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99 MULTI - CHAMBER, SEQUENTI AL DOSE DI SPENSI NG SYRI NGE
Field of Invention This invention relates to

woubdsiHehanber syringes and, in particular, toPEYMUSHEES14299
whi ch di spense fluid fromeach chanber sequentially.

Deaiit i Ginpinie! stGeEMEiaPUoSE HHEPERSINGOSYRINGE
years, parenteral drug delivery has becone

. . Lncreasin omon and sophisticated. It is
Fiel v [o3 Cé . currently
nearly 90% of hospital patients receive

:ﬁgﬁgiﬁgéégggn 8‘&&8’9]%h£8“ﬁﬁl@}\léh%ﬁh)érofsg%a%@t Wed, in

o | ns;ve elfectronic IV punps an
mul ti-channel _infusi , i
part{Eelnge St PEFSLPES CHEONgH ARCar astanay, corpprpe ERimber

punp. i ri nge punps are conmmon in many hospital and
sequgpgg?ﬁ ¥e site settings and are often used as a | ow

cost alternative to nore expensive |V punps. Virtually

all IV medications nust be flushed into the vascul ar

systemw th_salin r,a simlar conpatible flushin
: g
D§§E£&3Eé9988£h3?i§§ﬁ§h§E§%sures that the patient

recei ve

a fuLi dose of medjcation, sonme _of which o |
mPgt- neefren 18R tart ©, Fodtaréd PO garior&ﬂg’g Kisfdyery has

Fl ushin i
becopge e@g&%@%@%ﬁgfz isc’g’iﬁg}%é{w I%:?e % o??g]tblssp g‘lrj?:aq_‘ltelr@/'c Io ﬁtgifsd Gagrently
est i?xgg:ree(?iv It%%?: (I)lréa%r llyt 9I OS% Vove I1’10ksnp%.v“\c/nalI rﬁ)atthieent s receive IV
mediéﬁfions, often through a variety of apparatus, including
expensive electronic IV pumps and multi-channel infusion
systems. Home care patients may receive antibiotics through
an elastomeric “ball” pump. Syringe pumpé are common in many
hospital and alternate site settings and are often used as a
low cost alternative to more expensive IV pumps.

Virtually all IV medications must be flushed into the
vascular system with saline or a similar compatible flushing
fluid. Such flushing assures that the patient receive a full
dose of medication, some of which otherwise might remain in an
associated IV tubing or catheter. Flushing also assures that
a subsequently infused incompatible medication does not come
in contact with a previous one. It is well known in the
infusion art that flush solutions are also used to keep an
infusion line patent oxr open.

With rising healthcare costs, and an ever increasing

shortage of nurses and pharmacists, streamlining basic
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infusion art that flush solutions are also used to

keep an infusion line patent or open. Wth rising
waealstihease costs, and an ever increasing shor pagasefos/014299

nurses and pharmaci sts, stream ining basi cprocedures,

proc%ﬁﬁge S LY gatheter Llpshierg FAaRn8ave tirdRidfdL #ilgnificant
crrnrcifan tine. ting that flushing usually

clin?sgggfkﬁﬁggs N%%F&% %h%%pQﬁ%ﬁﬁh%gyh@%dimﬁ'Hﬁ%ééﬁﬂﬂﬁtes use

en current factory fille t he "fl ushi ng

of aflgkgggu%%ﬁ%ﬁiﬁ t%y%ﬂ%. Q3ticHNAls YL R ddHtCiy@Factory

e n terns equi red additional syringes.

fill%%‘gi, ((:)athrem lftl.h@lhq_n%y .rshﬂg.%ealr%%rie@grﬁ%g eddSet, not only

ron-error “(incorrect selection of flushing

. l.i.qui d) _and_int [ ] ' Q- § [

in c&e%ﬁﬁlnl?g& ey b et or S boesE g iomat fon
.exanpl e, it i ent ' ; ]

=y B T | Fih ST S S CReRbeher apy Fead aat oray of

meditac%gls'i.g;nzg%rr%% a(rl'}x[lﬂ% J:lrye dt! qstélee M Jfrg ﬁ Stalgsh r'r:rj"cf‘l cﬂji d) and

i
nistrations require a owon fl ush,

. necessi tatj . ; n [ 10 '
it S o R e A e F o aT T joF TV
ne nul&i-chanber equential dose syringe promses to

linegg\}:e cgﬁ: q;cer accdssge

Ve e order of ne- hal f billion syringes and the

e 1A i ot S A o S R ey there are
overidd Kenantal Y Ree S o O TR o
administered annually in the United States. Each of these
administrations require a follow-on flush, necessitating use
of a second syringe. Combining antibiotic or‘chemotherapy and
flush medications in one multi-chamber, sequential dose
syringe promises to save on the order of one-half billion
syringes and the additional time required for two syringe
delivery yearly in the United States alone.

Multi-chamber syringes in various forms are well known.
Commonly, multi-chamber syringes are offered for use as mixing
syringes and for sequential delivery of disparate fluids,
maintaining the fluids separate until delivered. Mixing
syringes most often provide features for mixing contents of
the chambers and for delivering the mixed fluids

to mixing

Q.

simultaneously. This invention is not relate

syringes.
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syringes and for sequential delivery of disparate
fluids, maintaining the fluids separate until

wdebisuessad. M xi ng syringes nost often provi dePCeaS06814299
for m xing contents of the chanbers and for delivering

tg?%?eﬁf?%flwigﬁlﬁ'gy&ha§@9H§hydeIEbérynﬁgﬂﬁhg@ i 3hAaebers

m XI'ng syringes. Generally, W thin each

are g%%%?%%g % 65%.gMEéEﬁédlghénéﬁﬁalﬁges§%9§@§t%ﬂlbh an

I'ng stopper which receives notive

rece59%§emSQHUE”E8?E8dm%ﬁ@%H9Ea%@d'Eh%bﬁ%ﬁ'%helhkém%eaﬁeme

i Mary st opper i's part of a’plunger assenbly

flulggg%gﬁgemg%? gg ?gggéeglwkgﬁﬁe 1isS paRR! b8da BAtunigRe

i spensed sequentlally or

asseﬁggyggb Hg%sea BG%HEQ&%% P%ﬁ°@%§%e”ﬁ%ta®bQ&b@e aror the

all luid froma distal chanber

disp%%ﬁg g Erogetggl%%5%%@3Segﬁ%%tH%QI%V%hn%%ﬂféﬂﬂy,

i"ft er te stopper nust bé breached or

b d .t
each ﬁggsﬁﬁﬁd&%tgﬁ%erbg %%%' nggﬁ&gx% gggﬁgﬁgﬁg%& &eal

er-.$ r|n
i B %ﬁﬁ&l@&%&%& By e o
o,Fre er| I
syrifg&ehe & it &0 PYAl gebﬁéﬁon &%ﬁ%ﬁ£{i1%§§%X%EF%ﬁ%§aﬁate

i S A i oo

yringe to provi e °

the %ﬁ%g%%gﬁgéﬁh &%%g%bip%ﬂ§%Jﬁ%ﬂﬁﬁggf%ﬁé“%ﬂédﬁér.

An example of a multi-chamber syringe is provided in U.S.
Patent 4,929,230 titled SYRINGE CONSTRUCTION and issued May
29, 1990 to Frederick W. Pfleger (Pfleger). Pfleger teaches a
distortable piston which is used as the intermediate stopper.
The piston of Pfleger collapses upon contact with a distal end
of a syringe to provide a fluid pathway to dispense contents
from the intermediate chamber.

While a syringe made, as an example, according to Pfleger
appears to provide a solution for sequentially dispensing
disparate fluilds, there are a series of concerns which would
necessarily be associated with using such a syringe to
dispense sequential doses of medications. A first concern
arises, for example, when it is recognized that such a syringe
may be used to dispense an accurately measured dose of a very

expensive medication into an IV apparatus from a distal
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Wil e a syringe made, as an exanple, according to

Pfl eger appears to provide a solution for sequentially
wdizepaneilng di sparate fluids, there are a seri e6TMR2005/014299

concerns whi ch woul d necessarily be associated with

chamﬁ%gn%é%clﬂmﬂﬁwc!%éxosq; SRESE SerueNtighedopas pf

cations. A first concern arises, for exanpl e, mhen

follggvlnéngig_ % that SUEE eiddtge Y o Used 40 a

accurately neasured dose of a very

follg%ﬁ%ggls rﬂ”% 31% Qﬁs!ﬂgrps&{‘ deARRANMAISTY P& to flush

a mul'ti-chanber syringe. Then,
f di spensing the first medi cat i on
th EFP% 2. )
© avolure o Jlﬁ#é?*%&ﬁng solution is dispensed through
”Eﬁeal\éh) ﬁf@%f&epféﬁcﬁ{ SRUHHALN FWh] Youw center,

‘a de e pi'ston, 'having a hollow center,

suck Y& 8% tgjceo &DQSE%F ﬁl%}fg&i Pl o nf%vé‘aé/&&e(ﬁé’ad space.

dead space. nown that filling

AlsoDr %.Cce%g %?ellork &m &k Of i o m%%eﬁ?%%uf@np@f &Ytents of

h mt a ﬁuant of "air (or ot to be trapped

er tg

cre S BB Sy T, ST eh gt (5v i
as PR IRl LNAIRET iRl Iy, aST@ fBPUd DO QU MRS if such

i ﬁger a way purglng t he proxi nal
cha r.o SYy. t-abl
g L

o BT A i P B g g
Pflekgneozyvndoaerst n Ic@eégt?cgleﬁaﬂ H\Pyp@xgging the proximal chamber
of gas, making such a system unacceptable for use in directly
administering liquid medications to a patient. While other
art may provide more efféctive ways to deal with the dead
space issue, there is no known art which teaches a way of
delivering only liquid from the proximal or intermediate
chambers. That such may be a problem is recognized by U.S.
Patent 5,236,420 titled BYPASS, PRESSURIZED PISTON FOR
CHAMBERS issued August 17, 1993, also to Frederick W. Pfleger,
discloses a valved plunger which may be used to evacuate gas
from a proximal syringe chamber.

Other art, such as U.S. Patents 6,027,481 issued February
22, 2000 to Laurent Barrelle, et .al. (Barrelle)and 5,851,200

issued December 22, 1998 to Tetsure Higashikawa, et al.

(Hagashikawa) disclose multi-chamber syringes with sliding
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delivering only liquid fromthe proximl or
i nternmedi ate chanbers. That such nmay be a problemis
woeongnided by U.S. Patent 5,236,420 titled BYPAESS2005/014299
PRESSURI ZED PI STON FOR CHAMBERS i ssued August 17,
valvé%?ieaalggego Eﬁegsﬁhcga@é BB L-89EE, aﬁHS@h%%%%r%awa teach

ngeéer may be used to evacuate gas from

spec#ai f%ﬁg¥63% igggsggaﬂggéeg %En Bl paSYEn 8% Wnannel in

I'ssue 2 2000 to Laur ent

the %g%éﬁ%ngigke}gSSagﬁarr%hﬁ?k %ﬁdt%es%%s%p%ﬂ5%%@%%hlkawa

et’su |gash| kawa, et al
ashi kaya) disgl@s [
Whlcgll tgi H8V§| %qu %\%g\%e% I%:ilﬁltlga cas %‘g"r‘%{?f&z éz:t{jnOt

ﬁaﬁgs te% tEe Reciy; I% t6““7‘%3' HPeSed UROR 1&d

reI a c énne e’'casé of Barrelle and

SEQU%}\Ig\L.ﬁ%%gJe Dgﬁfxﬁz%‘igc %Zfﬁl%feﬁ*' 9as '1'9‘5%‘@%) Agiéc'r _Clh 45, USRS t® Thor

i way Sbout 4 sto Anot her U.S.
Gk AR ST B i A
whlczbﬁ%&ééz\%?al R h J‘:I:Lecaacéleo% aca: %qlfﬁrgd}%lrégeld@/&{%g of a

152652 o cation to a di scharge

sy SRR %Froifﬂf% RGeS hae S heR R (e oo
chanfys Ha%%%ﬁ%?b. a»eg. ﬁga"lnfil e R T i pratan”
R
punétrhererg N Fumslto? p:l_s odﬁ’spl o?ead cpélllaa%éfg]lé)fbﬁg pchfé‘&%ed in a
rear chamber to provide access to fluid in the bag. Access
occurs when the mid-piston is displaced by action of a plunger

and stopper piston to cause the mid-piston and bag to contact

the piercing member.
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and stopper piston to cause the md-piston and bag to

contact the piercing nenber. BRI EF SUMVARY AND OBJECTS
WOROOBHEONIBIVENTI ON I n brief summary, this novel PCT/US2005/014299

invention alleviates all known problens related t o

provi digior @ Spbealy NI bBIEERSSS  TiHe Aok Btonose
di spenstTnig syringe. Tnherently, the invention involves

2&%;% e v kgtW@f%ﬁrﬁﬂ&ﬁ?ﬁ%&éﬁéﬂaﬂwéifgfygkgétall

|aIIy co ant dianeter syringe barrel

knowBBAR1EE FeStale LRATREIOIAMA B QB ShATRET e -

spenS| ng er contains a first

ol u f
cha e&pg%&?qél g A R R o0 B Ly, the
inves gr?zlteﬁ%%z)r vaesssen‘ft}’ Ig@%qﬁg%o%%zn@%tm& E20s within a

arate he st opper assennly

staril SR TATTRD STOBA Comal e, ChE Da e T e co
sepasrﬁ‘?ﬁha”' YA LONHRAN A Bl UNGRL, ASRACT Al Ebt N ddore

Rrough t e secon me~ of

sserel ) S, AP R Y 8 e o
oSS ST Al Ly o 8 e
w1 Gl " o BN T ORTEIAIT goomts oo
cne ST 1 SE gt TRARDY PlobTendruentfon

di
f%zﬂsgéggééﬁagggmbly comprises two elements, a valved

stopper and a valve actuator. The valved stopper contains the
valve mechanism. Action upon a plunger associated with the
syringe communicates through the second volume of fluid to
displace the stopper assembly thereby dispensing liquid from
the distal chamber. Upon complete evacuation of the liquid
from the distal chamber, the valve is opened by action of the
valve actuator to permit sequential and selective dispensing
of liquid contents from the proximal chamber.

In a preferred embodiment of the invention, the valve
closure mechanism is a slit through the distal face of the
valved stopper. It should be noted that a stopper assembly
according to the instant invention operates in an unmodified
standard syringe barrel, requiring no special barrel features.

Examples of some previously cited special features which may
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val ved stopper. It should be noted that a stopper
assembly according t o the instant invention operates

woO 2005an0unnodi fi ed standard syringe barrel, regaTmSz®s/014299
no special barrel features. Exanples of sone

be pﬂ%@%idoﬂ?ﬂ Ynotlitred oS ReGidlgel SRlriHeas \Wieclromypearplred le and
in nodified syringe barrels are found in Barelle and

Haga@ﬁgﬁiQEKa“ﬂ- Sel ecti ve opening of the valve is based
upon a conmon geonetry of all known, currently

C%gg%fc%iiaylel YR pke siardand SwW ingedagel & Armon

such syringe barrels have a substantially constant

geom%}ts el ANal howRar rel- ARt |dbnk aseidh 1aty anwh istadley

osed I nner surface. Distally, the inner surface

. > H . =TS
stan%\%?%r 'tsﬁ;gslbn%ﬁ g{a!.xffecl% LhoughsudH Gy dingd desedispansed a

Cenerally, a plunger with an

$QG1:al hRAR e ot heyet sy isamrovidadhdory closed

Subs%%sgﬁggiﬁg f1ul %?h?%ﬁgh tﬁé barrel and orificé§ f% 1088
ARl i %tlggstedﬁs%dﬁ'ﬂﬂ&cg A d] SpR £ 5p) WhONSdir

t atﬁg'tmo 5La rs, tﬁé stopﬁ%r assenbl y nugﬁpopen only

surfls‘%l)%:%n &%{%%Lrsﬁgeﬁs Qalrﬁ% 1&d e medh ditst . enei @fid h@ispensed

rnge or this reason, the actuator

fror’ YUY 1585 & Me | Setﬁglil%q %tﬁ(‘ih?géﬁlvbiﬁﬁ ofh bl yeeiaBed

surface of the of the val ved stopper and

sto;{pnl'é a%ﬁi@lecﬁ nc{}géreség f%&%&&?%& t9; Opes-ihe Fahve.

i"on, assure at the val ve renmi ns

enn LA AL ¢ Sspenesd Trom

a 43®f%§g§§i§¥émature mixing of the disparate solutions in
the two chambers, the stopper assembly must open only upon
being displaced to the most distal end of the syringe barrel.
For this reason, the actuator comprises a member which detects
collision between a surface of the distal wall of the valved
stopper and the distal inner surface and reacts to open the
valve. In addition, to assure that the valve remains
absolutely closed until fluid is dispensed from the distal
chamber, the detecting member is disposed to apply a closing
force upon the valve until displaced by the collision.

To assure effective displacement of the detecting member

to open the valve, the valve actuator must be displaced as the
valved stopper is displaced. As is well understood in fluid

mechanics, displacement of a substantially incompressible

fluid in a proximal chamber of a syringe barrel interposed
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force upon the valve until displaced by the collision.

To assure effective displacenent of the detecting
woenizanotie open the val ve, the val ve actuator RUSHUSR®S5/014299

di spl aced as the val ved stopper is displaced. As is

petwill au%%lﬂgzl%]%%%drﬂ dd y %ﬂ!ﬁ&%&ﬂlﬁé 1S RE B g and

substant y inconpressible fluid in a proximal

assog%%b'{%g s%foﬁﬁyrairﬂﬂea Qﬁ@{tﬁll&{“ﬁfwe&m #ssembly,

inatio a proximally sposed pl unger and

resuél%%o%ulatnfe%sﬂr%qp%isﬁﬂdac%ﬂgr% ald el sposed yalM@h1y as the

asse results 1 n nmeasured displacenent of the

y’ .
plunff gvgngﬁggggﬁﬁ%e& %@ﬁp%r@r&@m@ edrisd OppPEFed

st opper and val ve actuat or

stop&%@rairﬁie v%lé@ta%ﬂl%géﬁaﬁqg:p.ﬂg{:%g@% Wi - COUSESg tiererface

ve actuator to as the val ved stopper

whldgli %ﬁ%ﬁg@% & & N Sldd valye &Pgbp;c@&c&m%éh\e@ved

acenent of a portion of the valve

Stoéﬁéﬁng% dransyverse to the split. To acconplish this,
e val ve dac

tuator conprises a body part, which is

SRR, A TdXAd v e (i 10 ALAGHE NOSHON %Y AGwd A

st opper and an assocl ated col l1sion

dispglgaﬁfes&%n@% glpjgiﬁ%ﬁérgﬂaé Hid we@féé Ht%&‘?sxﬁé’ﬁé’e to

etween the val ved ‘st opper an

the ;snrqrh.leirt Surlfoaca?%@%r%ﬂﬁs}?‘y{ﬂw,e 0L rx?é.}vé he- 081 €5t 1 B MBes a

cul at'es abo e hinge to displace a portion o

he val ! e t ' .
ool s BT B P R R L 0o

intggfgééy'to the valved stopper and an associated collision
detecting arm. The arm is hingedly affixed to the body part.
Upon collision between the valved stopper and inner surface of
the syringe barrel, the detecting arm articulates about the
hinge to displace a portion of the valved stopper and,
thereby, open the slit wvalve.

In one embodiment, an outwardly distending arm is rigidly
affixed to the detecting arm to extend into to contact with a
portion of the inner surface of the valved stopper. Before
the collision, the distending arm is in compressive contact
with the inner surface of the valved stopper, adding to the
forces which act upon the slit to keep it closed. As the
detecting arm is articulated, the outwardly distending arm is
arcuately displaced proximally until compressive forces

received from the inner surface of the valved stopper act to
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affixed to the detecting armto extend into to contact
wth a portion of the inner surface of the val ved

weoetaeppassic Bef ore the col lision, the di stendi ngrParmSe®s/014299
in conpressive contact with the inner surface of the

retaM V8l ShoRP&fa1rddiNGd Qddie Jrarees Wi ohh 88 tndedr, once

the slit to keep it closed. As the detecting armis

operfid,| ¢4Atad.c the RutManH M Hikd eiNG AN | foAEL UAS &d¥ay
di spl aced proximally until conpressive forces received

oper 90 the ddMen B face wfutde il et S§OPPesq atopper need
toretain the slit valve in an open state. In this

no RSIon0NGE RRENES kdd)e §ld tvaidly &F&aUI IBSud0 a4 slit
additional force to stayopen and operation of the

valwd URDels 1314 idsspciated 5 QRP Yo draethNqaddi tipnalalve

force to keep the valve open.” Thus, a slit valve iIs

assdfHIN Aded ddy d&Psak Pasids Prdithd1 tHhe-¥AYef the end

asseénbly collides with the inner proxinmal surface of

of ttef{éfe esgllq\;lge b6 SV i 1ae parnel - anekds dPesed$&ly opened to

y opened to permt dispensing of fluid from

pernilte ﬁfsg{gg@!ng[@;hﬁ%ix&bﬁwwhmﬁﬂi | Liedudoses

are st i mal chanber for ultinate use,

B MIRATIBI ) B85 (008 L Go0ReL 4 ke i
onenl, 0 SOG4 L STt ko S

commfh18F GHIBRGS: cd e Lo, %%ﬂﬁeﬁ%ﬁﬁﬁéﬁ%%%-s@@

gas “separator 1s fornmed in a c posed

the oritr{s(iraeo..f t '@%o@%é@%n%é@ﬁepféc@ié@l ’é@Wﬂispense
rustoconi cal shape, being
that gas into a patient line (e.g. IV line). To preclude such
an occurrence, the body comprises a gas separator. The gas
separator is formed in a centrally disposed portion of the
body and may be made as a hollow frustoconical shape, being
open at the bottom. A series of very small, closely spaced
holes are dispersed about the conical sides of the separator.
The top of the frustoconica} shape is closed except for a hole
which is sufficiently large to permit purging gas from the
separator. The open bottom of the separator (frustoconical
shape) is disposed distally within the valved stopper into
contact with the inner surface of the stopper about the slit.
An outwardly projecting rim about the bottom of the separator

provides an interlocking surface for a complimentary groove

molded into the valved stopper about the slit.
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open at the bottom A series of very small, closely
spaced hol es are di spersed about the conical sides of

woOheossiegss at or. The top of the frustoconi cal sRapaSE®s/014299
cl osed except for a hole which is sufficiently |arge

t @ 1RQY Mde AUNGHRY A% fi@eihelisgPlcddva e Qpembly
bottom of the séparator (frustoconical shape) is

witndinSReses Girshaldsy aMdytimdeenidd rd sdrapiR@srddit 0 The body
contact wth the inner surface of the stopper about

of thi2e ddat A 1euieralae PrEItEEtdur Id B abord tdmel paitiosmding
of the separator provides an interl ocking surface for

B R-AmE QO RRldRd) i tddpddie Malyesk sdnppetate
appeglbaga?t@t he slit. A so, stability ofdbaﬂfrelely di spl aced

such/ @ aspePlapidiivhd he haryele 9fn &, Sydd Nge tstpDEne of
consi dered.” The body of the actuator is provided with

the Pafia & diadig)d hpxtandinghAppendagescden@i ot aile valve

the val ved stopper in a stable state such that the

aSS%ﬂ“ﬁya of the slit is transverse to the plane of the
arrel of the syringe throughout displacenent of the

Vel & Aaseiilab1 SingRisd detabl £ g Eaeeuh st § heo use more

opportunity to use nore than one val ve assenbly in a

thars W98 B relsediPly eXAMPl & ridgd WOa Al ve assendiifSle, if

are so used, a proxXimal, a‘distal and an internediate

two %%ra%ﬂl%aé§dﬁjﬂé eécﬁ%?é_ﬁ,(’pé’oé_fé‘;@ilﬁé/l,t 05 F@PL8Se and an

three syringes wth one syringe. The val ve assenbly

AT R S L4 28 2 T Aaps oo
replace three syringes with one syringe.

The valve assembly may be made from only two parts. The
valved stopper may be molded from flexible synthetic resinous
material, consistent with material used in plunger stoppers.
The valve actuator may be injection molded from semi rigid
synthetic resinous material from which living hinges may be
molded and which is appropriately inert and non-interactive
with solutions stored in the proximal chamber. Such a
material may be polypropylene.

In summary, the valve assembly:

e provides a selective partitioning between

proximal and distal chambers of a multi-chamber

syringe.

10
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material, consistent with material used in plunger

st oppers. The val ve actuator nay be injection nol ded
wobnram13es rigid synthetic resinous naterial fPOmUSEI0614299

living hinges may be nol ded and which is appropriately

inert gnd nqopyyd HLnA] Ue Widhsotdtions storgeeim the

proxi mal chanper. Such a material may be

pol ypr opy| engymrld}y ST Yy 5 At VeSS it diameter

provi des a selective partitioning between proxi mal and
di st al chan@gﬁg_ fg%fg-chanber syringe. may be

used in stan ar69{5$§ the shel f) commrerci al syringes
havi ng gonstant, giame e Jold Qs relsen P QY desa only
cl osed valv ich 1s opened only upon collision

bet ween t he Lﬁ%tr\g:c@%ry i, ddnernsWipre 9isddis1y and

distal end o I nge. conprises an interlock

which effectiyely latehes dheyalyest ag,open S8t 8yringe.

as liquid is dispense e proxinmal c

separ atgs gaéoﬁr%]]ﬂirgc%]g | d and- o0ty v?kﬁf‘&’?”éfﬁ%‘{;%ﬁépy

fromthe proxi anber. conprises parts

3|t gb: i ze, 'ltahtecl'}/% yﬁ'féa L Yid hétﬁ)u%g@xlﬂt state as liquid is
di spl acement”.” nultiple valve assenblles may be used

'na “dispensed from the proximal chamber.

L separates gas from liquid and only dispenses
liquid from the proximal chamber.

® comprises parts which stabilize, the valve
assembly throughout displacement.

L4 multiple valve assemblies may be used in a
syringe barrel to provide effective
substitution for more than two syringes.

Accordingly, it is a primary object to provide a valve
assembly which partitions a standard commercial syringe to
make a multi-chamber syringe.

It is a fundamental object to provide a valve assembly
for a syringe which keeps two disparate fluids apart until one
of the fluids has been dispensed.

It is an important object to provide a valve assembly

which has a low dead space for liquid dispensed from a distal

chamber.
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syringe barrel to provide effective substitution for

nore than two syringes. Accordingly, it is a primary
wohjpwesatiotie provi de a val ve assenbly whi ch part PCTmIS2008/014299

standard comercial syringe to make a multi-chanber

Sy E%Fyarlc;tﬂe% & rigidamntcl o ecd goPrayideraiwal ve

asse for a syringe which keeps two disparate

ass%%ﬂf 55%E¥H téﬂ“dﬂef&ﬁiéﬁsﬂﬂﬁfééiggﬁ has been

I spensed. is an inportant object to provide a

V%V%sa-;%e@ef%lryoﬁmlcfb @ dOW ASRHSPRACE 98 Adaudor

di spens froma distal chanber.It is another

whidHTRQY; siaeg QPIeGL: &P Vi dle & walve Assembly fiyi sy Ather

oper a slit valve. I's yet another object to

It
surffb%rec;‘?aviaqfa thd e @@téjanéoﬁ/i%%;j% sehses £otdi$i0f s1it open.

tween a val ve asse an i nner surface at the

end. ofs & SWHAWS £ Gnd 8F Co-FeMal M NSt de OPCRa 1YL dSsembly

anot her primary object” to provide a valve assenbly

whiewiogaleﬁgc{@l#iq ﬁéﬁmﬁcﬂ U Chorf O Bo RIRXT NBh ab@F D8R 1y

onl di stal chanber has been

aftegziszlg. & £ldm 15 & Dasi Ccl'?%}%k?n;&% 1} s POV dg1 So¥RLNE.

y to separate gas iquid in the proxim

charer asgﬁagsr%éﬁbf{éef 14 qui ol S di spenseda o1 hero

proxi mal IS a'very Inportant object t©

sepag_éagc\éé;:%%g@éﬁ\%ﬁ&%ﬁ;ﬁgr%%&é§iﬁaft@l@éﬂlﬂ)é?rsﬁgﬁ #Hat
only liquid is dispensed from the proximal chamber.

It is a very important object to provide a valve actuator
which is a stabilizer for an associated valved stopper in a
syringe barrel.

It is an object to provide an interlock which latches an
opened valve to the open state.

It is an object to provide an interface between a valved
stopper and a valve actuator such that displacement of the
valved stopper likewise displaces the valve actuator.

It is an object to provide a valve assembly which may be
used in plural numbers in a syringe.

These and other objects and features of the present

invention will be apparent from the detailed description taken

with reference to accompanying drawings.
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syringe barrel. It is an object to provide an

interlock which | atches an opened val ve to the open
webteaisa10316 i s an obj ect to provide an interfaceCbeiSmeni4299

a val ved stopper and a val ve actuator such that

di spl acerent gl ipvalieth B 0RPYnd AR SPI aces

the valve a de a val ve
assenbl whi ch ma

d
e aon%rsmcse ) e 0T PR e rgiet

syr::%gqseei?q nve% b dna DS aRbar ea'?%%efngg&tcﬁ‘ls géé‘éi'ﬁflthln
raw RI.EF DESCRI PT] ON OF T DRAMYNGS Fi
the z? gé’é'{af\}%e O‘erra]ﬁl%?ei%ﬁja?ﬁ/ % rcial syr: g;gewlt IhS

d st dj d
rgeg;u%aﬁes Sﬁ’o$¥cgt;l$%f$ t%%?‘t%f Osegu\rm%érllkm ts]plgure 1

sectlon f. the ringe seen in Flgure 1 taken al ong
takqn RlONg Jﬂl@(%rf‘% iz'g &))rlonrzl Yo 2 is a section of a

syringe, simlar to the section seen in, F| ure, |
WEWE S A V& &SSP S a?lflylajr%%%‘Se%”PJe ati b V%A}%e
sec%'fo“r?%%e‘?feg{)‘?frhééuﬁ S Bhr St P TR T e g FFbgLaLLy
oA S SKET LN Lines, 205,28 oot eyt noe, e
pluéggﬁﬂgﬂgléﬁggbéglof the syringe of Figure 1.

Figure 2A is a magnified portion, taken along lines 2A-
2A, of the syringe seen in Figure 2.

Figure 3 is a perspective of the valve assembly seen in
the syringe barrel in Figure 2.

Figure 4 is an exploded view of the valve assembly seen
in Figure 3 showing a valved stopper apart from a valve
actuator.

Figure 5 is a perspective of the valved stopper rotated
such that the distal side of a slit valve is seen.

Figure 6 is a perspective of a valved stopper, which is
similar to the valved stopper seen in Figure 5, but rotated
such that the proximal side of the valve is seen.

Figure 7 is a perspective of the valve actuator, rotated

such that the distal side of the actuator is seen.
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the syringe barrel in Figure 2 . Figure 4 is an

expl oded view of the valve assenbly seen in Figure 3
wehesimngsia val ved stopper apart from a val ve aeCuasSems5/014299

Figure 5 is a perspective of the val ved stopper

ng:t'e%agtﬂ%ge SéJCJgs ggﬁe{' edLsbal 58! ffe Ofaty VegtMQ{:Eﬂ? | Seen in

i gur erspective of a va st opper

rigffd ) Suf %é%eaoﬁapﬁagﬁ%ﬁeghét OPRETn3€eD; b Boune

rot ed suc e proxi side o

ve is Figure 7 is a perspective of the valve
aCtua?%%t% ggg?ated such that the distal side of the

%“ator és §e§”1§£9¥£f gi!ié & xﬁrége?{ré{?gggaégggﬁly

va V% act or, seen In

havifi§tad "l ega g&@elgf ;ﬂflsftegteﬁe'ﬁgﬁssgonggaaein

I ew O val ve asse avi ng an

cis BRI T2 BHELRh Bl SELURLES T Whcnion of

se tlon of a val ved stopper Figure 9A is a Iatera
val%? ?%%?%f a val ve assenbly which is S|n1lar to the

as i%%%% T F el BhETS aPtPSo Y PR rida SPaspRrY
whlg§r+%3%3% Herednihd e%?% 53 8rs, Ph EuBE Phopalyvierein
a v? ?evg%%$@§f§egglXl?%eggngilen%%lxedaggvgﬁéevggved s%%pper.

Figure 10 is a medial section of a distal portion of a
syringe barrel and a valve assembly disposed therein, the
valve assembly being oriented transverse to a slit for a valve
in the valved stopper portion of the valve assembly.

Figure 11 is a medial section of a distal portion of a
syringe barrel and a valve assembly disposed therein similar
to the section seen in Figure 10, but with the valve assembly
being rotated to be oriented parallel to a slit for a valve in
the valved stopper portion of the valve assembly.

Figure 12 is a medial section of a distalﬁportion of a
syringe barrel and a valve assembly disposed at a distal end
of the syringe barrel where the slit valve is open, the valve

assembly being oriented transverse to the slit of the valve in

the valved stopper portion of the valve assembly.
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in the valved stopper portion of the valve assenbly.

Figure 11 is a nedial section of a distal portion of a
weynisngesibarrel and a val ve assenbly di sposed POEUS20V5/014299

simlar to the section seen in Figure 10, but with the

, i ng . ient. aral | el
(oL ETL YSoLPRAT SRS, U PR by o
i [ 2di al. _sectiqgn a
e e T AR T e, by Sefoll BighRee12) Bue
rot 2888Y yadyspeseduat and Sgﬁ!oﬁgg le%heigygégg?
barrel where the slit valve is™open, the vVaM
asgepbly Peing Qrb§9§§gc££9358§r§§r£g g?ﬁg%bé%§g&bage

val ve in the val ved stopper port on_of A S,

. ..Fi e 43,1 ' tign_o ne dista
leEﬁ?f?%%Yg%&%@%i%%eabg??ggegﬁgé$§ %eaggggﬁgl§nsggna§ﬁembly
Seq&gﬁggg 12, but rotated 90 degrees such_that an open

valve is seen. Figure 14 is a perspecrlve of ﬁzrts of
i xt u t f_a val ve, asse
ang ARt y {4 x4 éﬁ%?fgnpgf 3 %yr%$%%fesi%ligra£¥ the

arrayed in an asse y sequence: .

, ' . > CH ' h e |
sectS&H '%br?flrgu]itsi/%f(%e%As'%i% ali L %qur%| %%gv%iogFgge 1585

Fi gure 2A, wo valve assg ran t
, i i . | unger. and stopper, simlar to
s et hd <t ophey o T 7R gt cePpre 3inflar to

DES THE 1 LLUSTRATED ENMBODI MENTS I n
the Eﬁﬁ’;@l escri ptqi% ogjg(%:le(%:e?%gpsr%%rﬁ%? ?g Dlﬂls%‘ﬂir? oME
i ndi cate the segnent of a device normally closest to a

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

In this description, the term proximal is used to
indicate the segment of a device normally closest to a
clinician using the device. The term distal refers to the
opposite end. Primes of numbers are used to represent parts
which are similar, but not identical to other parts having the
same numbers. Reference is now made to embodiments
illustrated in Figures 1-15 wherein like numerals are used to
designate like parts throughout.

As used herein, the term “fluid” is defined to be a
substance (either liquid or gas) which tends to flow or to
take the shape of its container. The term “gas” 1is defined to
be a fluid that expands indefinitely and which may be
understood in most circumstances within the scope of this

document to be consistent with air. The term “liquid” is a
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clinician using the device. The termdistal refers to

the opposite end. Prines of nunbers are used to
woeprsasents parts which are simlar, but not ideariusa005/014299

to other parts having the sane nunbers. Reference is

substWdTBAHe 410 Bebpekareft Swihd ubi xatedtén, Foguresidhlbs
wherein |ike nunerals are used to designate |like parts

neitHd¥ aghutnoAsgasesuderein, the term"fluid" is
defined to be a substance (either liquid or gas) which
tendsr torf | Sy Digd® (akeekbgpShapedobyi sgrengeail0pr in
The term"gas" is defined to be a fluid that expands

Figutdwlef i hd ely, ange Whv£h amYe beronder 54068 hmpest of
ci rcunstances within the scope of this docunent to be

comm&PHSh Bt eptpam 1 8s avsr1dheds er nslithasidingssasypstante
which is free flowng |like water, but which iIs neither

compﬁf%édaﬂOél&ﬁ%&@éé-h&Ii@w avtisyei pgesefasoewrnphi fsedpen
by syringe 10) in Figures 1 and I A are available from

at adpt&kHRaUBRE 29f cs0pEBEEC Al aCcoyPaAbESpIRALEW de. abdch
syringes typically conprise an el ongated hol | ow

stopS¥F | hgeabarEebs29 whi ghaistopeanat 42 ppextnal rendq2?2
o receive a syringe plunger 30 and stopper 40 and

tran§$£§§§o§to§i§i§é3h4?ndGéﬁe§QPMg,abﬁkﬂég boansnmpgsi on
orifice 44. Cenerally, barrel 20 is of substantially

subsCoRsi @t dLanBt 8ht (WA b petolRraneastal bewadeBY allowed by
manuf acturi ng nethods, such as by injection nolding

manué%&t@@iﬁilﬁeﬂﬁggsfrgﬂbﬁyﬁghﬁyiQnﬁ@étﬂ@ﬁsmﬂﬁﬂﬁhbak§k :
opper 40

barrels made from synthetic resinous materials). Stopper 40
is compressible and sufficiently elastic when compressed to
provide an efficient wiping action along the length of an
internal cylindrical surface 46 of barrel 20.

As seen in Figure 2, a valve assembly 50 is inserted into
barrel 20 to divide space within barrel 20 into a proximal
chamber 60 and a distal chamber 70. As seen in Figures 2 and
2A, each chamber, 60 and 70, may be filled with a bolus of
fluid, 72 and 74, respectively. It may be noted that, when
chamber 60 is substantially filled with a bolus of fluid
(which should be mostly an incompressible liquid),
displacement of stopper 40 results in substantially the same
displacement of valve assembly 50. It may also be noted that

fluid 72 disposed in chamber 60 is trapped and may contain a

small bubble of gas (likely air), numbered 76 associated with
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Is conpressi ble and sufficiently elastic when
conpressed to provide an efficient w ping action al ong
woheoslieesgsh of an internal cylindrical surfacePd®uso0s014299
barrel 20. A s seen in Figure 2 , a valve assenbly 50
othet S1iqgedtegl 4150 bakfLindl tReHbyhde §9éﬁeg§gthbnmay be
barrel 20 into a proximl chanber 60 and a“dista

inadﬁéﬁﬁéﬁ%%%?trfﬁp@@eﬂhéﬁefﬁg&ﬁ§§n§ Eﬂﬂlgé? ??Sﬁa?hégbgﬁa

60 and may be filled wth a” bol us
' . b er
resu%%w1EQ§9@§ééyﬁﬁg oftofﬁ%r &a@?%fgdﬁg§ﬁg é@ggfﬁgggb

is substantially filled w a bolu
ro11 g s shon s siboap dgcomsessitle bt ) o
orend PEFATEL S ooyl et R TR e
wnen L400% 800k 181: €00 1 1.5 STEbLabyobl g, gasa(LLIELY o
2o her Rk 1 h S T g 00 sy becthel agul | of
QUtERsAL %@ém@i%ego,gz%pm 1% p@ggg@fnélof%%gg in

insertion of stopper I nto barrel n~ahy even

Figuﬁcﬁ g%ﬁlhﬂﬂ&g}pgnéfé Is‘%léée% n{f%@?lﬁgeﬁggda?? Q?@Jﬂ{.gg\daggsembly

en such a device | . ( spense qglq
nace PRASE BSHE PSLR pl i VIR ERIIRRY 5o

compiibog SOPEILYD FONE 3 e NADUBILIREEFocLa I U,
actuaitﬂ)vrergd .on'Nélﬁaé V&Q@%é’d 5&:opper 80 has a hollow
cylindrical well 92 into which valve actuator 90 is displaced
for use.

Additional details of valved stopper 80 and wvalve
actuator 90 are seen in Figure 4. Valved stopper 80 has an
outer cylindrical wall 94 which has pattern of annular
grooves, dgenerally numbereé 96, to facilitate sealingly wiping
of inner surface 46 of barrel 20 as valve assembly 50 is
displaced therealong (see Figure 2A). Within well 92, valved
stopper 80 comprises a plurality of grooves disposition and
purpose of which are disclosed in more detail hereafter.

Valve actuator 90 comprises a proximal stabilizing disk
100, a medially disposed stabilizing plate 110, a pair of
actuator arms, 120 and 120', a medially disposed support body

130, into which is formed a gas separator vessel 140 and an
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conprises just two parts, a valved stopper 80 and a

val ve actuator 90. Note that val ved stopper 80 has a
waabdsawozayl i ndrical well 92 into which val ve aeCualsSems5/014299

90 is displaced for use. Additional details of valved

annuf£€p§@ﬁn§9tﬁﬂe Y2 vgs@ctU@596e99c@ﬁ§t§§e@olasFuggbﬁaéed
ved stopper 80 has an outer cylindrical wal

into Wk £h &8sy Qaiﬁ&i@a@édaﬂguhééhS&OQYﬁés QSQGEBB|X52'
nunbered 96, to facil te sealingly wping of inner

Sﬂfé?&f é@doi5@aéfebai@ea§s¥éhﬁfya§§eﬂgl¥eég iE) Flggge 5.

di spl aced therealong (see Figure 2A) . Wthin well

Notevaﬁyégeﬁé@pefr 891E9”@Ebsﬁﬁléhp%§rﬁéh&&l@& gk QpYeSd

disposition and purpose of which are disclfosed in nore

f versa r ses
throg?%X|na §%§gb%$?%lxgbd§£k9%%358as§§8?§?p$bdlSsgégd16o is

forméaagé'%Z&fgseaa%s}%éOgh§cﬁakgm9£n§0kma&art %H% uheQ1

a nedi al | I sposed support body Into

sele@@i&@l SohQhLEd.E Q§§F§89§§aiﬁ §€§§§'hééga%%go.is

ar- connect| :’1 ve actuator .
e e I g
L T T [

assogf%¥§gm%£8ﬁg <80 8¢|h %éﬂ.ggf@graegp §1E!§§?§ose.

f emar ns tight unfi [ecti

soweJEFIF 5= BEEU AN L bERYLECy GIEH 190 ane
outer edges 182 and 182' of plate 110. Such grooves would
impede distal displacement of valve actuator 90 within valve
stopper 80. Such distal displacement is necessary for valve
action, as is disclosed in detail hereafter. A groove 190
coincides with protrusions 192 and 192' of arms 120 and 120°'
(see Figure 4), respectively. A slot 200, disposed on the
inner side 202, of distal wall 162, coincides with extremities
204 and 204' of arms 120 and 120' (again see Figure 4).
Finally, an annular slotted groove 210 is also disposed on the
inner side 202 of distal wall 162 to coincide with annular
connecting lip 150, also seen in Figure 4. Greater detail
concerning interfaces between valved stopper 80 and valve
actuator 90 is seen in Figure 9.

Reference is now made to Figures 7 and 8, wherein valve

actuator 90 is seen. Stabilizing disk 100 has outer rim which
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Figure 6 . Val ved stopper 80 has a plurality of

grooves and associ ated sl ots, each of which serve a
wepewsitfioas pur pose. However, there are no grooveeTfuse005/014299

rim172 of disk 100 and outer edges 182 and 182" of

‘is dPéé&?e&lQltﬁﬁﬁhwgi90§§S (uedl ¢;ihapede)dicst Bovide a

acenent of val ve actuator 90 Mﬁthln val ve st opper

stab§le§H§hpﬁ5§éakogl§9h§@eg§eemb§yn§@ess@ﬁxth%& Vali%® 100
tion, as is disclosed in detail hereafter. A groove

has &9 1ﬁ9éﬂ9t eéf“h&ﬂegr05&Hék8@§y1%%m%€§e39§2OOfwﬁﬁ@ﬁ are
and (see Flgure 4 ) ,"respectively. A slot

suffgggenén p@égg eORot RecbNper skde 1404, tHEr%%ﬁ&%bgWﬂ"In

nC| s Wwth extremties 204 and 204’ ar ns
addl%§8nfeg 1§Qen(§HaFE?§§% Bi gus 814} 0gFhaal Ly ceal xanny ar

groove 210 | sO di sposed on the inner side

dlSnggdoﬂogésé b WHh%hlﬁg £956050¢iFde 1 Whih aRaul rtf pass all

connectlng also seen in Figure™4

formgeéf ﬁggcgﬁgkgghkgg85faces bet ween val ved stopper 80
and v

a ve actuat or IS seen in Figure 9 . Reference

igtggwﬁﬂegggfglgkguﬁfgt n@1§cul§9§§eﬁg alVeuter edges,

act uat or seen I|2|ng 100 as outer

180 LhE bchiSE9E§P0§§g &hhhu@ome5&e9%rg§%%t%gbpyegiahgaaed

provide a stabil1zing p ane for valve asse

planggngggéa gggfamgozges @opE#%@EHEyl?Beggl%%ce%%n%@@déén

are s I cl ent argetofree
corcBE38, b ETCELIROISN LBcaHY Hopcteetaten
stab%@k%@ngsdﬁgiolaHfghaiggﬁgylbﬂrg%dt92@a§sr%g%ectlvely.
Need for such access is also disclosed hereafter.

Each actuator arm 120 and 120' is connected to body 130
through a living hinge 240 and 240', respectively (see Figure
7). For simplicity, only actuator arm 120 is described
hereafter in detail. However, it should be understood that
parts associated with actuator arm 120' are simply as mirror
images (with referencing numbers being primed) of parts of
actuator arm 120.

Disposed radially outward from hinge 240 is protrusion
192 (again see Figure 7), which coincides with slot 190, see
Figure 6. Transversely disposed to protrusion 192 is a limb
250, which provides an extension reaching to extremity 204.

Note that extremity 204 has an. outwardly disposed foot 252.

Extremity 204 and foot 252 coincide with slot 200, as is
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forms of fluid therethrough. Stabilizing plate 110 has
circularly fornmed outer edges, 180 and 182'. Edges 180

wanashdicare truncated by el ongated pl anar edges/UR3D5/014299
and 230" to provide |linear access between sel ected

bettsfa%éﬁﬁghﬁgkg E eagodeﬁgkg 225%22%§%§ ?%%“@%noptional and
may H8§p§0t'¥8dyasN§§d £a §Hc@l@%%%s§Aps al so di scl osed

Each ac uator arm and 120" is connected

e?gg 1% 0o %roMg eatbiﬁéggrg HQS npll%%%f%g%r vessel 140

respec ivély (See Figure city, onl

is f%ét a&%klégﬁh% péﬁgéesﬁ g EGBE%E%ﬁrnb%t%e%%d en01 cled

VEr e’un ers ood that parts associate

by a?ml?ﬁ%c;& t%oa%rrﬁ‘dlzgggr%g%%vz: %’e%r o rrorzéz”f‘g%ﬁuflle

o SRR 35 ?ﬂE?éée%%?za%g.u@;%m 8y L R o
Protaﬁ%%'g%ﬁ%&g b b deetn 1855y 7 qf@&“ e

ore PR BE et MErety e”i’l%ﬁsri Sh' r§1 i Erspgi%d%?fﬁ"&ta'}%é%
dis5hdnEatEr 2540R T h oA %81?&%5%1‘:0'2%% " el orzf@%%og W"isch
dist%@?%ﬁﬂ?'&%gn&8~ﬁBPgﬁég Fi gl %ea 93C§§§§§€ggra or vesse

stop%éé gﬁcr%%FggponlcalIyt%h%povld%aV|@qul&mEgé%t gultigly

thereby.

Vessel 140 has an annular surface which is marked by a
plurality of small holes, generally numbered 270. Holes 270
are sized to provide a lower resistant path for liquid into
chamber 262 while imparting a much higher resistance to
influent flow of gas from the outside of chamber 262 when
chamber 262 is filled with liquid. Therefore, when chamber

262 is primed (filled with liquid), only liquid flows into

chamber 262 from proximal chamber 60, thereby effectively

separating gas from liquid from an externally disposed fluid
and delivering only liquid through mouth 260.

To assure only liquid is contained within chamber 262,
chamber 262 must be primed. Such priming is facilitated by
filling proximal chamber 60 from an open stopper 40 end of

barrel 20, barrel 20 being maintained in an upright state.
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by annular |ip 150 and a holl ow i nner chanber 262.

While annular [ip 150 is seen to be unitary in form a
woloesaliosty of protrusions might be used. HowevecCT/Us2005/014299

single lipis preferred. Note (in Figure 7 ) that lip

Gas éﬁﬁ%%?ﬁea P aEﬁéng§tQ%2f§%epa§éﬁan@h§%u%%t%ﬁl@ 236 see

I'nterfaces with distal wa 162 i n"annul ar

. oLt ed-gr 0 I o] r 20 i
riauFob! 0 GRKS-ERY, oMl KEO,8)oPRgT 306308 4y poBure

fa Lchyl G it
e R et o el Lo P

freqﬁ%éggc%gﬁgé?YEggoahkﬁm%ﬁtEggbﬁhﬁnt R%%% E%%t|59Wdiding

e inparting a nuc I gher

_ R _
opackEBSLEGEsaEA TS hLguseh, opschEamyata aeidt s vea

en c s filled with Iiquid.

stopgggzsg?gﬁdo%ﬁégl%géggepﬁz@%lhs99r.@%@ﬂaagléﬂéévﬂﬂ§ outside

ows i nto chanber 262 from

vessgiof%l Halnhiégg'fﬁeﬁ @%’li%?e@bﬁa%f fecy F%luYre%aparZ%_t iNGaution,
gas iquid 3

rom roman externally sposed fluid and

n
. i . . . .
it s%%F;&F%EUggggbyth%%ukge;Q%ﬂ%%%n%gﬁgggzqgsiaé E 60

I'S contained wt er 262, chanbe

2 st rined. Il is facilitated by
ShOUl1‘2L|gl Pgﬁgeﬁggfﬁ%ﬁcﬁggbﬁggggﬁb?%?h an open stopper 40

E gizéapk%g%%ﬁleszgﬁobgrsr %Jri%gcg“ii Eﬁ% %srge%grzlqlfbsi(%éyétding as

€. Gas contained in chanber - urge
a gatgﬂrggéggﬁgglrgezéé;ﬁnﬁggs{:'oo%g;sglucﬁle'hollfe %ﬁséerse%rea%gld in
commercial filters made for water sprinkler applications. As
examples, a Toro product package provides such a filter in a
570 fixed spray nozzle, model number 53320. Another example
is a filter available in a Rainbird National Sales
Corporation, 7590 Britannia Court, San Diego, California 92154
model 15EST-C1l package. The Toro and Rainbird filters are
manufactured by injection molding, having holes which are
usually rectangular in form and which range from 0.5 to 1.0
millimeters on a side. It may be noted that holes 270 in
Figures 7 and 8 are seen to be round. However, rectangular
holes 270', as seen in Figures 4 and 14, may be preferred as
being easier to mold. Shape of holes (such as holes 270 and
270') is somewhat irrelevant, more important is selecting a

hole size for each selected shape that properly impedes gas

flow from a fluid environment.
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pur gi ng of chanber 262, such as by application of |ow
frequency vibration or of ultrasound. Note that a

waabwdimgsispace bet ween stabilizing di sk 100, dPeraiS2005/014299
wal | 162 of val ved stopper 80 and side walls of well

92nPLOYLABS 8 AYibYaQubalde vessel si4@ Whentighre 9, with
undel1vered gas is captured. As a caution, it should

valv@ﬁ Qegﬁgekhgb bhenyokuas of, 3a%sisNskde iohaneiH0
shoul

ot exceed fhe holding space. Size of holes 270

corrk$ 853%58@'oEosY%%SQbolﬁngB%b%Ehﬁﬂo%% aogasnd 192', slot
separator. Exanples of such hole sizes are found in

200 SAAMBLER-ahitibkensamade bon waker saeii PKlerang 1ip 150.
applications . As exanples, a Toro product package

praovyides h I bber w STQ I PO hhich i
NOteﬁnggFgﬁuﬁgg? %%ggo. Ano?%e%néé%%$%§¥%§g1?¥1ter Ten s

. ¥ 042+ Baicakichd WNat rponatdon,
2 R e B s e

extrggg%ke%5§§£'g%dpé@ﬁagere ?%é@yV§g?ri§&§dﬂéﬂyiJﬂﬂﬁ@rs

manutactured by injection nolding, having holes

extr%@%%?gggépgs%ﬂgl%Pﬁepkﬁnwwéﬁéﬂ Rahar mend whieh rangesiot

[limeters on a side. It nay be noted

210 %%%L&Bo%§o%£gtie@ E'n%ﬂﬁigz oﬁ%o%e%f &3P QP& h catches

& wever, rectang ol'es 270", as seen in

LQur 4. an 4, y : e i1 i t
uponf 4K 9508 B0k TRY che Y SLRAPS A5 RLNGLAE Bt G
162.S0MgWhat: J a%'n%‘fsamval]%r & R0 11% SRIGHId NG Frfixed to

"hole si ze gr each sél ected shape that properly
valv%%p%Q%%p%@S8O such that, when valved stopper is displaced
by action of fluid and stopper 40, valve actuator 920 is
likewise displaced.

A valve assembly 50' is seen in Figure 9A. Valve
assembly 50' is like valve assembly 50 except that limbs 250
and 250' terminate in extremities 204 and 204', respectively,
which are devoid of feet (such as feet 252 and 252', seen in
Figures 7 and 9. Lack of such feet requires that all
displacement force upon valve actuator 90 must be derived
through forces applied to lip 150 and protrusions 190 and
190'. Note that such forces may not be as effectively applied
against protrusions 190 and 190' as they are connected to body
130 through living hinges 240 and 240'.

Reference is now made to Figures 10-13 wherein valve

assembly 50 is seen in two states. In the first state, valve
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flow froma fluid environment .An assenbl ed val ve
assenbly 50 is seen in Figure 9 , with val ved stopper
weQolsailerge seen in cross section. Note correspoRAemS2006/014299
slot 190 and protrusions 192 and 192', slot 200 and
[epht i d,.204" I [ i n
oosofEUTy) 48808, AP SRty Haattd 2 Qygran ena
Coh T . _ \ ;
42 050 hlg, PR 28 B B ou F e ey A oe
rel PX: - A 4' i staly wal
S o P
i i B,290 ' t IR 250
seesBOPLEY P IS 3Py
. _thi n I t [ af fi :
dlspggﬁéleggs?§%gle%ﬁgé%gﬁ%h%??%3{6, e mE R B e Rt ®n 300
 di ti g1 U 40, .
o 1fERl BESUSRL 6! Lan-of ol dandistappere Aty alatey

at’or sl € pl-ace val've as
mect §51, 34388860 EH04 S0l 2 AR U 1 o e
ey FFIFAE! e, 1L LGP 8B At 30 PSR! Y0 e
upon, §3t, 0 6! Y l%%géﬁ%%?ch? e'xtli%?nlitgzr z%‘ﬁc'érfae%tozlr"?q“%e?nay be

al 1" ~di Of C€ "upon val've actuat or

deri,ved h f i ed [ .
notef) Shperie 150 1oHh LGB 3FC ARBP S P Bl b on
s .ef.fectivel @ nst,_.pr.ot

b i ed i
of SHh Fos ok They HrE donndeied o bodycr 28 1Yy WP force

is evenly distributed across distal face 310 of distal wall
162, the state of valve actuator 90 remains as seen in Figures
10 and 11.

However, upon collision of distal face 310 against distal
end 42 of syringe 20, actuator arms 120 and 120' are canted
proximally as seen in Figure 13. Protrusions 192 and 192' are
resultingly forced from a first stable state (as seen in
Figure 11) through an unstable state of high compression
against wall 94 to a second stable state (seen in Figure 13).
Note that compression against protrusions 192 and 192' tend to
maintain an obtuse angle between the more proximal portion 300
of barrel 20 and actuator arms 120 and 120'. At this angle,
protrusions 192 and 192' act as latches. Note also that
articulation of arms 120 and 120' draws against slit 160,

parting lips 320 and 320' of slit 160 to allow liquid flow
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130 through I'iving hinges 240 and 240'. Reference is

now made to Figures 10-13 wherein valve assenbly 50 is
weeers/liesiswo states. In the first state, val veassaiskiog014299

50 is seen to be proximally di spl aced fromdistal end

4 f
therﬁgpgou%e”s?ate el ?‘at. difd ques LD 1and Jalre so

angu act uator arns 120 and

latclllzgl ho?ard]%ﬁ%gloln%l':' % g'rgary %%CI} te ancﬁdaqgeelgzq_l)ps 320

angu spose m an ac e Wth nor

xi mal__portion 300 of i nner surface 46 of syringe
and Eg@reﬁpf6% ‘So di sposed, nedially directed force

suI ti ng f t
uﬁgl’? preotrS?lurPSF?Lonsq‘%gy OLise| ace upOneI@[:‘“!‘unlcate

. 60 th t 2 0 ¥
dlSPrlk(}Fgaler g?&n & C{-] Xt I e@ ?%%%ﬁmf‘n ézgﬂtroeslltl %@%lsplace

. I u5| (o) f such sI ot QR; t hat ,
1lpsa§% 0§ “as foor cael hée\}fgns) %d: StTl gaal diacr o5 T 'sts
face 310 f wal.l 16 Ve
annu&@ﬂfu 85& r?s L slsseeseﬁcq ni%rgj%es %{) &/laé g9 face 310

as s(?egxt :%%r gr}(fon CQDJ | I edOf d'n?af bé %Creox?’llcpec?ga'oélféh a

of syrlng tuator arns 12
raisg i trﬁ%rﬁeo%gln f a:{‘gL)%PQ éOZ(r éer‘ﬁc’rﬁés nﬁé ﬁ”]l:&%f or ced ?ar%lrﬁ'%r
o R S AN AT aiocas

R S, 48 A RS g8 i e
material for valved stopper 80 may be either the same or
similar to material generally used for syringe stoppers.
However, consideration should be given to material which
deforms to conform to an internal distal surface of a syringe,
as seen in Figures 12 and 13. Should material be selected
which does not seal effectively under pressure, consideration
may be given to releasibly sealing slot 160 by vulcanization
using applied heat or laser energy.

It may be noted, in reference to Figure 8, that holes 220
are circular and bear the numbers 340 and 340'. Holes 340 and
340' are aligned with articulating arms 120 and 120",
respectively. As is seen in Figure 14, this alignment may be
profitably used in a process of assembling valve assembly 30.

An assembly fixture 400 is seen to comprise an assembly

well 410, an assembly piston and assoclated alignment disk 420
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mai ntai n an obtuse angl e between the nore proxi mal

portion 300 of barrel 20 and actuator arns 120 and
wa205/116%16t hi s angl e, protrusions 192 and 192' pattuSa®s/014299

| atches. Note also that articulation of arns 120 and

20! . i i il i p i
ena gt O AR ikl o pard | peoeD g Sl

a deg%@lt l"?ﬂ?ﬁ”climf'g"tsr&&i@'h%bol%@@ e a Bl 0 | lahedyi po

ditiona orce may be required to Keep lIips 320 and

disp?%%ld P de 45D aSTY & Sdnfd Gl e&fﬁl@taes_ré.é}ﬁbi}éof?(y,awm&d

0 conmmuni cate displacenent of extremties 4 and

stop?)%‘}:' geP ild %ﬁ‘@gﬁ%a@é@@é& Wd1PS é’l%garl?[rgér?gél@@ﬂ%%%' as seen

er eby provi de an open val ve, an ann ring

n Eg@ju% flézli;Sf%%lﬂoﬂzgg}%Htf acsiofa 4 stal fgre s SEEDed N

gur es 11 may be provided. Such a raised

throﬂloq?%{ho?;é@ Rig ggg@gﬁggg,piwo@a% foé@& de @ Rl &F e from

p cont act a first collision occurs

throglﬁh\rﬂgﬁﬂze%{ S%H 4868 4310 %@s%’@%&%%&e@};ﬁ A ST SEd 098 tn

cour se, raterl ved st opper 80

armsmiléobeﬁr}eci tl%" t h%fasl%.a%’tﬁﬂgﬁ ado 10 :Eﬁvéye@isplaced into

general Iy ‘used for syringe stoppers.

wellg?f}glracr#:ornta%'l%% Ssh% dj/lpﬁ) Q| Ve\fblt A r%%@%ég?érsn% Csﬂ’xd o¥alaved

conformto an I ntern ace

suofL 1.0 GRAD MR PR IR Al o S hptest ol ano
oo QLT A SOLIRIEA S0 I B VE0 L0 TELGISLRLY o0 (o
seeﬂ”iﬂz¥¥gﬁf%“¥4¥@ Valved stopper 80 is then forced against
shelf 440 causing distal wall 162 to be there retained and to
be deformed to accept at least installation of lip 150 into
slot 210. 1In this manner, valve assembly 50 is assembled in
one continuous motion. Transverse eying of alignment rods 430
and 430" transversely relative to blade 450 assures proper
alignment of slit 160 to arms 120 and 120'.

It is important that arms 120 and 120' are distally
canted to assure proper assembly into valve assembly 50. For
a similar reason, installation of valve assembly into a
syringe barrel, e.g. barrel 20, must also be made with
assurance that arms 120 and 120' will remain so canted. For
this reason, a syringe loading fixture which employs an

assembly piston and disk 420 and alignment rods 430 and 430
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It may be noted, in reference to Figure 8 , that holes
220 are circular and bear the nunbers 340 and 340'.

wolabess18460 and 340' are aligned with arti cul at POG/USRIUS/014299
120 and 120", respectively. As is seen in Figure 14,

men e 0]
is rgggéﬁ%hpgg vahsgggggenﬁgygg%ggkﬁla nﬁ quxt3$§'4OOWhen

insth$158 nv‘agv%OHEE_bﬁ%lgn 5@sgamhl %y‘g{ﬁhl? A %\a assenbl y

pi sto associ at ed al i gnnent nd a pair of

ahggﬁg?nber9g§n4§9 ?Q%u4%015 wﬁbr§|§$ﬁ%pgﬁ. AR &ssembly

depth Timting shel 40 and y an out war

50 mggsggsﬁgegl§ﬂe 4%9r1£ a%%%?% zba'V%léﬁﬁﬁﬁpky QDnd valve

| ved stopper 8 splace I nto wel ong

assefif94488' q@8t8¢CR LA B gYL tl%aI@e'%%E%%E %% %%%d%gé an
GRaraReh, By

430" are displace rough holes i n asse

mteﬁaed%%é éﬁgmeeg kheref i mfb%g&agh &%@3&%@@%&4%0 to

respective Into conta

effe¥é£¥glg7§%g§8rc8@vk§ Eﬁg edb%pbgg%%l'%%. W%lbfgég%fﬂg% 20,

I nes ve actuator and ved
o S GBS AR, Wl
w11 gL B iealEr L ey LA, SR e, o
wpont 8oBE bRSHPFCFEEIEC 210! SeBentl oL WP Y o cne

secolBNDE" ve Vg Pgigegﬁly ﬁgtlstﬁg%qu gd Q8Qn§s glﬁafnsed

COﬂtInUOUS no ransverse eylng allgnnen

from4§§aﬁ§§r4%8 Ee%n§¥e5§8L¥dr%%aalV%lt%e%%%%ef%%%.chamber
60. Also, any gas 76' associated with fluid 72' is trapped in
the second valve assembly 50.

The invention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The present embodiments are therefore to be
considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated by the
appended claims rather than by the foregoing description, and
all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.

What is claimed and desired to be secured by Letters

Patent is:
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alignment of slit 160 to arns 120 and 120'. It is

i nportant that arnms 120 and 120' are distally canted
woOQo@gigesie proper assenbly into val ve assenbl yPED/USE®MS/014299

a simlar reason, installation of valve assenbly into

The %lsﬁrgpge barrel, e.g. barrel 20, nust al so be nade

surance that arns 120 and 120" will remain so
canted. For .thi,s re

on, a _syringe | oadi ng fixture
o e A S R R e AR A B
, _alignment raqds 430.and 43Q'is reconpended. wever, no
L SERPIRATG| M i Ny APl Ser 4 L (T HR Wi o
assenbly 50 in a syringe barrel. As nmay be seen in
COMPELFdPE *15, nore than one val ve assembly 50 may be used

in ringe harrel 20. .Pl.aci.ng a second val ye _ ., .

G B s g e PP S i

creates an internedi,ate ch er 60'.. By formn
Lol Thotl A SR s TR VAL e IR SHhgRed

of distal end 42 of syringe 20, collision of the nore
exceﬁlto%:oﬁalal ﬁdijsdpgsréad]sfﬁ/%toq'\fﬂ%\}ﬂee;assenbl y will operate

to open and dispense liquid 78 from chanber 60 upon

cGl ISYSH Y P 1St 'val ve assembly 50 with di sk 100 of

the second val assenbl.y 50, Note that liquid 78" is
e o Ry BT aq quf i) e e 'Barrel
i.spensed _from chanmber. 60. Al , an as 76' ,
relafdidbiita dhow T F1dn @ PP9%y (P Th A1Retdcbripparating

val ve _assenbly 50. _The .i nvention may, be enbodi ed in ,
SpPacst P?’e&%&q:foﬁ éaﬁﬁenls R it MPS HRHE g itluid

or_essenti.al characterist,ics
transfer o£1fice into a proximal chamber and a distal chamber;

said valve assembly being characterized by:

a valved stopper comprising a stopper body
comprising a normally closed valve element which is
opened to provide a flow path from the proximal chamber
toward the fluid transfer orifice when the valve is open;
and

a body part comprising an interlocking interface for
securely affixing the part to said valved stopper, said
part being characterized by a gas separator which
provides at least one liquid pathway for communicating
liquid resident in the proximal chamber toward the
normally closed valve but inhibits gas resident in the
proximal chamber from flowing through the at least one

liquid pathway, thereby permitting only liquid to be
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thereof. The present enbodi nents are therefore to be
considered in all respects as illustrative and not

woesisritetisve, the scope of the invention bei NngPCT/US2005/014299
i ndi cated by the appended clains rather than by the

f&{ﬁggﬁggddﬁﬁfétehleﬂe ﬁBQmth¥CB§8§éa vAhG¢B €emBrd the

e neani hg and range of equival ency of the

CLRLIG frgnbberebote; bRl aAdRd:he be1gBbiacedenher i .

I's clained and desired to be secured by Letters
Patent is:Claims 1 . A conbination for providing a
sequential ly dispensing, nulti-chanber syringe, said
combi g 'QQQEMEB héhngccerBQhkoﬂbsﬁﬂbﬁ&e1b%h%%%1ﬂa%bﬂ@
a dista ch is closed o forman interior
valv§UbLaLROYDT €0 E8-eAbLr ehy cLesed @xcept for a fluid
rans ice; a syringe plunger; a valve assenbly

5 d'Sta|LM dbé@QéadsEBpFQ§ %ﬁﬁvegg Q@ﬁ%%ﬁsﬁ%ba%ﬁﬁﬁsk%l face

the syrlnge pl unger he va assenbly separating

Fnbém?gwth rBRGER Qg&ﬁﬁaglbaﬁ %%%b&%%rphﬁﬁﬁ%fopens

rahsfer orificé into a prOX|na chanmber and

Cﬁgo§£@é%§9 ggggrdSQBQdygngn %S lheReiah® which

rac a valv nprising a

2%83R§%1§%ggﬁcggﬁh'§ L89G @yQQBEglbiu%b%%e@i%a@W%ld within

the proximal chamber, to be displaced as the syringe
10 plunger is displaced, and a pliable material whereby said
distal face cooperatively conforms to the shape of the
interior surface when forced thereupon;
the body part being characterized by a valve
actuator comprising features which are complimentary to
15 grooves of the interior of the valved stopper whereby the
body part is securely affixed to the valved stopper and
is displaced as the valved stopper is displaced;
said actuator further comprising structure for
sensing impact between said distal face and said interior
20 surface and, upon sensing the impact, reactively urges

said valve element to open.
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opened to provide a flow path fromthe proxinal

chanber toward the fluid transfer orifice when the
weoabosa1086open; and a body part conprising an PCT/US2005/014299

interlocking interface for securely affixing the part

19 sapfevabysonst 9BRCEc-8RHUnBAED b@hmﬁ Qhﬁhé%bﬁhléﬁﬁd
by a gas separator which provides at |east one |liquid

valV@aQBMQXFBPr Sﬁﬁfygégaé'ﬂgdhbgyyddﬂgﬁbggateﬂBnbEQed body
roxi mal chanber toward the normally cl osed val ve but

whlchnPbPhEStﬂé3%£§ségﬁﬁiat8rtQﬁdPWHKbHHEoﬁﬁéﬁgég Br ee 10w
| om ng through the at |east one |iquid pathway,

openlﬁgrﬁﬁXcHeFHhﬁFhﬂgaQQEywhtﬁubglﬁonQQESQﬁgﬁﬁgtthrOUgh

t nor mal osed valve toward the fluid transfer
orifice mhen the valve is open. 2 . The conbi nation
according to Claiml wherein said valve assenbly is

fErth@ﬁeCgéﬁﬂgﬁgﬁE%ﬁda9¥orﬁhﬁgv@BV@§a§EQ@p%ﬁeE%Ehh%%ld

conprising a distal face and a | ' ow, grooved,
actu§¥5£n85hﬁéhségt§E'QEaEQ'SﬂeoQ@Qﬁl@&gﬁhgaéhﬁmhﬂwar@fflxed
syrfnge plunger and wh comuni cates wth said

to s§¥5 anggﬁgge o&ga ﬁhghdaﬁkghhg Bh@hgrgéﬂ Rl %Q% %&'to

ace e syringe unger S sp ac

reSlé{?dcgneghgg}g% eﬁéeea%eahgrcsgisegawt 8t ahof 328 rel to

cooperatl conforns to th ape O the interior

ther%ﬁgfQg?u?@eQaggéfgggapgg%ﬂgogalbgg QQ@%pQQrHugﬁh@gforcible

racteri ze
displacement by the syringe plunger.

5. The combination according to Claim 4 wherein said at
least one stabilizing element comprises a strut sized and
shaped to provide support within the hollow of the valved

stopper.

6. The combination according to Claim 2 wherein said
valve element comprises a slit disposed through the distal
face of said valved stopper to form the normally closed valve

element.
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actuator conprising features which are conplinentary

to grooves of the interior of the val ved stopper
wohersabysit he body part is securely affixed to PO®US2005/014299

val ved stopper and is displaced as the val ved stopper

i g di splag fablﬁabcqoﬁcae%%lw hec16ampPrd %ah%&em said

structure ?or sensing i npact between said distal face

valvéadsﬁebgeknagrbﬂ%ﬁéﬂ%@§9§e@n% %pgﬁz%e%%bn%h% & relative

react IVG urges sal val ve el enent 0 open. 3

to salﬁhﬁoﬁggg'g g aggg&gﬂn%hﬁgh %.Wﬁ@r 'g1%ﬁ!% in a

ve actuat nprises a nedi al |spose ongated
f t a a SA &0
normd®ry Pﬁaggseﬁﬁﬁéemﬂﬁ%%géo%%%?ck or ?a‘-*ft L RO TR

mech§hERNb £ éaadTEﬁB%%qb%gﬁgﬁ ) %%%%E@bﬁ% to daim3

erein"sald acttator "conpri'ses at |east one
stabilizing elenent, affixed to said el ongated body
whi ch acts upon the val ved stopper to resist canting

o% th%h%abg 1PLRRREG Wb%@ﬁ&n %ﬁkﬁhlﬁomﬁﬁﬁkggy id
PR e s

assure stab Re val ve stopper during forci

impaggﬁgg ?ggn%tgﬁcE %esxrl %%r%%%%&%ﬁgﬁggy-gﬁa r% which

n-accor sal | east

compggsegt gbi i @8&9 %5%@%@& oFOTR! I38% B utsa%&g%r@%%v1ng a

ed 't 0o provi de support wthint dl I'ow o
dlstiﬁkvegx%%%%e%gy oBpenlif L YRR AACAING, 16, GAldn

erein sai ment conpri ses I sposed
1nne&h%%% aceh%h%l %lsald distal face upon impact between the

distal face and inner surface and, as a result of impact,

articulates to open said slit.

9. The combination according to Claim 8 wherein said arm
further is characterized by an outwardly extending part which
is in contact with the hollow cylindrical interior of said

stopper and which articulates as said arm articulates.

10. The combination according to Claim 9 wherein said
arm and said outwardly extending part in combination comprise
sufficient length away from said hinged connection to
compressively act to forcibly maintain said slit closed prior
to impact between said distal face and the distal interior

surface.
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face of said val ved stopper to formthe normally

cl osed val ve elenent.7. The conbi nati on according to
weheism@&ieher ei n sai d val ved stopper i s characperiugems/ 014299

by a size and shape relative to said holl ow syringe

. hape . 0 s | .
bayy el ui:]l?%e o e 51$ é@é&&i@ i gle%g?% eg}ﬁgﬁggﬁ] said

state ss acted upon by a valve o

outwdr SA) deimn@gn%@%&ﬁgwgég esuﬁ%%ig thgggquﬁtég%e

according to Ca erein said sensi
e S IOt L DN DGR PO 308 o or
the SEAILY SR SPRPIRAS MY GBIV Bl 5, AL
aiotd PRI B A T e B SR S e
o R e I rarar e RO A B ng

. ' is in contact with the hollow cylindrical
eXte?lg{lglr%a%' sai d stopper and which articulates as said

armarticulates. 10. The conbination according to
Caim9 wherein said armand said outwardly extendi ng

part i onhi | onprise..sufficient. | ength anwa :
ffigtm sgh% ﬁ%‘g@ agg(}noﬁlec Son lon%otn%r@%%r%e %%%Eejt% said
f i bl.y i_nt.al aid.slit closed prior tq jnmpact, .
partbg)t’o\?\dggr%sse[agﬁfnd?és%% f“gjclé:_haﬁ:aestlﬂe%sd!lsq a O%?ljtq%]lﬁ gi-ticulation
of s%l%[réi]; %%%*t;' ;flré)-ﬂp %e%%rgolar}la@gtdl%r}:layc CoPir sqgarh.gl3} ° idspaésrgc% 0to be
angularly proximally disposed as said arm and part are

articulated upon impact between the stopper and distal

interior surface.

13. The combination acéording to Claim 9 wherein said
outwardly extending part comprises sufficient length to be
retained by the cylindrical interior of the stopper in a
proximally angularly disposed state relative to said distal
face to thereby provide a latch for urging said valve to
remain in an open state following articulation of said arm and

outwardly extending part.
14. The combination according to Claim 1 wherein said

gas separator comprises a hollow body having a distal mouth

having an orifice which opens about said valve to provide a
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outwardly extending part conprises sufficient |ength
to be securely but releasibly affixed by the

woybisndesical interior of the stopper when angubariug2005/014299
di stally disposed toward said distal face to provide a

iSOG WAl Al ol a08d Al o dfics e1uia

i on of sai rman ng par
2. The [ on according to Claim9 wherein
flow t:l:‘doblaqrht @d&%r‘{%&s a length which results in forcible
articulation of said part from being angularly
distally disposed to be angularly proximlly disposed

as sal dar pgad parto are. artd écugiaﬁedcluaiooni aClein, said

tvveen pper an erior-sur f
t di
gas &&?n%%ﬁ%bfnixs' SRSt B Sl G o et

be .ret |n d b t ri ca nteri r_of
pre%ﬁ%ﬁﬁ%éne prOX| I §nadi 0% %F%ﬂ%ﬁtko gas when

i ve taQ.sai fac to thereby provi de a
Saldir g’tog%’ 5t pifrléﬂer?g wslai%d%\faci to remain in an open state
followi ng articulation of said armand outwardly
extending part. 14. The conbi nation according to daim

g o S R, RIS 1 1 et oH e
va 1 SR gl e U St HSE i thv%%ﬁlﬁieovshaped

corélyﬂyéﬁqd%%ﬁilses %he gas separator.

17. Apparatus according to Claim 2 wherein said body
part i1s characterized by a proximal hole medially disposed
therein, said proximal hole having sufficient diameter to
permit gas to be purged therethrough for the purpose of

priming said body with liquid.

32



10

15

20

25

15. The conbi nation according to Claim1l wherein said

gas separator is characterized by a plurality of holes
wohogriedsat er m ned size which pass liquid in preCemnsmmeo14299

to gas when said body is prinmed with liquid. 16. The

CorbL 1ol gasgsacedeniolasiats 1 YRR AIRAAEE oo in
oS cor i COTRELR SR SR FERE. B, o
chok o561, o8 Rlon oy UTEL e o 2L bt 0ot
ereA S0 o0, L0uDECBULSRH, B LI VOG04, 1,

(Srasserty An AL 1eag ety L8 ey L0 KT8

disﬁgg@@(&%ﬁhggg#ﬁgt%ﬁé,deIivery mul ti - chanber syringe

appar at us, racteri zed by the steps of:
0000 S USRI OT D 0 B REL 90 e
nav R0 2oL Lo £ PO o3y D00, D, 10 20RO o
i SUIE0E, 00 10H| O SHLLPOS, DRILE 200 R SLE800 o
sub 3L SHORPSS: (U1 hers ppmprs sho ot Legst ong ey
stoﬁﬁgfjfﬁ%ﬁﬁ%fuééjéfgsfﬁg at least one grooved slot whereby
said at least one lip, and, therefore, said valve actuator are
securely affixed to said stopper:;
providing an assembly fixture having an open annular well
with an internal ledge sized and shaped to receive and support
the stopper when disposed thereat, said fixture further
comprising a blade having a sharpened tip medially and
transversely disposed relative to said ledge, said sharpened
tip being directed outward from the open well;
displacing the stopper into said fixture such that the
closed surface opposes the sharpened tip;
orienting the valve actuator to a predetermined angle
relative to the sharpened tip; and
displacing the valve actuator into the hollow body of the

stopper, thereby forcing the at least one lip to be securely

affixed to the at least one grooved slot thereby engaging and
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securely affixed to said stopper; providing an

assenbly fixture having an open annular well wth an
wonw@rinedic | edge sized and shaped to recei ve an8CTUSpmSN14299

the stopper when di sposed thereat, said fixture

oo RS TEEAALOD, & A S BT SIRTTFR
cord oS A aarpener Ui bebng. ol ed.outvard. Lrom ..
to 4t W & suchedhal tne. closed strface opposes the

arpened tip; orienting Attuator to a
predeterm ned angle relative to the sharpened tip; and
di spl acing the val ve actuator into the holl ow body of
the stopper, thereby forcing the at least one lip to
be securely affixed to the at | east one grooved sl ot
t hereby engagi ng andsecuring the actuator to the
stopper and simul taneously forcing the sharpened tip
through the closed circular surface to forma slit for
a slit valve thereby.19. A nethod for using a valve
assenbly as a chanber divider in a multi-chanber,
sequenti al |l y di spensing syringe conprising the steps
of : providing a syringe having a syringe barrel which
is concentrically disposed about an el ongated nedi a
axis, said barrel conprising an open proxi mal end and
a distal end having a closed interior surface about an
orifice through which fluid is transferred, said
surface having a substantially concave
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shape; providing a plunger and plunger stopper
conbi nation, associated wth the syringe, disposed to
woeodiizgdiaced within said barrel for dislocati rgTfusmiodo14299
t hereby; and providing a valve assenbly di sposed
within ' r ' I oppe
id .zs?%%r?@é £l ey @% %%Pvé’lér[g?&g%g%bgg %e?}qgnmer

saldidlsta end to provide a prox between
aivid vl e e O I P S0 B Fpinae

r f.ace; [ ve- assenbly being characterized by: a
conmégf%ggfg¥§9 §£é§g &t

opper cpnprising a distal face and a hol | ow,
SRR 4T Sobe LSO VST, QPes B PR
condbH 80P A0S 3 RRST. 4 LI ALATARDP BOLLE!soce
oaxidy UHLECEQ S Lol uS B pRPRL S ANEE SOTPLYSLAY having
a clgois;qocll Zi‘é’}ecgaerﬂj%?rofgd .ag&]et ha [ el,tl’chra(tjrlflgcp.i; ia%‘/ef aelgog enth&Cli fluid

eria ere sai'd
. .CO [ vel y_ conf or to.the shape of the interior
is G S At iR SvaT Vot bed L gyncave

Shaconprising features which are conplinentary to grooves
F5t" the interior of the val ved st opper whereby the

a%truoa‘;io 1ﬁgs asepcluurn?c_:ljé/r aafu{ Xp urgc_?ert hsetopper combination,

associated with the syringe, disposed to be displaced within
said barrel for dislocating fluid thereby; and

providing a valve assembly disposed within said barrel
between said plunger stopper and said distal end to provide a
proximal chamber between the valve assembly and plunger
stopper and a distal chamber between the valve assembly and
said interior surface;

said valve assembly being characterized by:

a valved stopper comprising a distal face and a
hollow, grooved, cylindrical interior which opens
proximally toward said plunger stopper and which
communicates with said plunger stopper via fluid within
the barrel, therebetween, to be displaced as the plunger
stopper is displaced;

said valved stopper further comprising an operable,

normally closed valve, which permits displacement of
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val ved stopper and is displaced as the val ved stopper
i s displaced; said actuator further conprising

webnoasatiesie for sensing inpact between said di seai/uSame 014299
and said interior surface and, upon sensing the
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I nst ng Sal ve as
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fiLLinc the sl otalchapber,ui t0; gosscond Loyt diand.
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SPAL %%xﬂ%? 1n a vol unme of the second |iquid would be
retai in the syringe. 21. The nmethod according to

SLZLQL%%%lzé%g%ya%Bgng%%éﬁ%%xv%hégﬁgfnggsg §8ebfe for
sensing impact between said distal face and said interior
surface and, upon sensing the impact, reactively causes
said valve to open;
installing said valve assembly at a predetermined site in

the barrel of the syringe;
filling the proximal chamber with a predetermined first
liquid;
inserting the plunger and plunger stopper combination to
seal and retain the first liquid in the proximal chamber;
filling the distal chamber with a second liquid; and
distally displacing the plunger and plunger stopper to
sequential dispense first the second liquid from the distal
chamber and then, afterward, to dispense the first liquid from

the proximal chamber.
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upon i npact of the valved stopper with the cl osed
interior surface. 22. The nmethod according to Caim19
wohersaiiosishe first |iquid dispensing step furtReT/US2005/014299
conprises separating gas fromthe second liquid and
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| east one i nternedi ate chanber which is further used
for delivering a sequential series of doses fromthe
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Surf{sxternal surface toward an effluent opening on a path

%S he delivery line to thereby inhibit passage of gas
into the

22. The method according to Claim 19 wherein the first
liquid dispensing step further comprises separating gas from
the second liguid and trapping that gas within a portion of
the proximal chamber where the gas is retained and not

dispensed with the first liquid.

23. The method according to Claim 19 wherein the valve
assembly installing and proximal chamber filling steps are
repeated to form an intermediate chamber which results in
providing a three chamber multi-chamber sequential delivery

syringe.
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vessel is displaced with said internal volunme being in
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Into the smalTer vesse heret hrough to the
delivery Iline.
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25. A method for filtering gas from liquid being
delivered to a delivery line, said method being characterized
by the steps of:

providing a smaller vessel having an external surface
characterized by a series of holes which are sized to pass
liquid at a lower resistance than passing gas through that
external surface toward an effluent opening on a path to the
delivery line to thereby inhibit passage of gas into the
smaller vessel as long as at least one hole is in
communication with liquid;

providing a larger vessel having an internal volume into
which the smaller vessel is displaced with said internal
volume being in communication with said external surface, said
larger vessel further containing fluid which communicates with
said external surface and holes of the smaller vessel, said
fluid comprising a combination of a desired deliverable liquid
and a gas disposed outside the smaller vessel;

priming said smaller vessel with liquid; and

acting to displace fluid from the larger vessel into the
smaller vessel whereby only the desired liquid from said
larger vessel is displaced into the smaller vessel and

therethrough to the delivery line.
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