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pursuant to 35 USC 119(e) and 363.. The disclosure of
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stiff gel-like properties after injection. A

vi scoel astic is often injected into the anteri or
chanber of the eye during cataract surgery to nmaintain

t hgaé flnvaidicgh and protect the corneal
endot'%l I um #’rom nmechani cal damage. The injection of
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a jAfRRASNH bPliskBBRLRYE & d&dd W diat@tissue spaces such as Schlemm'’s

canal during glaucoma surgery. Injection of viscoelastic is also used to

dissect tissues such as the lens capsule or retinal membranes.

Viscoelastics are typically delivered to tissues with a syringe under
manual 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
of the syringe. Due to the high viscosity of the material, it is often difficult to
manually produce sufficient 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.

The present invention is related to a means for improved delivery of

high viscosity materials through a cannula or needle into tissues.



hi gh viscosity materials through a cannula or needle
into tissues. Sunmary of the Invention The present
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conprising a syringe body having distal and proxi nal
ends and aﬂg{ﬁl Iow bg.re connecting these ends, the
di RYHMAYLIHDNG NYEAUONi 9 outlet. A plunger is

di sposethebiddeht i¥enfieh lpfites &n ajdciod farat s matetials

positive di splacement mechanj sm capabl e of
prasynprising al syriage hesyrhpvingdistal sgdrprewimal endseng & hallow bore
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attached to the plunger or a linear translation devic

havueeltprismeanedleop! pagreshivaly advanpang i piwger taward the distal
di : i : . :
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t oullet.ve the plunger. Brief Description of the
Drawings Fig. 1 is a schematic cross-sectional view of
a first enbodi nent of an injector according to the

i nventi Lo Aid e v j i

of o selRos SiopldrigRirBdmiaRaY SERidHRRT ot rod
i nattachiedrto the glunger or a lineae trahsliation devicedtdvimg alsevies wf

of a third enbodi ment of an injector according to the

i Tpesnaeal SIPRS- 4 i s a schematic cross-sectional view

of a fourth enbodi nent of an injector according to the

i nvention that accommopdates a pressure gauge to

measur el positige dsptagemeargumechanismenay pe cooplaultol & powered

Fig. 5is a graph of pressure v, flqow rate of deljver

ofStpre BEMRLEN O R YiHE ah esranhopitent Broald i hagdtinger.

in Exanple 5. Description of Invention The injector of

the present invention conprises a syringe body with a
Brief Description of the Drawings

Fig. 1 is a schematic cross-sectional view of a first embodiment of an
injector according to the invention.

Fig. 2 is a schematic cross-sectional view of a second embodiment of
an injector according to the invention.

Fig. 3 is a 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
injector according to the invention that accommodates a pressure gauge to
measure and regulate pressure at the injector outlet.

Fig. 5 is a graph of pressure v. flow rate of delivery of viscoelastic

material from an injector as described in Example 5.

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 plunger is disposed within the hollow bore and is coupled to a

mechanism that provides positive displacement of the plunger upon actuation.



proxi ml end and an opposing distal end, with a hollow
bore between the two ends. A plunger is disposed
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that provides positive displacenent of the plunger
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3 tac | end to a

, a threaded rod 1 is a hed at i1ts dista
pl unger 6. The plunger 6 is located within a syringe

bod i imal fl 8, 5 |
conmectRarerit fPiar fnfeons cRPLEimen GG iileai 3o thiraded rod
r Wis%ﬁe&:h%d[jhﬁ%' distal Bhé &6 Crﬂuﬁ@éﬁﬁ( €TRS phurigy mwr@&{t?cg Yithin a

a
turn the rod to advance the unger 6. A stopper 7/
| cRyainge beidyrd having asprioxingal flsmge & A eap Srisncannectedtto dive flange

o ARE Pttt eftor Bie BRY T aifenble 2 e BaRSBstas 2
ThAukbwERES taRirg thétod fo Sivficectht bl 6. Pestdbpbry i$RfEated

of the syringe body into an appropriate receiVving _
dewithie the gyringsa bedy érie dainrentaitighiseahyvbenderceqyf the advancing

' . Fi i d 2.prefilled wt
" FAGRA418 ARG Bopfst I SR ARIARISIR bbbl e
22/igdoushatdirial B ejeciddaBroueh theatistel émd ef tHeesyiiige SRy into an
body 11 and then injected in a controlled manner using

a afPreRyigte FRERIVEM d§R-i sing a threaded rod 18

attached to a distal plunger assenbly 16 conprising a

pl unger 19, thrust bushing 20 and rubber stopper 23

t hat miwansthalrarhyodinidnit of bhénjeytor M0erdieding 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
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
shown) to assist in forming a fluid tight seal 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 plunger 19 to eject the viscous
material loaded within a cartridge 12. The cap 15 may be removed to insert



11. The injector 10 conprises a cap assenbly 15 and
the syringe body 11. The plunger 19 may have a sea
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assist in form ng a fluid tight seal between the
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body rning the end of the rod 18 advances the
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t he r needl.e. The internal thrust bushing
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rﬂ{%ﬁ e
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the threaded rod 18 acts upon the plunger assenbly 16
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R o SORRR by oAb, iGRal B %ahl o s 02
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range of 5 to 25 mcroliters.” The 1 nventi IS
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L] t fluids js diff
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smal | anounts of a viscous fluid is especiall

crinioresurgery wheriedberflyidl i wseg to ditate pr dlssertdelivate tissue

di ssect delicate tissue structures.
Re%t@{c;r?ﬁ'r%é' to Fig. 3, in another enbodi nent, the

posi tive displ acenment
Referring to Fig. 3, in another embodiment, the positive displacement
mechanism comprises a threaded rod 40 that attaches syringe body plate 41
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.

In another embodiment, the positive displacement 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



mechani sm conpri ses a threaded rod 40 that attaches
syringe body plate 41 to a plunger plate 44 parall el
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44 tovvard or away from each other. Attachnment of the
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prieitoadan sebihe precidion béqui@cbtow/delwew material fromthe
syringe body. In another enbodi nent, the positive
di spl acement mechani sm conpri ses a plunger with a
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For eXanple, the mechanism may be attached to the
sMiseaplasticangterighusefl inosurgicat epmeskcal mpplicationged
plunger. It is thus also a feature that the injector
may be provided in kits including an injector, one or

nor e riigd POty b‘eotrabﬁeéﬂewefrm@nyrmﬁ@b|@h@hf91@mgtm fhaterial

injector to a surgical site, and/or prepacka

c Huchi agy@etals andinalyrgers. sisdered pre matesialawi %\S@ﬁMlbel sterilized

P 3Pb5er o AT 088 L ARB3RVLE, BRI e PR boatment
SU:&HE)@@SU% ) isnidrely Reliatioer. sSuikiieé endtedalgrigciiaé enétdlsssuch as
with be sterillzed by conventional means such as

b)ﬁt%ltﬁﬂﬂ Banign, raqws&w@ya@eoygylf@m%aqwhyl@ne nylon,

e hfek 2oL R pbBRl o torhh AR BT ohflehs and
s ywitycsbpwdtgsul f one, poI yet hyl ene, nyl on,

pol ymet hyl et hacryl at e, pol yet hyl ene terepht hal at e,
pol ypropyl ene and pol ycarbonate. The injector may al so

be usedr{dinjdAbrmag HdPbs tled 5o MEELohRoFELRRINY to precisely
deliver viscous fluids at a slow and predetermined flow 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
injection pressure, a constant or predetermined profiled flow rate of viscous
fluid results. Regulation of injection pressure measured at the 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
maintained by manual control 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



deliver viscous fluids at a slow and predeterm ned
flow rate by maintaining a predeterm ned varied or
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smal | bore device such as a mi crocannula or a
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pressure neasured at the injector output or within the

i fpatar@&. al l ows control of the flowrate. Referring to
Fig. 4, pressure regul ation may be acconplished by
attaching a pressure gauge 36 or transducer to an
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mai nt ai ned manual contro éoof t he 03|t
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power ed "act u riving the injection msc ani
arnwléreghediadl ie p’msi;edeauro3$)aamlﬂce by espuiingtforne wnti tle #gection
be acconplished b mechantcal

e
PSRN BES IS 1o O RLRN AW Ansitespuia release.
For i Adliek Galve Ay b me@m&ﬁbsanbwsé}eadjlﬁgtﬁw@b%é MHeRimum

a screw drive nechani imt the maxi mum force
appjectidn peesieirévery the viscous material. The injector
may al so incorporate a pressure relief valve into the
injector to prevent over pressurization or pressure

spi ke dﬂ'ié floWirss examplesi éi'eﬁb?bvvédkfor {Hleeputpess BF Mustration and
relief valve may consist of bal | and spring

asyermsityntended & timé thaiscope Oﬁtr&myantm tsanawayrifi ce
by spring force until the injection pressure overcones
the spring force to allow fluid flow and pressure

@ﬁg[e fthe relief valve may be designed to all ow
user a AUSt ment of the maximuminjection pressure. The

foI | owi g indsetapwes fabricaied ficmea sysinge hedyunaeyaedfrom

o4 BhbaR: PRRORE (R FAcdifR EdtEfleLorttie o adfipStc

V\ﬂﬁafeﬂéll i pgttedistaland assﬁarp@@edmz)gamg@mge@% ivaemMonded into a
pol ycar bonat e, desi ned to receive prefill

ed
cpall ayal t{mowlybg[g indhe @yringe body. Concentrlc wnth the needle was
a counterbore to accept a male luer 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 loaded into the syringe body. Atits
proximal end, the syringe body was externally threaded to mate to a cap and
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
thumbwheel was attached to the proximal end of the threaded rod. The
cartridge of viscoelastic material as supplied by the manufacturer (Advanced
Medical 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 puncturing the septum, the cap assembly was



material. At its distal end, a sharpened 22 gauge
needl e was bonded into a small axial through-hole in
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counterbore to accept a nmale luer fitting. The
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I RRHGE BRLMTRE schew eard advigreedhantil the thagststied cantacted
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bdlg rukbersterneral Gontinwinthifeadvancedhe sciew r%%lﬁtegrfg viscoelastic
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stiewiuertgdhagtonnss anddhelped maiiain hersqal @ $togRar irthe
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f doee ofthencartridbet (EUTEmheeh precisatinaming of viscolastic material
proxi mal end (ﬁ{t he threaded rod. The cartridge of
vicOulskpe slacteqHPRY 1 SYA98uppl i ed by the manuf act ur er
(Advanced Medical Optics Inc.) was sealed with a

rubber septum at the distal end and rubber stopper

wi t hi n Sdrewbbrevol&aonswhidtginl ead25jnaf 0BREMUArt ri dge
into the bore of the syringe, thereby puncturing the
septum the cap assenbly wasscrewed onto the syringe

wtht ofni & [ 2ed into the
%rﬂibogjrégsdreeawa. i ¢ 1§ 794335 aiHen

cartri The screw was’ advanced until the
t hrust bushing contacted the rubber stopper.

\?Qiggi{’ﬂgﬁ"%ﬂﬁ\e’@%s *t)%’?eﬁ%cggd{'&ﬁu:‘ : g(rjn It Ee syringe

body through the needle and luer fitting. The acetyl
t hrust bushing prevented the rotating screw from
afpiaynplg 24 torque to the stopper and hel ped maintain

on the 11 PiseiSfweh BTt vitice SelLA AR e EgRY
t RreshiteR! tefretéie @aédrwe@hﬂ@nélﬁsymge)qu@/. THREdSdcaBBsibted of a
of viscoelastic material coul'd be ejécted fromthe

s aprppstioswhich had aslel far inseion afthersyenge dlaegena feed screw

8‘ Srﬁ%@%@h{é@%ﬁ&@ﬁf@gﬁ eai‘fdzg E}gjrﬂé)&hggl)f%{' ﬁfrn%%‘ tﬁgrfged 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
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.
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 Y4, 2, and 1 turn of the screw mechanism of the injector. The



Exanple 2: An injector was fabricated with a screw
driven syringe plunger designed to receive a
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three surgical Viscoelastic materials, Healon, Heal on
GV, and Healon 5 (Advance Medi cal Optics Inc.) with

correspondi ng Vi SCOSi Takle 1at zero shear of 300, 000
nPas, 3,000,000 nPas and 7,000, 000 nPas. Each
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mlllgram

Exampie 4.
To demonstrate constant flow delivery of surgical viscoelastic material

through an ophthalmic microcannula with a 90 micron diameter lumen
(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
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 the tip of the microcannula 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.
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Injectates 13.5% 5. 9% 5. 5% Exanpl e 4. To denonstrate
constant flow delivery of surgical viscoelastic

mat eri al through an ophthal mc mcrocannula with a 90
m cron di ameter |unen (i Sci ¥abk Surgi cal Corporation,
Redwood City CA), the injector of Exanple 1 was
attached to the mcrocannula in series with a pressure
gauge. The Vi scoellastic matefial Masaladn Gv| Advanced
Medi cal Optics Ing.) Wastdel ij ver Bdptessedl | the system
The injector screw wasmberht ¢ned/iscogladticeve [a del i very
pressure of 300 psi, +5% and hel @brbfhg)hat nange for
60 seconds. All ofthe{Tuid EXPT @B§GAE TTom the tip of
the m crocannul a dur+ngy,thatper kd.lgdw captjured in a
di sh and wei ghed. Fhe ta—H-eomH o] ests—yas t hen
averaged and the standatd deyi ati Sh Qﬁﬁimll ated. The
results are shown |in_Table 2|Tabl &-804fhe injlector
delivered a constant fl%®w of |vi scée0@GHic maerial of
approxi mately 5.4 |m Avegigens | per 0i005868, correspondi ng

to approximately 5. 4@ pel | {ers g@oospnut e Exanpl e
To denonstrate the abiTiTy to control constant flow

R e R CA A e

Or8. 4 qsilligraveis )per minut) carrespbibdiag 1o appraximeatein8lamiéroliters per
a 90 mcron dianmeter lunen (i Science Surgical

cdnpwet i on) at a series of fixed pressures between

Example 5
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 microcannula 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
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 connecting 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 viscoelastic material filled the
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 small cup. At the conclusion
of the three minutes the expressed viscoelastic fluid was weighed and the
flow rate calculated. Referring to Fig. 5, the data on the graph represents the

average values at each pressure.



100 and 400 psi was neasured. A mninmum of three
sanples were tested three tinmes at each pressure, and
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175, 200, 225, 250, 300, 350, and 400 psi). Each

san‘plg was . tested by connecting the positive

di spl Laém?nt injector of Exanple 1 in series with a

calibrated pressure gauge and then to the

m crocannnul gy iry"@@to? F(fre\ﬁécfd%%dmﬁférﬁatslecc?rﬁPﬁgﬁg@trahée‘@fmge body with
[

advanced unti | I scoelastic materi a

m & poodmabliend, s distal ©nelxpitle e s editlet and aHwligMsbalte betpeen the
The rate of screw advancenent was then manual ly
ady ed to keep the infusion pressure at the target

| el & plliRyer AistRIscBNFifsiH e heNGW baRs coapletiabegodife @
m ni mum of” three m nutes and viscoelastic fluid was
cafispiaeemient meshahisnt that pregrersivelyradviasicen tiag ptunger toward the

&2‘? Skl 8] 'Qﬁ% ﬁf%&f’?ﬁ%@?@%&ﬂcﬁ‘%a‘fié%%k@?"@ lr”ﬂ“%gﬁ@@’w bore
3

Fiiﬂrod_gh édi@ otk on the gr aph represents t he aver age

val ues at each pressure.Cains: 1. An injector for

vi scous materials conprising a syringe body with a

r oxi en . dj . W . ow
gore be meﬁ??ﬂ%ﬁégécgﬁgmg t%:b&%@e?wﬁegélgse d®ottg ﬁilk/%
t hdisplabemanbaiethenisph edmiprisés BdRidaded rddsitaehedastsaid plunger.
mechani sm that progressively advances the plunger

toward the distal end of the syringe body to eject the
feri R n L ' o
o oo T2 WG S AR 24 Re] S heBlea rou nas

pos thresié pitch greatentdn orsdulits A0drgadisg=s imch.hr eaded
rod attached to said plunger. 3. The injector
according to claim2 wherein said threaded rod has a

thr ead pI't P b bGP B | dulRehiRagashE

inch. 4. The in or acco o claim
s alisplposment methapisat comptise® atsenies of spaped seeschanical stops for

series of spaced chani cal, sto for controlling the
 asiolo BB deRs AP Ghsalbeknoer

5. The injector according to claim 1 wherein said positive

displacement mechanism is coupled to a powered source of motion.
6. The injector according to claim 1 wherein said positive
displacement mechanism provides a repeatable increment of delivered

volume of material of less than about 25 microliters.

7. The injector according to claim 1 additionally comprising means

for regulation of the injection pressure.

8. The injector according to claim 1 additionally comprising an

injector pressure monitor.

10



5. The injector according to claim1l wherein said
positive displacenent nechanismis coupled to a

woawsroegi3sour ce of notion. 6. The injector accecdiusgoso01123
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claim 1l wherein said positive displacenent nmechani sm

provid a regpeatahle_incr t | ed. ‘
mat er i 2‘?’ of §gu?ﬁgr]ag%9{g?1'5§§ crlnﬁhgﬁhe\efgii\_sdaﬂw‘gﬁr%frowdes
| Nfiee@back mESARtionCon Pradsarditolanadivatemn aheyeidasaid bsiuator
means for regulation of the injection pressure. 8. The

i rprevides pewasrtaidiyetsaid pasitive disglacemsitimechastipni si ng
an injector pressure nonitor.9. The injector according
to claim8 wherein said nonitor provides feedback

i nf or mefg.on The MHjester a€cdraingtoatdinal Wherainesaid merisdor
actuator provides power to drive said pgsitive

direpuiatierwi theriectianspressere oBPIisHSAR gtteniater &y Hgitithe force
C'?ﬁédﬁleé t&"% &isgiosma‘i’er‘@ans for regulation of the

i nj'ectr on pressure conprises an attenuator to limt

the force applied to eject said material. 11. The

i njectoy, according to claim210 erein said attenuator
conpri b "o Thein tehgecRIding ot%%f@%?mi%éaﬂenuator
di 3 - e i fi . i .

| TSR T A o RN SR s,
valve to relieve pressure within said holl ow bore. 13.

A devicg for_delivering nm croquantities.of yiscous. .
mmteri a2 ool MSGg AfearHnacOaab! agatopaly REfereina
C » . i

e S A R el LR T R

the ends; and a plunger disposed within the holl ow

b | ed, t Ltive. displ t hani t.hat
AR N R D s R
enchribridiRg Syringe body to eject the material within

t he holl ow bore through said outlet; and
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.

14. A device according to claim 13 wherein said microquantities are

in the range of about 5 to 25 microliters.

15.  The device according to claim 13 wherein in said injector said
positive displacement mechanism comprises a threaded rod attached to said

plunger.

16.  The device according to claim 15 wherein said threaded rod has

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

11



a mcrocannula. 14. A device according to claim13
wherein said mcroquantities are in the range of about

WO 2005/0883m croliters. 15. The devi ce accor di ngPCo/USk@Bs001123
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13 wherein in said injector said positive displacenent
mechani sm conpri ses a threaded rod attached to said
pl unger. 16. The device according to claim15 wherein

sai d t hreadeghd egvibé%]c@oﬁdhﬂfﬁﬁcléim 4B vitigrairein i@ ihjédtor said
equal to 40 threads per inch.17. The device accordin

t pasitiverdisacement machapisimicompeses A lingad trposiatipn énechanism
di spl acenent _mechani s ' a linear translation
rré/&'ﬁ‘a iS§HFw0FﬁPﬁ°%@PTe@‘%§@L%@§§u nmechani cal stops.

18. The device according to claim 13 wherein in said

i njector said positive di splacenent nechanismis )
coupl ed& o arhsdeyied ageonding texclai 13wherein inngaid injeeter said

T TR e e

i ncrenment of delivered volune of material of |ess than
about 25 mcroliters. 20. The devi ce accordjng .t

cl ai m 19.whebhg devse @craiding tor claim i1§ivm%rﬁiryinc§ﬁ’}%?m§ﬁﬁ@ said

THE R inP e Bt Aibcanisif plHUEK, 2 FEheHEBRAEronddnt of
adislivemmdlymecsimatariag ofless that dboutEescotitersni t or .

22. The device according to claim?21 wherein said
noni tor provi des feedback information on pressure to

an act %.Nwﬁ@@éﬁb@ 3;%2% é@%f&é\éﬁ’h@fmér‘éﬁ?sgg‘_ﬁ%ﬁfg?

drive salrd positive ment mechani sm

d ead ditioreedly @odprising ndanisrfoegutedioni of theaiinjeatamprdssure.
regul ation of the injection pressure conprises an
attenuator to limt the force applied to eject said

materi aj¢  24rndHByies UcESrdMG R Elh 19%@@%&3 iMyBefoP

in
said attenuator conprises a clutch engageable to said
paxiditiorallgticephprisimge an imjectoaprassure monitor.

22. The device according to claim 21 wherein said monitor provides
feedback information on pressure to an actuator, wherein said actuator

provides power to drive said positive displacement mechanism.

23.  The device according to claim 20 wherein said means for
regulation of the injection pressure comprises an attenuator to limit the force

applied to eject said material.

24. The device according to claim 23 wherein said attenuator

comprises a clutch engageable to said positive displacement mechanism.
25. The device according to claim 13 wherein said injector

additionally comprises a pressure relief valve to relieve pressure within said

hollow bore.

12



25. The device according to claim 13 wherein said
injector additionally conprises a pressure relief

woabosmeessirel i eve pressure within said hol | ow BOTRIS285/001123
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A kit for delivering mcroquantities of viscous

mat eri ahs Coﬂ%fﬂ B@Il\ﬁé@?%ﬁ:&%&lfﬁfﬂas\(ﬂf?/fs%éﬁa'ﬁ'?%t%ﬁé@l s

conprising a sy roxima
di edraprising vvlth an outlet and a hollow bore between

the ends;  and a_pl unger disposed within the hollow

bor e co%rru@ctpbfca vafd-‘gwslm@ eaakspcrcaeem%ﬂg aringei kadytwith a

0 RGPS,y ARURBEE1 BLUOKf A LREH, AT kg o s
t i‘mdwalplmgélwlwdémdomghn dlae uolbmWIb@re canﬂled toa posmve
A kit according to,claim26 further

r ocannul
P ?%W&ﬁ"pﬁ%ﬁ&%&?& PEQUressiEl agvances the pisnger toward the
a%mﬁa%%%&ﬂwé 5&dyid é]b%%rma%fagxﬁtﬁfr{ foqucﬂlow bore

contal ning sald viscous materi al

ddhirough sajd wutletiquant i ti es of viscous materials

co ising an injector for viscous materials

c%isi ng a syringe body with a proximal end, a

di stal £pficrdchbhAn@g, outl et and a hol | ow bore between
the ends; and a plunger disposed within the holl ow
bore coupled to a positive displacenent mechani sm t hat

| d | d.the dis
e or The- S KRSEBEES tq'lellp JE i RB B0 Sbidediskaged
t ft%rﬁ@gb%é?ﬁé@ td e @eabmpdthted Withhn sé‘iﬁqnj%cﬁfreﬁ’éia ke3efitge

cartridge adapted to be accommopdated within sai
i rjaséaining said wissaus matgdalsont ai ni ng sai d vi scous
materi al s.
28. A kit for delivering microquantities 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.
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