conclusion is based on the vell kno~n 
optical characteristics of photoreceptors (outer segments act 
as light guides) and clinical evidenc~ showing that folds or 
similar. even minor disruptions in the retinal g~omecry can 
severe1y·degrade visual acuity. 

SUMMARY OF THE INVENTION 

Among the objects of the present invention. 
therefore, may.be noted the provision of a method vhich 
conserves relatively large expanses o~ tissue harvesced from a 
donor eye; the provision of such a method in which a 
relacively large expanse of harvested cissue is so formed as 
to enable che harvested tissue to be inserted into a 

i 
\ 
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scandara-sizPd inci~ion in th~ eye; the provision of su~h a 
me:hod in vhich the pularicv and organization of che cells"dt 
the time of harvPst are maint3ined in che graft; and Che 
provision of a method !or implantation oC grafts to the 
subretinal area of an eye. 

Further among the sev~ral objects and features of 
the pre~en~ invention may ~P noted the provision of a graft 

fnr use in the rcconscruction or a dyscroohic recin~ or rGscue 

of endog&nou~ photoreceptor cAlls of an individual efflic~~d 
vith an inho.ricad Ot' 3cquircd retinal dl:it:ase vh1C.b causP.~ a 
progressive los~ of rods and suDsequPnt eventual cone 

dystrophy. dysfunc.cion and/or loss; the provision of such ;1 

sr:ifc vhich f'acil1tutes re~rowth ot phnroreceptor akon$ by . 
maincainini the pnlar organization 0£. the phocor~cepcor and 
the close proximity of their poscsynaptic targP~S vich ehe 
adj~cenc oucer plexiform l3yer upon cransplaneaeion. 

Further among che se~~ral objects and f~atures of' 
che pn~sent: invention may b11 noced the provision of a surgica 1 
tool for use in the implantation method vhich forms the graft 
for inser~ion into a standard-~ized incision; ~nd the 
provi~ion of a surgical tool for use i~ the cransplantatinn 
mechod which ~llovs appropriate retinotopic positioning and 
vnich prnr~ccs photorecepcors, retinal pigm~nc epithelial 
tissue. choroidal tissu~ and/or Bruch's memhrane from d&mdse 
prior co and as the sureical device is positioned in the eye. 

Generally, the implantat.1on met.hod compri~4s coilins 

an implantable mat:erial vhir.h is of cheet-Like forra to Cu1.1u a 
voluce. The convolutions of the volute are Cree of one 
another for dubsequenc uncoilin2 of ~~e implantable =~cerial 
suDscantially en its original shcct-llkc fortn. An incision is 

made in the hose eye for th~ insert:ion of the volute to a 
po~ition bet~een the retina and the underlying cis3ue of the 
hos~ gye. The incision i3 3maller than the incision thac 

\ 
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vould be required fnr ·insQrt.ion o! t.hc implaucable material in 

~cs uncoilQd sheet-like Cotm. The volute i~ inSGLted one end 

firsc into che nose eyA through the incision co a position 

hetveen thQ retina and the un~~rlying tissue. ThG voluta 
uncoils after its ins@.rrion to lie in ~heet-like form ~ecween 
r.hP ~ecina and cha underlying tissue of the hnsr. eye and chc 

incision is closed. 
C~nerally. che grafc for implantation comprises a 

layer of a non-toxic Clexibl~ composition vhich $ubstauciallv 
4LSsolvA~ at body tempcr4cure and a material to be implanc~d 

coiled t.o form a volute. The vnlute is insertable one end 
(irst through cha incision dimensioned in accoraance vich the 
cross sectional area uf che volute to a posit.ion for 
implantation. and then uncoiled to lie in sheeL-l1ke form at 
thQ site of implantacion. 

Generally. thP- implamenc for- r:he formation u£ a 
volute comprises a tubular body open ac one end and having a 
funnel. A carr1er enters onP 9nd firsc in the tubular bo~y ac 
r.hP o~en Qnd thereof and i~ fed 4luug che body into and 
through c.he runnel. The engagemflnt of the carrier as ic is 
red through the funnQl ~ich an interior surface of the funnPl 

causes the car-riec to coil into the vnlu.ce. The volute e.xit:5 
from a small end of the funnal. 

Other objects and !eatures ot· thP invention vi l l. be 
in oart apparent and in part pointed out hereinafter. 

~~1EY D!SGRIPT!ON OF THF. DRAYIHcs' 
Fig. l is a photograph of a cryostat sectinn of 

normal rac retina as set forth in Example 1; 
Fig. 2 is a photograph ·or &.blinded rac retina 

folloving constant illumination as set forr.h in Example l; 

! .. ilit. 3 i.s a schemac=ic 0£ a. 4orior recina; 
Fig. 4 is a schematic o! a flatcened r~tina; 

\ 
\ 
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Fig. 5 is a schematic of a flattened retina 
mount~d co a subscrace: 

fig. 6 is a schematic of a sectioned retina mounced 
co a subs era t.e; 

Fig. 7 is a schematic of a laminate comprising a 

retina section on a supporting, stabilizing substrate; 
Fig. 8 is a schematic cop plan view of che laminate 

of Fig. 7, sho~ing a graft (dashed lines} comprising a 
phocoreceptor cell layer and a supporting. stabilizing 
substrate; 

Fig. 9 is a schematic of che grafc mounted on a 
plate formed with spacers; 

fig. 10 is a schematic of the graft mounted on a 
plate infused wich molten gelatin vith a cover plate; 

io 

Fig. 11 is a schematic of the top plate being 
lacerally slid off; 

Fig. 12 is a schematic of ~he resulcing grafc; 
Fig. 13 is a schematic of the graft being skived: 

Fig. 1' is a schematic of ehe skived graft being 
removed from t:he plate for transplantation; 

fig. 15 is a perspective vi~v of a volute; 
fig. 16 is a side elevacional view of an instrument 

for coiling and implanting the graft vith the coiled graft in 
t:h.e funnel of the instrument; 

Fig. 17. is a side elevacional viev·of the 

instrument. vi th a lumen attached to the .. oucside of the 
instrument; 

Fig. 18. is a side elevational view of the . .. 
inscrumenc with che plunger advancing.Che volute.i .. 

Fig. 1.9. is a horizoncal se~t:ion through an eye 

illustrating a pars plana surgical approach with the 

inscrumenc extending partially across the eyei 
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fi~. 20. ; s a hori.:!onca 1 :sect.ion Lhrough an fl-YP. 

illustrat.ins a par:s plan~ sur~1cal appro~~h vith tho 

iu:;c..rument inserted inttl a bleb: ~nd 

Fis. 21. is a hori~uncal section taken alons line 
21--21 of F1g. 16 illustrating a ramp vithin t.h~ instrument. 

Corresponding refer~nce characters indicate 

corresponding parts chroughnut. tha saver:il viev:s or the 
arav;nes. 

OEtA1LED OF.SCRIPTtON 
As used herein, t:he tet"m "'rlonor .. ~hall cncan chc sacu~ 

or dif!erenc organism relacive t.o the host and the term ffdonor 
tissue"' sha.11 mean Ci:SSUt= harvested from thP same or different 
urganism relative co the hose. 

Several forms of blindness~ suet\ as r-Pc-i.nicis 

pigm~nt:osa. retinal decar.hmenc, macular degeneracion, and 
light exposure rel4ted blindnes~. are primarily rel~ted co che 
loss u!' che photoreceptor$; in the eyo. Hovcver, de.sci·uccluu 

of thQ phoeoraee~eorG does not: nee~s~arily lead to th~ loss of 
c.he remaining recina or axons t:h"t c:onnect the retina to the . 
brain. Surprisingly, it h4s been discuvered chat some dPgreg 
of vision ca11 be restored by repl#lclng damagQd photorecepcors 
vith phntoreceptors harvest.ad from a donor ~nd ~hich are 
m4incained in their original organizacinn and cellular 
polarity. Furthe~more. as furchcr described in co-pending 
Application No 08/033,lO:i (vhich 1s incorporacP.d herein by 

r~£erence), the transplantation of photoreceptor rods 
harvas ted from a. donor eye can ·· t·escue·· endogenous c.onP. 
photorecuptors within the retin~ and ~hus may rest.ore. or 
preservP. visual sensitivity cf exiscihg cone .phocorecepcors. 
That is. it has baen found that transplan~ed rods exerc ~ 
cropnic effect upnn endocenous cone phocoreeepcors. 

\ 
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Fi~. l ls a pnotagr~rh of a cryosc~t section ut 
normal r;ir retina. Fis. ~ i.5 a photugraph ot· a cryosta~ 
section of a rat retina f'ol1.011ing cons:canc i.lluminat:ion vhich 
destroys thP. phocorecapcor <outer nuclea!) layer ~hil~ l@aving 
other retinal layer~ and cells largAly intact. In these and 
subsequent figu~~~. the re~ina or layers th~reot. e.g .. th~ 

ganglion cell layer <•G"J, inner plexifnrm layer (•tPL"). 
inner nuclear layer <"'Ult .. l. outer plexiform Layer ( "'OPL'"). 
out.er nuclear layer ("'OHL"">. inner segments ("'TS"). outer 
segru~nts ("OS"'J. and retin~l ~iemont epithelium (qgPE">, are 
shoun. respectively. from top Lu bottom. 

Reterri~g nov co Fig. 3. a photoroceptor graft Cor 
implantation through an incision smaller than the vidth 0£ tha 
graf'c in .sheec-Uke (orm is prApAred in aceord.ance vi.th a 
method of' cha presGnt in~cncion. The graft. hovever. may 
comprise other implantable material ftuch as ocher·retinal 
cells. ~ntiviral and ancibiotic agent~ and/or other 
phnrmacologic agent~. 

A graft comprising photoreceptor cells is prepared 
by removing a donor retina SO compri.sine innAr· retina layers 
'2 and a photorAcPptor layer S4 f'rom a donor eye. The 4onor 
retina SO is flattened (Fi~. 4J by making a plurality of cuts 
through the retina from locations near the center of the 
recina to the outer edges thereof (see Fig. 81. Cuc~ c~n·ba 

made in ocher directions if necessary. 
As aho~· in Fig. s, the flac.tened retina 56 is 

placed wic.h the photoreceptor sidP. 4i4 ~ovn on a sel:it.in :ilab 
58 ~hich h~s been surfaced so as to provide a fla& sur!ace 60 
cf\at: is parallel to Chtl: blade of a vibratome app;iratus. The 
gelacin slab S8 1S secur~d to a convJntional vibratome chuck 
of tha vibr:itome apparatus. MolLtm ·~our co five per cPnt 
gelatin solution is deposited.adjacent tha flattened 
rP.tina/gelatin surface interface 61 and is drawn by capillary 
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accion under the flattened retina 56 causing the flattened 
recina to float upon the gelatin slab 58. Excess molten 
gelatin is prompely removed and the floating flattened recina 
56 is chen cooled co approximately G°C with ice-cold Ringer's 
solution that surrounds the gelatin block to cause the molten 
gelatin co gel. The flaecened. retina 56 is cher-eby adhered co 

the gelaein block 58. 
As shovn. in F'ig. 6. the . inner t"e.t:ina por-t ion 5 2 is 

sectioned from the top down at approximately 20 co 50 
millimicrons until the phocorecepco~ layer 54 is reached, 
thereby isolating the photoreceptor\layer from the inner 

layers of the ~etina. i.e •• the ganglion cell layer, inner 
plexiform layer, inner nuclear layer. and outer plexiform 
layer. ~hen che photoreceptor layer S4 is reached, the­
vibratome stage is advanced and a section from approximately 
50 co 300 millimicrons chick is obtained as shown in Fig. 7. 
The ehickness of chis section should be sufficient to undercuc 

. the phocoreceptor and form a section! 62 c:onsiscing of a layer 
of photorecept.or cells and a thin gelatin.substrace 58 adhered 
thereto. As shown in Fig. 8. the se·ccion 62 is cut vertically 
along the.dashed lines to create a l~minate 63. 

The laminate 63 is chen placed onto a flac plate 6~ 
formed with risers 66 as shovn in Fig. 9. ~he plate 6~. with 
the lamin~te 63 positioned between the risers 66, is infused 
vith molten fifteen t.o twenty per cent gelatin solution to 
surround and cover the photoreceptor layer S4 ~~th the gelatin 
substrate 58 is surrounded and covered by the molten gelatin. 
As shown in Fig. 10, a flac cover plate 68 is placed on cop of 
the risers 66 to remove any excess molten gelaein and co 
establish che precise thickness of the grafc. The height. of 
the risers 66 can be adjusted to pre~are grafts of differen~ 
t.hicknesses. 
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The re~ul tin·g con ca iner 6 7 cons is t:ing of tva p la cos 

6.:.. 68 separated by- risers 66 encasing a g_elat-in slab 69 with 

the phocoreceptor layer 54 embedded therein is cooled to room 
temperature to cause the molten gelacin co gel and form a 
carrier sheet 70 encapsulating the photoreceptor ~ayer 5~. 
The outer segment (not sho~n) of the phocorecepcor layer s~ 

faces tovard, one face 71 of ~he carrier sheet 70. 
As shoYn in Fig. 11. after the moleen gelacin is· 

alloved to gel. the top cover plate 68 of the"laminate is 
carefully removed by sliding the place Laterally avay from the 
risers 66 so as co prevent any tearing of the gelatin carrier 
sheet 70 and layer of phocorecepcors 54. The risers 66 are 

likewise removed to expose the carrier sheet 70. To furcher 
reduce the risk of tearing the gelatin carrier sheet 70-upon 
removal of the top cover plate 68 the top ,cover plate can be 
wrapped in a TEFLON film (not sho~nl~so that the boccom 

surface of the cover plate has a smooth layer of film affixed 
thereto. The cop cover plate .is removed by unwrapping the 

film on the upper surf ace o~ the cover plate and Liftin~ th~ 
plate from che risers 66. The TEFLON film is then carefully 
peeled from the gelatin carrier sheec 70. Immersion in a 
dissecting fluid (such as an aqueous solu~ion) can facilitate 
peeling. 

Opposite ends 73 of the carrier sheet 70 are cut 
vertically to a size appropriate for transplantation. As 
shovn in Fig. 13, opposite· sides 72 o'f che carrier sheet. 70 
can be skived--cut at obtuse and acut~ angles relative to the 
cop and bocto= surfaces of the gelatin slab--co produce a 
g~afc 74 having approximately parallel sides. The skived 
sides 72 of the graf~ 7' facilitates ;he sliding of one side 
72 of the graft over che other side. The surface o( :he graft 
71.. should have a surface az:-ea greater than a-bout l square 
millimeter, preferably greacer than ~ square millimecers or as 
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largQ ~s m~y be practically nanaled vichin a surgical 
insc.tu111c:uc for 1mpl.:1nr.ation of the grafc throu"n an inr.isibn 
in ~ hose Qye. Thus constructed. che grdft 7£ m3y subtend a 
consid~cable excent of che retinal sucfaee. 

To prepare the gcafc !or insertion into the eye. thtt 
graft 7~ is removed from rh~ place 64 Cfig. 14) and formed 
into ;i volute 76 CFig. l5J baviu~ overlappi.ng sid'11S 72 and 
convolu~ions 77. The convolur.ions 77 of the volut~ 76 are 
free of onA ~nother in tha sense that the convolutions do not 
impede ehe volute !rem subsequent unrolling. Although lt is 
not presently pr~farred. the ~ides 72 o! che volute 76 rlo not 
necess2rily need eo overlap; anv coiled configur3tion of the 

graft 74 vnereDy thP diameter of the volute is less than the 
cfiscance betvccn the sides 72 of the·.uncniled. sheec-like 

gcaCt and ~hereby thP photoreceptor layer 5~ i~ noc damaged 
m~y be prQpared in accordanc~ vith t~e presPnt invention. 

The thickness nf the sra£e~7~ comprisin~ che 
·secr.inn4d flattened retinal cis~u~ ~4 and tne carrier shQet 70 
~s discuss~d above is only ~pproxi~ate and vill va~y as donor 
materi~l varies. In ~ddition, sec~ioning may be facilitated 
:ind vibrat.ome thickness !urthP.r calibrated from histolo~ical 
measurement~ of t.hG thickness of the cetina. thereby providing 

further guid~s to ~~ct:ioning ~epth. Appropriate sectioning 
thicknesses or dApth may be further determin~d by microsc:opiC' 
examination and observation of the section-. 

The gelatin carrler shQet 70. adds ~echani~al 
strength and £~ability to che ea~ily damaged phornrecapeor 
layer 54. As a resul~. the fl~ttenad. recin3l eissue S4 i~ 

tess likely co ba da=nsed and is m~re.easily manipulat.Pd 
during che transptant.ation proceciure. ~- GP.lacin is prc::.ent:ly 

preferred as an·enc:apsulanc. bec3use of its fle>tibilit.Y. 
pliabilicy. 4bility co dissolve at body temper~ture and 

appaceut lack or coxiclr.y to nGur~l cissue upon dissoluc1on. 
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Hov~vPr, othQr c~mposicions ~uch as auger nr agarosc vhich 

~1~0 have the u~sirable char~ctaristics of &elatin mav be · 

substituted. Significantly. gelatin has not been found to 

interfere with tl~sue grovth or post-cransplant interaction 

becveen chP graft 74 and che underlying retinal pigment 
epithelium. GelaLin 1s also pre~Pncly·prefcrre' as au 

~dhesive co l~minate the retinal tissue '4 ~itnin r.he 

encapsutanc. Hovever, ucher composit:ions. inc:luding lecclns 
such as concanavalin .\, vhaat sarin a.gglutin, or -c>hoto rear1:ivQ 

reaeQnts vhich ·gel or decompose upon expn,;nre to l.isht and 

vhid1 also have thP desir.ab le cha.rncteri:st.ic:t of itelatin may 

be substituted as the adh~~ive. 

Advantageously. r.he gelacin ~orrier shee~ 70 or 
other ~ncapsulanc may addicionally serve as a car.rier for any 
of a numbec uf crophic factor~ such as fibrobl4st grovth 
factor, pharmacologic agents including immunosupprPssants cuch 
as cyclosporin A, anti-inflammation agents such as 

dexamethasonP. anei-angiosanie £Act:ors, auc1-gl1al a2ent:J1>. and 
~n~i-micotic factoL~. Upon dissolucinn 0£ the encapsulanc, 

che factor or agPnt becomes available co impure the desired. 
ef(Qct upon che jurrounding tissue. The riosaga can be 

dec.e.t·1uined bv estab!i~hed experimenta.l technique&. The 
P.ncapsulant may contain biodegradable polymers r.o act as slov 
release agents !or pharmac~1agic substances that may be 

includPd in the encapsulant. 

As an alternative to mechanical, e.g., microtome, 
sect1oning. the donor 7etina SO may be ch@micallv sect.ionP.rl. 
Specifically, it. is known cha·c. neurot(!Xi<: agencs such a:: 
kainic acid or an(')xi.a are coxie co cells i.n all recinal Layers 
52 except to phocorecepcocs and HQlle~ cells. ThereforQ if 

the donor rectna 50 is treated vith an appropriate neurot.oxic 
agent che photoreceptor layer S' can be isolated. This 
technique has the advancage o! mainr.aining the retinal Muller 
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cells (which are relatively insensitive co kainic acid and 
anoxia> with the photorecepto~ cells 5~. Since it is known 
chae Muller cells help maintain photoreceptor cells 54 (both 
biochemically an-d structurally> the isolation of Muller cells 
along vith the photoreceptor cells could be advantageous. 

·If desired, the gC"aft 7a may contain retinal pigment 
epithelial cells~ Because the RPE is cenuously adherent to 
che retina. mechanical decachmenc of the retina from a donor 
eye ordinarily will cause the RPE to separate from ~he retina 
and remain attached to the choroid. Ho'«ever. through c.he use 
of enzymatic techniques such as those described in Mayerson et 
al., Invest. Opthalmol. Vis. Sci. 12= 1599-1609, 1985, the 
retina can be separated !rom the donor eye with the RPE 
attached. Alternatively. implants comprising a monolayer of 
RPE cells can be prepa~ed by harvestina RPE cells from donor 
tissue' and apposing the harvested RP! cells as an intact 
monolayer to a non-toxic. flexible composition, or by seeding 
such a composition with a monolayer of dissociated RP£ cells 
and allowing chem to gro~ inc.o a confluent layer. The 

flexible composition serves as a stabilizing support for the 
RPE cells during encapsulation and transplantation. 

Grafts comprising the choi:oid, Bruch's membrane or a .• . 
synthetic Bruch's membrane (e.g., c~llagen sheet on the order 
of 1-S microns) may also be prepared. The choroid is stripped 
off of the scleral lining of the eye (with· or without the RPE 
attached) and flattened by making radial cuts. The donor 
choroid may be encap$Ulated as previo~sly described for che 
photoreceptor cells and/or combined vith a photoreceptor layer . 
54 which has been prepared as described above to form a 
laminate comprising a photoreceptor ::ilayer and a choroidal 
layer encapsulated within a gelatin substrate and superstrace. 

Referring co Figs. 16-18, : __ t.here is sho\ln a surgical 

insc:rument 78 for creating a volute ;76 and implanting t:he 
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volute at the transplantation site of the host eye. the 
surgical instrument 78 and method of this invention are 
particularly adapted for the isolation and transplantation of 

an intact sheet of cells from a donor retina to a recipient 

retina through an incision which ·is smaller than the incision 
chac would be required for insertion of the graft 74 in its 

uncoiled sheet-like form and the inscrument 78 and method are 
further characcerized by che maintenance or cell organization 
of the transplanted tissue layer. 

An embodiment of an inscrument 78 for implanting an 

intact. cellular struccure 7'4 betveen the retina and supporting 
tissues in an eye is indicaced generally in Figure 16. The 

instrument 78 may be made from acryl.'d.c, glass or some o.ther 
suitable material chac is scerilizable. The instrument 78 
comprises a tubular body 90 open at one end 92 for receiving 
the generally planar cellular struccure 74, a tapered passage 

or funnel 94 for coiling the planar structure 74 into a volut:e 
76. and a tubular tip 96 for insertion into the host eye. As 

sho~n and described herein~ the instrument 78 is approximately 
10 to 15 ~entimecers long, which is an appropriate length for 
making implants in rodents and lover primates. The narrow 
tubular tip 96 which is insercad into the incision of the 

eye--che eye porc--musc be sufficiently long to extend into 
the eye co reach in bec~een the retina and the supporting 

- . 
sub-retinal tissue. Different lengtns·may be used for the 

narrow tubular tip 96 of the instrum~nt 78 depending upon the 
procedure being employed and upon the recipient •. 

As shovn ~n Fig. 21. the inscrument 78 may include a 
ramp 99 on che inside surface of the .instrumenc ac the 

·-:. 
transition from the t.ubula~ body 90 co the funnel 94. The 
ramp direc~s one side 72 underneath the other side of the 
graft 7& to form volute 76. In this embodiment of the 
instrument: 7 8. t.he side edges 72 of t·he carrier- sheec 70 can 
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be cut vercicallj. instead of skived co form graft 7~. The 

ramp 99 prevents buckling of che g_::-afc i!.. by not permitt:ing 

che side edges to contact: eac~ other and can act to align the 

volute in a specific orientation (~.g .• one edge of the volute 

can be maincained in a parcicular orientation) . 
. As shovn and described herein. the inner diameter of 

ehe instrument 78 is approximacely S millimeters ac its open 

end 92 and 800 microns at ics cubular cip 96. The inner 

diameter of the tubuLar tip 96 must be sized to allov an 
incacc coiled cellular struccure--i.e., a volute 76--to pass 

cherethrough for implancacion '-"ithout causing the convolutions 

77 of the volute to creace shear stress on one another and 

thus possibly cause damage co the phocorecepcor layer 54 

embedded cherevithin. Thus. different tubular diameters may 

be used depending upon the recipienc: and che size of che graft 

74. Fur.ehermore. the transition in the funnel 9" from the 

diameter of the open end 92 to che diameter at che narrou 
tubular tip 96 cannot be too abrupt as c.o cause graft 7~ to 

buckle. Accordingly. the slope of funnel 96 is gradual to 

allov for concrolled coiling of the graft 7~. 

As sho~n in Figure 18. the edge 98 of the narrov 
cubular tip 96 of the instrument 78 can .be beveled co 

f aci l i ca te both t.he insertion of che inst:rumenc into "the eye 

and the advancement of t.he tubular tip into the subretinal 

tissue of the eye with a minimum of cr~uma. Further, as shown 
in Fig. 20. the beveled edge 98 of the tubular tip 96 

facilitates the gradual uncoiling of the graft 7' as one end 

of the graft is being ejected from the tubular tip. The edge 

98 of t.he t.ubuiar tip 96 is preferably beveled at about 450. 

from the top t:o the boccom.. The narrav t:ubular tip 96 of the 
instrument 78 is preferably cu~ved along its longitudinal axis 

fro~ cne edge 98 of che tubular tip co the small end of che 

funnel 94, as generally indicaced a~ 100. The curvacure 100 
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of the tubular cip 96 facilitates the manipulation of the 
instrument: 78 "'ithin the eye; particularly the·manipulation of 
the inscrumenc to a position becveen the recina 82 and the 
supporting· tissue 84 on the curved wa.lls of the eye. The 
radius of the curvature 100 of the tubular tip 96 will depend 
upon the procedure and the radius of curvature of the hose 
eye. 

The inscrumenc 78 further compri~es plunger means ;s 
to assist the grafc 74 through the narro~ tubular tip 96. As 
shovn in Figure 18. the plunger.means SS is preferably a thin 
tubular plunger 86 received in the open end 92 of the tubular 
body 90 S·O tbac relative advancement of the plunger through 
the funnel 94 and into the tubular tip 96 vith respect to che 
tubular body urges the coiled cellular structure 76 thrbugh 
the funnel of the cubular body and through the tubular tip of 
the instrument 78. To reduce damage to the fragile cellular 
structure 76·caused by direct contact betveen the plunger 86 
.and the cellular struccure, che coiled cellular structure is 
protected from direcc concact vitb the plunger 86 by a spacer . 
made from ge1£oam·l02 or other soft ~ompressible material 
vhich is inserted into the open end 92 of the tubular body 90 
prior to the insertion o( the plunger. The gelfoam 102 is 
guided to lay on cop of the coiled cellular. structure 76 and 
thereby protects the coil from direct contact vith ehe 
mechanical plunger 86. Gelfoam is satisfactory because it is 
semi-solid and non-toxic. The plu~ger 86 proj~cts a 
sufficient distance from the open end 92 of the tubular body 
90 so that the projecting end 88 o~ the plunger can be 
manipulated even vhen the tubular tip 96 of the inscrumenc 78 
is in the eye. The preferred method ~f operating the 
instrument 78 is that once the tubular tip 96 vith·the coiled 
cellular structure 76 therein is properly located Yithin the 
subretinal area 80 of the eye. the plunger 86 is manipulated 
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to ejecc che coll~d ~t:llular structure lb from r.he tubular cip 

96 O( the inStrlmPnt. ~hila thQ plunsor 96 provides th~ 

srcacc~t con~rol ove~ che eJecLion of cbe volute 76 into che 

eye, some cauc!on must be exArr.isGd vhile oper4ting the 
plunger bcc4u!Oc of che increased likelihood of. damage r.n r:he 
volute 76 • 

. r\lt:.crnatively, the plunger means 85 mav comorise 
iueaus !or- applying fluid pressura ( nnr sho\11\ > on che conccnc:s 
of che f?:ubular body 90. tn chis ea5c, c.he opeh end 92. oC Che 
cubular butly is connected co a line cpnne~tP.d to a source of 
fluid under pressure. Fluid con be seleccively supplied via 
the line to the open end 92 of the instrumenc 7R to displace 
its cnnrents. The fluid may be viscous, for·exa~ple a 2~ 

carboxymechylcellulose. ur non-viscous. Pare1cularly tn the 
lacer case. ic may hP d4sirable to have selfoa~ or ~ome other 
rclocively soft spacer ~ace~ial in che cube to act as a 
mechanical plunger- ~n~ to separate che fluid from the cell 

scructuro being implanted. As prevluusly discussed. gelatin 
is sacisfactorv to protect thA- vnl nt• bQcausca ic is semi :;olid 
and uill dissolve hnrmlQGSly if ic ~$:eJect6d from the 

lt\St.rumenc. Whife ctle use of tluid .p~P~snre as cha plungeC" 

me~ns as significantly dacrcases the likelihood or damage co 
c:he volute 76, it also results in a s1enitican~ reduction in 
tne degr~~ nf concrol over che ejection of che volute iG from 
Che in~crument 78. 

As shm.m and dBsc~ibed in parent Application Serial 
No. 07/566,996 (vhich is incocpuraLud herein bY reference>. 
numerous feacures can De includPd vich che inscrumanc co 
facilitate 4 p~rcicular surgery. As ~~own ln. Fig. 17, che 
instcument may include a lumen 108 exi:ending gPneral~y 
pArAllel vith the instrument 78. As ~sed herein. lumen 108 
refera co any tube-~ike vesset, vhech~r separacely provided or 
formed as a pas~ageuey on the ouesida ~f the iRstrumcnc 78. 
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The lumen 108 hos a distal end llO generally adjacent thG 

tubular tip 96 nf ~hq instrument 78, 3nd preferably sligbL1y 

Ddvonced relative co the ~ubular tip. The proximal ~nn 112 of 

the lumen 108 is remotA frnm the distal Qnd 110 and may be 
provided vich a connecco~ for conne~tion vith a source of 
fluid un~er pressure. Tnus. the lum~n 108 can eject n ~cream 

of fluid from its discol end i1o:co create u fluid space abea~ 
uf the instrument 76. The tubular tip qfi of the inscrument :s 
follows generally in che pa.th opened··by ~he fluid t.hu::; 
minimi~ing dit·ec.;t. contact of the instrument and rh4 eye 

r.issue. The distal end 110 of the lumen 108 m4y be beveled to 

faeilicat.e che adv~uc~menc of t.he inscrument 78. p.11rticularly 
at times whPn fluid is noc being ejected from the lumen. Th~ 

end 110 is preferably beveled ac. about 4.5°. The fluid ~ejP.r.tPtf 

from the lumen 108 may b~ ~ s3line solution, or some ocher 
fluid tha.t vi l l not harm the delicate eye tissues. Various 

substances. such as anti-nxid~nts. anti-in!lammatorica, 

anti-mitotic nscnc3 and local anesche~lcs can be provided 1n 
c.he fluid tor treatment of tne eyEf nr i.rqplanted tic sue. 

Depending on chc type of surgery, the iu~c~umenc may 

also include a f'iber optic filament {:nor. 5:houn) e~tanding 

generally parallel vith lumcrt 108. and_poaicioned beLw~~u che 
lumen and che tubular body 90. Tne fiber optic fi1ament 

tacilitatP.~ the manipulation of the ins~rumenc 78 and the · 

proper placement of che grafL 74 in cvo vays: a liEht sourcA 
can be provided at. the proximal Gnd of t.he fiber opcic 
filament so that the filament p~ovides lighc ac the tubular 

c1P 96 of che instrument 7B. tn f~cil~cace cha visual 

obsQrvation procedure through ~he pupil; al~erna~ively, a lens 

could be provided a~ the proximal end of the fibe~ optic 

filament so that cha filament can be µsod for direct 

observation ac the tubular cip of che_.insr.rument. 
Additionally. thP fiber optic filament could allo~ for 
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l~s~r-light cautery to control subr~Linal bleedin~. 

Th~ instrument ;·s ~3n furrh~i; inc:ud£l a :;econd lu:ne:n 

cnoc shovnl extending gancraily parallel ~lth first lumen 108. 

~nd posi~ioned beLv~~n the lumen 108 and rhQ c:ubular body ?O. 

The second lum~n allovs for the nspiration of material f'rom 

the c:ubula.::- tip 9G of cht1 instrument /8. Thq proximal end of' 

tne lumen can hP connected co a source of suction ~u as to 

remove eKcess fluid and d~~ris. 
Tne inst:rumPnl" 78 can further include a pail:' or l~aj 

uiros; {not sho"'nJ tci-minating in au electrode at their distal 

end.:s. The eleccro<1e a Uou-s for cauteri:ution of blood 
v~ssels. The proximal ends of the lead~ can be connecrad ro a 

source uf electrical pouer to s~~l broken blood vessels. It 
is possible co incorporace t:he leads ontu the ~all of the 
tubula~ boJy 90 of the instrument 78. 

Of course. tvo or more of ~he feacure~ described 
wit.h respect to the alt.ernate embodimencJ; could b9 combined. 
as necessic~tPd by the particular circumst4nces. 

The mechod of Lransplanting a voluce 76 ;nco che 
subretinal area of an eye comprises ~sscmbling a 
transpl~ncable material such a~ retinal pigment epithP.liRl 

tissue. cboroidal tissuP.. Rruch•s mQmbrane 3nd/or retinal 

calls 5' into a graft 7£ as previously described. Lt ~ill h~ 

und~rstood that the transplanr.Rhle macerial msy be (ormed_into 
a graft vichout che sclctin carrier sheec ~nd s~ill be vith1n 

the scope or the present. invention. PrRf9'1'3bly. hOVQVQr. the 

grAfr is aSSQmblod uith ~ cArrier sheet 70. Th~ 

cran:Jplancacion wc:t.hod prov1cies for t·ne grafr. 71.. to bG placed 
1n cne inscnnnent ac thQ open end 92 of the cubular bo<ly 90 
"'i th the graft 74 engaging th~ inter~-pr ..,all of the tubu1 ar 

body. The graft 74 i~ placed. one Q~d 73 firsc. in c~e open 

Gnd 92 of ehc tubular body 90 so chat the carrier 70 vill be 
coil~<l 'IJ\th the oucer segments of thP photorecepeor layer S4 
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facing covard the outside of the convolutions 77 of the 

resultant voluce 76 and so chat the volute vi~l uncoil in ~aid 

subretinal area 80 vich che outer segment of Che photoreceptor 

layer facing coward the pigment epithelial layer 84 of the 

hose eye. The tubular tip 96 of the instrument 78 is capped 
118 and the tubular body 90 is filled vith viscoelastic fluid 

120 vhich facilitates the graft's progression into the tapered 

passage or funnel 94. the graft 7& slidably proceeds inco Che 

funnel 9' engaging·the progressively narro~ing capered surface 

causing the graft to progressively coil. As the interior 

valls of the funnel 94 narro\I sufficiently to cause the sides 

72 of che carrier sheet 70 to make contact. one side 72 of ehe 

sheet 70 slides underneath the ocher side of che carrier sheec 

due. in part. to che carrier•s skived sides. The skivea sides 

72 prevenc any buckling of che carrier sheet 70 as the side 

edges make concacc. In the alternative embodiment shovn in 

Fig. 21. as tne interior valls of th~ instrument 78 narro~ 

sufficiently to cause the sides 72 of the graft 74 to be in 

proximity co each other. ramp 99 directs one side underneach 

the ocher side co begin the coiling of che volute 76. At some 

point in t.he funnel 9'4 the convolutions 77 of the coil 76 are 

sufficiently constricted so chat che viscoelastic fluid 120 

can no longer force the coil through the funnel. A gelfoam 

space~ 102 is placed on cop of the coil 76. a bulb 104 is 

placed on the open end 92 of the instrument to create a vacuum 

so chat che fluid 120 and the volute·76 remain in the 

instrument 78. and che cap 118 is removed from che cubular tip 

96 of the inscrument 78. A syringe 106 can be inserted 

through the buib 104 to inject more fluid 120 as required. 

The plunger 86 is inserted through ch~ bulb 10~ into the open 

end 92 of the tubular body 90 and manipulaced co be in concacc 

uich the gelfoam spacer 102. Th~ plunger 86 is carefully 

advanced to force the grafc 7G through che funnel 9' to 
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furcher coil the graft into a volute 76 and into and through 
the curved path 100 of che tubular tip 96. 

The host eye is prepared so as co reduce bleeding 
and surgical trauma. A scleral p~r~ plana surgical approach 
to the subrecinal space is preferred (Fig. 20), bu~ ocher 
approaches. such as transcorneal and trans-scleral, may be 
used. A s~all incision (about 0.75 mm - 2.0 mmJ 

0

is made in 
the pars plana large enough to insert surgical instrument i8. 

Following vierectomy. the eye can be cooled by infusion of 
cooled balanced salt solution through a second pars plana pore 
into the vitreal cavity of the eye 112, to avoid dissolution 
of the carrier sheet 70 Qf the volute 76 during the surgical 
procedure. A porcion of the retina 82 at the site of 
implantation is raised a~ay from th~ pigment epithelia~ cell 
lining 8~ by making an incision 122 in the_re~ina and infusing 
balanced salt solucion in che subreeinal are~ to form a bleb 
80 at the implan~ation site of the retina 82. If the 
inscrument 78 includes a lumen 108, the retina 82 may be 
detached by the gentle force of a perfusate such as a 
saline-like fluid·, carboxymechylcellutose, or 1-2~ hyaluronic 
acid ejected from the lumen co creace a bleb 80. 
Advantageously. the fluid may additionally contain 
anti-oxidants, anti-inflammation agents. anesthetics or agents .. 
that slov the metabolic demand of ch·e host retina 82. 

The instrument 78 with the volute 76 at its tubular 
tip 96 is inserted through the pars plana pore, through the 
vitreal cavity and into ehe subrecinal space. As illustrated 
in Fig. 20, 'the ins'trument 78 is then manipulated so that the 
edge 98 of Che.tubular tip 96 is in line wi~h the incision 122 
of the bleb 80. The entire tip 96 o~ the instrument 78 is 
inserced in the bleb 80 and the volut:e 76 is ejected ':>y 

carefully advancing che plunge~. The volu~e 76 is ejected 
from the beveled edge 98 of the tubular tip 96 and uncoils 
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under ics inherent uncoiling memory as it is ejected from the 

bevelled edge so chat the outer segments of photoreceptor · 

layer 54 is facing the pigment epithelial layer a4. !f the . 
volute 76 does not uncoil entirely. micro picks can be used to 

completely uncoil the graft 74. 

The bleb 80 is then deflated by evacuation of fluid 

within the bleb or by tempanade so ehat the gr~ft 7' is held 

in a sandwich..,;like arrange!Jlenc at the desired position by the 

recina 82 and pigment epiehelial cell lining 8&. The incision 

122 of t.he bleb so may be c:losed cauterly. The gelatin 

carrier sheet 70 dissolves vhen it reaches normal body 

temperature. The edges of the scleral incision are abutted 

after removal of the forceps and su;ured using standard 

opchamalogic procedures. 

As shovn and described in _parent application Serial 

No. 07/566~996. a crans-choroidal, srcleral and corneal 

surgical approach may be used as an alternative to the pars 

plana approach described above. Except for the point of 

entry, the surgical technique is essentially the same as 

out.lined above. In viev of che above, ic vill be . 
seen chat the several objeccs of che invention are achieved 

and other advantages attained. 

As various changes could be made in che abo·ve 

surgical instruments, compositions of matter and methods 

without departing from the scope of the invention, it is 

intended that all matter contained in the above description or 

shovn in the accompanying dravings shall be inte.rpreced as 

illustrative and not in a limiting sense. 
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CLAIMS: 

~HAT IS CLAIMED IS: 

1. A method of implanting in the subretinal area of 

a host eye a volute, the method compt'ising; 

makin~_an-tncision in the hose eye for the insertion 

of a.volute, one end first. in the host eye to a position 
be~veen t:he retina and the underlying tissue of the host eye. 
the volute comprising an implantable material having a 
sheet-like configuration which has been coiled to form a 
volute ~it~ convolutions of the volute free of one another for 
subsequent uncoiling of the implantable material substantially 
to its original sheet-like form, .. 

inset'ting the volute one ·end first into 
through the incision co said position between the 

the host eye 
retina and 

the underlying tissue, 

t·he volute uncoiling after its insertion co lie in 
sheet-like form·becween the retina and the underlying tissue 
o! the hose eyet and 

closing the incision. 

2. The method of claim l ~herein the implantable 
material co~prises a population of cells which is in the same 
organization and cellular polaricy as is present in normal 
tissue of that type, said population of cells being of . 
sheet-like form. 

3. The method of claim 2 '-'herein the population of . 
cells is selected from retinal cells •. epithelial tissue, 
choroidal tissue and Bruch' s · membran~·. 

1111\lll l\llll lllll 1111111 \Ill 
* C L M S * 
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&. A method of transplanting in the subrecinal area 
of a host eye a graft comprising cells from donor tissue t~ken 
Crom a donor eye. the mechod comprising; 

harvesting from the donor tissue a population of 
cells in a manner that maintains the population of cells in 
the same organization and cellular polarity as is presenc in 
normal tissue of that type, said population of cells being of 
sheet-like form. 

assembling said population of cells vith a 
relatively thin flexible pliable carrier composed of a 
non-coxic flexible composition which substantially dissolves 
at body temperature to form a graft, the grafc being of 
sheet-like form and sufficiently flexible and pliable to be 
coiled to form a volute vithout disturbing said organization 
and polarity. 

coiling the graft to form a voluce with the 
convolutions of the volute free of one anocher for subsequent 
uncoiling of the volute, co its o~iginal.sheet-like form, 

making an incision in the host eye for the insertion . 
of the v~luce, one end first, in the host eye. said incision 
being smaller than the incision chat'vould be required for 
insertion of the graft in its uncoiled sheet-like form, 

inserting the volute one "end first into the host eye 
through the incision to a pos·icion b"etween the retina and the 
underlying tissue, 

the voluce uncoiling after its insert~on to lie in 
sheet-like form between the retina and the underlying tissue 
of the host eye, and . 

closing the incision. 

' s. The method of claim 4 vherein the population of 
cells are selected from the retinal cells. epithelial tissue, 
choroidal tissue and Sruch•s membrane. 

111111111111111111111111 ~ 1111 
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6. The method of claim 4 :wherein an apical surface 

of the cells face toward one face of the cair~er and che 
carrier is ·coiled wich said face toward the inside of the 
~onvolutions of che resultant volut~. 

7~ The method of claim 4 wherein the cells are 
embedded in the carrier. 

8. The method oC claim 7 vherein an apical sur!ace 
of the cells face t:owa-rd one face of the carrier and the 
carrier is coiled with said face toward the inside of ehe 
convolutions of the resultant volute. and the volute is 
uncoiled in said subretinal area vieh the apical surface of 
t.he cells facing che retina. ... 

9. The method of claim 4 wherein Che carrier is of 
generally rectangular shape having opposite ends and opposite 
sid~s and wherein the carrier is coiled to form it in~o the 
volute by feeding it endvise one end firsc through a t~pered 
passage in the direccion from the large end co the small end 
of the tapered passage, engagement of. the carrier vith che 
capering surface de.~ined by the capered.passage causing the 

<r 
carrier to· curl into the voluce. 

10. The method of claim ·9 vherein the volute 
exiting from the small end of said tapered passage is guided 
into the host eye co a position between the retina.of the hose 
eye and ~he underlying tissue, where it uncoils under its 
inherent uncoiling memory. 

I lllllll llllll lllll ll~l ll 1111 
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11. The method of claim 9 vhet"ein che opposite 

sides of the cart"ier are skived £or .f'acilicacing slippage 'Of 

one side of the carrier over the other as the carrier is fed 
end~ise through the tapered passage. 

12. A method of preparing a graft for implantation 
in che sub~etinal area of a host eye. the method comprising 
coiling an implantable material having a sheet-like 
configuration to form a volute by placing the implantable 
macerial one end first in a tubular.body at an open end 
thereof and feeding the implantable material along the body 
into and through a funnel. ~hereby engagemenc of the 

implantable material as ic is fed through the funnel with an 
interior surface of the funnel coils the implantable material 

into the volute, the volute exiting from a small end of che 
funnel. 

13. A volute formed in ·acco·rdanee vi ch the process 
of claim 12. 

lA. A graft for implantation to ·the subrecinal area 
of an eye, the grafc comprising a volute coiled from a 
sheet-like non-toxic flexible composttion which substantially 
dissolves at body temperature. the volute having a diameter 
less than about two millimeters. 

15. The graft of claim 14 wherein the volute has an 
inherent memory and uncoils under said memory to lie in . 
sheet-like form at ~he site of implantation. 

' \lllll\ l\ll\l 111\l '"" " 1111 -* C L M S *. 
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16. A graft for transplantation in the subretinal 
area of a host eye comprising a volute coiled from a shee~ 
comprising a layer of a non-toxic flexible composition which 
substantially dissolves at body temperature and a populacion 
of cells selected from the retinal cells. epithelial tissue. 
choroidal tissue and Bruch"s membrane harvested from donor 
tissue carr~ed by said sheet, the volute being insertable one 
end first through an incision in the host eye dimensioned in 
accordance with the cross-seccional area of the volute co a 
position becween che retina and the underlying cissue of che 
hose eye, and then uncoiled to lie in sheet-like form between 
the retina and the underlying tissue of che host eye. 

17. A graft as sec forth in claim 16 ~herei~ said 
population of cells is embedded in· said sheet. 

18. A graft as set forth in claim 16 in combination 
uich an implement for insercing said g~aft formed in a volute 
through an incision in the host eye dimensioned in accordance 
vich the cross-sectional area of the volute to a position 
betveen the retina and the underlying cissue of the hose eye. 

19, An implement for the formation of a voluce 
c::omp·rising a tubular body open at one end and having a funnel 
at its ocher end vhereby a graft is entered one end first in 
the tubular body at the open end thereof and fed along che 
body into and through the funnel, engagement of the graft as 
ic is fed through the funnel vich an interior surface of che 
funnel causing the graft to coil into the volute, the volute 
exiting from a small end of the funnel. 

11111111.11111111111 Jllll 111111 
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20. The implement of claim 19 wherein the implement 
for the formation of a volute is insertable in·the subrettnal 

area of an eye for implantation of the graft. 

21. The implement of claim 20 wherein the implement 
further comprises a tubular tip extending from the small end 
of the funnel. and wherein the tip is insereable through a 
standard size incision inco the eye, the volute, formed in the 
funnel, passing through che tip into the subrecinal area of 
the host eye. 

.; 

22. The implemenc of clai=. 21 wherein the tubular 
tip comprises a bevelled edge.· 

23. The implement of claim 21 wherein the implement 
further comprises a r.amp to facilitate the coiling of the 
graft into the volute. 

24. The implement of claim 21 wherein the 
inst:rument further comprises plunger means for eject.ing t.he 
volµc.e from che t.ubular tip of the implement. 

25. The implement -of claim 24 wherein the plunger 
means comprises a plunger for ejeccing the voluee from t.he 
cubular tip.of the implement. 

26. The implement. of claim 24 wherein the plunger 
~eans comprises fluid pressure means, for ejecting the voluce . 
from the tubular tip of che implement. 

27. The implement of claim 24 wherein the tubular 
cip is curved along ics longitudinal axis. 

I lllllll llllll lllll lllll ll llll 
* .: L It 5 * 


