| NJECTOR FOR VI SCOUS MATERI ALS Rel ated Application 5 The priority of

provi sional U S. application Ser. No. 60/536,080, filed January 12, 2004,
is clainmed pursuant to 35 USC 119(e) and 363.. The disclosure of that
application is incorporat 8 dsu 8 ntirety. 10
Background of Invention IlﬁgEqr%aIFSnjlgr‘gﬁrgeram ﬁ \ﬁescom ty materi al
often called a surgical 15 viscoelastic is |nJected into the eye as a
surgical aid. Viscoelastic materials used in ophthalnic surgery include
conposi t i oftelated Appliggtiaml uronic acid, chondroitin sulfate or chemcally
nodi fiedl cellul ose. Due to. the unusual shear thinning or thixotropic
properties of sute prbsty oflovisionabl Ssapplication Serj blot 86/%36,480.dieth a snal |

bore needl e or cannula, then recoil to er s iff 20

gel -1i ke pPBpEARY &2, 4p04isiclgi i%SU%ﬁP?E%H§§E1§(q3 %%1 fcted into
the _ant er Ll GRRERSTHA! abfiafibf ISINCORSLIGREEE ioRiCe RIS Bhflely L he

I ntraocul ar space an prot ect the cornea ot he I um from nechani cal
damage. The injection of viscoelastic is used to dilate tissue spaces such
as Schigmmi s canal during glaucoma surgery. Injection of viscoelastic is
al so used to 25 dissect tissues such as the |l ens capsule or retinal

menbr anes pdypically delivered to tissues with a syringe
under nanuﬁ\ék(%:@ lpzqs‘r){) efosurgeon A hand operat ed syri nge is used to

inject the vis tlcthrouha edle or ca t ached onto _a distal
| uer connect or "I'EHB""%WT 3% B‘S’g"f'%c‘?*ﬂté’ rﬁpgqgl%ogggsqaﬁeggfsqrﬂga?
materipd, \/fscbéla%ft“tc%\ uﬁ]éf:{fe'dQHdtthEyen@é‘H%Ju'rg’cﬁré’idUQﬁséd)'élésm Riztediglsce with
a syringe, -especially w bore cannul as or needles. In addition,

t he dynam usedmwophthalmmsungesysmlm c@mpﬁattlensa:pﬁtafam&ylajurenfqa@dl t to
o e on Ehop BT, REEbRS mETO b ERE o O IR B8R
mat eri al s {HipRnGHORANBINDPIGpRIpehfRAbPsidH Maﬁeﬁdsleﬁscoelastlcs are injectable
through a small bore needle or cannuia, then recoil to a material providing stiff
20 gellike properties after injection. A viscoelastic is often injected into'the '
anterior chamber of the eye during caiaract surgery to maintain the intraocular
~ space and protect the corneal endothelium from mechanical damage. The
injection of viscoelastic is used to dilate tissue spaces such as Schlemm’s
canal during glaucoma surgery. Injection of viscoelastic is also used to

25 dissect tissues such as the lens capsule or retinal membranes.

Viscoelastics are typically delivered to tissues with a syringe under |
| manuai control by the surgeon. A hand operated syringe is used to inject the
viscoelastic through a needle or cannula attached' onto a distal luer connector
30 of the syringe. Due to the high viscosity of the material, it is often dlffscult o
manually produce suffi ment force with a syringe, especially with small bore
cannulas or needles. In addition, the dynamic flow nature of viscoelastic
materials makes it difficult to deliver small amounts in a precise, controlled
- manner.
35
| The present invention is related to a means for improved delivery of

high viscosity materials through a cannula or needle into tissues.
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1 Summary of the Invention The present invention provides an injector for
viscous materials conprising a syringe body having distal and proxi nal
ends and a hol |l ow bore connecting these ends, the distal end having a
fluid outl e§uminaid o8 the Itvéntibgposed within the holl ow bore and is coupl ed
to a positive di sg acenment nechani sm capabl e of progressively advanci ng
the plunger towalHetdesentineentioshprovisies; aitinjaqter for viscers anatesialsai ned wi t hi n

t he hol |l ow bore _.ithro .t he Ld. . . ] Iid ' nt
mechani sm &W@B%gi%gﬁﬁQ%Pé@gbgwpggi 'étgt?%%g%%&?gpgﬁgé %ﬁgnégjiéémo@%g I near
transl at i oncélgictingtAss® ends Skl distabbnd Mewingna flaid cutles A fluegepis ti ve

di spl acenent nechani sm nmay be coupled to a powered 15 source of notion to

provi de 5an @ispesethwithimthedmllovobees aod if couplethto IRasiive displecemendscri pti on

of the Draw n Eig. ) h ' - i ' fi st
erbod: men;  GECRA STt e B ERAT ARV RRTOR R Bhodi MR e U,
schemati ¢ c&msto SRkt fidAahardrRINcOhtaineaE®ithin teathulliowebdrechro@gh i Mator
according to the invention. Fig. 3 is a schematic cross-sectional view of a

third enmboddufi®tt of an injector according to the invention. Fig. 4 is a
schematic cross-sectional view of a fourth enbodi ment of an 25 injector
according to the invention that acconmpdates a pressure gauge to ~neasure

and requl ate pr epseHesiive displadémehbmeetbhig nfdyorhplise a tarexpiedofodpr essur e
v. flowrate of delivery of viscoelastic mterial froman injector as

descri bed iattaheaiodhs plawaey s lingardrensiationdenice having a spEes 8F of the

present inveni, ses a syringe body wwth a proxinmal end and an
opposi ng di@?é‘i’g@ﬁégﬁﬁ%h a holl ow bore between the two ends. A plunger is

di sposed within the hollow bore and is coupled to a mechani smthat

provi des positive displacement of the plunger upon actuation.
The positive displacement mechanism may be coupled to a powered

15  source of motion to provide an even and constant force to drive the plunger.

Brief Description of the Drawings |
Fig. 1 is a schematic cross-sectional view of a first embodiment of an
injector according to the invention. '
20 : Fig. 2 is a schematic cross-sectional view of a second embodiment of
an injector according to the invention.
Fig. 3 is a2 schematic cross-sectional view of a third embodiment of an
injector according to the invention.
-~ - Fig. 4 is a schematic cross-sectional view of a fourth embodiment of an
25 injector according to the inVention that accommodates a pressure gauge to
measure and regulate pressure at the injecior outlet. |
Fig. & is a graph of preséure v. flow rate of delivery of viscoelastic

~ material from an injector as described in Example 5. -

30 Description of Invention.

. The injector of the present invention comprises a syringe body with a
proximal end and an opposing distal end, with a hollow bore between the two
ends. A pluhger is disposed within the hollow bore and is coupled to a
mechanism that provides positive displacement of the plunger upon actuation.
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2 The positive displacenent nmechani smallows high precision in delivery of
viscous and in particular, viscoelastic materials fromthe syringe body
fromthe distal end. By "positive displacenent” it is nmeant that force is

applied to Hrég@ ' . ' af : er is

[ I?\(IC:)r enent al T@Erp ggktri C %aﬁggﬁ%nétﬁﬁﬂg nv\%g@ agéht@gﬁ %I?E)\'r/(?(gseﬁé @@%g?%ﬂg{ﬁﬁ or

i ncr enent al Vigcpueanddn paeiidular, visobelastie Imateriglsdfomtibersytinge dogly ffrovmithde
distal end of the syringe body. The posjtive displacenent nechani sm nmay be
confi gur ed digtaliersly By oepstive displacesgnt tfﬂ%ﬂsqaéﬁ'gﬁ gfcer isanpliad defhe n

di screte i ' ' . i d
out 1 e ot (HUPGEE pRp/cE (8 Thet tfsiplh b1 i AunSYF L oREr i al Fediubiel

| uer fitstinig duph anscdenprovidena nendiant or inzemenially fretize! cogtrolabfeg. 1,
i n one enbodi nent gf the injector 3, a threaded rod 1 is attached at its

di stal end dgjiverypfiipemateriath dropn theydista) and 9idagisyiingetbady. ahespesitive body

4 havi i | i £ 15 8. At
o 00 2 ik BBler 8% o B Be S MoBRITPARS bodrBSchLTfREr 1O B AL
to turn theragelation efittenplengbeirpdivogte incresentofpeontrolidelivepat Bde Wit hin

the syringe body 4 to forman air tight seal when force of the advancing
pl under is %WQE&P%'&?%@tﬂW%@UU?‘S@d& %ﬁﬁem%ﬁh@ﬁmﬁvﬁerﬂw@a@mia}ge body.

The Vi BCOUbiRcRSd AlcH 8 BIGE! Ring FoMBbHIEHUIY Rbe@iBbrHanniify, Y11 Nge body

into an~ 20 appropriate recerving device. I'n an er e of an
I njector 10, referring to Fig. 2, a cartridge 12 prefilled with

vi scoel astic materjal, and _conprising a rubber septum 22 at the distal end
can be | oaded i MRB/&HRI &Y Fithdle MO eﬂb%ﬁ[}’eﬂ'ﬂé’%ﬁ%%‘f’@ﬂm A threaded dpdy ol | ed

manner usi npisaatﬁgg@#oﬁ%gtaz %893%( blﬁthT 8. tﬁHee@gﬁﬂ?f]?gssf&at@& hfﬁﬁg,e 0t gng

di stal plunger assenb rising a-pl unger bushin
rubber st omyeing@bddyad having & braldainkl flamgeBnAtdap Sys cogedied Yo tHel flaride

injector 10 conprises a, cap assenbly 15 and, the ringe body 11. The

pl unged 19 St t @\Péoarr?éandéﬁéﬁe&ed 1is@ 'Famfae;"rW%Sb%a% $ERFS I not 30

shown) to ' [ 11 ) i j él%‘f : 19 and
the syri ngﬁé*ﬁ@g’vf é%li&mqtﬁﬁf%gg%ggyé%é%@ez%a hﬁ%gh\gﬁfﬁ ? rougllsqgggn%etd I ng
threaded ovithin thee Eyringebodyp 4dsderrhlan dib tight séw whenfora of tiie afivarengyr i nge
body 11. plunder is applied against the viscous material within the syringe body. The
viscous material is ejected through the distal end of the syringe body into an

20  appropriate receiving device.

In another embodiment of an injector 10, referring to Fig. 2, a cartridge

12 prefilled with viscoelastic material and comprising a rubber septum 22 at
the distal end can be loaded into the syringe body 11 and then injected in a

25 controlled manner using a screw mechanism comprising a threaded rod 18
attached to a distal plunger assembly 16 comprising a plunger 19, thrust
bushing 20 and rubber stopper 23 that move slidably within the syringe body
11. The injector 10 comprises a cap assembly 15 and the syringe body 11.
The plunger 19 may have a seal such as an O ring or rubber flange (not

30 shown) fo assist in forming a fluid tight séal between the plunger 19 and the
syringe body 11. The threaded rod 18 extends out through a mating threaded
orifice in the cap assembly 15 at the proximal end of the syringe body 11.
Turning the end of the rod 18 advances the phjnger 19 to eject the viscous
material loaded within a cartridge 12. The cap 15 may be removed {0 insert




Turning the end of the rod 18 advances the plunger 19 to eject the viscous
material | oaded within a cartridge 12. The cap 15 may be renoved to insert
3 the prefilled cartridge 12 into the bore of the syringe body 11. The
syringe bothe prefilledwesiriegeat? inio the)hbreneidie sytisge dodyHd . ditet syringed of t he
injector to, penetrate .into the cartrjdge. .The peedle vides a flow path
fromthe QPBY iREEEPPEALES 2R :@tqrﬂ@lrnqe}c{l@qﬁgatltjilecyﬁgf@ﬂgngp; f necio 5; t he

i nj ector. i Ak SRR t he
cartridge tgé?éﬂgféﬁ{ng?t neeoq?‘g 1%%\Hg‘élafr‘let@Iron O%s rustpgagushl ng 20 and
rubber st oppsriridge & atrhaledogr ﬁftmghm ph dmgd;stalmsleufﬁhg idj&ctont Téhé 3ukbéro t he

proxi mal end of the cartridge 12. tége I n g_lndle IS turned,
t he t hr eade8epivm 28 FHEY'Qeﬁég'ﬂfi fight Wéﬁ'ﬁ'@ thg g8 %/tci § higingl pgedis.

d d
posi ti ve di ¢hL ARl Akl g;aepfng,réQEPQaaﬂBﬁ%rdas%@rz@afifﬂé 4l of e Bitibel 9

contents through use
di spl acenengss@nbin & mterface &strtéwprqxrma_ll ael afitie carpiceati? evmén ther y

characteristics due to the |ack conpr.essi,ble. co ent. Injectors
accor di ng t Begier hﬁ%‘i‘ﬁt@“o‘ﬁ typed. é@‘?@"@@gg‘?é?géﬁéqts gﬁﬁg es‘J

m cr oquant V! to 25
gn crol ?t er séééﬁ?ggllyofse%t I?'{It)n | sazgg&glr\]%ad%%%g%gb%a%tmﬁ Rﬁ” ?ecaudsge ﬁ}
del i veryd ofielssmlthe aariridge oohtehtsctlmmghltbeaﬂastalsiuelr fliftlngul4 when attenpting

to deliver through a small bore needl e, m crocannula or mcrocatheter. The
precise delivery of small amounts of a viscous fluid is especially

critical in 20 mrppQaErgel goglﬁgé s‘lplha‘;]céﬁé'r‘:tﬂ'ngéhéfﬁ% |h§uF§e'ht"h%epr%E:isg z-frﬁfCt

delicate tissue structures. _ I n anot her ‘enbodi ment
t he positi vmpéa&;ﬁlecbhmﬂy chmabmnnshm duenlm thekch of lir eardpressikle40 t hat
attaches syri n bod I ate 44 par al | Fﬁ t her et o.

Tur ni ng -of $HB Pﬁﬁnﬁén%g aqcer Patf%ﬁ%ﬁ" EO'UP egrel Aelivenimall r om each
ot her. %tta.ﬁlafa%ﬁ%agt(nﬁ%%qt%ﬁhﬁ éL*?Joftaov;%la@us Al rg(m the raﬁ é BesRbaie 44

to the plunger s nger 1S nove | ow prec sion contr ol
of the del |mmrglltefs.nﬁherimedntlbnamadlvanageougqaanmnyarlwbebausmﬂ"iehdelwery

O et el Sl of RBbGS SR MFOATMASh RMBHSTo defleroer W th @
through a small bore needle, microcannula or microcatheter. The precise
delivery of smaill amounts of a viscous fluid is especially critical in
20  microsurgery where the fluid is used to dilate or dissect delicate tissue

structures.

Referring to Fig. 3, in another embodiment, the positive displacement
- mechanism comprises a threaded rod 40 that attaches syringe body plate 41
25 . to a plunger plate 44 parallel thereto. Turning of the rod 40 moves the plates
41 and 44 toward or away from each other. Attachment of the plate 41 to the
syringe body 42 of.the plate 44 to the plunger shaft 43, the plunger is moved
~ to allow precision control of the delivery of material from the syringe body.

30 In another embodiment, the positive dispiacément mechanism
comprises a plunger with a series of spaced mechanical stops having
predetermined spacing arranged to allow linear advancement of the plunger
from one mechanical stop to the next. A release mechanism or additional

advancement force may be utilized to continue to advance the plunger to the

~




predet erm ned spacing arranged to allow |inear advancenent of the plunger
fromone nechanical stop to the next. A release nechani sm or additional
advancenent force may be utilized to continue to advance the plunger to the

4 next stop t,.of ! d may be
tailored to“g%{ﬁ?ﬁw&e%ﬁgpﬁwpﬁ bﬁ%é@?gélgh%ﬁqggébléaﬁnei%o?%@%%%d| ment ,
the positi vgildrebideenietpraeiefanobinjdctordalivepched to a conventional syringe
body, allowing it to be used with a variety of prepackaged viscoel astic

syringe kits. For exanple, the mechanismmy be attached to the syringe

feature that 1 ol AelERERHmEnE Y HRERVR dafitemebl mathghiin &, octor

one or BDI eattAtHEPRRE RBhdenticial @9tihgée bbdf alldwifg iittod G_Qéﬂ!vﬂtﬂébériéfgd ector
to a surgical site, and/or prepackaged cartridgés containing vViscoélastic

material usefprepaskaged visapelastiesyrioge kippFoc example, the meghanism may be

pol yrors. i PRpE R 1 € Rrind fhdit 6T R ol SbwBie g fodef piiher™™
conventional neafss fHENIES alfatiibAhbBtHe BjeciriMbE e prslIRdIA%ifs eat nent or
exposure to ionizing radiation. Suitable materials include netals such as

steel and tineldingh@n Jyegiesrenaaemaie risrgeaninuisesfor deliyeryhyfi reateriaty from

pol yoar Bondtie MShteth & Ik b N Eot BraslitaBid BBy BoBfAn B e
delivery t qigdctastt] matshidl ivseful in sargisalldrihesicat appifdativhand predet er ni ned
flowrate by maintaining a predeterm ned varied or constant injection

pressure. Wien injecting through a small bore device such as a

m crocannul a or -g. ' Ny Lon pressure, a
const ant or pr eddtSrTEAEAMBER ralricAERRbbT ahEFu b g Shelot Rl
Regul at i on seichizy eretalemnr sipmees. TPesfefed @re hilerial With PhaP bbEtériliad W t hin
the injector allows control of the flowrate. Referring to Fi

pressul® r &yurevesHoralmeans sHEMAS @h@atqﬂa\m,aﬂihwﬁgembi%gaagﬁ@agr’mgé 36
or transduggle,h8sar {dRHiY rathatioh.C SORLAR mbflr3fd IndiLdY FREdE SuRYad’®
steel and titanium, polymers such as polysulfone, polyethyléne, nylon,
polymethylmethacrylate, polyethylene terephthalate, polypropylene and
polycarbonate. |
20
The injector may also be used for rate-controlled delivery to precisely
deliver viscous fluids at a slow and predetermined fiow rate by maintaining a
predetermined varied or constant injection pressure. When injecting through
a small bore device such as a microcannula or a microcatheter with controlled
25 injection pressure, a constant or predetermined profiled flow rate of viscous
fluid re'smts. ‘Regulation of injection preSSure measured at't'he injector output
or within the injector allows control of the flow rate. Referring to Fig. 4,
pressure regulation may be accomplished by attaching a pressure gauge 36
or transducer to an injector 35. A constant injection pressure may be
30 maintained by manual contro} of the positive displacement mechanism while
monitoring injection pressure or alternatively by electrical feedback to a
powered actuator driving the injection mechanism. In an alternate
embodiment, pressure regulation may also be accomplished by mechanical
means by limiting applied force "by the positive displacement' mechanism. For
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30 mai ntai ned by manual control of the positive displacenent nechani sm
while nonitoring injection pressure or alternatively by electrical

feedback to a powered actuator driving the injection nmechanism In an
alternate exdmgleyentiutqlr mesharismegal e ibtegraleddntna iserew ebivgl i shed by

mechani cal neans, by |im.tjng applied force.by,the.posif] | spl acenent
mechani sm rp@pﬁgn ﬁ‘b"@,‘tthe%m%ﬁ&ﬁmﬁgyﬁgﬁpgﬂ?%?ggg‘% tﬂé%&gstcg’ﬂs_i nto a screw
drive nec ' tolimt the maximum force applied to delivery the viscous

mat eri al . he Thjector may al so incorporate a pressure relief valve into
the injector to prevent over pressurization or pressure spike during

viscous fluid dg|livery, The E&essure re[I I ef val vel;etrijr.ai c&nsift of a ball
and spridng assenbi§ iNjeginsmeay Alsodaserpoets aRessute telst valyednithee by spring
force until; I ] | k r ' _ | ow
i d 1 ow SIS LAl oy S A GRS RIS Ulling eEB Ul 0o
al | ow user degljvesy.nFine messure retied valve mayj earisisirof @ balbane spiihg aseembly,ng

exanpl es are provided for the, purpose of_il]ustration and. .are.not intended
Co Tt ¢ nahbisoine Sal iuebsrb RETcBR amoiee WisPrfs e ML Rigion ot or

f abr i f ' ' - | gned
was fabri C%@QSUE§W§86MéS%§ éggﬂgffaﬁégﬂg;@w ﬂ&‘iﬂ‘ﬂdwbﬁéi{rl Qé%erenéé%@tgne

to receive 'a pref cartr astic material. Its distal

end, a l1sharTreneslie? ¥apeuyay hecdidsigned tdalnie dsen adjustraentobthie makiatum

t hrough-hole in the sgri nge body. Concentric with the needle was a

count er bor dNIESUABEEBESWenal e | uer fitting. The sharpened proximal end of
the needle projected into the bore of the syringe in order to puncture the
rubber septum of the cartridge when it was | oaded into the syringe body.

At its proxi mal Thedollawieg examples breiprovidedsior dhe purgoschebilldeitation arde to a

cap and 25 plunger, ass l.y... .The ca enbl y.consisted of an internally
t hr eaded (éirﬁil @tﬁﬂéfggaéﬁl'%éﬁ %R%c@ﬁﬁ%ﬁ%‘f%"“egd“\ﬂ"tyﬁ”%y-sm|| t hr eaded
(5-40 YIC) hole through its center in which a threaded stainless steel rod

was | ocat ed.
Example 1:

An injector was fabricated from a syringe body machined from
polycarbonate, designed to receive a prefilled cartridge of viscoelastic
material. At its distal end, a sharpened 22 gauge needie was bonded info a

20  small axial through-hole in the syringe body. Concentric with the needle was
a counterbore to accept a male luer fitting. The sharpened proximal end of the
| - needie prdjected into the bore of the syringe in order to puncture the rubber
septum of the cartridge when it was foaded into the syringe body. Atils
~ proximal end, the syringe body was externally threaded to mate to a cap and
25 plunger assembly. The cap assembly consisted of an internally threaded
| (1/2-13 UNC) machined polycarbonate cap with a small threaded (5-40 UNC)
hole through its center in which a threaded stainless steel rod was located.
Attached to the distal end of the threaded rod was a polycarbonate plunger
that had a low friction acetyl thrust bushing fastened to its face. A knurled
30 thumbwheel was attached to the proximal end of the threaded rod. The
éartridge of viscoelastic material as supplied by the manufacturer (Advanced
Medica! Optics Inc.) Was sealed with a rubber septum at the distal end and
rubber stopper within the bore. Following loading of the cartridge into the
bore of the syringe, thereby punctu;i_ng the septum, the cap aSsembiy was

6




Attached to the distal end of the threaded rod was a pol ycarbonate pl unger
that had a low friction acetyl thrust bushing fastened to its face. A
knurl ed 30 t hunmbwheel was attached to the proxi mal end of the threaded rod.

The cartridge of visgoel astic rer
(Advanced SFEVEdCNEpeEVinge Y"m@éé’@h@% cﬁlthggcgéé;gr Sep f#l\ft@ﬁéj

di stal end capgidgeUhhe! THOSHeN Whb Ridvahbed bﬁrletheﬁmdsomsmdgtmmtaaeef the
cartridge into fgh bore of the syringe, thereby puncturing the septum the

cap assenbltiye walsber §op§%d00ntlmlﬂ960§¢wang% the serevneesyited de visseglastict he

t ed t h b til th
Thrust busiaGEbReedecsBam g safnge 9§Bxﬁfoe§ﬁttﬁ’§ﬁwe%@$§ﬁ§% hoe the:
screw resulg 'vhéla%@aﬁkm%t susﬁiagq:rreeémbaltn@ rélagiag 8Sréw Hron Bpphird Bge
body throug e needl € and luer 5 fitting. The ace t hrust ushlng

prevent ed ﬁdmuedbather&;omr@md helpedppaipiaig the sealr@fdéetséopw iptthgper and
hel ped nai nt

Uhe. pit on GPRTHGSRrEnasry hMseLorar oot R iptfeR s 1RE "

cartridge ¢Brd ofie cartmgéngﬁ:nﬁwp.@hs\él érﬁ@@h?éﬂ:&déié@trd Rlateigdlul d be
ej ected fromthe syringe Screw. revolution= 1/40 in 0.025 in =

0. 635mMm Capuld big ejdnted franethe @yrmge(6 72) 2/ 4= 35.4m®2 15 VO| une/turn: 0.635
* 35. 4 22.5 mB Exanple 2: An injector was fabricated with a screw
driven %yrl nge plunger designed to receive a conventional syringe body.

The devi ce consisgirew: 9fredoluBBne aM PN £ aH €0 6@ sl ot for insertion of
the syringe flange, a feed screw for advancenent of the plunger, and a

t humbwheel for turning the feed screw. |In preparation for use, the screw
feed was retrac ! |ts OXI 5 L tizon. The flange on the

syringe was the qrﬁgégtol%%f ma@@/ ﬁ@"&p, and the syringe bore
was aligned with the axis of the cap. The screw was 25 then advanced into

the syringe bore until the pl unger contact ed, the stopper in the syringe.
Continlfing to aMolwoe/tur @&3&/\/ 324t 28 MNVi scoel astic materi al

Example 2:
An injector was fabricated with a screw driven syringe plunger

designed to receive a conventional syringe body. The device consisted of a

20  cap portion which had a slot for insertion of the syringe flange, a feed screw
for advancement of the plunger, and a thumbwheel for turning the feed screw.
in preparation for use, the screw feed was retracted into its proximal most
position. The flange on the syringe was then inserted into the slot in the cap,

. and the syringe bore was aligned with the axis of the cap. The screw was

25 then advanced into the syringe bore until the plunger contacted the stopper in
the syringe. Continuing to advance the screw resulted in viscoelastic material
being ejected from the syringe body through the needle and luer fitting.

Example 3.
30 The injector of Example 1 was tested for delivery of three surgical

viscoelastic materials, Healon, Healon GV, and Healon 5 (Advanced Medical
- Optics Inc.) with corresponding viscosities at zero shear of 300,000 mPas,

3,000,000 mPas and 7,000,000 mPas. Each viscoelastic material was

delivered at %, Y2, and 1 turn of the screw mechanism of the injector. The




bei ng ejected fromthe syringe body through the needle and luer fitting.
Exanple 3. 30 The injector of Exanple 1 was tested for delivery of three
surgical viscoelastic nmaterials, Heaton, Heal on GV, and Heaton 5 (Advanced

Medi cal  Optdsuitingmakenialtdeliveradesps pihoegl inisstansd weigh bbakend weighed of

300, 000 P 3. 000, 000 0 nP Each | t
mat eri al vv:é“ apalytical ealaaﬁe@@ﬁ%/“%ﬁgg O-P ﬁe%ﬁtst ac%*@\r(ﬂ'é!fﬁ%’@ o T%Ctﬂ?of t he
i nj ector. E‘[ﬁe ?@é&lhﬁ agifk ‘?ff'vzﬁco@%ét%%%r?ﬁﬁﬁoﬁi széa'c'fbra tared weigh

boat and wei'ghed on bal ance (Mettler A The results are
shown bel ovxdemoiiatrébad IlneaThmimeWharagtedlstlwm Kespbnseé ﬂmtm twrning ofdher i al
fromthe injector nonstr at ed near el.jvery ¢ tics i,n sponse
to the fur @qgwomepﬁémsms W37 'C@ﬁ{eéaﬁl ﬁl&?é ‘i‘i’%@ﬁ’l‘é f‘érl al's
all , had a d gl elivered al so
Sermonat t ot eg P%(%/E)rﬁn tﬂé%véu@ht délf rﬁﬂ(éﬂﬁdeﬁ@e a?g@fon@ﬁ% od

correspondence to the ca I c delivery.
Table I 10 ¢drrmica1caenhé40menabuwt§dmlmnétmcrdeﬂeemn 5. 11 10. 74 22.53
mlligram Healon GV 5.63 10.87 20.60 mlligram Healon 5 5.82 11.32 23.03
mlligram Average 5.52 10.97 22.05 mlligram Calcul ated Vol unetric
Delivery 5.625 11.25 22.5 nmm8 4n@ $i d Error of Delivery for Al Three
Injectates 13.5%5.9%5.5% Exanple 4. 15 To denonstrate constant flow
del i verdy of surgical viscoelastic material through an ophthal mc
m crocannul a wilhjectt®0 m crighTainamet®? Tutimen 1 Turn

Healon 5.11 10.74 22.53 milligram
Healon GV 5.63 10.87 20.60 milligram
Healon 5 5.82 11.32 23.03 milligram
Average - 5.52 10.97 22.05 milligram
Calculated

- Volumetric
Delivery 5.625 11.25 225 mm®
Avg Std Error of
Delivery for All
Three Injectates 13.5% 5.9% 5.5%

Example 4.
15 ‘ To demonstrate constant flow delivery of surgical viscoelastic material

through an ophthalmic microcannula with a 90 micron diameter fumen
(iScience Surgical Corporation, Redwood City CA), the injector of Example 1
- was attached to the microcannula in series with a pressure gauge. The

viscoelastic material (Healon GV, Advanced Medical Optics Inc.) was

20 delivered to fill the system. The infector screw was tightened to achieve a
delivery pressure of 300 psi, +-5%, and held in that range for 60 seconds. All
of the fluid expressed from the tip of the microcannuia during that period was
captured in a dish and weighed. The data from five tests was then averaged
and the standard deviation calculated. The results are shown in Table 2.




(1 Sci ence Surgical Corporation, Redwood City CA), the injector of Exanple 1
was attached to the mcrocannula in series with a pressure gauge. The

vi scoel astic material (Heal on GV, Advanced Medical Optics Inc.) was 20
delivered to fill the system The injector screw was tightened to achieve a
delivery pressure of 300. psi, +5% and held in that range for 60 seconds.
All  of the fluid expressed from theTabje 8f the mcrocannul a during that
period was captured in a dish and wei ghed. The data fromfive tests was
then averaged and the star_dax_d_dew.a-tJ_gn—eal—euJ—aifed;IbThe results are shown
in Table 2. 25 8 Table 2 Miss of Test] ExpMassed Nunber Viscoel astic rans
1 0.0048 2 0.0060 3 0.0096 4faest0049 SEOKPdAverage 0. 00536 Std Dev
0. 00050 5 The injector delilveNemnlzerconst aviiscoélastiof Vi scoel astic nmaerial of
approximately 5.4 mlligrams per nmngte, ¢grangspondiing to approxinately
5.4 mcroliters per mnute Exapple 3 10 kppgggonsiriate the ability to

control constant flow delivery;—3te-rgte ofg phsET U fflow of surgical
vi scoel astic materi al (Healr-en—GE—Aeh i;e_;&—%@zpt ics, Inc.) through
an ophthal m ¢ m crocannul a m | umen (i Sci ence

Surgi cal Corporation) at alserieks of flixed hP@Rres loetween 100 and 400
psi was measured. A nininmum of three ganpl 50085 e t eslt ed
Average 0.00536

Std Dev 0.00050

5  The injector delivered a constant flow of viscoelastic maerial of approximately
5.4 milligrams per minute, corresponding to approximately 5.4 microliters per

minute.

Example 5 |
10 To demonstrate the ability to control constant flow delivery, the rate of

ﬂuid flow of surgical viscoelastic material (Healon GV, Advanced Medical
Optics, Inc.) through an ophthalmic microcannulé with a 90 micron diameter
lumen (iScience Surgical Corporation) at a series of fixed pressures between
100 and 400 psi was measured. A minimum of three samples were tested

15 three times at each pressure, and a total of nine pressure levels were tested
(100, 150, 175, 200, 225, 250, 300, 350, and 400 psi). Each sample was
tested by conneCtihg the positive displacement injector of Example 1 in series
with a calibrated presSure gauge and then to the microcannnula. The screw
feed on the injector was advanced until viscoelaetic material filled the

20 microcannula and was expressed from the distal tip. The rate of screw
advancement was then manually adjusted to keep the infusion pressure at the
target level. The target pressure level was maintained for a minimum of three
minutes and viscoelastic fluid was captured in a smali cup. At the conclusion

- of the three minutes the expressed viscoelastic fiuid was weighed and the
25 flow rate calculated. Refeirring to Fig. 5, the data on the graph represents the

average values at each pressure.




15 three tines at each pressure, and a total of nine pressure |levels were
tested (100, 150, 175, 200, 225, 250, 300, 350, and 400 psi). Each sanple
was tested by connecting the positive displacenent injector of Exanple 1
in series wth a calibrated pressure gauge and then to the m crocannnul a.
The screw feed on the injector was advanced until viscoelastic materi al
filled the 2 L cl.ocannul a and was expressed fromthe distal tip. The rate
of screw advancernrent was then manually adjusted to keep the infusion
pressure at the target level. The target pressure |evel was nmintained for

a m ni nrum of threg . nytefs and .viscoelastic fluid s captured in a snall
cup. At the &onclQ8iiBICtqs;of ik Migoguantity Al WSEoNs MAEEIS SPIIPHEIRG @ast i ¢

fluid vagzingel BbeAwRAh bRsidal Bh@Va dRit8l &/ Githokie SutiBehsd Bl ﬁtﬂroWbEniéJ-g 5, the

data on thé graph represents the average values at each pressure.
d ai ns: betweeadhggindsi or for a microquantity of viscous materials conprising

a syringe bo | t r QX| . i i ug | and a

hol | ow bor e gﬁ%mmeﬁeaéhg%d 3’%‘@5&%@9’" %bg%&(%@l%]ttﬁi% Fﬁ% ol | ow
bgre codipblﬁdetn;ena rn@m'etriismdthdth m%:eeﬁe?ly Mmd : 's?]ufmet plahger @%ﬂ@ﬂsfheel y
advances, t he nger toward the  djstal end of t syringe body to eject
he. nat GRtALNRi in SRS Bp o BrkeatRsi MBI e Gprer Bl ¢

posi ti veridicRibAGRBRIA SEREPSALIPIEPIRENTGR MedRiNifn Rhprikacesefmchani cal
stops for controlling the |inear displacenent of said [)I unger and said
posi ti vepasiedpnaceannal stephden eentiing tes lirearepeplinadiment at saidepiungsr

del | Verﬁ#’q L0l BBsifle ﬁ?ég?%&%er&fm%ﬁ&i%%o%%@ ?rg%gét%%l Incfdiientor. A7
injector TOr a"mcroquantity of VIiscous materials conprising a syringe
body wi ddiiverqat wolunmal ofandterial dfi [esatharabout s mitrditetset and a hol | ow bore
bet ween the ends; and a plunger disposed within the holl ow bore coupled to
a positive displacenent nmechani smthat progressively advances the pl unger

toward the gistakn gRdcRY e AdroqasntRedf YiSchisehtatéiis Rinirsthg W thin the
hol | ow bore through "said outlet wherein said positive displacenent

nmechani $iingeristdyswih s prexiaadlesnd, a distal end with an outlet and a hollow bore
between the ends;

and a plunger disposed within the hollow bore coupled to a positive
displacement mechanism that progressively advances the plunger toward the
distal end of the syringe body to eject the material within the hollow bore through
said outlet wherein said positive displacement mechanism comprises a threaded
rod attached to said plunger and said positive displacement mechanism provides
a repeatable increment of delivered volume of material of less than about 25
microliters.

3. An injector according to claim 2 wherein said threaded rod has a

thread pitch greater than or equal to 40 threads per inch.

4. An injector according to claim 1 or 2 wherein said positive

displacement mechanism is coupled to a powered source of motion.

5. An injector according to claim 1 or 2 wherein said microquantity is

in the range of about 5 to about 25 microliters.

10




rod attached to said plunger and said positive displacenent nechani sm
provides a repeatable increnent of delivered volune of material of |ess
than about 25 mcroliters. 3. An injector according to claim2 wherein
said threaded rod has a thread pitch greater than or equal to 40 threads
per inch. 4. An injector according to claiml1l or 2 wherein said positive
di spl acenent nechanismis coupled to a powered source of notion. 5. An

i njector according to claim1 or 2 wherein said mcroquantity is in the
range of abo6t 5 Ao injector 26ordiny td chkaémsl. orlD additibnallynpeeipesinganesas ng t o
claiml_.or 2 laﬂdi t] nalllg/ conprising nmeans for regulation of the injection
pr essur £F regulgfion H}( IBIECHRR BYSFS 1 0 claim 1 or 2 additional Iy conprising
an injector pressure nonitor. 8. An injector according to claim7 wherein
sai d nmonitor _provides, feedback information on pressure to an actuator,
wher ei n sai d”act uAhoings@vReeadingoieclais drarvd additibnadyi comprising pracenent
mechani §fqidr nal bl@ RShRSr according to claim-6 wherein said neans for

r egul atlén o‘r) tﬁe Infection pressure conprises an attenuator to limt the
force applied to eject said material. 10. An injector according to claim9
wherein said_attenuator conprises .a clutch engageahle to _said positive

di spl acement Smechafi 'E'JﬁthfflgBW{ " g?:tcg? "h%clﬁ’?‘&?‘ﬂg R84d dnanitery PErvides

addi ti ofRldbick MTBFhAIdHIOR pré¥Rie Y6 an' &dth&tor YRhMRir SaitiAdt8MBr PF e wthin
said hollow bore. 12. A device for delivering a mcroquantity of viscous
nat er i aP@weremivessaig pesitive sjssdaementgnedianista. syringe body with a proxi mal
end, a distal end wth an outlet and a holl ow bore between the ends; and a
pl unger di sposed within the holl ow bore coupled to a positive displacenent
mechani sm t h@&t prAgigsstov elcyoraihat elairh lewpbreigeaid meand foheegutiteinal end of
the SYTLYHE ir%%gt){ont gre%'sﬁlget Cénqgrisrreast aer[| Iaﬁtlem\fétgp Jtonlirkltt]?t‘neh%rég \évpgl?erde tot ere}'regtUQh

said material.

10.  An injector according to claim 9 wherein said attenuator comprises

a clutch engageable to said positive displacement mechanism.

11.  An injector according to claim 1 or 2 additicnally comprising a

pressure relief valve to relieve pressure within said hollow bore.

12. A device for delivering a microquantity of viscous materials
comprising

can injector omprising a syringe body with a proximal end, a distal end
with an outlet and a hollow bore between the ends;

and a plunger disposed within the hollow bore coupled to a positive
displacement mechanism that progressively advances the plunger toward the
distal end of the syringe body to eject the material within the hoflow bore through
said outlet wherein said positive displacement mechanism comprises a series of
spaced mechanical stops for controlling the linear displacement of said plunger
and said positive displacement mechanism provides a repeatable increment of

delivered volume of material of less than about 25 microliters;

11




said outlet wherein said positive displacenment nechani smconprises a series
of spaced nechani cal stops for controlling the linear displacenent of said
pl unger and said positive displacenment nechani sm provi des a repeatabl e
increment of delivered volunme of material of |ess than about 25
mcroliters; 11 and a mcrocannula. it 13. A device for delivering a
nicroqggn ity of viscous materials conprising an injector conprising a
syringe‘b dy with a proximal end, a distal end wth an outlet and a hol | ow
bore bet weerg kidgoeassulaand a pl unger di sposed within the holl ow bore
coupled to a positive displacenment nechani smthat progressively advances
the plunger toward the distal end of the syringe body to eject the

material wi tfgn tAeqBabL omib sy diH U8 tmitah skt | of | Pg@igsposi tive
di spl acenent nmechanism conprises a‘threaded’ rod attached to said plunger
and saianporiding ve di spl acenent nechani sm provi des a repeatabl e increnent

of delivered volu of material of I%ss t han about ZE ﬂicr(fl ia{era; and a
ni cr ocannul & ﬂ?c "88mpé'§”‘éilc%o’5ryﬁf‘ﬂa O(Sjyc‘fv i PEXIREr &R 84 'ﬁt fff'8aded rod
has a wifii gadupkt &g aRAEbBRbIrE dBNserethisddnds? 40 threads per inch. 15. A
device according to claim12 or 13 wherein said positive displacenent

mechani sm | ANEb@pPBIgED disprafsr withisb the daipwnberemoupld 1o dewoskiveccor di ng
to clai ShettS SRS SR pFIdE tdvinkSs the diliadrad9grgftnabout S to
about 2 FJImg%r o?lljnfer S. ?"fﬁ"i dtgefgcgg acco cﬁ ngnt oS c?aiﬁrﬁmigz ror 1§ ag itionally
conpr i gistgl emchos thef syringeghiddyt ioozjedifthe meateripewithiorthe heliewrtere tiroughdevi ce
accor di ré%to cl af'.lm 12 or 13.addi.ti,onall Yt §Q I S| NG @0y i ng%:tor jressure
noni t or® outlet wherein said pasitive displacéement mechanism comprises reade

rod attached to said plunger and said positive displacement mechanism provides

a repeatable increment of delivered volume of material of less than about 25

microliters;

and

a microcannula.

14. A device according to claim 13 wherein said threaded rod has a

thread pitch greater than or equal to 40 threads per inch.

15. A device according to claim 12 or 13 wherein said positive

displacement mechanism is coupled to a powered source of motion.

16. A device according to claim 12 or 13 wherein said microquantity is

in the range of about 5 to about 25 microliters.

17. A device according to claim 12 or 13 additionally comprising means

for regulation of the injection pressure.

18. A device according to claim 12 or 13 additionally comprising an

injector pressure monitor.

12




12 19. A device according to claim 18 wherein said nonitor provides
feedback information on pressure to an actuator, wherein said actuator
provi des power to drive said positive displacenent nmechanism 20. A device
according to claim17 wherein said nmeans for regulation of the injection
pressure conprises an attenuator to limt the force applied to eject said

material. 21, A device accordi.ng to claim20 wherein,said attenuator
conprises a 1 pt’ghd@ﬂ‘é%g%%fcgn otosg@npggiwpglg'%iss%q a{E%W\_tﬁt b%evgcﬂee?m sm 22.
A devi ceapaek difdanatorrbRipfederdto g /sldatbt,aisdreln SATRICISAtOYpROVidgsEsSUr e
relief valve to relieve pressure within said hollow bore. 23. A kit for

del i ver PeMeRtogrivectfid popitiye gisplacseerrd meshanigls conprising an injector for
vi scous nmaterials conprising a syringe body with a proxinmal end, a distal
end with an outlet and a holl ow bore between the ends; and a pl unger

di sposed wi t20.n tAcehmel anvohting te olaprh dd wiserairpsaid tieans foir sgdbatirmeoit

hani t hat. i vely. ad t I t d the . di.stal d of
he. ayr RGRIEHD FPaeal BemnisSra beRaraipt i Ieoe B apaibReowpblon "sar
out | et ; sg@AhatefkICr Ocannul a. 24. A kit according to claim 26 further

conprising a prepackaged cartridge adapted to be acconmodated within said
injector, said cartridge containing said viscous materials. 25. A kit

accordi 09 L oaf & Mo akbriPte LR oy RgRir L6 AMernley BBRhispgaenan, sm
conprises a series of space chanical” stops for controlling the Ilinear
di spl aceohterafageable tplsai posiivel displatepwsit taahadisspl acemrent mechani sm 13
provi des a repeatable increnent of delivered volune of nmaterial of |ess

than about 25 mcroliters. 26. A kit according to claim23 or 24 wherein

sai d positivep di SRl @Sece Riccorieadi G4t oI br SES additibhamdednieiirgf tached to
sai d plunger and said positive o .
pressure relief valve to relieve pressure within said hollow bore.

23. A Kit for delivering a microquantity of viscous materials comprising

an injector for viscous materials comprising a syringe body with a proximal
end, a distal end with an outlet and a hollow bore between the ends;

and a plunger disposed within the hollow bore coupled to a positive
displacement mechanism that progressively advances the plunger toward the
distal end of the syringe body to eject the material within the hollow bore through
said outlet;
and

a microcannula.

24, A kit according to claim 26 further comprising a prepackaged
cartridge adapted to be accommodated within said injector, said cartridge

containing said viscous materials.

25. A kit according to claim 23 or 24 wherein said positive displacement
mechanism comprises a series of spaced mechanical stops for controlling the

linear displacement of said plunger and said positive displacement mechanism

13




di spl acenent nmechani sm provi des a repeatable increnent of delivered vol une
of material of |ess than about 25 mcroliters. 27. A kit for delivering a
‘m croquantity of viscous materials conprising an injector for viscous

materials conprising a syringe body with a proxinmal end, a distal end with
an outlet and a holl ow bore between the ends; and a plunger disposed within

Lo ol BRI S BRBLE i BriE e S DRRFRIRE REAERL IR By e

body t oglep G5 tivgokratseri al within the hol | ow bore through said outlet; and
a prepackaged cartridge adapted to be accommodated within said injector,
said cartridge containing said viscous materials. 28. A kit according to

clalm 27 whese! I\ RRchieftd o Biafth s 8o WerﬁMéng@v%Q{slgf?léé@rﬁeﬁt series

of spaced nmechani cal stops’ for controlling t acenent of said
pl unger meclasiaimdcgopiisés/e tuneaﬂledcredahftacm hasaishplupgeviandsad pagieat abl e

mor ol | REp@codet ieRAnih) biFids  Toeudue JowfiBhebhoRRoR btk &

di spl aceyesrial ofRSBARAS Bb6QIS hi&slilerd . hr eaded rod attached to said pl unger
and said positive displacenent nechani smprovides a repeatabl e i ncrenent

of delivered volune of material of |ess than about 25 mcroliters. 14
27.  Akit for delivering a microquantity of viscous materials comprising

- an injector for viscous materials comprising a syringe body with a proximal

end, a distal end with an outlet and a hollow bore between the ends;

and a plunger disposed within the hollow bore coupled to a positive
displacement mechanism that progressively advances the plunger toward the
distal end of the syringe body to eject the material within the hollow bore through
said outlet;
and

a prepackaged cartridge adapted to be accommodated within said injector,

said cartridge containing said viscous materials.

28. A kit according to claim 27 wherein said positive displacement
mechanism comprises a series of spaced mech-anica[ stops for controlling the
linear displacement of said plunger and said positive displacement mechanism
provides a repeatable increment of delivered volume of material of less than

about 25 microliters.

29. A kit according to claim 27 wherein said positive displacement
mechanism comprises a threaded rod attached to said piunger and said positive
displacement mechanism provides a repeatable increment of delivered volume of

material of iess than about 25 microliters.
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