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commonly used to describe the fluid that is drawn back into the catheter after a flush

procedure. The concern is that the reflux fluid contains blood or solution that could cause the

catheter to occlude. To ensure that reflux does not occur, flush procedures suggest two

techniques: 1) at the end of the flush solution delivery, the user maintains pressure on the

25  syringe plunger while clamping the LV. line; or 2) while delivering the last 0.5ml of flush

solution disconnect the syringe from the L V.port or clamp the LV. line. Either technique
maintains positive pressure on the fluid in the VAD to prevent reflux of fluid and blood.

For flush procedures, the L.V. line refers to a system containing a VAD, tubing set

with clamp and may terminate with a port or valve. The most common types of V. ports are

30 covered by pierceable septums or pre-slit septums and are known in the art and sometimes

referred to as “PRN” from the Latin pro re nata meaning “as the need arises”. The septum is

preferably made of rubber or another elastomeric material, which permits insertion of a sharp

needle cannula in order to infuse fluids or to withdraw fluids from the catheter. Upon

withdrawal of the needle cannula the septum seals itself. Ports having pre-slit septums are



needl e cannula in order to infuse fluids or to withdraw fluids fromthe
catheter. Upon w thdrawal of the needle cannula the septumseals itself.
Ports having pre-slit septunms are 1 WD 2006/074171 PCTI US2006/ 000096 used
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care. As a Tesult, VAD s are frequently occluded resulting in the need for
addiaq Onladqud Gefbuxs i Berghse theecatheter 1s inserted into the patient the users cannot see the

reflux when it occurs and therefore cannot take corrective actions to address a potential

problem.
Disconnection induced reflux and syringe stopper induced reflux would not be an
issue if all users practice the positive pressure flushing techniques described hereinabove
25  every time they flushed a VAD. However, user experience, environmental circumstance and
patient condition vary significantly within the hospital setting and even more when one
considers other areas that flush procedures are performed such as clinics and home care. Asa
result, VAD’s are frequently occluded resulting in the need for additional professional time,
declotting drugs, removal of catheters and new procedures to place new catheters. All of
30 these interventions come at a cost to the healthcare system and its patients. It is desirable to
have syringe assemblies that are designed for flush procedures to enhance best clinical
practice. Specifically, syringe assemblies that are configured to automatically minimize or
eliminate reflux without depending entirely on user technique. Further, the prior art focuses

on syringe assemblies designed to deliver medications and not syringe assemblies that



declotting drugs, renoval of catheters and new procedures to place new
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di rect edcdi@sign. Syri nge assenbly for use in flush applications. The syringe
assenbly has structure to provide an additional positive displacenent of
fludh 15 solution after the flush solutron has been substantially delivered

fromthe cavity in the syri | ication of an
addi tional distally-direct eWe pr iz:Fﬁlﬁi{‘toopper. A flush syringe
assenbly includes a barrel having a cyI | ndrr cal side wal | vvi th an inside

surface defipnin chanber for ai ni fluid, open r end and a
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A plunger including an el ongate ortion having a proximal end, and a
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including a distal wall with a tip extending distally therefrom having a passageway
20  therethrough in fluid communication with the chamber. A plunger including an elongate
body portion having a proximal end, and a distal end is provided. A stopper is slidably
positioned in fluid-tight engagement with the inside surface of the barrel for driving fluid out
of the chamber by movement of the stopper relative to the barrel. The elongate portion of the
plunger extends outwardly from the open proximal end of the barrel. The plunger includes a
25  discontinuity for engaging the barrel for stopping the distal motion of the plunger before the
stopper fully delivers all of the liquid in the chamber. The stopper includes a proximal
stopper portion connected to the distal end of the plunger and a distal stopper portion
separated from the proximal stopper portion by spring means for moving the distal stopper
portion in a distal direction to drive more of the liquid out of the chamber after the
30  discontinuity on the plunger engages the barrel to stop the distal motion of the plunger.
Spring means may be any spring element which deflects under force and expand when the
force is removed or reduced, such as a coil spring, a pocket of air between the distal and -
proximal stopper portious, or anty element configured to act as a spring such as an annular

cantilevered element. The syringe assembly may include a distal stopper portion which is



stopper fully delivers all of the liquid in the chanber. The st opper

i ncludes a proximal stopper portion connected to the distal end of the

pl unger and a distal stopper portion separated fromthe proxinal stopper
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20  Itis preferable that the additional fluid be delivered in a time of about 2.5 seconds or more.

The syringe assembly may further include structure for allowing air trapped between
the proximal stopper portion and the distal stopper portion to escape toward the open
proximal end of the barrel. This structure may include an aperture in the plunger, a less than
air-tight fit between the plunger and the proximal stopper portion and/or a discontinuity in the

25  outside diameter of said proximal stopper portion.

The syringe assembly may further have a needle assembly attached thereto. The
needle assembly includes a cannula having a proximal end, a distal end and a lumen
therethrough, and a hub having an open proximal end containing a cavity and a distal end
attached to the proximal end of the cannula so that the lumen is in fluid communication with

30  the cavity. The needle assembly is removably attached to the tip of the barrel to engagement
of the tip to the cavity in the hub so that the lumen is in fluid communication with the barrel

chamber.



the proxi mal stopper portion and the distal stopper portion to escape toward
the open proximl end of the barrel. This structure may include an aperture
in the plunger, a less than air-tight fit between the plunger and the
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FIG. 8 is side-elevational view of an alternative stopper of the present invention.

FIG. 9 is a cross-sectional view of the stopper of FIG. 8 taken along line 9-9.

FIG. 10 is a side-elevational view of another alternative stopper of the present
20 invention.

FIG. 11 is a bottom-~ plan view of the stopper of FIG. 10.

FIG. 12 is a partial side-elevational view of the distal end of an alternative plunger of

the present invention.

FIG. 13 is an end plan view of the plunger of FIG. 12.

25 FIG 14 is a partial, partially-cross-sectioned side-elevation view of an alternative

barrel and plunger of the present invention.
DETAILED DESCRIPTION

30 Referring to FIGS. 1-7, a syringe assembly 20 according to the present invention
generally comprises a barrel 21, including a cylindrical sidewall 22 having an inside surface
23 defining a chamber 25 for retaining fluid. The barrel further includes an open proximal
end 27 and a distal end 28 having a distal wall 29 with an elongate tip 31 extending distally

therefrom and having a passageway 32 therethrough in fluid communication with the



FIG 11 is a bottom plan view of the stopper of FIG 10. FIG 12 is a
partial side-elevational view of the distal end of an alternative plunger of
the present invention. FIG 13 is an end plan view of the plunger of FIG
12. 25 FI G MO r96/874pdrtial, partially-cross-sectioned sider@bmoatooed vi ew of
an alternative barrel and plunger of the present invention. DETAILED
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barrel. Elongate body portion of the plunger extends outwardly from the open proximal end
20  of'the barrel.

Syringe assembly 20 includes a discontinuity on the plunger for engaging the barrel
for stopping the distal motion of the stopper before it fully delivers all of the liquid from the
chamber. In this embodiment the discontinuity comprises radial projection 57 on the plunger
having a distal surface 59 for contacting the barrel to stop the distal motion of the plunger

25  before the stopper fully delivers all of the liquid in the chamber. There are numerous
structures for limiting the distal motion of the plunger with respect to the barrel including any
combination of discontinuities such as projections or recesses on the barrel and/or the
plunger. For example; a plunger flange 56 can contact finger grips 53 at the proximal end of
the barrel to limit plunger motion. All of these possibilities are within the purview of the

30 present invention and the radial projection on the plunger in this embodiment is merely
representative of these many possibilities.

Stopper 41 includes a proximal stopper portion 61 connected to the distal end of the
plunger and the distal stopper portion 62 separated from the proximal stopper portion by

spring means for moving the distal stopper portion in a distal direction to drive more of the



barrel. Elongate body portion of the plunger extends outwardly fromthe open
proxi mal end 20 of the barrel. Syringe assenbly 20 includes a discontinuity
on the plunger for engaging the barrel for stopping the distal notion of

t he st opper wetws/enittt fully delivers all of the liquid fromushesombsnber. In
this enbodi ment the discontinuity conprises radial projection 57 on the
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In operation, syringe assembly 20 is connected to a needle assembly and filled with
flush solution using known methods. Also, the syringe assembly may be provided pre-filled
from the manufacturer or supplier. The flush solution may be any solution intended for
flushing or maintaining the performance of VAD’s. [t is preferred that the flush solution be
25  selected from the group consisting of saline flush solution and heparin lock flush solution.
These solutions are known in the art and readily available. An example of a saline flush
solution is 0.9% Sodium Chloride USP for injection. An example of a heparin lock flush
solution is 0.9% Sodium Chloride with 100 USP units of Heparin Sodium per ml or 10 USP
units of Heparin Sodium per ml. The syringe with needle assembly attached is used to pierce
30 ° the pierceable septum or a blunt cannula may be inserted into a pre-split septum of a vial or
neck of a glass ampoule containing flush solution and the flush solution is drawn into the

syringe barrel by pulling plunger flange 56 in the proximal direction while holding barrel 21,

to draw fluid through the needle cannula into fluid chamber 25.



15 el astoners, natural rubber, synthetic rubber or thernoplastic materials
and conbi nati ons thereof. The stopper may be integrally forned or conposed
of separate conponents of the sanme or different materials joined together.
The pl unger W200pPB1Hnbodi nent is preferably nade of naPETU&200GHI0EYs | S nore
rigid than the stopper such as pol ypropyl ene, polyethylene and the Ilike,
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73 is illustrated in 3 conprises an |. V. 74 wh
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pr Oxidm | len&g rar'f‘g'?ngl‘%rlom a'bogt 1741 ?o 4§1%m in length, and are available in gauge sizes from

about 16 to 24. It is believed that the most commonly used peripheral catheters are 20 gauge

having an ID of about 0.81mm (0.032 inch) and 22 gauge having an ID of about 0.66mm

(0.026 inch), and having a length of about 25mm to 32mm. As used herein, the term

“peripheral catheter” is intended to refer to a 20 or 22 gauge catheter having a length of about

25 25mm. Central venous catheters are substantially longer than peripheral catheters and are
inserted in the patient and terminate near the heart.

Blunt tip 47 of cannula 43 may be inserted through pre-split septum 77 of LV. set 73.
Alternatively, a sharp tip of a needle cannula may be used to pierce a septum that is not pre-
split, or the tip of the barrel may be engaged with a valve in the IV site. This establishes fluid

30  comununication between the interior 76 of the I.V. set and the chamber of the syringe barrel.
The syringe barrel 21 is preferably held via finger grips 53. Pressure is then applied to flange
56 of the plunger, for example by a thumb, in the distal direction. This moves plunger 37

having stopper 41 on its distal end forcing the liquid such as flush solution 71 in chamber 25



conduit therethrough extends fromthe distal end of the housing. LV. line 79
may be a catheter or connected to a catheter at its distal end. For this
|.V. set, septum 77 is pre-slit for use with blunt cannula. The I.V. site
may be a vawooh@riiig structure for accepting the 15 syrPeiyesoen0oelssti p and
being activated by the insertion of the tip to establish fluid
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the VAD, the syringe size and the flush solution being used.

Referring to FIG. 4, the position of the plunger and the stopper at the completion of
the flush procedure is shown. At the completion of the flush procedure distal motion of the
plunger relative to the barrel has been stopped by contact of projection 57 and the barrel.

25  This contact is made before all of the liquid in the chamber has been delivered. At this point,
while the user is clamping the 1.V. line, distal stopper portion 62 is moving back toward its
original position with respect to proximal stopper portion 61 by action of spring 63 which has
been compressed during the flush procedure, as illustrated in FIG. 5, and in doing so is
forcing additional I.V. solution out of the chamber and through the passageway of the barrel.

30 The positive displacement of fluid in the passageway in a distal direction will help
prevent reflux while the 1.V, line is being clamped and the syringe is being removed. After
the LV. line is clamped, the syringe assembly may be removed from the 1.V. set. It should be
noted that removing a syringe from an I.V. set can promote reflux by the withdrawal of solid

clements of the syringe and/or cannula from a closed system. This potential withdrawal



spring 63 and nove closer to proximal stopper portion 61 while the plunger
is being 10 advanced in a distal direction within the ban-el. It is desired
that the spring will deflect under fluid pressure in the barrel of about
5mm Hg. (0. WQx0§/0-™i7inore. It is preferred that the spri RGT/UBLO0G/00d®6] ect
enough during the flush procedure to allow delivery of an additional 0.001m
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173 conpri ses an i'nclu
closed configuration. Based on the experience of the person performlng the flush procedure

and the clinical circumstances at the time of the procedure, e.g. the patient is in an agitated
state, it may be difficult to clamp the line with one hand while holding the syringe with the
other hand. The present invention can allow the user to momentarily release the syringe and
25  use two hands to clamp the 1.V. line because of the syringe is still exerting a positive pressure
on the flush solution as the distal wall of the stopper moves back toward its original shape.
Another feature of the present invention is that the distal stopper portion may be
configured to engage the inside surface of the barrel so that less force is required to move the
distal stopper portion along the chamber than the force required to move the proximal stopper
30 portion. There are many ways to accomplish this result including having more annular ribs
on the proximal stopper portion than on the distal stopper portion or having a larger diametef :
proximal stopper portion to increase the friction between the barrel and the proximal stopper
portion. Also different materials, having different coefficients of friction or different surface

configurations may be used to make the distal stopper portion move more easily in the basrel

10



5 175 having a hollow interior 176 and a luer fitting 178 at its proxinmal

end. An |.V. line 179 having a conduit therethrough extends fromthe distal
end of the housing. The I.V. line nay be a catheter or connected to a
cat het er atwo tme/ohastial end. The |.V. set illustrated i nPET/@ES2096/0§096

sinmplified to denonstrate the invention. In nost cases a luer fitting such
as luer fhbd bfo&ﬁnal7s$bpp\épﬂo1@ioﬁe T tealibe & SRRMEAYbeVALY & ¢ AIRQ the\iseSRL, The
elongate tip of the barrel is inserted and 10 engaged with the luer fitting
to est abmpmspnterilyireleessntha sitalbrdirectsd migsaie iont e inbmeerd G completion/of theet and
t he cha r nge on
the proxiprocshllf st cRARRR bihe il GRTHS ke ol ERAPAMLF forih TorypRD

di r ect i onatheflthias nrovirgsthp Ipmxgaal s‘&ippeﬂﬂqmruangms& eppeard 41 porimdl slivda';tkinalln elmd
forcipg Liqujd such | ush solutlo in of. the ¢ anber,
thr oubn Peth Gabufined st Rebidt pifiaR 825 Pran g, fears b 6598 PIATEE t he
. V. 15 g@_speaﬁ@@m@phgsl}mqmnhum seJalnli‘anlis@/ The remai nder of the flush

procedure i's substantially dentlcal to the procedures described when using
|.V. set 73 dflGR; & ang, 9@1%@8%@@1 altgnatiys empodiment qfjthe stoep%rhrfotbsrprﬁsr@et use of
| ocki ng £l V. ving a
sl ot 86 ée{?lglﬁn%% lFbgtlﬁﬁ Jz}k enllgllrm&i Sﬁ‘?‘?ﬁlﬂgln“@g %n %?ﬁ&w%m

t hr ough altmalai sédling mhe165rmhdamnut|emel/\thp&adt1|6¢rf018«81ga@'mg mrléunmnpAehstdrstcm’pelt he
flusp pro 1the 20 1. | pe é {S%rce t@@ ht§ narro%i/ Fortlon (pf t he

sl ot ‘Whi E‘H %fb éaé’é“egsa“t%lé‘“ fer Walﬁﬂ IS2EPERSL B BRPTGIPATBR BAE% on the
exper i enegsingteitgndpe nss)propﬁreﬁ Forthegng the dﬁétalsstbppé@p‘(ﬁﬂoﬂ B a @ieEl dibtioh toi cal
mrcumstances at the time of the procedure the patient is in an

agi t at eddritligued outofithy chamber of psyripge gl afig tgﬁequrlﬂ@ SIRPPR RATEOTHEABS whi | e
hol di ng quaemgrgﬁ rﬁegesear biffedt Bﬁ e NEdppBaidinis &b 'ilﬁ&ﬁ%ndti’o}@@rﬁl iRy ¢3! | ow
the user to mentarily re ease the'syringe an use ands to clanp
t he 1. V. stbppee ibéeaarmbodifmenthef EIGS. nigé |Sprmg|dl¢mmtelr68|1ngz eanpiteyeredl \vaangressur e
on t flLush .sol ution r ve ack toward
v B o st B9 oh el S S ysfiocds Ul ARG iRV AsR SR A e
di stal simeppky cqeetdingfroay- c&ﬁca@l@rsha;gdrpedlohq@ngagelutd’@essnﬁd idehsehafidee of the

barrel so | ess force is required to nmove the tal stqpper portion
al ong t h&vﬂL H%ﬁ?@bfhet MW arrrémrlsreéei elemgnt dgmegoa fove Pf%’ég P oRfl FEr S pher 30

pOrtion. ¢ JREI & {RE SnriBiMealiB¥ford el BRER WRE dd thb ldftdl ‘é‘t%Hf)ér ﬁoHﬁJnLtQ'l'@%n fMi ng nore

annul ar ribs on the proxinal stopper portion than on the distal opper
portion WSIMWlﬁgea)elc‘dlogmprdxmaéstepperp@lmnnrral stopper port| on to i ncrease
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267 and a distal stopper portion 262 separated from the proximal stopper portion by spring

elements 263. Stopper 241 functions similarly to the stopper of the embodiments of FIGS. 1-
7. In addition stopper 241 includes one or more axial grooves 270 cutting through annular
25  sealing ribs 267. In order to more carefully control the forces from which spring element 263
compresses and expands, it may be desirable to remove trapped air between the distal stopper
portion and the proximal stopper portion. Since the air would also act as a spring element.
With the air vented toward the open proximal end of the barrel, the primary determiner of the
spring element force will be the spring element itself and the frictional relationship between
30 the stopper portions and the inside of the barrel. It should also be noted that without a means
of allowing air trapped between the proximal portion and the distal portion of the stopper to
escape toward the open proximal end of the barrel, the air alone, without a mechanical spring
can comprise a spring element. Air trapped between the proximal stopper portion and the

distal stopper portion can also be allowed to escape by having a less than air-tight fit between
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t han proxi mal stopper portion. This feature is preferred because it can
allow the user to nonentarily release the distally-directed pressure on the
pl unger at the conpletion of the flush procedure since expanding spring
will tend twonwse7ditie di stal stopper portion forward rXCRAR2068MM0VI Nng t he
proxi mal stopper portion in a rearward or proxi rral direction. In the 5
present epbadboeal o Shaima35e roﬂfahtah&?ﬂr e?fﬁ‘ﬂ%%ﬂ{e &8alchagrrib 65
and proxi mal stopper portion 6l has t wo annul ar sealing ribs 67. FIGS.
8 and 9 thelplpsgerat e an al ternative enbodi msnt of the stopper of the present

i nvention. | I $,€ I op ortion
161 having an CanmArar otk i BRGRot pibilel SRS, Rlebdt Ienfb DRF il

engagi ng embcpﬂuuag;epslung@n dis’s traluds:t apglengattdofip pbllthl‘l 333 Raviay h ﬁgtaaanmmnﬂr

seal i rib 16 tedfrom r oxi ortion ring

ol omeny BT 301 TCROr BhrovARE 0L LTS B BHBES EOeh o il SR

di rect i 0Borkin aﬁir h¥@rddigibl dopet p&tioh N8 seaBRebdiffend, ®Ydsta@antdand elandkt er the

proxi mal “stopper portion stops moving in the di stal direction. The stopper

in this embophidaepepteximshendefthebartek to the stopper in the enbodi nent of

FIGS. 1-7. S I :

conpri sing agﬁ%? ﬁ}%ﬁ@%laﬂrgﬁelﬁﬁtlﬁf%{%{ g%lﬁli{gggl F%#ggegﬁélp’%tlt%ﬁggﬁ%% and an

i nwardly embmlmelglar’rgurkmﬂslt mekudeﬂ zcaﬂﬂn;irl@halped/abdﬂt; mppbﬁg’rox‘i'lhel enld ¥Rd apd essur e

in th@ cgarrber. i) | f ect e an1:| I ﬁvered elq?rrg uring a flush

or ocdfiur ERgREET 135 o ob i o b A bt S e theadt ol e i

urge thepghj&tial 454. Opmﬁgelp@ﬂlhélﬁdéschnl a&lg@trellﬁ)u%bmoﬂasssthaoﬁlgvu poxiespRCt to

t he proxi rral st opper portion. 20 FIGS. 10 and 11 illustrate another

al t er nat ﬂ%%@é@ﬁérﬁ@ﬁ*mﬁwf’]ﬁ?é%md 4 adighrrpisetion 97 hi s enbodi ment st opper

241 incl udes 0 e TataThl id bs 267
B e O¥diR! r@E&RB %57%’1{ TtHeOﬁur?g%iL fe?%a\r%%ygnea 31 ft@@tl %le{al

and a distal stopper p rt| on 262 separate t he proxi ma per portion
by spri ngotieh efibapbingg@hef@e dmmuppzﬂﬂlllfyldnh\teirs)aimﬁsthﬁilqudlf;om thetchanbgrofper of

t he odi, hent s addi t.i per .24 ncl ud S _Qne.or nore
il gr SUUBE By B Friimeitnfesendrindioh i hed b REReHgT bt ST KRR §afe, Vo
nor e car ehdplgayt saoulbnr grbjettieh 434 g else donpletiohiof heSTish p@cedmaemhe PifedactioRBPr esses
and expands, it may be desirable to renove trapped air between the distal

st opper T35 pr%wtlaw&sr@dﬁ%annthﬁ plungssed apfarmpiectsn 454 i kke barel 4880 d al so
act as a N | end
of the bz;é:t?g:ﬂ%lﬁ{eg%prl n%eVéMgL?g{re%eﬁ%% 5%&/&?}212%1 ?%%gfglgg”ﬂ'% forf:% %/E\FI | be
the spri r«gthelb@nelrdunngwhhalam ctfrtbe fyringe iassemblyr eTlaEtrc @rfsmalpy banbiesiong0f t he
stoppgr partions andth |nS|d rrel. b tedthat
ot c oty BRorReODH s Buheks' ifoP Ine el R ainite 1R e B R8BSR
the di st distab@nd ippsximhl frodos;t @rpp&fe étﬂ:ctueeseapt&a tbadithehthef @[IenlapﬁsJMemy end of

the barrel, the air alone, wt t a mechanical sprin
representative of these many poss{l;llﬂles P g
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can conprise a spring elenent. Air trapped between the proxi mal stopper
portion and the distal stopper portion can also be allowed to escape by
having a |l ess than air-tight fit between 11 WO 2006/ 074171

PCT/ US2006/ 000096 the plunger and the proxi mal stopper portion and/ or by
havi ng an aperture in the distal end of the plunger. FIGS. 12 and 13
illustrate an alternative plunger of the present invention. In this

enbodi ment, plunger 337 includes an el ongate body portion 338 having a
distal end 340 with 5 aperture 360 therethrough. Aperture 360 allows air
trapped between the distal stopper peyLiQ@ and the proximal stopper portion,
in some enbodi nents, to escape into anber and out of the open

proxi mal end of the barrel. FIG 14 illustrates an alternative barrel and"
pl unger of the present invention. In this enbodinent a barrel 421 includes
a cylindrical side wall 422, an open proxinmal end 427 and 10 finger grips
453 on the proxiushl syrinhe ddsentdy (20) ebmprisimgl: udes an i nwardly directed
annul ar projection 454. Plunger 437 includes an el ongate body portion 438
having a proximal end 440 including a proxinmal flange 456 and a radi al

proj ecti on 453 bdrrelu2d) ineiddinlg Pcolimdridadisidebwald (22 ¢apingnge instdgageface he

barrel for di st al ti Q er before the sto rfully
dol 1 vers al i G2 RERing acharbe (45 Yon sriBufind MR, a5 ager prosimal fRE22)
embodi ment, sea@ndaisyalrétt @28)yindiuddtd addistadjvwestit (29) with aOﬂpt(Be)I@xUémhng Il
snap past annu] ar \p %cgl on 454 at the co Ietl of the fI h p %ﬁugure
The interacti Gftalt BLPMy RAVRE | 3n P25 Jorfhefath [ﬂ‘{ﬂi'ge

annul ar pr oj egbhhuriedtiom withesdidichembe(25p, ret ain the plunger and prevent
further distal and proximal notion of the plunger with respect to the

barrel during normal use of the syringe assenbly. There are nmany

conbi nati ons_ofpidflgd eSPPIciting & kb BbANGSFAT theY hbURGRASkinid

retaining the plunger to prevent furthéer distal and proxi mal notion
the structureedfl :eﬁﬁ@d?n@ﬁﬁa'o?"ﬁ @0)14a|§t°|ﬁ’BPéI(3ﬁ1rréﬁ¥es?éﬁt)at5|'@@'bf

these many po%kkbhballﬁsﬂm&?th}ltaéf‘l& eﬁwéﬂt“ﬁl’thsééﬁdi nﬂﬁdé‘%ﬁ?@@(zﬁoaf said

COI’TpI’ISI ng. a barrel I ncludin I'i ndri cal de wal | havi ng an

i nsi de surf ac@arr@t{e?lhéqn W'ngfﬂ%ﬁa%é’f SPQBGhEFTBPe"r 62 by ﬁ@P‘fﬁ"ﬂﬁ“&F ofaspidpen

ltOIFOX'(g?') gggendlaﬁera@ﬁ a4 Shal) ¢BRtIE8 B BEHRO (811 sdigl eldRbhred BBYyW th
P portlogn (38) extending outwardly from said open proximal end (27) of said

barre} (21),

a discontinuity on said plunger (37) for engaging said barrel (21) for
stopping the distal motion of said plunger before said stopper fully delivers
all liquid from said chamber (25),

characterized in that

said stopper (41, 141, 241) includes a proximal stopper portion (61, 161,
261) connected to said distal end (40) of said plunger (37) and a distal
stopper portion (62, 162, 262) separated from said proximal stopper
portion (61, 161, 261) by spring means for moving said distal stopper
portion (62, 162, 262) in a distal direction to drive more liquid out of said
chamber (25) after said discontinuity on said plunger (37) engages said
barrel (21) to stop distal motion of said plunger (37).
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distally therefrom having a passageway (32) therethrough in fluid

comuni cation with said chanber (25); a plunger (37) including an el ongate
body portion (38) having a proximal end (39), and a distal end (40), a
stopper (41, 141, 241) slidably positioned in fluid-tight engagenent with
said inside surface (23) of said barrel (21) for driving fluid out of said
chanber (25) by novenent of said stopper (41, 141, 241) relative to said
barrel (21), said elongate body portion (38) extending outwardly from said

open proxphal Tedkyrhbe Sfsediily (zo)abf aburﬁ2119vheee|dissmowr'rrml'rﬁear@nn§aaels gl unger
(37) for engagi ng sai d bar&sel ﬁz ) ég ‘Pt?d n% ha distal notion of said
pl unger bef or &PERPJCIEMPVerdF u 3}& \‘f@PQe q Spidgistels $ORPELRP PR HBer
(25), charact ejizpebyimal Bpperbersdpper (41, 141, 241) includes a proxinal
st opper portion (61, 161, 561) connected to said distal end (40) of said

plunger (37) and a distal stopper portion (62, 162, 262) separated from
sai d proxgmal ﬁ\teOEWﬁ%o%%ér‘nBW g@é) oiftlamele)umve.ﬁpga.agsﬁm@nénefn@énm

sai d distal stopper rtion , in a distal direction to drive
more |iquid owd6Dfinggpes ac@drﬁ@éhﬂg(ZS) after said discontinuity on said

pl unger (37) engages said barrel (21) to stop distal notion of said plunger
(37). 13 2. The syringe assenbly (20) of claim1 wherein said spring neans

i ncl udes 4. sprengyrngemeasebly, (20030 2leB) 2 ovherein sejdssaringleleraentstgHer

portion to sqhgugégéhrgﬂnug %‘E%\%Q%‘gif%ﬁég) The syringe assenbly (20) of

claim2 wherein'sard sprin includes a coil spring. 4.
The syringe assenbly (20) of claim2 wherein said spring el enent (163)

i nclud . ' 5

cl'ai m 1 whor of [ o @Dk HER LGS, B 2wnchin 34 SEARGIREAE hts o
st opper porti an gB2spareZhetdeR) said ctstaljstqpmxmmtnoust(éﬁpéﬁch%a)oanc( Galﬂ 161,
261). 6. The Sﬁ'r'bwrgﬁ S@gagépégmgao()slofw(il 3%?}.1 wherein said distal stopper

portion

6. The syringe assembly (20) of claim 1 wherein said distal stopper portion
(62, 162, 262) is configured to engage said inside surface (23) of said
barrel (21) so that less force is required to move the distal stopper portion
along said chamber (25) than said proxima) stopper portion (61).

7. The syringe assembly (20) of claim 1 wherein said distal stopper portion
(62, 162, 262) has at least one circumferential rib (65, 165) engaging said
inside surface (23) of said barrel (21) and said proximal stopper portion
(61, 161, 261) has at least two circumferential ribs (67, 167, 267)
engaging said inside surface (23) of said barrel (21).

8. The syringe assembly (20) of claim 1 wherein said discontinuity is an
outwardly directed projection (57) on said elongate body portion (38).

9. The syringe assembly (20) of claim 1 wherein said discontinuity on said
plunger (37) is configured to engage a discontinuity on said barrel (21) to
retain the plunger (37) and prevent further distal and proximal motion of
said plunger with respect to said barrel during normal use of said syringe
assembly.
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(62, 162, 262) is configured to engage said inside surface (23) of said
barrel (21) so that less force is required to nove the distal stopper
portion along said chanber (25) than said proximl stopper portion (61). 7.
The syringe assenbly (20) of claim1 wherein said distal stopper portion
(62, 162, 262) has at |least one circunferential rib (65, 165) engaging said
i nside surface (23) of said barrel (21) and said proxi mal stopper portion
(61, 161, 261) has at least two circunferential ribs (67, 167, 267)

engagi ng {3 dTheséy%gétglsfsghﬁmy( £30) of cfagr!ndl R@thE! incRHing %eJﬁgef&ysnigpgﬁg

assenbly (20) of clarm erein said discontinuity is an_outwar
di rected proj @dttirepPgd bptwees spid rIoxigat stoppay Peaian gnd(sag diskal stapPeyri nge

assenbl y (20) p8fudi] & BchotBuara <37 thell pRANNEhd br 2gicbBAder PLUNGEr (37) s

configured to engage a discontinuity on barre retain the
pl unger (37) and prevent further distal and proximal notion of said plunger

wth res t sq) a ri kg aSuringe y. 14
10 The: sgi ngReaaeB b RmEl (28, & i 1y re LS o RS
all owi ng air ttapppgeir tteeseape isdudeproxaperturet(3pPrin paidiplongemBIAi d di st al
stopper portion to escape toward said open proximal end of said barrel. 11.
The syringe assenbly (20) of claim 10 wherein said neans for allow ng

trapped ai2. t Ghessyapwei asdamldy @0)apkeclaimel @ 3dBreim said cheansnfperal(o3ddy. 12.

h i mbly . (20 f claij Q0 wh i L f .l oW
T S0 2S5l POl oS MAZEELT oo haTaR it
pl unger and saddapd proximlal stoppeepop@sri.i on. 13. The syringe assenbly (20) of

claim 10 wherein said nmeans for allowing trapped air to escape includes at
| east one discontinuity in an outside dianeter of said proxinmal stopper

portion. {3 Tihe §)irigegasasasiyb{20)(80kianh Cb avteréinvegide meaief facaliowingf said
spring neans occurs when said |[iquid pressure is about 5 mm l_g'g}gﬂo"l psi)
or nore. 15. UARPEdyRi Qe eé%%tb’i“g”?%)ato'ﬁaﬁq QP& diseoRL AN U tside ut i on
in said chanfgaméed)of said proximal stopper portion.

14. The syringe assembly (20) of claim 1 wherein deflection of said spring
means occurs when said liquid pressure is about 5 mm Hg. (0.1 psi) or
more.

15. The syringe assembly (20) of claim 1 including flush solution in said
chamber (25).

16. The syringe assembly (20) of claim 15 wherein said flush solution is
selected from the group consisting of saline flush solution and heparin lock
flush solution.

17. The syringe assembly (20) of claim 15 further including a tip cap
releasably connected to said tip (31) of said syringe barrel (21) for sealing
said passageway.

18. The syringe assembly (20) of claim 1 wherein said stopper (41) is made of
material selected from the list consisting of thermoplastic elastomers,
natural rubber, synthetic rubber, thermoplastic materials and combinations
thereof.
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16. The syringe assenbly (20) of claim15 wherein said flush solution is

sel ected fromthe group consisting of saline flush solution and heparin | ock
flush solution. .17. The syringe assenbly (20) of claim15 further including
atipcap releasably connected to said tip (31) of said syringe barrel (21)
for, sealing said passageway. 18. The syringe assenbly (20) of claim1
wherein said stopper (41) is made of material selected fromthe Iist

consi sting of thernoplastic elastoners, natural rubber, synthetic rubber,

t her nopl agt i cTheatBringles a3pembbib{208t bbnelaint hér émftherd ScakBpridihg sy meedle
assenbly (20)_of clai further conpri,si a_needle assenbly (4

ol udi g o assRmey (A3 REVEE 2 EPRRAae) S rrdRiREL BhOSE (25 and
a lumen (46) dibet ehdr@syhandaadumehut@s)ABerdtarsuth, athd ateib psPXharhgeamd (50)
contai ning a cavi t\g/m%m% ar}r{g g distal end (52 ?gtached té)_ sa?i d proxi mal
end (44) of <2REP PERAMEL qi3(>Q) coptainiog; 8 fayt¥n(>Y)aa8Rdi @ distal 1qndy (52
conmmuni cat i onattadHedSw $hig Prbkivndl Ehd (489 of JAeedhendsashlsy tha2Qhidoaits
renovably attached tq said tip (31) of said barrel &21 t hrough engagenent

of said tip (&) iwwc@jcea\m@ﬁ@em with sajdtcayviy d Stlnepid(Regdie assembiy ui d
comuni cat i ony ) tHeidd rémebapiesttiched tolfaid tip (31) of said barrel (21) through
engagement of said tip (31) to said cavity (51) so that said lumen (46) is

in fluid communication with said chamber (25).
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