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PATENT AND TRADEMARK OFFICE GLASS SYRINGE WITH RETRACTABLE NEEDLE
BACKGROWID@F0FIES INVENTION 1. Field of the Invention [0001] TR{STIWPPANIS44 syringe
designed for use with compositions that would typically require the use of chemically nonreactive glass
or rubbery polymers, and further relates to a single-use syringe having a retractable needle that is also
suitable for use as a prefilled syringe and that protects any fluid disposed inside the syringe from being

degradeg%c‘;.(i%tﬁmg%géfhat leach or migrate into the fluid-containment portion of tBa $fFge during
storage or use. The subject syringe preferably has a glass needle holder and barrel, but has no plastic

component that contacts fluid contained in the syringe and has no glass parts that directly contact

each other. 2. DesciipHHEOURPHEBSAA TE SIRIORERF N RERDEMARSR GfaSis have displaced

glass as the material of choice for making most of the syringes used throughout the world. The
relatively low cost of mass-producing molded syringe parts from thermoplastic resins has driven the
move from glass to plastic, coupled with increased emphasis upon disposability following a single use

as a principal way of contrglling the spread of infections such as HLIV % ther blood-borne
pathogens. More recently, §§,¥%H‘é§'ﬁé&‘ﬂﬁ[§':§ﬁé[&£t§éf ﬁEﬁ& 1’ Iso become widely
recognized and available as a preferred technology for reducing the likelihood of accidental needle
sticks and the related exposure of healthcare workers and patients to dangerous infectious diseases.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention is a syringe designed for use with compositions that would
typically require the use of chemically nonreactive glass or rubbery polymers, and
further relates to a single-use syringe having a retractable needle that is also suitable
for use as a prefilled syringe and that protects any fluid disposed inside the syringe from
being degraded by contaminants that leach or migrate into the fluid-containment portion
of the syringe during storage or use. The subject syringe preferably has a glass needle
holder and barrel, but has no plastic component that contacts fluid contained in the

syringe and has no glass parts that directly contact each other.

2. Description of Related Art

[0002] During recent decades, plastics have displaced glass as the material of
choice for making most of the syringes used throughout the world. The relatively low
cost of mass-producing molded syringe parts from thermoplastic resins has driven the
move from glass to plastic, coupled with increased emphasis upon disposability
following a single use as a principal way of controlling the spread of infections such as
HIV and other blood-borne pathogens. More recently, plastic syringes having
retractable needles have also become widely recognized and available as a preferred
technology for reducing the likelihood of accidental needle sticks and the related
exposure of healthcare workers and patients to dangerous infectious diseases.
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WO 2010/065375PCT/US2009/065540 [0003] Although some syringes with glass barrels are still
commercially available, primarily for use in prefill applications, syringes having glass barrels are
typically not\MesiMé¥id’s8uch manner that the user can retract the needle fBNGERUEBOAM the users
of such syringes are, therefore, more susceptible to needlestick injuries and the associated likelihood
of pathogenic contamination. Syringe designs that require the use of glass components having close
tolerances can be difficult to mass produce. Prior art syringes that utilize glass barrels in combination

with one or morlg@élg?r ﬂfﬁ'iﬁuﬁﬁ”%&‘}?ea@?rfﬁ@é@ PLAE t&gég:iqﬂ}@g)r%aggpu&mrhgmgn@ prior to

use if the syringes are designed in such manner that glass parts are allowed to contact each other.

[0004] AH3HablentRgEdrHy nies pisen iBxpesfthcapliraliensscyrnaasidayingg SlasstRatEsla S, of

some m § AbPHidhetrpeslichiiRaineniHi tfecurRalrfipide e Rsineds iowIngaUse,

degraded or contaminated over time. This tendency is of particular concern with refif[l(ed syringes, in
which sUR% U T Gh MG KRR B riIsHEOy SROE WRIFRRIR A me sk &i&fr'ﬁ? use.
During papiangecssoigrdclikisiiioentsf patiiogeaitoptaniaanidhe Plasiyeaiesigashhatodyeicontained
fluid, or I active c onents in the contained Yuid gn attack or re c%}kh co ponents oéthe plastic,
or ghs e TE LSRG ATRRRRSL RRL AL EIRe (8 BG5S B A S PR B 8 aton or
other defraladdrsyBinges dyabdiitive ghassbeersislyratectinatrityitprope viemare athéreglgssutic
effective flui re it | ini lent, i .Cas n. er the
fuid ton by bt T BEIE g1 ErPAkaRe ALl B o B O e

needle bsiningesotaidiesigneding cushaimaanesihaicalagsanerts Festitlovad omaoniaetrigpch
susceptibyg &p leaching or migration and no glass components in direct contact with other glass

components. 2 WO 2010/065375PCT/US2009/065540 SUMMARY OF THE INVENTION
[0004] A disadvantage that has been experienced in the use of plastic syringes

is the tendency of some medicines or other therapeutic treatment fluids contained inside
the syringes to become degraded or contaminated over time. This tendency is of
particular concern with prefilled syringes, in which such fluids are commonly stored for
prolonged periods such as months or years prior to use. During prolonged storage,
substituents or other components of the plastic can leach into the contained fluid, or
reactive components in the contained fluid can attack or react with components of the
plastic, or gas molecules can migrate through the plastic into the contained fluid,
thereby causing oxidation or other degradation. Such degradation can adversely affect
the purity, properties and/or therapeutic effectiveness of a fluid before it is administered
to a patient, and in some cases, can even render the fluid toxic to patients.

[0005] Accordingly, a single use syringe is needed that has a retractable needle
but has no fluid-contacting containment surfaces made of plastic or another material
susceptible to leaching or migration and no glass components in direct contact with

other glass components.
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[0006] The single use syringe disclosed herein comprises a retractable needle and is particularly
preferred for use in prefilled applications with fluids that can interact with plastic syringe parts or with
fluids that aNeG2di@8e3878egradation by migration of gas molecules throughPEGE BRAYVIAHY
prolonged storage prior to use. According to one embodiment of the invention, the subject syringe
comprises a glass barrel and a needle retraction mechanism having a glass needle holder that
cooperate with an elastomeric plunger seal, plunger plug and friction ring to define a non-plastic liquid

containment chamber of variable vy aitly Be Y emaat g erntainment chamber depending
primarily upon the&osition of the plunger relative to the barrel. According to another embodiment of

the invention, 08861 JHhestingle vsRISYINom AiEriarethBRTRIN SARRIST Arpiacialls, ResdiRss steel,
is providgddasPpRIaBlIRIY listéfk freanfepiigs in G reflaatisppmiciRions e RINgS tgtnele prterdet

traction.. 0007] A d herein, th "glass" Isg includ h imilarl - ti
ateria BRI USRS B A A e RIS, 1T RAOHE DA ARG s
[0008] Agas gaolaliemtanulh therbyiestitrranprabregedatothgermvattcused thecoraimgtiieg

polymers. Thgrrgr%(gﬁlﬁgctpql){mers cari be rt?ﬂ)softeged to their ori mal.condltlopsb Qgr%;lt e osetting

polymeré) & R ereeln',nt e e ?a%Hc*er%*féP’sf'Bﬂ%8r.W‘%83r%%|8a e thermoplastic high

polymerseedie asstfactiommuehpolgathviegaad glaspmpsdiad)aiden thal/ltoapsiratehavithsanypically
i . : ; | : o .  Dlasticizers.
ctc. and e g R e e

does notRiiaineeit ehgmbebef vanialle alttneryithadharsdpme v dieagsdainmeplicaaniaihere
they are dg QWisGhGORHRTANKLL SO BRe BEsiligHI SR thabratyi pentivite RiRSHaREIthAeBRIRR degraded

by substituents that could otherwise enter the liquid from plastic. [0009] As used herein, the term

"elastorrfMRENGF nhedimeant aidhaivestiar, #ieashorRecsingyrkeade o Aosaierig ot BBy mers
that are plgstiCanbssiefsrabie hanIiasiiceh i halriedPpRreshiothesidhfidarcoaesitiiepl grade

fluids and are not rea,dil;ggusce tible to leachin ortLSas mlé‘:iration. 3 WO
2010/068F/8BEREE9H Hpger [ﬁﬂﬁ?ﬂ AULESHLAEHP e term “fluid” refers primarily to liquids,
but can also inqbeB7uUss ansidnharehelitisedispersgthiss liqainsalsodgsadesaltrsobiadianprnatherwise

T B S e R M e SRR
no plastingrantdiyhreremetgtassliquid disposed inside the syringe before the needle is retracted following
use. [0008] As a general matter, the term “plastic” can include both thermoplastic and
thermosetting polymers. Thermoplastic polymers can be resoftened to their original
condition by heat; thermosetting polymers cannot. As used herein, the term “plastic”
refers primarily to moldable thermoplastic high polymers such as, for example,
polyethylene and polypropylene, or an acrylic resin, that also typically contain other
ingredients such as curatives, fillers, reinforcing agents, colorants, and/or plasticizers,
etc., and that can be formed or molded under heat and pressure. As used herein, the
term “plastic” does not include either glass or rubbery elastomers that are approved for
use in applications where they are in direct contact with therapeutic liquids that can
interact with plastic or that can be degraded by substituents that could otherwise enter
the liquid from plastic.

[0009] As used herein, the term “elastomeric” or “elastomeric material” refers
primarily to crosslinked thermosetting rubbery polymers that are more easily deformable
than plastics but that are approved for use with pharmaceutical grade fluids and are not

readily susceptible to leaching or gas migration.
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[0012] It should also be understood and appreciated that the apparatus of the invention, while shown
in the accompanying drawings without a needle cover, will be provided with a removable protective
needle coveWVPridlt®43dtkaging for shipment and storage. 4 WO 2010/065B¢HRS0386380/065540
BRIEF DESCRIPTION OF THE DRAWINGS [0013] The apparatus of the invention is further
described and explained in relation to the following drawings wherein: FIG. 1 is a front elevation view
of an embodiment of the syringe of the invention; FIG. 2 is a left side elevation view of the syringe of

FIG. 1, FIG. 3 itgp tA%des%'@\f?ék%V'm@ W the ARroRRS IGimafillCtatlig s ripdad famy

perspective view of e syringe of claim 1
include suspenSIons of solids dispersed in liquids, and gasses dissolved in or otherwise

present together within liquids inside the fluid-containing portions of syringes.

[0011] Another significant feature of the present invention is that it has no parts
in glass-to-glass contact and also has no plastic parts that contact a liquid disposed
inside the syringe before the needle is retracted foliowing use.

[0012] It should also be understood and appreciated that the apparatus of the
invention, while shown in the accompanying drawings without a needle cover, will be
provided with a removable protective needle cover prior to packaging for shipment and

storage.
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FIG. 5 is an enlarged cross-sectional elevation view of a syringe like that of FIG. 1 with the plunger
partially depressed inside the glass barrel; FIG. 6 is an enlarged, cross-sectional elevation view of
the syringe WfFIEL0H64RTH the needle fully retracted:; FIG. 7 is an enlargR{CFEH2EI0a55 view of an
embodiment of the barrel of the syringe of FIG. 4; FIG. 8 is an enlarged front elevation view of an
embodiment of the tip cap of the syringe of FIG. 4; FIG. 9 is an enlarged front elevation view of an
embodiment of the glass needle holder of the syringe of FIG. 4; FIG. 10 is an enlarged

cross-sectional front elevationgggpiropis et ae o eine prrggiNnardle of the syringe of FIG. 4;
FIG. 11 is an enlarged cross-sectional front elevation view, partially in section and partial%jrbroken
mi?(%ii

away, of an e Blehher anparatisectdheoinMentipnnge frites. descriag; ansliexplained /8y front
elevationaligivniar i Yolosaat it awmgawiRdbelioken away, of the plunger plug of an embodiment of

the syringe of FIG, 4; FIG. 13 is an enlarged cross-sectional front elevation yjew taken. along line
13_1%/ OnglG 1EIG. 1 is a front elevation vie\% oc% an embo |mer$[ ofotﬂe syringe o¥ { € invention; g

FIG. 2 is a left side elevation view of the syringe of FIG. 1;

FIG. 3 is a right side elevation view of the syringe of FIG. 1;

FIG. 4 is an exploded front perspective view of the syringe of claim 1;

FIG. 5 is an enlarged cross-sectional elevation view of a syringe like that of FIG.
1 with the plunger partially depressed inside the glass barrel;

FIG. 6 is an enlarged, cross-sectional elevation view of the syringe of FIG. 5 with
the needle fully retracted;

FIG. 7 is an enlarged front elevation view of an embodiment of the barrel of the
syringe of FIG. 4;

FIG. 8 is an enlarged front elevation view of an embodiment of the tip cap of the
syringe of FIG. 4;

FIG. 9 is an enlarged front elevation view of an embodiment of the glass needle
holder of the syringe of FIG. 4;

FIG. 10 is an enlarged cross-sectional front elevation view of an embodiment of
the plunger handle of the syringe of FIG. 4;

FIG. 11 is an enlarged cross-sectional front elevation view, partially in section
and partially broken away, of an embodiment of the plunger seal of the syringe of FIG.
4

FIG. 12 is an enlarged front elevation view, partially in section and partially
broken away, of the plunger plug of an embodiment of the syringe of FIG. 4;

FIG. 13 is an enlarged cross-sectional front elevation view taken along line 13-13
of FIG. 12;

FIG. 14 is an enlarged front elevation view, partially in section and partially
broken away, of an embodiment of the plunger cap of the syringe of FIG. 4;

FIG. 15 is an enlarged cross-sectional front elevation view of an embodiment of
the barrel grip of the syringe of FIG. 4,
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FIG. 14 is an enlarged front elevation view, partially in section and partially broken away, of an
embodiment of the plunger cap of the syringe of FIG. 4; FIG. 15 is an enlarged cross-sectional front
elevation vidWOIEHERBDdiment of the barrel grip of the syringe of FIG. 4; BCWAZ$2009/065540
2010/065375PCT/US2009/065540 FIG. 16 is an enlarged front elevation view of an embodiment of
the friction ring of the syringe of FIG. 4; FIG. 17 is an enlarged front elevation view, partially in
section and partially broken away, of an embodiment of the friction ring of the syringe of FIG. 4;

FIG. 16 is an enlarged front elevation view of an embodiment of the friction ring
of the syringe of FIG. 4;

FIG. 17 is an enlarged front elevation view, partially in section and partially
broken away, of an embodiment of the friction ring of the syringe of FIG. 4;

FIG. 18 is an enlarged front elevation view, partially in section and partially
broken away, of an embodiment of the stainless steel plunger sleeve suitable for use in
the syringe of FIG. 4;

FIG. 19 is an enlarged front elevation view, partially in section and partially
broken away, of another embodiment of the stainiess steel plunger sleeve suitable for
use in the syringe of FIG. 4;

FIG. 20 is an enlarged front elevation view, partially in section and partially
broken away, of another embodiment of the stainless steel plunger sleeve suitable for
use in the syringe of FIG. 4;

FIG. 21 is an enlarged front elevation view of an embodiment of the stainiess
steel barrel sleeve of the syringe of FIG. 4;

FIG. 22 is an enlarged cross-sectional front elevation view taken along line 22—
22 of FIG. 21; |

FIG. 23 is an enlarged cross-sectional front elevation view of another
embodiment of the syringe of the invention with the plunger shown in a partially
depressed position inside the glass barrel,

FIG. 24 is an enlarged cross-sectional front elevation view of the syringe of FIG.
23 with the plunger, plunger plug and friction ring depicted near the positions where
they are disposed when retraction is initiated and when the force of the compressed
spring is released to drive the needle holder, needle holder cap, needle and displaced
plunger plug rearwardly into the retraction cavity inside the plunger ;

FIG. 25 is an enlarged cross-sectional front elevation view of the syringe of FIG.
23 following retraction;

FIG. 26 is an enlarged cross-sectional front elevation view of the front end of
another embodiment of the syringe of the invention (shown subsequent to retraction)
wherein a portion of the plunger seal disposed inside the front end of the plunger
provides an engagement surface for the plunger plug; and
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FIG. 18 is an enlarged front elevation view, partially in section and partially broken away, of an
embodiment of the stainless steel plunger sleeve suitable for use in the syringe of FIG. 4; FIG. 19
is an enlarg®fROHY &Y ation view, partially in section and partially broken &AL P0HeEPE0
embodiment of the stainless steel plunger sleeve suitable for use in the syringe of FIG. 4; FIG. 20
is an enlarged front elevation view, partially in section and partially broken away, of another
embodiment of the stainless steel plunger sleeve suitable for use in the syringe of FIG. 4; FIG. 21

s an enlarged gt gipation Wi, QLA ARLOAUBHLP IR ROIRTHIRS B BleolRayCAs syringe

of FIG. 4; FIG. 22 Is an enlarge ss-sectional front elevation view taken alorgﬁ line 22- 22 of FIG.

21;  Facethensabedimertibessydpas i ennsrntigibwhrsainths saecempbii eiingshe
syringe gf tedBy P BRtHISIUHBAST ROWIHIG ReEiR e BiRsSeH! thesilignyisisigstihatglass barrel;
FIG. 24 is an enlarged cross-sectional front elevation view of the syringe of FIG. 23 with the plunger,
plunger plug and friction ring depicted near the positions where they are disposed when retraction is
initiated and when the force of the compressed spring is released to drive the needle holder, needle
holder cap, needle and displaced plunger plug rearwardly into the retraction cavity inside the plunger ;
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FIG. 25 is an enlarged cross-sectional front elevation view of the syringe of FIG. 23 following
retraction; FIG. 26 is an enlarged cross-sectional front elevation view of the front end of another
embodimen¥é! ARG of the invention (shown subsequent to retractioHOFHETAAG5S#lon of the
plunger seal disposed inside the front end of the plunger provides an engagement surface for the
plunger plug; and 6 WO 2010/065375PCT/US2009/065540 FIG. 27 is an enlarged cross-sectional
front elevation view of the rear end of another embodiment of the syringe of the invention wherein the

rear end of the plunger iBE@é@ﬂ R HeoPHE L RIS RRMRGHIRIENPE through the plunger
sidewall. 7 WO 2010/065375PCT/US2009/065540

[0014] Referring to FIGS 1-3, syringe 30 of the invention comprises barrel 32,
barrel tip cap 38, needle 48, plunger 72 and barrel grip 86. Barrel grip 86 preferably has
oppositely disposed, outwardly projecting finger grips 94, 96. Plunger end cap 98 is
disposed at the rear of plunger 72 and frictionally engages an opening in the rear end of
the plunger. Plunger end cap 98 is preferably vented, to allow air to escape a retraction
cavity disposed inside plunger 72 during retraction of needle 48 following use of syringe
32. Barrel 32 is preferably made of “glass” and the portions of plunger 72 that are
visible in FIGS. 1-3 are preferably made of “plastic,” as those terms are defined above
and are discussed in greater detail below. Plunger grip 86 and barrel tip cap 38 are
preferably also made of plastic. It should be understood that any moldable,
commercially available plastic that is suitable for use in the intended application can be
used in making syringe 30 of the invention, provided that such plastic has all necessary
regulatory approvals required for such devices.

[0015] The component parts of syringe 30 are further described and explained in
relation to FIGS. 4-5 and other Figures as mentioned below. Referring to FIGS. 4-6 and
7, barrel 32 is desirably made of glass, which is known to be substantially impermeable
to gases and non-reactive with most liquids, and more particularly, non-reactive with
therapeutic liquids with which syringes 30 are used. Barrel 32 preferably has a stepped
tubular bore 44 with forwardly and rearwardly facing open ends, and further comprises a
curved, outwardly projecting annular flange 36 disposed around the rearwardly facing
open end. The forwardly facing end of barrel 32 preferably further comprises a smaller-
diameter section having a tapered annular shoulder 46, a substantially cylindrical collar
34, and a slightly projecting annular flange 35 at the forward end of collar 34.

[0016] Barrel tip cap 38, as shown in FIGS. 4-6 and 8, is disposed forwardly of
barrel 32, is preferably made of plastic, and comprises a stepped cylindrical bore having
a small diameter, forwardly facing opening 40 through which part of needle holder 54
and needle 48 project when syringe 30 is assembled as shown in FIG. 5. Barrel tip cap
38 also has a larger diameter, rearwardly facing opening 42 that is designed to
accommodate the outside diameter of recessed collar 34 of barrel 32. Barrel tip cap 38

can be attached to barrel 32 in various ways, such as by friction, snap-fit, or using an
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DESCRIPTION OF THE PREFERRED EMBODIMENTS [0014] Referring to FIGS 1-3, syringe 30
of the invention comprises barrel 32, barrel tip cap 38, needle 48, plunger 72 and barrel grip 86. Barrel
grip 86 prefdYQ@AYIHAeSpositely disposed, outwardly projecting finger grip® ¥/ B80P0¢§d? end cap
98 is disposed at the rear of plunger 72 and frictionally engages an opening in the rear end of the
plunger. Plunger end cap 98 is preferably vented, to allow air to escape a retraction cavity disposed
inside plunger 72 during retraction of needle 48 following use of syringe 32. Barrel 32 is preferably

made of sglassvandha RAFoBmef RHBRAT F2Whak B5F visie 4h FIBSHarasvrRisrably mage of

"plastic,” as those terms are defined above and are discussed in greater detail below. Plunger grip 86

and barrBPEREEEYifeRt RcrBRS, dinanu RkilripIARE ATt YREDIdT SIS HRPIASH SNy Htfdable,
commergff%%éa_ilm&ﬁmﬁe m%ﬂigoshwétah&gﬁéu&g@agém%ﬁe%m%&@m@aa@ewealdu'm makigg
syringe 30 of the inventjon, provided that such plastic has all necessary regulator rovals, require
for such tRfleds W 661%‘1%8 86}%%%%%5 %‘i’% ﬁé&'ﬁ?a‘?@%rﬁ@ S%Y%QB%r‘?&%jHained in
relation foréjésting-ananthofimide B et dsenraniiddhirel 32. Rédessingdod-6&petdiingdintlarrel 32 is
desirably made of glass, which,is knpwn to substgptially imperm le to -rgactive
it mo T 3 N B PR e B
are usedABzthet 3y giefedbatthabrestt ppethtudikr using 43 vsititablevacdipraeccialyrvaxaigbigcing

; ; e _ ) q
the reans S e o e g B e e
smaller-gidiigse o§ sxliodricalingllanddededing asrarshyuisynnga 3Qbstuanaeeniverican @lwar 34,
and a slightlypiqiegting|RRHE #aaHAP alttheniRenardsnd SiHapR Sby  afiNiRhBaIRl timcap 38,

as shown in FIGS. 4-6 and 8, Is disposed forwardly of barrel 32, is preferably made of plastic, and

comprisE¥ eHERRSaYirRIteRrNg e PaWRGIY sfAGKgi e, ﬁ?rwﬁﬁjl?\%\é’mdrbpféﬁn§ 40 H®ugh

which paittaénerie mwéé%aﬂ@m?déa;ﬂ%@ra}wwh@n SPrigneuRd tseasafivielat) astdmgmo in FIG.
[

5. Barrel tip cap 38 also has a larger diameter, rearwardly facing opening 42 that is designed to
ccommEBHET BURLR RO e R RGBT Do BT ORHRIP AP P Coiees
attachedeitehtedebp Lomynraesidleaysring choawhyrirmssembieab 4, siiewmdnaR1&.VB0Oand when
2010/065375PCT, U§%009/q?§3)é5q?40|.a esive, or in an thr. known manner or si atta(inment
device tF™ é@/ ctOmEW IIETAL'S %rg?%r%fﬁgﬂf Efgﬁf?ln H%E‘%r?%epgnsr 24 eg#?iso%iesc gsure. One
preferredhettiiggaeng ortbled e fiicties aguiged tonsititbetetadtibvarrel tip cap 38 and barrel 32, which
can be e”“"-"”%@ﬁ’oﬁ%@'|@*&‘§éﬁ§8}%‘é’?&f’nﬁ ”cSrpda‘ézc%‘ﬁeHé‘t%é QQQVnPéng%IQ‘% %’HHH'-%F\TL%%-% at the

front of barrel sired, a cooperating anriular recess can be provided inside barrel tip cap 38 as

describedayéicriciesidmiivg RicerRS. thabsrandepether-atranddhmEantrRAbc e Siagel uilkea
commergigihyA\ah MGG BEIME LSRRGS st MRIAR SHEfRsp B Beasssliednsien Reaing fznaithe

outside surface of %Iﬁigdrlcal collar 34 durlng assembly of syringe 30. Such adhesive can also be
|

applied fO@WRMrRRFanitisherrNdecRelpbk fhessoMe fualiradycRrRieriRgaiRrRidhding,

outwardltdacing aeie Bdides shunimdite ead Reitatdéaent between barrel tip cap 38 and barrel
32 should be sufficientle(é strong tﬁo Prevent barrel tip cap 38 from sepzratirgafrom barrel 32 when

subjected to thd 818 sFdGtted By TEIReLERIRE G0 &BE DR Ys QL i EdraS LS ENE™S, and
when coouppeibing retryctyisleantedisot® evpasiessittedsping B@ efeyvinge, Jictalietheldertb4he
triggerinl% or rrl ?se;ﬁ)\rc required to g:\itiate r]etrraaRtion. o 0017 al{crirc]e ir?cri], b%hree taipliﬁap %% can
instead @gna WA, e-'on,gﬁ e-d40 ﬁ[ﬁ“lreec i R Bl@cegﬂﬁ)a sna ?ogeetﬁer A6UhA the Tront end
of the baresleledlikady olzerisinel emalvargl afoidtdrtehfhuie path dledwsehdhmpro eedspplpdrigddthe side
rather thgn [ helpful ifshe needle s alr rojeGti [ £ the
necdle nOSSeTeRIE [ide;dr e bR Safibte' 88 alg ThRESASNGL L o

size. Needle holder 54 is desirably made of glass, and is further described below.

Sleeve 52, also depicted in FIGS. 21 and 22, is desirably made of metal, most

preferably stainless steel, or of a suitable commercially available, durable plastic.

Friction ring 60 is preferably made of elastomeric having a durometer appropriate to the

size and spacing of the needle holder 54 and barrel 32, and adequate for achieving a
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[0018] FIGS. 4-6 further depict one embodiment of a retraction mechanism comprising retractable
needle 48, compressible spring 50, sleeve 52, needle holder 54, and friction ring 60. Needle 48 is
preferably aW¥80&H#e3aF metal needle having one beveled end, one blunt 8&d/HAEM e hal fluid
path between the two ends. Spring 50 is desirably made of any metal suitable for use in making
compression springs of that size. Needle holder 54 is desirably made of glass, and is further described
below. Sleeve 52, also depicted in FIGS. 21 and 22, is desirably made of metal, most preferably

stainlessyl. A A oy feble STLUBIF AN AL UBL) RS AR BB ATy

made of elastdmeric having a meter appropriate to the size and spacing of the needle holder 54
and barrdHBngaise gficyingefd2.achieving a9 WO 2010/065375PCT/US2009/065540 fluid-tight seal

when subjecteotdmtbg3 ARRERIY REeER£8 ialhdQhaP eI eI SIsRAESBEIRSHe
[0019] Although needle 48 is Shown in FIG. 4 as being exploded behind the rearwardly facing opening

of barrelsanRdNRGRG SpeRiBg TR el rdhR Riupl IRNARENRATISHAR iSRS TRRNEC RS ly facing
end of bairsLigh cpRMPGHErRANE FRVERSTatiaghatiterinire)l 39 2ag aBaiftbemiher tiprogoents of
the retraction mechanism are installed through the rearward% fafcgﬁg o%eniqg of barrel 32. o
Alternati%t@?'ﬁ%%&%Qﬂi!’@éﬁ’%@ﬂ%@?f%&ﬁﬁ’egtnﬁ{) CREBRABRSY SAA R REENTFSRIEVELR, or, if
using a snériiyddgsiongld teyreldivaadly thachngtpering oeealeehd2dlclteldativahyd seediecdd all be
installed from the front if a holding structure oy toolis provided to intain th rng | ssion
tring R Es M AISRE: f e hRlds i Bre e e eaky R R e
needle helitabhdesigaiedimyreh dipecai itres frationasng, rtatiatoeeyknbialdgrrand ssilg GBand a
substantjg| r ' ing ' i t e fr ection.
Referrinﬂoﬁ%@%%l}\%:{cﬁéﬁﬁgrﬁrﬁ é} g? tﬁisr]%eﬁruﬁ%g‘csﬁgn%%@ggeﬁrg%glﬁ%uﬁh%@%@n%r?sﬁ%@%ﬁ%%d throat
55 at theSfing dngongressicnedsiing inplalbitioabthe PRI YpisaPposition where it abuts against

forwardly faCi”El(ﬁifdil'ERé#é?H ko IEeSLARYSHIRRAL IS cerBR uRieRtinn iLtwesaidhAdrmifesal dhe
needle and cylindrical cavity 120 through cylindrical throat 59. [0021] Referring again to FIG. 5, the

width of RISEERPIArBRS alsolprsviRd HanerRipRaalediCUEYitle IR Ok B fplied to
hold neeglip g8rtidiedrdrat rear section 58 having an outside diameter greater than that of the

front section. Referring to FIG. 9, needle holder 54 of this embodiment preferably
further comprises a tapered throat 55 at the front end to guide the blunt end of needle
48 (FIG. 5) into position where it abuts against forwardly facing annular shoulder 55,
establishing fluid communication between the inside of the needle and cylindrical cavity
120 through cylindrical throat 59.

[0021] Referring again to FIG. 5, the width of tapered throat 55 also provides a
site around needle 48 where an adhesive can be applied to hold needle 48 in fixed axial
relation to needle holder 54 when the adhesive is cured. The inside diameter of spring
50 is desirably large enough to slide over elongated section 56 of needle holder 54, but
small enough to abut against the forwardly facing annular shoulder 124 of larger-
diameter head portion 58 of needle holder 54. The outer diameter of spring 50 is
desirably small enough to fit inside and be compressed inside bore 130 of sleeve 52
between ends 126, 128 (FIGS. 21-22), as shown in FIG. 5. Sleeve 52 acts as a spring
guide during compression of spring 50, lessening any tendency of the spring to buckle
during compression in the section where the inside diameter of barrel tip cap 38 widens.

[p022] Referring to FIGS. 4-6, friction ring 60 is desirably disposed around the
outside diameter of head portion 58 of needle holder 54 and in frictional engagement
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relation to needle holder 54 when the adhesive is cured. The inside diameter of spring 50 is desirably
large enough to slide over elongated section 56 of needle holder 54, but small enough to abut against
the forwardVeMe/®dsilar shoulder 124 of larger- diameter head portion 38 bfuseenedadter 54. The
outer diameter of spring 50 is desirably small enough to fit inside and be compressed inside bore 130
of sleeve 52 between ends 126, 128 (FIGS. 21-22), as shown in FIG. 5. Sleeve 52 acts as a spring
guide during compression of spring 50, lessening any tendency of the spring to buckle during

compresgif It e SHRaHN RS AP Rt i) BB b I90e AR o 0

FIGS. 4 lon ring disposed aroun
engagement with the glass inside wall of barrel 32, and provides sufficient holding force

on needle holder 54 to resist the spring force exerted by spring 50 in addition to any
rearwardly directed pressure exerted on the front of needle 48 when needle 48 is
inserted into a person or object during use. Because any liquid disposed inside the
variable volume fluid chamber inside syringe 30 will contact part of friction ring 60, the
friction ring is preferably made of an elastomeric material that is approved or suitable for
use with such liquids and has a durometer within a suitable range for the size and type
of syringe, spring, needle holder, etc. that are being used.

[0023] Referring to FIGS. 16 and 17, the friction ring 60 disclosed for use in this
embodiment of syringe 30 preferably further comprises a generally toroidal structure
having a cylindrical bore 144 and a circumferentially extending, outwardly facing surface
comprising oppositely inclined surfaces 142, 143 joined along their lines of maximum
diameter by a flatter outer band 146 having a width approximately equal to the width of
each of the inclined sections. It will be appreciated, however, that other friction ring
configurations can be similarly utilized to provide sealing engagement between the
needle holder and the opposed wall of the barrel or other fluid-containment structure
prior to retraction.

[0024] When assembled as shown in FIG. 5, spring 50 and tubular sleeve 52
are desirably seated between an annular shoulder 114 (FIG. 8) inside barrel tip cap 40
and the forwardly facing annular shoulder 124 of head 58 of needle holder 54 as shown
in FIG. 9. After spring 50, sleeve 52, needle holder 54 and friction ring 60 are installed
as shown in FIG. 5, the blunt end of needle 48 is desirably inserted into the forwardly
extending open end of needle holder 54 as seen in FIGS. 5 and 9, and secured in
place. The outside diameter of elongated section 56 of needle holder 54 is desirably
slightly less than the inside diameter of forwardly facing opening 40 of barrel tip cap 38
to avoid undesirable flexing of needle 48 and to prevent spring 50 from jamming
downwardly into any resultant annular space between the needle holder and tip cap. It
will be appreciated by those of skill in the art upon reading this disclosure that barrel tip
cap 38 can be unitarily molded with a cylindrical pedestal positioned and configured
similarly to spring guide 52 in FIG. 5, in which case sleeve 52 is no longer needed.

11
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outside diameter of head portion 58 of needle holder 54 and in frictional engagement 10 WO
2010/065375PCT/US2009/065540 with it. The outwardly facing surface of friction ring 60 desirably
provides selNgHAGaTEMent with the glass inside wall of barrel 32, and pr8¢:EAS29FEEMholding
force on needle holder 54 to resist the spring force exerted by spring 50 in addition to any rearwardly
directed pressure exerted on the front of needle 48 when needle 48 is inserted into a person or object
during use. Because any liquid disposed inside the variable volume fluid chamber inside syringe 30

will contags ot eidaictin S5 P be RIS MRLIEN & BSBIAEI0Y B P AABISABAEC BRasial that is

approved or suitable for use with such liquids and has a durometer within a suitable range far the size

and typeettsiderdiameiangprexdmatelneguattaihebel thelryerediametgioegtionpf iy ereles. 16
and 17, Widee e risgcACuCirlesesl (5B Lenerdaos g d e Sprie Suak olier
comprises a generally toroidal structure having a cylindrical bore 144 and a circumferentiall

extendinG GE A0f/ %Hﬁ%@ﬂ@é&?ﬁpﬁgiﬂaﬁﬂ&%ﬁﬁmn‘% ?,63583‘13,“15,'591 @]8% rgeéiong their
lines of fepwardiy airnueiesfyoattiatiaithuiecdianbluds badodry nettictippraxidistessed baldw the width

of each of the ingli ections. It will ppregciated, however, other friction,gn i tions
can be similarljﬁggggcﬁé%%%%etgegﬂﬁgg énaéggerige'n%e \?v%eer11 t%abhegq&génegldrz? a%ge ?#é%’ posed
wall of theshwrisksr eltregafteit] tobutamhandistridtelastomets rpluagésrseal §80dispusednoastienbled as

hown | . ' | : i t t | Id
1 (i e R S 8 By R e B
needle hplkRgehandiwd iand @lungersesh ity sodsrdeading fearmsdiviteersiremd(fil&ioP ring 60
are installpd AERHRMENIRJEFPpRgHE2 DAY enpighgeedlifidils 98iispbsibaniideneathpenivdly

extending open end of needle holder 54 as seen in FIGS. 5 and 9, and secured in place. The outside

diameter'SZeRirRjHRgeEbansiesblor Redeflansoraticulaghy&irdBy mgﬁiﬂn%@%mw iRYB8Tiameter
of forwarglh éasing oReHRGA AN DaablipCpladiidoamirdéndesiaaly feningairierdie 4dchid to

prevent spring 50 from jammin downvyardlg into any resultant annular Sﬁ?iﬁ etween the needle
a

holder aRBERRAD A0 BRAGHAIL SR IV, GHYSR REMRE L EIRor? FhiSUIGET 8 that
barrel tipphaa§ efrcipeunitisastitiang dpdorih subgiadtisiy) pedsitihl pagitudiedIinextendingr etbsimilarly

;Ooig;gla ige 5%:5] y. dg%g%v éCUvé: So S{;'E\es\éebsazrrg %%lgv o Bﬁ%%%?le iéNigserted in the
barrel. Plunger handle 74 preferably further comprises a forwardly projecting annular
flange 81 comprising an internal, forwardly facing annular shoulder 77 that abuts
against the rear end 140 of plunger sleeve 64 (FIG. 20) when plunger sleeve 64 is
inserted into the forwardly facing open end of plunger handle 74. Annular recess 80,
disposed behind annular flange 81, cooperates with flange 81 to receive and support
elastomeric plunger seal 68 in fixed axial relation to plunger handle 74.

[0026] Referring to FIGS. 10-11, an elastomeric plunger seal 68 is desirably
seated in fixed axial relation around the forwardly facing opening of plunger handle 74,
and has a plurality of axially spaced, circumferentially extending ribs 70 that provide
fluid-tight sealing engagement with the inside wall of barrel 32 whenever the forwardly
facing end of plunger 72 is inserted into sliding engagement with barrel 32. Plunger
seal 68 preferably further comprises an internal annular recess 162 that seats on
annular flange 81 of plunger handle 74 (FIG. 10). Plunger seal 68 is installed by
pushing it over the front end of plunger handle 74 until rearwardly facing annular surface
160 of plunger seal 68 abuts against forwardly facing annular shoulder 158 (FIG. 10) of
plunger handle 74 during the assembly of plunger 72. When plunger seal 68 is installed
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Such a pedestal could be made thicker except for a top portion that should have an outside diameter
approximately equal to that of the larger-diameter section 58 of needle holder 54. Such a pedestal
would still s¥¥O2@/8653Fng guide for spring 50 and could receive and supRFTTHEEYY/ArT§480 away
from spring 50 as friction ring 60 is forced forwardly and out of contact with needle holder 54 during
retraction as discussed below. [0025] Referring to FIGS. 4-6, 10-14 and 18-20, plunger 72
preferably comprises elongated tubular handle 74, elastomeric plunger seal 68 disposed on the front

end of hancl, 4 PLgss Sgeys 4 e IRSIAPIBINSRG AR BYLend i aeetende 7

and pIungePse exténding forwar elastomeric plunger plug 62, and a
plunger 8Ad aag Shuigpodasidesisieriace JF6nivly AIBRASTPReRY Fh an AN @D feriBESH G tiB0fly to

FIG. 10, ' I f iC gapdi d
qRarify! URigePhilAgeraElad s orajefiaR! iAo Liste aacibomdenuardbten

rearwar a retraction cavity 78 disposed between them, and further comprises a

plurality ehgagamestiewithiarypdaeinside sarass 165 o alupagiserlAS. SIesvgiRg idJesaRY contact

the insidgrualbafiglpariRAliviide srieidRuRgRio/eng sinritediachd bryrjastoavariifading
preferably further coméjrlses a forwardly projecting annular fIan%g‘%ﬂ%) Jorlsmg an internal, forwardly

facing atndiaEsharlgey 7 1idisrend Npidedianes &l Aplungs fsleeve 64 (FIG. 20) when
plunger sleeve @b 27]nsRiterity afaresFGlbatingepskeens 64 pbogeatesndith Blagtomeec recess

80, disposed behind apnular flange 81, cooper ith flange .81 to receive and s omeric
o B R W A
elastom i i ISR o a any g
opening of plunger handle 74. and has a plutali ' edy (i [ g ribs 70
that plrc?ﬁ e lljﬁ?gﬁ?égr}f{] ge%ﬂ%dj Ie?r?gtclig eorﬁé)rﬁ &ﬂg&ﬂg‘?ﬁﬁ%&ﬁ\,@gﬁl %’f %&ﬁ@%@%ﬁgﬁﬁrﬁ%ﬂ%réw
facing erefaplstepped2(ldGisanpdeadinglietgecbfdoeieasonaisauesed . mlavydn selatod gRoferably

furth . : | . : dle 74
riher CRERRILRER ¥ HEBHiE\A A" LeERASBR NesRRpIRsAbARRUGRARYRH2iR; RIBERgNsmle

(FIG. 10). Plunger sea y pushing it over the front end of plunger handle 74 until

rearwardiungen $aahbieadrrivrgrsdangle ﬂg’e?%aﬁi@@tsbf@@ BigsRREeRInFERHID IR SHRROA

shoulderot38/dimetd) HLRkEIISTLEEE S M WinadEeRss B ¥ AS RIHPUgUIGoVYasedirfusd seal 68
is installed 12 WO 2010/065375PCT/US2009/065540 on plun%egr&?ndle 74, ?nn lar insi S rface

e
164 of piAisgeree ARAdRhPIHARRY (G HRSIER) PaHE A ALPYRY) 0] 4B 'I?Jrﬁé:grvggal 8is
availablepiorereierabtotictipnaljee tIag G 2lurget stpriratéd . Witheslastorgerisiprirgg 6d seah G ted into
engagement with annular inside surface 166.qf plunger seal 68, sleeve 64 is desir S
inwardly ¥ el aP%%Y‘Fa%QOeH&e¥8Rajﬂﬂ%aéﬂéBB%gengﬁi%GFfSP’vUQﬁﬁygéé?ﬁén a%ﬁgl%ﬁs oéﬁ%r 77
disposedpiasiite arfgesdl Alihonger tranduider pliR02igsRetdediny aghitiao RIGHE pefgeiediceve 64
cooperates with elastomeryic plunger seal 68 an 6 , |'§%@[s w) to
prevent g@%ﬁﬁnﬁgﬁﬁogeéqﬁﬁyé%@?iﬁéﬁeggm g%%gp%%qe&%gﬁr%%dr%ﬁm%a@ture, sﬁ)grarmeg? or use
from conilaeiithdpergppiestiated rtiporofreading rthisndisciosursy gl r a | swiegss withfér AWPE8E BY4Sepped

(FIG. Zohkessé%'gtgg%ﬁﬁﬁ 8 %gg%v?g%q@%@%&%&@é%@ﬁslﬂmﬂ RitftRsticarRGtapd phgaRd is

preferably inside the fo dly ng opening of plunger seal 68 and plunger handle 74 to
facilitate Heagiecemalae Seadtionanihin the acope 25 ihe depliffyer plug 62 so that plunger plug 62

seals any liquidigpggpgesefiig tisprssdBhsad 98 phiss:RigdenhsstlrdfnitsyriarppRenit of
retraction cavity 78 prior to retraction. Plunger plug 62 also cooperates w&lh elastomerhc Iuri?ﬁr seal
68 and nfe@NBEticaliydasrsdnealidiglaRtpBEIIF iIRodie RaViRgeraoursH amEIhges Q%fa i
Surfacde_- Mfthoggéhﬁ*r@rdl fd?}l%?ﬂ%%d@?ﬁﬁ%?éndﬁﬁi&%?@ t@b@ﬁraMeﬂsgw@w_ dia‘neasmsﬁs @i@imﬁ_d as
extending forwardly of the front end of the plun andle, it will be reciated upon reading this
disclosu r%ﬂ'{g?t:? ErgssiiAnaghiGRpe ﬁﬂ% 'H@S{E@eﬁ%ﬁfpﬁs%ﬁvea?ﬁéﬁgﬁque%geg?ﬁs %qr%tizl y flush
with the frooenfrig pispgsedardiionatlsmbimg éolanyithididnestenfm deinabityveraidded in [0i0g8]
Referrin FIGS. 12 and 13, plunger plug.62 mest preferab alolg i : d,
solid eIagségjrﬁ%ﬁ%%&gyﬁ%gﬁ@ﬁéﬂgc%g?&gqﬁﬁ%?e?g E:Lf%er(lgg fg%)l{vﬁé@ﬁéﬁﬁghm r%iﬁ%ﬁ”fgrgﬁrygrse
diametrigaiLsiges héBdkspdseithatiahutianeo daiitedecing ithse aiaralt lengé @hlm@%éﬁ@&%g at
the front ol AIUAASIBARAR 47 156 AV URRISSRRRIP Ro IO BaY B A U SichAmE Rivraragirably
plug e lengt ric

provided in to reduce t | of the portion of plug 62 that lonally engages the inside of
plunger Haailg PURdeiRENNAIHBSLENTASHABIng the overall length of plug 62, thereby reducing the
length of plug travel that is required to dislodge plug 62 from the forwardly facing plunger opening

during retraction. 13
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13 WO 2010/065375PCT/US2009/065540 [0029] Referring to FIGS. 4-6, 10 and 14, the
rearwardly facing opening of plunger handle 74 is desirably sized to receive plunger end cap 84 into
seated frictiSHaRPeHY®§ERent, thereby sealing the rear of retraction cavity 7BEXESROYP@ERHents 156,
154, 82 that are desirably provided in or around plunger end cap 84 to eliminate or reduce any
likelihood that some portion of liquid will be forcibly expelled from the font of syringe 32 as plunger plug
62 and needle holder 54 are propelled rearwardly into retraction cavity 78 by spring 50 during

retraction. Bec I rseal S@wl ngerp| 291e M?r oA ngfnot
plastic, the corjgﬁge% ﬁg%%%ﬁgntger seal' 6 ,gr’ne1tgl S eéevgﬁmqa%ﬂger Joli‘&lg8 igg at the frgont of

plunger hlungertapioditisdgsicanly sigedsoTassive sunary s0dreap &htalairgaied BisHRNAbS plastic
plunger papdie.ALRIMHG EBY AinivgRREE AR B RiFtoRavity PEIBIBESNbERN SoMnegrably

[
made of &;ISUC, and further comprisés a rearwardly facing surface 98 against which thumb pressure

can be appfie8DyhAt areeARRIRPS RsBVIRRAMILoRIANNAPHEST 2NFitARn B4 r 18- EURIR S0 Blied to
the forwagdiydaGing MifmeR thansearisrivh 8iigaidinuBecdrisigyastpenadaidoeite. font B3030]

Although barrel grip 86 is shown in FIG. 4 as being exploded rearwardly behind plunger, 32, it should
be unde%fﬂ%qt?éfb?:ﬁr&w?ﬁ)eéé’&@dg%léﬁgd 'i‘ﬁ‘?%@sg‘ﬁgﬁ%gé"narfsRgoﬁégaaﬁ%?m&gédr%{ﬁto barrel
32 from therdairoicaamel 22 Bithepiiprao thermitaebirmtionf baBealdiseaplddger beeab| @2, andat least
prior to the installation.Qf needle 48. Referring to FI|GS. 4 and 15, circumferent] | ange 36
at the regfu@lg&ér 15’%%?5 %ﬁ%g{‘ag&@% g@z?ﬁnei%%g@g NE %%HL?ITaP[raesc{Eaészt%% %%ug{giﬁé%%%%é* if barrel
grip 86 iphugeedeatGdametasleavetbd famd pidiygerciyge62 . anviherfismt of griwngendheedied th place
around the reanwardl| ing end of | 32 i itely flispased,
outwardl@rgyﬁ%egir?g %@érldgﬁ?)ssﬁjggegg%%l ar%gr %%aégp ﬁ%%@%@ﬂ&%g} xiaIBSﬁipsgapgg%EStween
barrel gripB®entiandie7#phonimratyastiendiRgfaringde o 88 andalde Rivnoes anshesids in

maintainj ili n ip r - ' isReRsdihdQuexes owide
diameter,%gzp%?gé%%l}p 8@% %uﬁaéreg (é)ﬂi’/ g%?hﬁﬁﬁ%e?%ﬁ%ﬁéa (?St%%arxter of barrel 32 just ahead

of flangeag@inst [uduah Ghembl RIgERUTE AR O ARR AT BYC R dUseFeWIf BUPRA'YAE ffas been

installed saypiitaesarer FliviacsorRpridiie! Ahiibe tortrrdurivaioy dading sbrities of
2010/065375PCT/US2009/065540 _ _
finger grips 94, 96, as discussed in greater detail below.

[0030] Although barrel grip 86 is shown in FIG. 4 as being exploded rearwardly
behind plunger 32, it should be understood that barrel grip 86 as disclosed in FIGS. 4-5,
6 and 15 is preferably installed onto barrel 32 from the front of barrel 32 either prior to
the attachment of barrel tip cap 38 to barrel 32, or at least prior to the installation of
needle 48. Referring to FIGS. 4 and 15, circumferentially extending flange 36 at the
rear of barrel 32 is most easily seated in cooperative annular recess 89 of barrel grip 86
if barrel grip 86 is pushed onto barrel 32 from the forwardly facing end. When barrel
grip 86 is seated in place around the rearwardly facing end of barrel 32, manual force
can be applied to oppositely disposed, outwardly projecting finger grips 94, 96 of barrel
grip 86 without experiencing axial slippage between barrel grip 86 and barrel 32.
Forwardly extending annular collar 88 of barrel grip 86 also assists in maintaining
stability between barrel grip 86 and barrel 32. To achieve this benefit, however, inside
diameter 92 of collar 88 should be only slightly larger than the outside diameter of barrel
32 just ahead of flange 36.

[0031] Once plunger 72 is assembled as described herein and barrel grip 86 has
been installed around the rearwardly facing end of barrel 32, the forwardly facing end of
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plunger 72 can be inserted through rear collar 90 of barrel grip 86 into the rearwardly facing opening of
barrel 32. Once needle 48 has been installed in the front part of needle holder 54, the assembled
syringe 30 WIPRAW 4B Configuration depicted in FIG. 5. Following applicatRildf RHaddf84¥over to
barrel tip cap 38, the assembly is complete, and syringe 30 can be packaged and sterilized. Where
syringe 30 is intended for use as a prefill, however, a therapeutic liquid is desirably loaded into barrel
32 through its rearwardly facing opening prior to insertion of plunger 72. In a prefilled application, a

plug can BRI AR i e S i Aeel i une. Ty side

wall of barrel'32 cooperates with the elastomeric and metal surfaces disposed at the forwardly facing

end of pf@siig PPeHRdVRh basreladd: n&date MeedlesddhasrRerminairieddritBes fitat PaftePistomeric

friction ripgelfistp dnser sdhah dadirisbiiangart i soevipHabletrel earmigarit g atpeanchrber thus
formed can ?ré\gact_ any plastic surface prior to use. Also, the di]s[cl,osed syringe 30 does not embody

any glas2-eldrfUAAg: arRisstishiak@ A5PaiRerYIEEdR IR dRrifgPashnBf, 3P0 Use.
[0032] Rederipitado &id SsyrifigéolBvicandisehpagragferliaidnsiliaddhe WhitdrayringereBB2ishrough
dle 48 durj f syringe 30 t ti lication of thumb h I

72 wiile TSRS dB R 2 PR AR T B A PSR Bl ST R
forwardl 2athinpughditsf relagvapdiy &ibgheperingapdty facingetionlaf plufges d2larpeadpaefiied section
58 of _ 4 ) _ ; / ; tion £ng 60 |
contacteaP b oL B R B el ot
plunger PhQlilcagse |dddinglansginsi Ml nefebais@26400pRiaiedriviibnthie cE>PMesRIPNE a
position whete dif AAUIRLHNLE SHHRCIRMIHP AL OIS AYaropssidiR SR AR ypeeVe 52, at

which point friction ring 60 Is no longer holding the large-diameter portion 58 of needle holder 54
against tReediRdeldesnddrasst dheprprywerdho fcing spréace el slartomsAgHE gtk BrgIGgta 72

relative tadiaeahatimstigid RaspRs34 willtrauasitind samel igiaa e wathaidmasiarpglenad to push
plunger plug 62 rearwardly through plunger sleeve 64 until larger-diameter, centra%gigaﬁed section
a

110 of pfORG&EISER BONREIAYPIRSEAGHRRDRTIBIdAHSEe MEPOM R HRRPTRASK! O68int
where retetcaibedyitini yladenslofifetitethat fareare agritacalicing otéP glass element during
2010/065375PC T/US2009/065540 110 contacting the inside wall of plunger handle 74 is reduced, a
point is ety I%hs PEARR P01 RC0f spring 50 surpasses the remaining frictional holding force of plug
62, at which poja03gjirReferdnges idE&8e 5@ déniibdvimgddischgeye lofyB® stantizdiyd iithiheuliguidtraction

ity 7 ilpl - i f j A
clongate oS MO TR P Bl R TS SE e SRS aton 0110
it carriestheadlprssasevtartie reanefl plhegssy’2whdanpldingdbasrel 3 ind sebatani@liiidedyringe
30, rendgagsy TG HhRIEJRES RS URGA BAKIRARITARSRCRIGERIiEEH BRIy RS YsTYIg its

reuse. In the fully retracted paosition shown in FIG. 6, friction ring 60 remains attached to the outside of

sleeve sthearRpM@rsHyifacing angular ssfass: of lgresgdiameatarsestianoel el nesdle raldparly facing
collar 908uSing )MirkFErelI05B8%0 slideRSNATRN B dNhE|eRYR GAERNAFS BECiiPBdtactiyas

described above, the use of a stepped front or leading edge 66 as shown in FIG. 20 is believed to

reduce tR¥ {RAAIRKSA8S SR AERIRasTistENR Bk TR P resSLER PXRRE RN BIfJR&'side of
friction rippdiOngee rebwaNesgseingaingi 2dgsl 6BtatipungRYaskRRVeobone siresofrittoringntpiBlive to
section 58 of the needle haqlder just prigr to contacting the other side. Another embodiment of a
Slunger RGN, FBPURBVIF . T ASUULAG ISR R . HETE) oo B0 Tesy e 14 of
plunger sletsidel8arfadso pb\sieetio G Atisibieh peofetrrittion AlthobQhsargdategehinoldifg dhevill likely
be requi 0 initiate retraction it will be eciated that a cylipdri I ving a
perpendlicgz 9 agr_ltélI ransve s%%'ggd?rgg Oejfdr(]:]eeeﬁg {E:%?ﬁ%arlsgo‘{baegglsne% v{h&?f? 'Jt?%l‘ét:gt%gﬁ Ef%%gee;l%g\/g nﬁ]& if
desired. 50. [O0BtihverpressurpcKentart ohtthe ibackidpisngieci62adlatiededesitiebgrin Sat@ntto

FIGS. 23280 Tais G adioaRtIasnaAbirRuliig e ALEerolBer 280k sl aEhglsayR e as

disclosed above, which r of parts in the syringe and also reduces the humber

of metal PArteAuastyidivieuahnt Blwaguisieavastid canthclergendigmneteto-grdsdyntisPasgde a

syringe kéisha oiasspiinbanpRiGeBACKRYRSE UtscHiprfe brasfitharmsaliaval vithimgdesign
structure that is very similar to that disclosed and described in relation to FIGS. 1-22 ahove. One

principal@fdie {&at heRuipt yyhpredietiantien cavitchyidenss< 1o esiage Yakel P Ronstant

outside diameter over its entire length in combination with an elastomeric 16
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WO 2010/065375PCT/US2009/065540 needle head cap having a centrally disposed opening to allow
fluid communication between the variable volume chamber inside the syringe and the fluid pathway
through the WEsI6IdEY and needle. A needle holder cap 240 can be axidifyTgeSifieftieditative to
the glass tube of the needle holder by an annular flange extending radially inward behind the glass
tube or by any other similarly effective means. In this embodiment, friction ring 244 is preferably a
separate piece, but alternatively, one could fabricate needle holder cap 240 and friction ring 244

o oy 141 CoFERUMICH R HRRRSNAR SR P AR RUIRGE 8 BemERPREAIRAIiNER above
or below the web 10 ard in"separating cap 240 and ring 244 during retraction. Another principal
differendbénforeeeffiepsoce bbstimanses tthe uamaining ritictinnal boltios forgeget BRI St Araps

over theMﬁW%brn%snﬁfa*8@69@&%8&4@9%@&?@1@49& RS BIuYCBIriarvaRdR GRRsaghpricr to

retraction. [0035] Referring to FIGS. 23-25, syringe 200 pr rab,g comprises glass barrel 218
made sulsitastianycaity 18 4 1at! pivrgerphig B cantastadhetndsrside afRlHIgrBsbeaR Rerably

made of pastignaHacitedgo IS eRMRYAtEANSLAtRA 186 tht srR.JRISRINMEresabiF IBads if plaptitieattached
to its forwardly facing end by recess 228 that engages circumfere%tiall exte?cgag% f[ﬁ@fl 22% at the
rear of bEFREVAIAlYH Hg@F‘H&H&@'QG?&VleZﬁeg fREiBaMEPI st riﬁ%%ﬁ%\f W b%ﬁ%f Y
opening [gtRastinhAh8 aeddied endrisr 22edanddasalebnieyessa) Aflitdiinypsydngditdsakeaiarlation to
plunger hapdle 202 that provides a slidable, fluig-tight seal with the inside wall of barre), 21 d blocks
front sec?fb%sﬂf%?tpnﬂ@'f’ﬂaﬂ'aﬁgééﬁcﬁg}n ) tgi{%ﬁgva%X/ ﬁ&%Y& " |Q|90's%dr Theide gyr/lriglhg%e during
use. Plungieaded piasitiom lyHowhein dBIGp G efigtiongeng 6y Bvdidgeaticnbeit tantbeeritaide ofe front
of retraction cavity 246 and a plunger end ca i faci iAG i flange 250
at the reg%c?ly reetétgcbtlaonrﬁj i{g]\ﬁty % . raF?@@?G%ﬁﬁ% %?fﬁﬂ%’%ﬁ%ﬁﬂy%%ﬁ%ge Og%ljr%%%ably
comprisesanassdiyfatingcolits BOIRIR238 ofitvamehgredBheedle 246, compressed metal spring 235,

clastomericnegdlnlp ghsanididcpad leamer iRy sd be heueldauboiassde 240

extends forwar aperture 232 In barrel tip cover 230 thatf has a diameter sufficiently small to

retain theSeraf-ackierRrasi@M oF leasing reer 83 RNA in Elii AR isb8lIgYRY 2 8894 PGsed
around tyhuias Revedsipliiel Z3hitate Tasrddtio By2RRRIRPESHSREBING 2AIK6E A0 dnevsddly

extending portion bein disgosed in an annular space between barrel tié) CarP 2?0 and.neeglﬁ] holder
038 Of friction ring 60, thereby overcoming inertia and initiating movement of one side of the

ring relative to section 58 of the needle holder just prior to contacting the other side.
Another embodiment of a plunger sleeve useful for achieving this purpose is illustrated
in FIG. 19 by inclined leading edge 134 of plunger sleeve 132. Also, even though it is
less preferred and although a greater thumb force will likely be required to initiate
retraction, it will be appreciated that a cylindrical plunger sleeve 138 having a
perpendicularly transverse leading edge 136 can also be used within the scope of the
invention if desired.

[0034] Another embodiment of the invention is disclosed and described in
relation to FIGS. 23-25. This embodiment does not require the use of either sleeve 52
or plunger sleeve 64 as disclosed above, which reduces the total number of parts in the
syringe and also reduces the number of metal parts needed to prevent any liquid-to-
plastic contact or any glass-to-glass contact inside a syringe having a glass barrel and a
retractable needle. These benefits are achieved within a design structure that is very
similar to that disclosed and described in relation to FIGS. 1-22 above. One principal
difference is the use of needle holder comprising a glass tube having a substantially
constant outside diameter over its entire length in combination with an elastomeric
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[0037] During retraction, forwardly extending portion 216 of plunger seal 208, backed by forwardly
extending annular tip 212 of plunger handle 202, contacts and moves friction ring 244 forward relative
to needle hdXRRUAIEDS to a position where needle cap holder 240 is releBSEaHYEPERM235 can
begin to expand rearwardly. Although the plunger plug described in relation to the preferred
embodiments is depicted as extending forwardly of the front end of the plunger handle, it will be
appreciated upon reading this disclosure that a syringe with a plunger plug disposed with its forwardly

facing enéaylstredialyLp' sawib theckriramy BRpYYBaCsFaRALR fRaRbw funstieshiiricatpacope of
the invention, as the plug does not have to contact the needle holder first in every embodiment of the

inventioPetWerp g XarabIR N KNGS Fhamiridnsidrtbs syilgserpiiredid patwayd ly to a
wider-diametiessfietinolaé resinstinsearyity R4t ddrchdigdpeain P28 4csn deaagidiiyopositiediedholder

240 pl lug 204 is di df lar tip 212 of pl handle 202 dle hold
38, necAE R WAab I HOR A6 AR UGG By 2R s e g B rorce of
spring 2¥%wasdiroktaned the aglass24ibé-IG. By) dryllotiieg sinidatipnetisctivenwmearsG. 18, thisdle 246
is full ' insidg. . ' 0,i .

Reterring ULRHINGR. {F AR G S PR B SR e N BN, onSEBO ger
seal 262fabEgateyocBiiastioldeedapsi2eltant drictiprofipm2gdr Qrmaahd_\pﬂbyme;@mméngag@ﬂb_e_nt and
seating sufaes onlie AladsrRa SIFRNGS aierdyandl SRR WS o BUATHE Reston

substantially as shown'in F 23 and 24. With this embodiment of the invention, it isigossible to

eliminatd®AE oh SRPASIND A 240 dine AdhshidrgfaicgtianalFrwiher prRgEALY RIS R pared,
for exama'%é@%@&%é&%ﬁé%ﬁﬁ@é%imm@ RGatdd plurl§Edsi R ehetrings FIG. 27,

another embodiment of the invention is disclosed wherein plunger 284 of syringe 280 has a ynitarily
molded, Q¥R Aenvarhs SRR APE R i PHBARE RROFADRISYEPLAAN IR at@-e'naéﬁa cap

282. ciit4di pHibetaftgratnes. and modifications of the invention will likewise become apparent to
e N e G R T
inventior2dB et diivstaritialiynttes saryebasHealned B2 girevienys btatisclasatic thpb badeal baiels to
which th%riirﬁvf%(? rgrféq;grléaoq?l%aeé]éitl)%dplastic, attached to its rear end and a barrel tip cap, also
preferably made of plastic, attached to its forwardly facing end by recess 228 that
engages circumferentially extending flange 226 at the rear of barrel 218. Plunger
handle 202 is inserted into barrel 218 through the rearwardly facing opening in barrel
218 and barrel grip 220, and has a plunger seal 208 disposed in fixed axial relation to
plunger handle 202 that provides a slidable, fluid-tight seal with the inside wall of barrel
218 and blocks front section 212 of plunger handle 202 from contacting any liquid
disposed inside syringe 200 during use. Plunger 202 preferably further comprises
plunger plug 204 lodged inside an opening in the front of retraction cavity 246 and a
plunger end cap 206 engaging a rearwardly facing opening in flange 250 at the rear of
retraction cavity 246.
[0036] The retraction mechanism of syringe 200 preferably comprises glass
tubular needle holder 238 with attached needle 246, compressed metal spring 235,
elastomeric needle holder cap 240, and elastomeric friction ring 244. The beveled end
of needle 246 extends forwardly through aperture 232 in barrel tip cover 230 that has a
diameter sufficiently small to retain the forwardly facing end of needle holder 238 behind
it Compressed spring 235 is disposed around tubular needle holder 238, with the
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19 We claim: 1. A syringe useful for injecting a therapeutic fluid, the syringe comprising a barrel, a
barrel tip cap attached to the barrel, a plunger that is forwardly moveable inside the barrel during
injection, a Ne@aAMMIeTISretractable after injection from a first position in wRIEN HeMgeefidtprojects
forwardly of the barrel tip cap to a second position in which the needle does not project forwardly of the
barrel tip cap, and a needle retraction mechanism comprising a needle holder, a retraction spring that
biases the needle holder rearwardly relative to the barrel, and a holding member that resists rearward

toft dle, prior to.and during.retractjan, th inge_havi lit ligyui
containr BN BRI A B A B oBitare B abhBay et sea oo e el B8 Fer: prior o
injecti_onZBﬂjaimtlmﬁs hmldq:lq?r&Sas the plunger is qdvanced forwardly d_uring injection_, the !iquid
containment Sﬁég&giﬁ&ﬁﬂgj@ HfoR" PBRIRER SR & %r 53 t'é#_'?rl]”'u%éle%%%‘(ezwh the

therapeutic flui re suitable for use in'a pharmaceutical grade applicati 2. The syringe of
claim 1 Wwhekeith byldasvariiyoesteniiog aomtantier? trefcelungefdarngie)iddd, contactshandringe of

claim 1 whereingALiRasHARC,AIS i RN BeR SWEARSaLE BRAe A, Te @ positich WieYTinge of

claim 1 wherein at 1east one of the liquid containment surfaces is made of polymeric material that is

inert to teeAla fRUMOINGE 240 is. rRiRaseANGRLEBMNG 230heABiIPREIE 6f a1 ARdideNEiAkent
surfacesAsBagh AhBlashiger fiud hecasibea obclrimtbiheraiwths shsieaewistbaiisrdidsid.

depicted as extending forwardly of the front end of the plunger handle, it will be
appreciated upon reading this disclosure that a syringe with a plunger plug disposed
with its forwardly facing end substantially flush with the front of the plunger handle can
also function within the scope of the invention, as the plug does not have to contact the
needle holder first in every embodiment of the invention.

[0038] As friction ring 244 moves forwardly, plunger plug 204 is moved
rearwardly to a wider-diameter section of retraction cavity 246. Once friction ring 244 is
released from needle holder cap 240 and plunger plug 204 is dislodged from annular tip
212 of plunger handle 202, needle holder 238, needle 246, needle holder cap 240 and
plunger plug 204 are all driven rearwardly by the force of spring 235, as indicated by
arrow 248 (FIG. 24). Following retraction, as shown in FIG. 25, needle 246 is fully
contained inside barrel 218 and syringe 200 is rendered safe and unusable.

[0039] Referring to FIG. 26, another embodiment of the invention is disclosed
wherein portion 264 of plunger seal 262 of syringe 260 is formed inside the front tip of
plunger 272 and provides an engagement and seating surface for the plunger plug,
which has already been displaced in this view from a position substantially as shown in
FIGS. 23 and 24. With this embodiment of the invention, it is possible to eliminate one
of the step-downs in the inside diameter of inside wall 266 of plunger 272 as compared,
for example, to the structure shown in the embodiment of FIGS. 23-25.

[0040] Referring to FIG. 27, another embodiment of the invention is disclosed
wherein plunger 284 of syringe 280 has a unitarily molded, closed end cap 282 and a
vent aperture 288 disposed in plunger 284 forwardly of end cap 282.

[0041] Other alterations and modifications of the invention will likewise become

apparent to those of ordinary skill in the art upon reading this specification in view of the
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7. The syringe of claim 1 wherein the therapeutic fluid comprises a liquid containing dispersed solids.
8. The syringe of claim 1 wherein the therapeutic fluid comprises a liquid containing dissolved or
dispersed g®¥) 2010/063pF% syringe of claim 2 wherein no liquid containmentPFfEEAA6IS4hade of
glass contacts another liquid containment surface that is made of glass. 10. The syringe of claim 1
wherein the holding member comprises an elastomeric portion. 11. The syringe of claim 1 wherein
the holding member surrounds the needle holder. 12. The syringe of claim 1 comprising a flow

B T e e

surface prior to ret e syringe ient structural
integrity t@wimbfahmm dinlyl by dbevepadestinterptetatinmoiheanoended stabns der aduchr e
syringe. invertfrs DR SY¥ fgg é’rﬁtﬁi@ﬁn 1 wherein any surface that is wetted by the therapeutic fluid
during storage or use of the syringe prior to retraction is made of a material that is inert to the
therapeutic fluid.
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15. The syringe of claim 1 in combination with a therapeutic fluid disposed inside the variable volume
chamber. glass. 17. The syringe of claim 1 wherein the plunger comprises a plunger handle, plunger
plug, plunger seal and plunger sleeve. 18. The syringe of claim 16 wherein the plunger plug, plunger
seal and plunger sleeve comprise liquid containment surfaces that are not plastic. 19. The syringe of
claim 1 wherein the plunger comprises a retraction cavity into which at least a portion of the needle and
retraction spring are received during retraction.

We claim:

1. A syringe useful for injecting a therapeutic fluid, the syringe comprising a
barrel, a barrel tip cap attached to the barrel, a plunger that is forwardly moveable inside
the barrel during injection, a needle that is retractable after injection from a first position
in which the needle projects forwardly of the barrel tip cap to a second position in which
the needle does not project forwardly of the barrel tip cap, and a needle retraction
mechanism comprising a needle holder, a retraction spring that biases the needle
holder rearwardly relative to the barrel, and a holding member that resists rearward
movement of the needle prior to and during retraction, the syringe having a plurality of
liquid containment surfaces that define a variable volume chamber that confines the
therapeutic fluid prior to injection and decreases in volume as the plunger is advanced
forwardly during injection, the liquid containment surfaces comprising one or more
materials that are substantially non-reactive with the therapeutic fluid and are suitable

for use in a pharmaceutical grade application.

2. The syringe of claim 1 wherein at least one of the liquid containment

surfaces is made of glass.

3. The syringe of claim 1 wherein at least one of the liquid containment

surfaces is made of metal.

4. The syringe of claim 1 wherein at least one of the liquid containment

surfaces is made of polymeric material that is inert to the therapeutic fluid.

5. The syringe of claim 1 wherein none of the liquid containment surfaces is

made of plastic.

6. The syringe of claim 1 wherein the therapeutic fluid is a liquid.
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7. The syringe of claim 1 wherein the therapeutic fluid comprises a liquid

containing dispersed solids.

8. The syringe of claim 1 wherein the therapeutic fluid comprises a liquid

containing dissolved or dispersed gas.

9. The syringe of claim 2 wherein no liquid containment surface that is made

of glass contacts another liquid containment surface that is made of glass.

10. The syringe of claim 1 wherein the holding member comprises an

elastomeric portion.

11.  The syringe of claim 1 wherein the holding member surrounds the needle
holder.

12.  The syringe of claim 1 comprising a flow path for the therapeutic fluid that
does not allow contact between the therapeutic fluid and a plastic surface prior to
retraction of the needle.

13.  The syringe of claim 1 having sufficient structural integrity to withstand any

fluid pressure encountered during manufacture, use or storage of the syringe.
14.  The syringe of claim 1 wherein any surface that is wetted by the
therapeutic fluid during storage or use of the syringe prior to retraction is made of a

material that is inert to the therapeutic fluid.

15.  The syringe of claim 1 in combination with a therapeutic fluid disposed

inside the variable volume chamber.
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16.  The syringe of claim 1 wherein the barrel and needle holder are made of

glass.

17.  The syringe of claim 1 wherein the plunger comprises a plunger handle,
plunger plug, plunger seal and plunger sleeve.

18.  The syringe of claim 16 wherein the plunger plug, plunger seal and

plunger sleeve comprise liquid containment surfaces that are not plastic.
19.  The syringe of claim 1 wherein the plunger comprises a retraction cavity

into which at least a portion of the needle and retraction spring are received during

retraction.
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