;edel I Xt"6T}Q -1 BACKGROUND OF THE I NVENTION 5 Field of the Invention:
13 March 2002 glmlﬂmﬂumwmwﬂ» herein relates to valves and connectors) such
as those use 1 liquid flow applications such as intravenous
(1'V) adm nj stratiomsgbé*nedi cati ons. Mdre particularly it relates to

needl el ess val ves for such applicatt®dns. Description of thazRidren 2692 :

There are many“l"ﬂmmmn articularly in the nedical field, where 15 20
guantities of I”lBe INEEDLELESS VAWVE: of the liquid to a liquid

condui t system undgpsest ri ct ed and usual tri | e conditions. A principal

exanple is the adm nistration of nmedication or other liquids to a patient
I ntravenously. Wen the i L | LS, to be conducted at
periodic intervals over agé@gﬁgmgﬁ%?ﬁ F’???r@rh‘]l)ﬁe conventi onal
practige ipgidi@of eemvedtigmt heter into the patient's vein) usually through

the patient's forearm and |leave the catheter in place with a portion
ext endi ng out oThelinveption dereis relatestodalvasdndxtcanngctars asuchl asthpseasever )

the Val ve @A flauRbaod ArRicafichi Suds de: Blavengi (VG AdsRInEHBIBR Ton:
each time ﬁ%ﬁidﬁi@gﬁ?‘t 'KA8cd jaérﬁc@ﬁrlf]‘dim Rigtes’ &0, F@Hle@é&é"@)&hﬂesbﬁo#’ pPai nf ul
to the patient and al so increase the risk of infection each tine the skin

was penet rap@itatibng. nany years, receivers of valves were constructed with a

reseal abl e_25 30_rreg;)r ane, such as a rubber or other elastoneric plug)
stret ¢¥ed QeserRtiame the RAOrA® of the device, closing off the IV fluid

condui t hen | 1o dibTRahg AR HarETaRr i MeOmatilaT ik el
“ physician or nursé woul'd use a convehtiona poderm ¢ syringe'wth a
sterile hygosrtitissoffiqeid mustbemoved fdrparseurdd of thediquiddtees liglidgconaidital | ow

sterile injection of the fluid in the syringe directly into the |iquid
condui t or SYsi@munder prictad andrusiglly §ﬂe|li/ﬁ1@ﬂmeﬁrpﬁﬂ¢i%(ﬁxémmﬁ@ ®east i c

o1 0he. P S SRl o 08 othd s (R B Rl i Fn "
howeves, hindravemBue Usdrflinttfbitivnt ROGS beReaRdlsted Patepéetiddic OhtdrogisPbvér wi th the

hypoderm c needl es eventual | z/ damages the plug sufficiently that it cannot
mai nt ai n t extenged peripdoétimesithe eonveational praetice is 40 insert meathgterdniodthei ver

devi ces arg_f | ]. [ I th ' e || n.5 |ess
devi ces o EafORPYbN, Bl HEBdn i et g o Bl e bRy o5
nedi cat i onpiaaé with 4 élsﬁioﬁae_"ﬁemdln?&[lt tthatpatient18ma whdNeenipating ai a Vake
hypoderm ¢ needl e woul d pierce the rubber plug and not hit_the other
portions ofreceiuer)derperindic eonnastion tothesliquidisouice @saaquired.nihe presensens of
t he pgison _hinself or .herself. To take the appropri amuni _of re, of
cour 580° r egthPaaNe Mo e et REling dFrdRpERL B Geliiieht agtn 56
patients atrhwetRafon & tobE A8mIrsterbdd WHich WBURS 188 B6th paifTul 6 thePatidmt
addition, it was not unconmon for hypoderm c needles to break off' in the

“ pl ug. dur i ngndalseeincreasethetiskiofinfection eachdime the skin waspenateated. beconi ng
| odged in the rpbber plug and requiring the adm nistrator..to take finme to
remove the br ok AT M ¥Ear fEcREers of ialves wes sansuaBd SN A rosediakled  ne
l'oss of 15nimbrahedsuidh dd & Futiter OR 8tHEP @lastdrhenc plugPétidtthéd BetddsitRe irflét
syringe and, of course, not

25 end of the device, closing off the IV fluid conduit. When it was time to administer

medication or other fluid, the physician or nurse would use a conventional
hypodermic syringe with a sterile hypodermic needle which would penetrate the
rubber plug and allow sterile injection of the fluid in the syringe directly into the
liquid conduit or cannula. Upon withdrawal of the hypodermic needle, the elastic

-30  rubber plug would resile and seal itself, maintaining the sterile condition of the
interior of the system.



properly adm nistered to the patient. Such problens were particularly
common in situations where the nedical personnel were required to act very
rapi dly) such as in emergency room and energency. nedi cal adm nistration
settings. 20 The accidental piercing of the skin of the doctor or nurse
raised critical problems. If such ocgurred before adni ni st1@Matgh 2002t he
medi cation to the patient) the nedication, or at |least a portion of it, was

injected into t d ' |y ' h ' f
e e cati on. BT P ertle, okBrdr MAC ol disdaiiges PRARHIET ©
nurse. |f toisrcierotibelplogwith #é Widoderdic feldles slentualy daimddes thewiggto the

patient) the hypoderm c needle could easily be contam nated by the
patient's suffisersly thahibcanaetimgintainithe appropriatei sierile spabl feurtiert sinaethe t i ng
t he patient’ | sease to.the physician qr nurse. il.e this a severe .
ot obl om at VAP REERET dEVissacar el ulleiale e, Plgr € avah Spiflies ofeh ghi y
| nf ect ighus (o4 mdd“/ﬁi%hss_srﬁ?ﬁ 98 dRRfASER. NMhefeflfe i Séisohrhcfrgﬁqrilél.lgﬁh'é #é ON.

The 30 added presence of inféctious diseases wth extrene at es of
nortal ity medication had totakercaze e mamipulating thersysingewsohthas the B odermdc

priority to deyelo nt of devices whic yld elimnate the need for use
bt by porter MESTIRMBDEPIEICR the Fubtier Dy A ap it R GUATALHGNS SIIAREERENE! and
receptors | . | hi s
ype of deus BV S eh e Raht L6l ArRS bl Bl oo TSI RIETS th o
bl unt nozzltake dhérapptdpiata anyqottef cace, refatiuese, Tequired sdmeoperdicd obtichesi gned
to be received into a correspondi ng recejver, attached to the IV line or

ot her ¥ i dherRAMcing thermben RS Raliesls 2 PhYSICAR OFBHISE GOUl) FER/R It @iven
cannula, Wiiidiobfod, [1 48646% 1PRks B} TSR Y hpSRiniE eslickls Hibik

conduit extend ent’ s vel ns. e reCelrvers

. I's inportangffinahé phig duringsdreiefofe ddrinistration of thetiquit tisys usi@lytbecbhting annul a
and |V fluid conduit can be conducted under sterile conditions. Wiile the

"need| el esdodgeshitetpe rHbkenriug apd requiipoghe.administiaipe to takendineg to remove

Needl of ose DRSS REe0 Flindr s ldeiEad s BRI Faiedd RS ool 1 ow
flexibise pldigrbpartion lbf the medicitioh e ctrdiniduR innBe whtinde 80¢, of cdalde, ool | Ng
slit or simlar closeable opening in its exterior end. The interior end of

the plug i Prepemyadminisiesedte theopatentdownst ream end of the canrtula (i.e.

cannul a i 5 made Seorcpiasfrs wBls hEMCARRyiseriEh I Sbdliofs Phers i ey
di spensi ng pkesbrifel WertIRiRIddotadtivery FaStIYE Slich BsRAMEiGErityaboRlaRdt er i or

end of the rubber plug and forces that end inwardly against the distal end
of the canmmergency roedical adminisirationesettingsul a contacts the slit at the end

of th | ug and f,0orces. the,skit. aop sQ.th t he t hen bec S
ol eeve®s D1 s TR AEGPRLPIrbnR e it e St b BE AR el
“EBvent ual | y,prbBrRnts.stiflsueRdodturiete befiste Uadminitmitioni o1 tHRX RRSREEticHOR akés the
interior fluid transfer tube 25 of the di spensing device as the noizle of
t he di spengiatigntdhe medieation, fonat least a portion of it, was injected into the nurse or
doctor, which not only deprived the patient of the medication, but in fact might
be quite harmful to the physician or nurse. If the accident occurred after
25 administration of the fluid to the patient, the hypodermic needle could easily be
contaminated by the patient's blood or other bodily fluid, thus being capable of
transmitting the patient's disease to the physician or nurse. While this was a
severe problem at any time, it became a truly critical problem as various highly
infectious or virulent diseases became more prevalent in the population. The

30 added presence of infectious diseases with extremely high rates of mortality
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into the receiver. Wien this connection is nmade, the fluid can be
transferred fromthe syringe directly into the cannula through which it
flows onto the iV systemin the patient's body. Such opening of the device
is comonly referred to as Nactivation” of the "valve." - 4 - 13 March
2002 Once the fluid'is fully transfedred, the nozzle of the3fasghe2t02ng
device is withdrawn outwardly through the receiver, causing the flexible

plug to reapidh i@ngﬁs\fbrdja§mmsygab@lwoﬁ§§toc@ew@méméﬂ deévicdPapfsh t he

cannula end and returns to its "deactivated" position enclosing the end of
t he cannul wonid aliminate the negadifor Usesebihyphdemnimpeedless devi ces of this type

h i Uus. P Nos. 065, 783 | d 5,549 57 Si |
21 ) Sand i n' publil GIRER (RRSPtYBATS, 2eedieRs, DRI I SCeBIS eV such
devi ces ha&svgj@pge%nwiheffngafg'ag?drgﬁisméhs_Js tﬂa@%es t gﬁ@;gﬁergwe

I ci encl es nost i nportant i t hat
upon dé&act dispenser gndualiyt ladisgringefs tfittednedthl @ bfunt heozzje i ratreerothant faer
fluid dispensi ng devi ce thel_ co%essed lLug, resiles back to its original
posi tion) (HBRIETIERagdie. | Thei Riuat Nazzig,iisidesianed {Q be secrived jinta &

volune, th I | N2t t

cat hoter. FRTESRIE bRl rBenkB Tt Ve or SAET AT Wiffine
patient's vedeier i®hoatallya hellsw asulanéanidie, Whicishefited weehiSer formiigai NS
and can clot, thus preventing flow through the catheter. Wen it conmes tinme -

to adni ni sthe exteaded endiaf theiflddwonduit exianding-iata therratiant's veinst Sterility

adm ni,st ratj f e. fl.uid. nedyi,n t .obl.em requires that the

- cat het@r bg_k@]%e%ﬁgfygﬁsr 'Sr"glﬁgg@ _§° tél%ngfercogglpggﬁwpgro({nﬁﬂ?3yrubg%g? in
" emergency ghhndlhl £V AEldeRduit tanbe BB AIRAEY uhBersefile\beidifiomat | ent on |V
20 suffers some sort of rel agg"or seizure or other critical condition and

medi cat i on nust VWhileitei “needle cancepihastheenwell knawn aod isquitesiemplen t he
b f. h W th | of the. deyi f ' f

cbeence of a5 SUELARGE L PUENEL, UGBV, 6 Uy SO, Rkl 0 o

patient. | BoAREEtRRS Wavd ! fapthe Rfost [batt, %beh%s‘igﬁéiﬂwth%ghﬁm tﬂb%lé’gilt@snur se

and is a disconfort for the 25 patient. In many cases, however) r ertion
i s a pgbobl ahichhfits aveqthe eannulaleod evhich has arsedfrgealing stitof similanstoseablenher e

" AR T o o A B et oo
- signifi Ca”ihé%éﬁn?t\é@él’h Jrﬁlrofttﬁé c%ﬁﬁﬁlﬁ‘%‘.e.ttﬁé@rﬂrl@aaiﬁ Sﬁ%@.tl*\/)’sriesgé te id

patient. 5 March 2002 er forms of connéctors in
coupli ngs thepatierd's atey c Sineitheldarmelanisymbde ascorigidrelongateditube, asthe

of 'F1 exi bl BOZAEAT 48 T sisaneing dion s Ribeg s tha1CeN 5 TousPes thabi ng o
(P B B PG e bR s i P Bl a i
! end of the cannula. The distal end of the cannula contacts the slit at the end of
the plug and forces the slit open, so that the plug then becomes a sleeve as it
is pushed inwardly along the outer surface of the cannula. Eventually, the distal
end of the ¢annula, now being exposed, contacts the interior fluid transfer tube -
25 of the dispensing device as the nozzle of the dispensing device moves further
into the receiver. When this connection is made, the fluid can be transferred
from the syringe directly into the cannula through which it flows onto the IV
system in the patient's body. Such opening of the device is commonly referred

to as “activation” of the “valve.”



a "spike" having a cruciformcross section is used to hold open a fluid
path within the coupling as the two portions of the tubing are joined

t oget her. SUMVARY OF THE I NVENTION 10 I have now i nvented a needl ess val ve
whi ch avoi ds the sugtioning problens of the prior needlel ess devices and
which, in fact, can be structured to4qprovide a positive sel¥dMprchd00g ef f ect
upon deactivation. This device retains all of the favorable aspects of the
needl el ess val v@rieesthemdi@lis Ay itisiskdifed le ABRZIBI GF'tee dipenBmg@slicald on to
the patient) but avoids,all of the detrinmental 15 effects of the prior art
devi ces t hatithdeawn odtwardly theaugh thetreceiverThausing $nflexibleipleg teresiletand | y

I npossible to clag, .is,self purgi t .the end of an adm pistration cycle)
2nd hel ps. EXEAEERLY SInhs ALl ekt RAssER dhercanBua St BN MBI 1 om
the syringgsi-geadiijdibgt g&gﬂohﬂérﬂzt Jﬁﬁ%i}?é bﬁ&tof tﬂ@e‘ﬁaﬂﬁwacﬁith%h?'s?if’agéfr{ emel y
sinple in design and eaSy to construtt and assenble, since 1T consists of
only t Breesafled. eGamplbs afedévicesref thie areshowrin ¢.$. Hatdhtst Nosnt
configurations,_all of ' ' rovide the sane self pugg#e action and

whi ch
Clear 1 | owSREE7 808k and 4 542 Be7 Eoiegekatiat) anddn pubishedd?CH iapslicairemt i on
IS configuhsq\/@@ 9%'71”“]82% gtoorp%giod forces the plug to expand during
not 'p

activation I'n a manner sible with' the prior art 25 devices, which
causes the int eM/hite ot devieks have Warked wellrfor BsMmost/pait athiely Havie bedrif om i t's
rest (deactivated) volunme and opens a flow path through the valve for the

. adni ni st er éaurid to kave grne getious deficiencies hOne ofighedsostampantant isstherfaet i or

vol u retuwrns. to rest. vel une) G I n e fluld flow path and. di spl aci ng
Fesi add ©r MAYprER die o 370 it BB g e bR of ksl B rge IS o

* from the vaispenkinguicd, e 88mprédset dltf%?ésﬁl@@bﬂ@l’(\ﬂﬁﬂi Q@hﬁmﬂ n, @ugini t)
B ni ot er exbrehsing {4 intardal vokwme bach to 8 sieactivaled asiumes thus crealiogra ence

a :

over pr cosuperaacIE e e S 54 afthad e, ThE o ided Siaritdi . -
over pr essurg, | : S ng’ v : i d.
The struct ufRet Wl'ﬁcﬂf@ft%abé\?ﬁé% EH???aﬁerﬁ’t%s Vbhdigs MlodtE 't ' dfdw -into the
non- negative) pressure at all tinmes, 5 preventing any suctioning of blood
from d5pat icathietentwhere #tremdies arat kaneciot, tthus prevedting fluivodbioughothe he
catheter by formatign of clots.n plood.drawn into, jt., I|n a proad

rboai ment CARIST VBRI e i o it 8 Bas Rt isa dht 188 Hdaned ot a
housi ng hawi bkl : i i W thin
t he housi nghﬂ%rtg %Hegglﬁﬁsodv?ér@f‘lg% g?ﬁﬁﬁﬁh%gﬁd\ﬁ‘. tﬁ?ﬁfétak@bhcggg? RSObgn rﬁ%{’/ea | e

al ong t he that thé@athetehiné cleanpd wy repiacexs pbhisof courassista majarfprablidnuind
supply nozzle into tR& I.nl et end nmovi ng@i n one directi %n al on

] d
cogper ati n§FORNPNE glirns, whetherigan DERRNGSO0M PhY pﬂtaepg@qnat?m Me plug
and opgn asﬁh&%ﬂsﬁrﬁ%ﬁaﬁfbﬁ%@&%ﬁﬁ IEaiEDFe orbtREr ér‘ilféeapl#%d?ﬁor?ﬁﬁa ’rw@dlgaﬂl

response to wt t supply nozz mthe 1 nlet end noving
i n an opposnust bei adroinistereal thngugintheclvopithautidetay Elen firetheoabsenakecfaase t he

. volume of 15 the plug interior, .close the fluid_flow path tween the inlet
and out | et SSMRFICHW gaﬂ@é!eﬁe‘é‘ltm{élw Iqﬁitgeié‘ﬁ“t’% for glga !ﬂgnoth%é lled

from.the V%g@i 44 it 9Ret | g%éq‘?fenﬂ%ia%)’é?n?é}%&ﬁftg ?g?a%rt]%ﬁgggh r@afn%q ?rgle

I nvention involves a nee ss' val aving a a prox
end, and caitpatiensthis dtdeastdeqpves theatimehsf #Aursecandrid a distomnidricfonhe si ng a
connector for, fluid conmunication attachnent, tq a .
25 patient. In many cases, however, reinsertion is a problem that requires a
doctor's intervention, as for instance where an new acceptable insertion site is
difficult to find or the patient does not tolerate needle insertions well. Thus
reinsertion presents a significant cost event for the medical team and

subsequently for the patient.



fluid flow tube, a solid elongated fluid channeling rod extending froma
proxi mal end joined to the base to a distal end, and a fluid flow conduit
formed in the base and extendi ng through the connector into the proxinal
end of the rod and disposed for the fluid conmunication with the tube; a
flexible plug having a wall form ng aghollow 25 interior bosin@esh 002an
inward facing surface; the plug fitting over the rod, being sealingly

attached to the &as il GRIGMCERIE APhEeALRARY lBIAhae ST ags et

-activated position and a Secon I'va posi

activated prisddel Ay hage cothpdriehtsalvithindhé Rouplintintended @ aldithé filiidefldvat er i or
having a first |arger volune, with the Fﬂéékpm thdrawn fromthe distal end

of the rod,conduit open against e tamensyccfifiaxpla sleeres attaghegatononéosdld t he
interi | t.h X .in,th i vat ed. it t I
boi ng. i n o SBEHEARAS FRPIeCBind 16, SPmr et od oM MY i funstt (A% Pe
di stal gnd I?Eiech\fl‘\g)réllrﬁﬂlecig%% shyu@!aq:aqéﬁgNand,dsz?Mq Beliottl 8vaD3hwiieh ng

n
bl ocked by of the plug; and a tubul ar housing fitting over the
pl ug 5 and a'spitelinayirg aancifoun drossasection isofisesttiocholdibpen adlukhpathwithin  at
the distal end the housjng having an, el angated r.ecei,ver for releasable
fluid commifiPcabping Pdheiwgpastons apetuble areiped toeetes, the recei ver
configured to guide novenent of the nozzle along the receiver into contact
with the plug, the plug noving between the first and the second positions
in response to novenent of SUMMARYOF MHEINVENTIONozzI e; such that

novenment of the plug fromthe first émﬁition to the second position in
respont® to i nsdrNA¥R NAW tiRkened 2 nqadiess yalve. Wi Aveilssthey stRtionga and

*th I t t O L i i i I
and bpen t RCBRRIRS Ge ol hRRHRIGETUCS FREWhRR! FRRE: LA o ifichiteditg! U
subsequent provideenposifivé belf{plurgingreffect bpos deaotivation. tThis devicetretdins all

position in response to withdrawal of the nozzle 15 fromthe receiver
causi ng t heofpthggfaveralle; agpegte afbe; ngedieless walvansysiemider agtivatian 88dng t he

val To t i Ny : . e g
causi ng t nerniiEpotfe, HedBafah 1F HEHARE Sihvnidt Bl S TRERA"
the te. |dffediobtthe pritkatideRitesthat doeuealingdedctivationPThe present gdviter a
needl el ess val ve conprising a solid el ongated core having a proxi mal end

~and a di st d8 Widalbhimpassikieitacleg, ispiribrurang @Y theiendr off an@gministationon

coani al r/ SIS aGIgS Snbll: e SThaBfp) o of fle maticafén fusheiaRpi e
uni form wi dhb syfingd@® adriisted intpe meiens The devicaiigalso extieneglpBimplgousl| y
varying widths so that their ed%ed formstraight or curved snooth tapers,

or have di dpdiesignend sasytoyeonptiviciand assemiies sinpeiit cansists of @nly #iree2s or

orm o diehe Jhe e Rl e e S SRASh R o, & of
‘encircli ng hienr prbvidsiding samle SeFipugPgoBci 4y Ao RoR et fonshe

descriptions of the various forns of e conponents will be set forth
bel ow. 13administerssbliqukl EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a

oo v oot the device of this i . e JurE S
Cormonent s ¢ her eBfe SRSie $hhiipkealidl’s EPHTRS o WakA oatg 8ot e v geo
sectional vpiay toeéRiardduling attivafdn in QUirRinker notipddsdIe with the Pﬂbaaaed

sectional view taken on Liné 3-3 of Figure 1; Figure 4 is an enlarged
secti o2l vdeviceswdnchcauses the interorry of theiplug to Bcrease sihstantially vi ew

o6 of Fi ouiemais 16 iesbivas) i ang oder A HEM SRR R Sor ' "
Figures 2, tﬁeadﬂi'niﬂi#&\%amﬂm? ﬁﬁoﬁ&é&&hﬂaﬁgn!tﬁbyﬂ: f@sﬁlé@'an&iitg;iﬁtgri?r Irt_ﬁuﬁ‘aleVi ew

simlar to Figure 7, th the valve opened by attachment o typi cal
Luer - Lok coretemisdo; rebt yolume dlasing the fluidhiiow patiwandidisplaeingi residuad fluid

Fi 7. Figul 10 | i Y k I 0-1 f, Fi L 8, 15
Foure 11 1 WiBndEe vl o Peh e esidst fuidls Sxesled som-Mg yavg thieudliif 15 i 2
a_per sgget détiet iRty tRé dBWrRtreSHT@rd(R &R biRIMg e V416& ahiPrddiotifg use

conponent ;




 Figure 13 is a sectional viewsimlar to Figure 7 showing the alternative
val ve conponent in closed position; 20 Figure 14 is a sectional view taken
on Line 14-14 of Figure 13; Figure 15 is a viewsimlar to Figure 13

show ng the val ve conponent opened by insertion of a Luer co @fﬁto @B
Figure 16 is a sectional view taken on Line 16-16 of Figure 1 &&?

is a perspective view illustrating anothgr enbodi nent of a 25 central rod
of the present invention. DETAILED DESCRI PTI ON AND PREFERRED ENMBQODI MENTS
The device is best understood by reference to the drawi ngs. For the

D B e ool BRSS! Mhd RuPRlstBy. hlg, R, adiicle OO SRRS sRbredtd Seiklalls N L1
oy Bt ArYhed O Qi) Barlial Tt It Valvennd it Tatt L srallytytated 2 ransient
S sant | aRRTRaRSUTE. Whishiqiu acgitst murda.ts Vave oY reditifay YRl Toatstiviure

Figure 8 byht&endihtaiMsadithera SebitvePst Rasfal (a@d néﬁ’-n@ aNRStpresdlire abiallitindéd, Y
the terns "distal” and "proximal" w || be used resgec e@Ito t he patient

5 or ot Rer Rre¥entingr amsgewcwm of P@Qﬁ’p@?’?"earﬁ?’é‘ﬁﬂt mto e ecathetgr.sihus
SOmet i mes ré?fo‘ﬁﬁﬁ%glopglng%f&ﬁ?cﬁhé&? éWﬂ éﬁ%l&%@oﬂawaiﬂv@fﬂtﬁﬁd i's also

sonetines referr I’OXI I nent e overall
device 2 is shownd hroladgamlaodimeabpm mveutlcbmtrwotvas@eneaﬂiqiewemlse camptising 4,

Dl 56 be- sedhtUbhidbholiod Havilg £ fliBihiet €5 UhER My 8Lodt o, 8 sclid o Bih R
connects t Hmuiing‘ @advd holldvihélesiblel plud wothirt thei hmgasmg and thoveab®, alosg dhe yod,

hrough as te connector 94, as | | ustrated in Figure 8; radi al

anedigs BB NdloucFRass deshonse.to Resmiat i Sdhey Aeesle Hitodnt 3t zna
el ongat ed rfgviad lw\bh@hnre@tﬁanvmb:hg BRd despsera whﬁ'tl@éfvrodJibQﬁ@rreaE@mé/Wélbmbhﬁ
plug 6 to provide 15 the unique and desirable operating features of the

present i nviBAtMEHor afidenlug agd ipRen 2 fd fiomgpath hedwears theinjed Apdudleheads,
m d-sect i Ona m%b;ﬁ&h%slﬁ%lfﬁﬂré\ﬁél%? thﬁ?l@ldastﬁ)ﬁﬂff hSEALEbANthE el 8hd fridvfhg in

bel | ows, at t stal end cioseable slit or simlar opem ng
22. The houm ApPaSiteatirestion alongi antkeeapasxiinmwith the sed tq)ﬁeqagiseathﬁomjumﬁgafn ng

26 whi cf, %&l;ﬂe aﬁtgﬁapléfo dé theP RSy 3&9 bhnﬁeérgg{wﬁhéet%@stogp&@%@d%gﬂgf

device as a sin a receiving port

whi ch can bceauserrémguale‘wldam thedlow pathhtotbier exptdle@ Irano thevalveithrouglo theeopltatdi ng
t hr eads of %am{i qui d di spenser to couple the two together. Figures 2, 3 and
4 show respectively the housing 8, plug 6 and base 4 in cross-section to
facilitate underist amiheug bdad beibodppentat theniventiorf imaivesna. né&ilél‘esssivdmei ng

first Figur eavlllng a glsta S'e(?ld4ar|1 af ;(;)rrogll:"n?alchndI haenda]::grg'ngﬁgl%laoggge Cdo su osed at the
20 proximal end and comprising a connector for fluid communication attachment to a

fluid flow tube, a solid elongated fluid channeling rod extending from a proximal end

joined to the base to a distal end, and a fluid flow conduit formed in the base and

extending through the connector into the proximal end of the rod and disposed for

the fluid communication with the tube; a flexible plug having a wall forming a hollow

25 interior bounded by an inward facing surface; the plug fitting over the rod, being
sealingly attached to the base and being moveable along the rod between a first

activated position and a second deactivated position; in the first activated position

the rod maintaining the plug in a form with the interior having a first larger volume,

with the plug withdrawn from the distal end of the rod, and



- 10) flange 12 and rod 14. As will be seen fromFigure 4, the coupler 10 is
has ' an annular formwith its inner wall 34 formed into threads or ribs 36
toallowit to be attached to a correspondi ng threaded end of coupler such

as 94 as will be described below Centrally disposed within t@ﬁYl Fg%ﬁ?
shaped coupler 10 is a 30 holl ow tapered_cylinder 40 which h ow
channel 38 extending through it. 13 theh 2002 Cylinder 40 is an
extension of the flange 12 and rod 14 so that it will be desirable for the
entire base unit to be nolded as a single piece of rigid nmaterial, comonly
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cyl i nde® 4@nsk§¥aadingdrony Sﬁldo%ﬁtﬁbﬁnérﬂﬁ sgfd Y@hée th§é'dlhﬁsﬁaét the distad ei"ﬁlstB?t i on
into th

for Cexanpl &/0Eig AlviRg ah dlohgtied 18CAIGE, OF reactie ROUPLAURICERG reeaofbh.
to which thf aatozele| ef adfluiéd seurcecithe, resew,er eenfigured to @viigs mayemana ofttbe age)
t est ‘

ot o B s 366 BEerhd AATRABHEL M JFE TATIRE o) RIS b8leen he .
f | exi bl e ndirstr and ,theiseabhy pasitiohddn respcmspo’doynmwemeat a{standmontacn ftdrm the

enbodi nt sho L ug has f.l.ange 16 i C as .a flat base al | ow
Ctvo oBa: g s et oveiterd of R Plio Jort e i Basfion 5™ Sk d bailen 12
on the baseinl:@spmeaqurertmsh bf e Bszzle fdlthe retbrRerBatsing the ol ark e Bing 18
may be scored with groves 58 on the interior and exterior to permt

bel | owi ng dP %Pﬁefratb?t? expandrfe plug ard insraassihg interier yolumge aad opepthe ¥alwe and
moved post apitRid Hovd Betwkkn tha%wc,%t érRﬁtheétﬁbé’eaﬂd édﬂsaaﬁérﬁtn%béntbrﬁ'ogmeeplﬁg
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past theg titn bpfbxirAateRcuriRfmeduter didfensiod FrevviRd ploint& &ndWalthe tlkeal do

o
sections 18 \l@ﬁ; ato accommpdat e t he openi ng and subsequent cl osing of
slit 22 in Q’H’e”&ﬁ §‘?rﬁlhaé’ﬂw 3 plugglily Pf)@%‘éﬁ'§*Psﬁﬁtﬂﬂﬂlﬂggo‘ﬁwat4%thgfﬁﬁ% when t he
unit is deactivaggd. mg’ta@fbenﬂaga vitkPa Uniforrd idinl Lo BeatTniPleiidhabd bgds die
interior side of the plug ange whi ch assi'sts In
causi ng t hestegight, with contirigausty vamnggmdwsm that tharraedquefgsmrséralgbt or euevgel

d d T
Sur 9 Seockhaah @Bers THE ARV SkAShByboR vahyh Bt Beleralodsl 35k Sy
thus | &ki noy masksteps ®ventheolengihoof, edoh rits Ibeste erhbodiment, g uibe derfibate 8.

The i nner rtion o ng.,kin 6 aof h in is.configured with a
gener a1y SBrerad) e SEiafein 3ofoanplBh Fise cnEnEMBERE" of whi oh
arekcom‘1 16 gu{’/ﬁd t Additioredimedtures toheth@ctmvampnrutb n@gb@@deié’nmmﬂslc;ffth@étvaﬂlogs f
gasket en e connectln r seat ed agai nst the fl ange o]
base 4) prépﬂpﬁﬂ} %@#Bb%%% Bﬁpw which rib 78 fits, and 15 the
two are seal ed together as by a conventional adhesive or by heat,
ultrasonic or RF welding, the flange 16 of the plug 6 is firmy held

agai nst the flange 12 so that the plug cannot be displaced, and also to
provide a firm base for subsequent return or resiling of the plug 6 upon
deactivation. The interior of section 24 of the housing 8 is configured to
have a 20 substantially greater dianmeter than the deactivated rest dianeter
of section 18 . of the plug 6, as indicated in Figure 7, creating an
annul ar space 80 into which the portion 18 can expand as it is conpressed
to formthe generally bell owed configuration shown in Figure 8. The rod 14
can have a nunber of different configurations, all of which are



25 intended to cause the plug 6 to expand outwardly during activation) thus
creating the expansion of the elastic plug and increase of its interior

vol une, so that the plug 6 upon deactivation will return or resile
inwardly, decreasing its interior volune and thereby purging fluid fromthe
fluid fl ow space 82 along the rod 148 The rod 14 can be genarnarcl 20escri bed
as having a solid core 84 which 30 termnates in_a blunt or rounded tip 64

and whi ch has ext endi ngBRYEF HEJCRIPTON Qi THE BBAWINGSar di y t herefrom a
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whi ch the w dt hFigarey5 isa isketioral view takes on binel®-Sdefigate 4uously, the

wi dths increase fromdistal to proximl ends, so that no recess or shoul der
is formed upon VHgule & isasertienaliview takemn @i Line &6 ofifiowied wal | coul d

becone snagged, eqat. | - 1. NG i L4 h | upon
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be unduly angul arugra@lg LA SeLBondTVRAR tdIRH b umeog-gtdsmgh@wpon

deactivation. 20 There may be any conveni ent nunber of ribs and they may be
di sposed at any Rigudier tQ isoa isgatienal view takencon binget0-d0@firigurecS;ci r cunf er ence

f thesod 14, : L1y th i | | d 19.b | h ib
86, prdt orably JWard )1 18 S gacuenal e ke on LB 1314 Fowedfer (o ensure
that the el asti Fighted1Pid & pié?%d?c}?ibé@iév@of Qg Bl reditvecerRBo@imeitiiffiRkibié ©

. volunme. Typically there w |l our 25 ribs 86 in a cruciform shape as

i ndi cat ed ivalv@ ¢campen@ntand 10; al t hough a | arger nunber of ribs, such as
ei ght. as shown in Figure 5, | so be used._.lt i | so ssi bl e) .and

Gsaal 1y prof er'r ddaute s, 3 saPhond ol Simiire Fiawre 2sBoRtnd e akebhve e
sane rod 14hneSchmpdabhtintdoddy Foditiees 1 and 5, where the added ribs 86

are interspersed between the principal cruciformribs 86 but are
foresi2ft ened i Figoreak4 id alsentional aiaw takemneh tinet t441¢ of Higuresid,ar as t he

| engt h of the widest ? ction of . 1?&% Mar ch, 2002. each ri b 86. The :ildded
i ba help supportauiee TS aniel STt FioUihd 3 saouing thRorelpe Eomponen
unsuppor t el ) ims8HidM6f ABLEr édithei®@apyon i ncreases and the wal |

t hi ckness i s thinned by stretching. Gven the snall size of the device and
the desire to nibiguiezts isha sectionallviewtaken on Line té116i afdrigdret 1t ei ght to

t ibs 5 .obably th i my .act i cal nmb ith fol '
eight ribs bei nd BN d7 1S BRRsPeRtiverviay Hstatig, ARoter \RIBROFIIENS oA t en
and grﬁtercehﬂ‘lﬁrrédamtﬁéeﬂ)&@eﬁpﬁ%m&. Use of an even nunber of ribs as

shown 1n the i1llustrations Is preferred since it is easier to nold
symmetrical ribs equally spaced than to nold an asymmetric configuration as

woul d be present_ W r af rj r nber of

wi dt h steps may #@MﬁﬂD%%@gg&?@m#ﬁéﬁﬁéﬁﬁéaﬂdM%ﬁgh agai n the
smal | size of t ' ty Indat @t ¢ i ByriRe of
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- al'ternati vepurpbses of descfiptidre heteig, the follstvivg) cenvéntions & directionl &illlbe | n
this enbodiment, the plug 6' is configured with an erBand d downstream 15
sect i.0i 18'maiAtained Fhedamns.(yRstieap” Ands downstrgam” il ag vilrespectio the
configuration described above. The section 18 nmay be sonmewhat bul bous or
it may approxi mately conformto the shape of the rod 14 (shown in these
Figures with an alternative formof the ribs designated as 86"), with the
plug 6' having conform ng hollow ribs 88. The operation of this alternative
plug 6' is illustrated 20 in Figures 13 and 15. In the deactivated state,
shown in Figure 13, the plug is



~essentially in the shape shown in Figures 12 and 14. Upon activation by the

nozzle 90 of a liquid dispenser) the bul bous section 18 wth ribs 88
expands outwardly (as shown in Figures 15 and 16) into space 80 and | eaves
an enl arged open space 92 between thegtrod 14 and the interior wall surface
of the plug 6'. 25 Upon deactivation®he plug 6' resiles on3inarémpeEd to
return to the confiqurat.,ion, sho in Figure 13. It wi.ll be evident to those
ski Il ed i nneRRakdiredion o i Howdunng administiopaisredisaionar shesiauist t ne
plug 6 oth ' ' i ' ' exp | of
Phe pl ug. agiiopdifhe 0abe B ufe praenfihybhion B 2 BaHEnco LBt e/ BIPHHIS R

gui de the mdicstedantFiges 8ibyaheffldwarwsdb® (ihsteantasml 62 (dbwnstrea)or
vol une to -14 13 March 2002 produce the unique sel f-purging effect
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attached to a Luer LokTM coupler 94. Coupler 94 is formed with a hollow
cyl i ndri carefetreddotasrthegrakimal end: ends into the recess 98 inside coupler 10

S, T bRt Rl e ARl b
ot on- i { RUORTR, SRRRNE- 4 Baadll B Hd noie o TRa TG MR s
t he cdOnecobeadh dfthe yransdimaydalsd besstanh innfigutehd. rdeebas® @ ddresistylofreder 40
- TTui a. At EPRRETOEN] WAIEHCRYIecRR 1o de i s BBk OB soRdwE ARt wi t h
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of the tapflange 42| whithrsetesasageanf attacbent of the plug fiadind ieelndatds of
cylinder 40 and the opposing surface 108 on the interior of connector 96

are cl osgl Joddf yettieh, as wllihe desafibedielowagoqnasataswith Q@NH@@AI&BWQV% i s
(o c s o : A : Al
Ty ofer Yo HABURCHd B86itnc BpeiigRafliret dt tnd BleSehl Miehfionart ) Cae” ©"

desired. In the Tmtma%mﬁs HEGating dgarket 06 cdMPressblaimid-cactnp s whickend a
ni pple 112 to which the conventional tubing 48 is attached. The tubing is

normal |y stusualhiids intg s sanfigaration similapntaa bellowscandth At thedistakend) 208 i s

of the-t by SHESBRYE it or Bitplt oo 22, Thbiilsa & Aas G daffies no™
tubing 48 RPahsienPoridn 24! hariplihg FiRG 26 WhicA, dding hssérBlyeid Bosdat ey n t hat
the tubing 48 may separate fromthe nipple 112, a conventional external

cl anp 20not thBarge A2yjo Frtajn theadevigerama single unit andrRdeepivingRortior 28ueg 48
e ! U S AIEh Sl COMtebifd 4 B0 PR S2 M6 Sa et on
corresponding threads of a liquid dispenser to couple the two together.
Figures 2, 3 and 4 show respectively the housing 8, plug 6 and base 4 in
cross-section to facilitate understanding of their operations and functions.
25 Considering first Figure 4, the base 4 is formed of the aforementioned coupler
10, flange 12 and rod 14. As will be seen from Figure 4, the coupler 10 is has
an annular form with its inner wall 34 formed into threads or ribs 36 to allow it to
be attached to a corresponding threaded end of coupler such as 94 as will be
described below. Centrally disposed within the annular shaped coupler 10 is a
30  hollow tapered cylinder 40 which has fluid flow channel 38 extending through it.



- 15 - 13 March 2002 adhesives or solvents may be used to secure the tubing
and ni ppl e together. The sol vents or adhesives nust be sel ected such that
they do not intrude into the fluid flow path of the device or mgrate to
cause unwant ed adhesgi on el sewhere in the device. 5 Activation and
deactivation of the valve 2 will be_hgst understood by conmpamasem2002 Fi gure
7 and 8. The device in its deactivated configuration is shown in Figure 7,

. Wth the pl T j j olal QUL pOSes
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ribs 86. Wth the plug 6 thus retracted, theliquid can 10 flowireely from
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t he openin and into e conduits 46, 42 and on t hrough the
channéd§ 14@ntbof plugiteisrsgopred.112 and into the interior 142 of tubing 48,

nd b | h i i . .B he |i id
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90, this activated configuration Is stable and can be 20 maintained Tor as
| ong as t hdlexhfeldwracompresseasoextensivelyuas secliarhd8. t Bothahei expansiarpandi ng
the liquid. It can al so, of urse, be maintaj ned fqr an, extended i od of
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or 25 receiver. In prior art devices) the flexible plug nerely slid al ong

t he outside of the tubular cannula. Since the cannula had a uniform

di aneter, the plug remained strongly conpressed over substantially all of

its length, being stretched or expanded only at the distal tip, and then
only by the m nimal anount necessary



30 to open the end slit and allow the end of the hollow cannula to
protrude into the ,.17 13 March 2002 nozzle of the fluid dispensing
device. As the nozzle of the dispensing device was subsequently w thdrawn
and the plug allowed to resile back Lp the distal direction along the outer
surface of the cannula and cl osed over the open end of the1gamH 2002
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into the cepaning awdisdbsagaéntyclesingi 6ft slite2nvmotre distdlrerRRRD 4Hd Y@ nesist bl ood.
The bl ood thus retained in the cannula would thereafter often congeal and '
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fluid remaining W e val ve upon deact I vat orces It to be
expel Hed t bs desh shoevrein Figuresdl and 8.n Thddnheoportd ofheoupdiigl fimg 26f of he
plug wall often creates a transient ov?rpressure vvhi10h | s0, assists jn
" eéxpul si on BPUSIRG & issGaniigured with a generally semicirgular cnaape) 40 incerparataghck t o
its rest c I Chb e t .
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open cannuf2.andiip 2hdf daskét 16:sWherothel stnnecting sieg 20visrsedited ajaipstitted of
rod 14 and slit 25 22 closes before the decrease in interior_volunme, and
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pressur e- CpoeRF weldingg tieé flange fi6 ol thelpugEeisifermivheld igaitist e fahggulesd. As
the nozzle 90 is withdrawn fromthe receiver, section 18 of 1. - 18 - 13
Mar ch 2002thst the Bluginasnohbe displacednaed alserip péadde a figndasa Jorudiseguest ched

and expand ] j f 14. hegins to resile and return
_ toward the?%gﬁygéﬁér%ﬁ%%ﬁz‘ﬁggmﬁgisn"r'é—lf%gé‘r%elct%ét'?'ﬁi s causes the space 82 to be
cl osed, conpl et ghe Riteriordef adttien |24 ofitie AHdusingBdiswbbnfigured techave ma t hat
space is thus 5 forced through openi ntgs 146 into conduit 46 and on through
ni

t o colBui t substantiglly grmatendiametesinan; thesleastivateddpsdiameteref agation i ng

no signifi t t fluigr i Ny NQ . i | dent
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operation tHepBFridh 18/canxpairas e E6mpréssear tof fothahe generallyt béllowed
deactivated position has no effect on the interior volume of the 10

cannul a, scaBgunation shewninikigHe8. of a rigid plastic or simlar material

and - - therefo i t defor r fr :
liquid remaini ngﬁer{zgﬁg q.a?h 'gé)Yé;;g'g%eﬁg?gg%hﬁtgo@géﬁ%ﬁ o‘géél.%luorf&nﬂé%ér%ehe
returpsof {fendédtb éause theGhag bity aksshdPestwardly dutifg tadtvations thuls dreating | on,
by contrast, the resiling or return o
the expansion of the elastic plug and increase of its interior volume, so that the
plug 6 upon deactivation will return or resile inwardly, decreasing its interior
volume and thereby purging fluid from the fluid flow space 82 along the rod 14.
The rod 14 can be generally described as having a solid core 84 which

30 terminates in a blunt or rounded tip 64 and which has extending radially



of the plug to its deactivated position forces the remaining fluid in the

" valve ' 15 downstreamto the receiver or patient. In npst cases) the return

and closing action of the plug 6 (or 6') will be adequately acconpli shed
entirely by the residiency of the elastic material formng the plug, such
that no outside biasing or urging oflZe plug is necessary43peyend2 if
desired, one could supplenent the normal resiliency of plug 6 by, 20 during
assenbl y odutwardlyethiecefromia plunality lof ribgifie (8@ pethapsralsa86t). gHwe tibg 86uch as
ni trogen or argon, preferapl nder pressure. Thus, as the device is
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gener at i ngalsotusablé, aithougheslygorscot less tyamkix, ahdtgrebablyildss thareefghtced
into the receiver or tient. This not only keeps the val ve from bei ng

cl ogged bys'FC’EFﬁ‘ auid pfRbabivthe avoided ings thémiavehe nehly angyiarancptesds ur es
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evident t ﬂbwh%? n\b%ﬁﬁyp gﬁg r\fhlgﬁe%i‘@egqféé"éf le%TsP&{reé*ﬁpé .abnpge?{aﬂérbﬁaﬁﬁ%fa

areas, such as admnis catirons or nutrieh t he

gastroi nt espaced atW20efrovh eachadthentin drileatsenbae thab yhe etasticyplag deist he
- nmedical field) such as adm nistration of small quantities of |iquid
react ant s Sireteheg i farm a spaes e of agpraprigte yelume. of Yrigallycthere udll ba dour
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Q her usesnumper offibs] suph e gightdsd sheiry irFigure 5, may also be used. It is also
possible, and usually preferred, to have different numbers and lengths of ribs on
the same rod 14, as illustrated in Figures 1 and 5, where the added ribs 86’ are
interspersed between the principal cruciform ribs 86 but are foreshortened in

30 axial length and extend distally only as far as the length of the widest section of



1 - 20 - 13 March 2002 standard fluids for calibration of test instrunments
or for conducting hydraulic or other fluid flow experinents or small scale
production processes. It will be evident to those skilled in the art that
there are numerous enbodi nents of the _present invention which) while not
expressly described 5 above, are cledﬁry wi thin the scope apduskhbbbeof the
I nvention. The above description is therefore intended to be exenplary only

and the scdfchoib8fe The addedsibshelp suppaditbe extendedoplugywall and pireventpended

[ . - - . dl el |
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outlet end wthin said housing an ng expander means extendi ng

t her ef rom) thedesiteotol roaximize ithe Bowl ahgnwetshitris sensideradsihag etghetd témgibsai d
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val ve through said outlet end. 2. A needleless valve as in claim1 further

© conpri si ng Mafe attbaugl pgginghe sallaize otthie devicedgcts as a practical imitatien an

expander LS| lLurality of.laongi tudinal .ribs extending
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in said interiorAyalteifaties @mbbdimkHt SRREPARES id)sheWh ab & i FRiurdohgs, 3. A
needl el ess valve as in claim2 wherein the distance a rib 25 extends
outwardl y flndhissembasiiment;dhe qduaGeis corfigurad twithoain sxpandet. downstream
needl ¢}/ ess val.ve .as in.claim3 wherein the distgnces .qf oqutward extent of
caid 1 vaseton S8 whiksc bRl erfates gktion: L& op in M g8afiogtatisn

" needl el ess de¥criBedSabéve:! aTAE SsediRhety 5@8&@:&@%&%%&%&@& #xhapt of
said rib varies discontinuously over the I'ength of said rib. 6. A~

needl el ess approximately coofarmicztheshaperofdbeped 44 {ghown in these Figureswithng

?djzgc_ena:))sal\?iﬂfl @&g%tyeepogn{ of ?heh Or{blsoglvegsggtle%r am)e.rwﬁﬁ%écplalha 96'3l?a\ﬁﬁigd rod.

conforming hollow ribs 88. The operation of this alternative plug 6’ is illustrated

20 in Figures 13 and 15. In the deactivated state, shown in Figure 13, the plug is
essentially in the shape shown in Figures 12 and 14. Upon activation by the
nozzle 90 of a liquid dispenser, the bulbous section 18' with ribs 88 expands
outwardly (as shown in Figures 15 and 16) into space 80 and leaves an enlarged
open space 92 between the rod 14 and the interior wall surface of the plug 6'.

25 Upon deactivation the plug 6' resiles or is caused to return to the configuration
shown in Figure 13. '

It will be evident to those skilled in the art that there are, of course, other
configurations of the plug 6 other than that of 6, which will provide equivalent
expansion of the plug and increase of its interior volume during activation, and

30 guide the subsequent resiling of the plug and decrease of its interior volume to



7. A needl el ess val ve having a distal end and a proxi mal end, and

" conprising: a base disposed at said proxinmal end and conprising a connector
for fluid conmmunication attachnent to a fluid flow tube, a solid el ongated
fluid 5 channeling rrod extending froma proxinmal end joined to said base to
a distal end, and a*fluid flow condul4-fornmed in said base 13\gaexb6eE N

t hrough said connector into said proxinmal end of said rod and di sposed for
sai d fl ui dprogfurentheatiniquevéeiparjing tefleet presdntxinbthe ¢lhinged aevive. a Ivwg! |
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to wthdrawal of said nozzle fromsaid receiver causi-ng said plug to resile
and sdbPd i Relvenbadhesiveras showe abQ¢€dn Figweil®y said valve to said fluid -

causi ng sai d r cEretearol P R bEfher Baisfef ey i b AnBROnR 45 U°
into .said guéiethat thehend 06 of @?ﬁ\déﬁhﬂ%.n‘afthé Bppbsingsdrface 1108 bntRERiteddMg sai d
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- saidrib. 10. A needleless valve as in claim9 wherein the distances of
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15 11. A needl el ess, valve.as in claim9 erein.the di c f outward
extent of SERSATEATME 135 chipratat R e R bR RN BRRE T2 % whi ™ 1.
A needl el egse ¥ghventivhal tibigadSlistatiaehbd € TheQdbinySé RBrAallydstrdteRed Slightly
term nating adjacent said outlet end in a hollow annul ar nmenber encircling

sai d rod. @s.indicatashatl 4 sovthat/theatubing 484s retaingdeor ithe sipple dddpger the on
bet id rod.and.sai d _pl. id plug interior .d ' | 25
oreat 23 a epaioliatRh oI Siable hedeody of it oo Brelthd ingPAEleTER S pAliRg o a o
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valve as in claim7 wherein said exible plug is forned of a resilient

mat eri al . gteresis sonesrdl that thevtubing 48 maycsepanate fftaro Hbe nipple i192n@ an
interior surface.of said housing agjacent said proxinma end formng a
chanber suFPBWW'sﬁmr?%d clarﬁpz%& fé‘%ﬁcﬁ‘%boée aﬂhcﬁgp@fﬂ"ga] ﬂ]e said
plug, said ﬂﬁtﬁ i f4i A I i sai d
plug into gg? C gﬁ@iPpggﬁgEtﬁggﬁ%bgggﬁgﬁeﬁ#ﬁggézﬂagg31ga| co&%ﬁgéggd gas
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interior volume. 5 16. A needleless valve as in claim7 wherein said plug
conpri ses an expanded proxi mal section which upon activation enhances the
degree of expansion of said.interior volume. 10 17. A rod for a needl el ess
val ve conprising an elongated solid core having a proximal end and a distal
- end and having an approxi mately uni form outer dinension fromthe proxi nal
end to the distal end, the core having a plurality of coaxial ribs

extendi ng outwardly therefrom 15 18. A rod for needl el ess valve as in
Claim 17 wherein the distance



,arib extends outwardly fromsaid core varies continuously over the length
of said rib. 19. Arod for a needleless valve as in Caim1l7 wherein the 20
distance a rib extends outwardly from said core varies discontinuously over
the length of said rib. 20. Arod for _a needleless valve as in claim17
wherein the ribs terninate at the prd®i‘mal end of the rod 1<) I\ﬁarﬁﬁ’hb@’\/

annul ar rrenber 25 encircling the rod. .Ar.AY,. A3F, . A Y .An.
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eF; 0 10-horLee! Withinva ogliiader -180. TTwkpiston 131w/mao)pulated«wme3%
axx¥: 0 10, %lror%rsé Ls md1 cated(b?y the arrow 50 to force the liquid forward. Such use and
operation of the fluid dispensing device 116 are conventional and need not be
described further. Similarly, such devices may take many different forms, all of
which are equally applicable to the present invention.

25 As the coupler 118 is moved forward (as indicated by the arrow 134) by
interaction of the threads 32 and 112, the tapered nozzle 90 interacts with the
inner surface 136 of the receiver section 126 of the housing to create a wedging
action similar to that described above between the connectors 94 and 10, thus
forming a mechanically tight connection. Simultaneously the front end 138 of

30  coupler 118 comes into contact with distal end surface 20 of plug 6 and forces
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10" 300 hi2d g e el e st b bhssaa dvaraid
JHIE=_@  around the tip 64, as best illustrated in Figure 11. The compressive movement
of the rest of the plug 6 caused by the forward motion of the nozzle 90 causes
5 the other portions of the plug 6 to move along corresponding sections of the rod
14 and ribs 86 (and 86', if present), thus forcing the wall of the plug 6 to be
stretched and expanded outwardly, substantially increasing the interior volume
of the plug 6 and creating the space 82 through which the fluid can flow along
the surfaces of rod 14 and ribs 86. With the plug 6 thus retracted, the liquid can
10 flow freely from the liquid reservoir or supply device 116 through the nozzle 90
and the now-opened slit 22, along and adjacent to the outer surfaces of the rod
14 and ribs 86 (through the elongated V-shaped spaces 82 formed by adjacent
ribs 86, the rod 14, and the inner surface of the plug 6, and on through the
openings 146 and into the conduits 46, 42 and 38, on through the channel 140
15 inthe nipple 112 and into the interior 142 of tubing 48, and subsequently to the
patient or other receiver.

Because the liquid source 116 and the valve 2 are securely locked
together by the interaction of threads 32 and 112 and the wedging action of the
receiver 126 and nozzle 90, this activated configuration is stable and can be

20 maintained for as long as the physician, nurse or other user wishes to continue
dispensing the liquid. It can also, of course, be maintained for an extended
period of time without human supervision or control, where the reservoir or liquid
supply device 116 is mechanically or electrically operated and provides a
continuous or intermittent flow of fluid through the valve 2 to the patient or

25  receiver. .

In prior art devices, the flexible plug merely slid along the outside of the
tubular cannula. Since the cannula had a uniform diameter, the plug remained
strongly compressed over substantially all of its length, being stretched or
expanded only at the distal tip, and then only by the minimal amount necessary

30 to open the end slit and allow the end of the hollow cannula to protrude into the
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i @10 of the cannula, a partial vacuum was created in the cannula. This ‘in turn
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1'10% & () - pubed by /sUetion_tAckOibid thek chiheléMotwhich the carfhula of the prior art
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device was connected. Where the receiver was a human patient, the fluid drawn
back into the cannula would usually consist in whole or in part of venous blood.
The blood thus retained in the cannula would thereafter often congeal and
10 coagulaie. causing blockage of the hollow interior cannula and making
subsequent administration of fluid difficult or impossible until the valve and
cannula were either replaced or cleaned.
Figure 8 illustrates the improvement of the present invention in which such
creation of partial vacuum is entirely avoided and the self-purging property of the
16  device is illustrated. The plug, by being stretched to increase the interior volume
during activation, resiles and decreases that volume during deactivation, so that
the contraction of the plug wall into the space 82 (essentially eliminating space
82) displaces substantially all residual fluid remaining within the valve upon
deactivation, and forces it to be expelled through the exit conduits. In addition,
20 the resiling of the plug wall often creates a transient overpressure which also
assists in expulsion of the residual fluid. Since the plug ultimately resiles back
to its rest configuration the overpressure decreases to neutral pressure.
Because the center member of this device is solid rod 14 rather than an open
cannula, the end 20 of resiling plug 6 passes over distal end 64 of rod 14 and slit
25 22 closes before the decrease in interior volume, and therefore purging action
of the resiling plug, is completed. Consequently, unlike in the prior art valves,
no negative pressure is formed by the movement of end 20 and the closing of
slit 22.
The self-purging and pressure-creating operation of the device is evident

30 from Figure 8. As the nozzle 90 is withdrawn from the receiver, section 18 of
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10%&()-2 1c%$1f égr(anon shown in Figure 7. This causes the space 82 to be closed,
completely or substantially, and ail fluid which has been in that space is thus
5  forced through openings 146 into conduit 46 and on through to conduits 42, 38,
140 and 142 and into the receiver or patient, leaving no significant amount of
fluid remaining in the valve, as will be evident by comparison of Figures 9 and
10. This is the exact opposite of the operation the prior art devices, where return
of the plug to the deactivated position has no effect on the interior volume of the
10  cannula, since the cannula is made of a rigid plastic or similar material and
therefore is not deformed by pressure from the plug. Thus the liquid remaining
in the interior of the cannula cannot be purged by the return of the plug to its
deactivated position. In the present invention, by contrast, the resiling or return
of the plug to its deactivated position forces the remaining fluid in the valve
15  downstream to the receiver or patient. |

In most cases, the return and closing action of the plug 6 (or 6’) will be
adequately accomplished entirely by the resiliency of the elastic material forming
the plug, such that no outside biasing or urging of the plug is necessary.
However, if desired, one could supplement the normal resiliency of plug 6 by,
20  during assembly of the device, filling the space 80 with an inert gas 144 such as
nitrogen or argon, preferably under pressure. Thus, as the device is activated
and the wall of the plug 6 is forced to expand outwardly by the rod 14 and ribs
86, it encounters the compressed gas within the space 80 and, while reducing

the volume of space 80, compresses (or further compresses) the gas 144. .
25 Consequently, when the device is deactivated, the compressed gas 144 acts on
the outside surface of the plug 6 and as the volume of chamber 80 begins to
increase (and space 82 decrease), the pressure of the expanding gas
supplements the normal resilienéy of the plug 6 material, causing the device to
purge itself more quickly and completely. The expanding compressed gas 144

30 forces the plug material to assume the configuration shown in Figure 9 more
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(not shown) within space 82 and in contact with the outer surface of the plug wall
and the inner surface of the housing wall, and which would be compressed when
the plug 6 expanded. Upon deactivation, the compressed would then resile and
expand, urging the plug wall inward and assisting in decreasing the interior
10  volume of the plug.

It will thus be seen that, unlike prior art devices in which the fluid flow
channel through the valve has a fixed volume within a cannula, the device of the
present invention with its variable volume flow path formed by the interaction of
the center rod and ribs and the expanding and contracting interior dimension of

156  the plug, employs a unique self-purging and pressure génerating action that
causes essentially all of the fluid to be forced into the receiver or patient. This
not only keeps the valve from being clogged by return flow of blood or other
receiver fluid, but also ensures that substantially all of the dosage of the fluid
intended for the patient or receiver is, in fact, administered, with no signficant

20 amounts retained or lost within the valve structure itself.

For brevity, the device and its operation have been described herein in
terms of administration of IV fluid or similar medications to a human patient.
However, it will be evident that this valve also has numerous other uses in
related medical areas, such as administration of medications or nutrients through

25 the gastrointestinal system of a patient. It also has many uses outside the
medical field, such as administration of small quantities of liquid reactants or
reagents in chemical or biological or medical testing procedures, or in the precise
administration and delivery of chemical reactants in processes to produce small

quantities of specialty chemicals. Other uses may include precise delivery of
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It will be evident to those skilled in the art that there are numerous
embodiments of the present invention which, while not expressly described
5 above, are clearly within the scope and spirit of the invention. The above
description is therefore intended to be exemplary only and the scope of the
invention is‘ to be determined solely from the appended claims.

| CLAIM:
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inlet end and a fluid outlet end, a solid rod disposed between said fluid inlet
5 end and said fluid outlet end within said housing and having expander means
extending therefrom, and a hollow flexible plug within said housing overlying
said rod and moveable therealong away from said fiuid inlet end in response
to insertion of a fluid supply nozzle into said inlet end and toward said fluid
inlet end in response to withdrawal of said fluid supply nozzle from said inlet
10 end, said hollow plug cooperating with said expander means of said rod to
increase the volume of the interior of said plug during movement away from
said fluid inlet end and cooperating with said expander means of said rod to
decrease the volume of said plug interior during movement toward said fluid
inlet end, whereby a fluid flow path between said inlet and outlet ends is
15 alternately opened and closed and upon closing of said flow path residual

fluid therein is expelled from said valve through said outlet end.

2. A needleless valve as in claim 1 further comprising said rod

being elongated coaxially of said valve and said expander means comprising

20 a plurality of longitudinal ribs extending outwardly therefrom, said ribs

cooperating with said plug in said increase in said interior volume and in said
decrease in said interior volume.

3. A needleless valve as in claim 2 wherein the distance a rib
25 extends outwardly from said core varies over the length of said rib.

4. A needleless valve as in claim 3 wherein the distances of

outward extent of said rib varies continuously over the length of said rib.

30 5. A needleless valve as in claim 3 wherein the distances of
outward extent of said rib varies discontinuously over the length of said rib.

6. A needleless valve as in claim 2 further comprising said ribs
terminating adjacent said outlet end in a hollow annular member encircling
35 said rod.
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end, and a fluid flow conduit formed in said base and extending through said
connector into said proximal end of said rod and disposed for said fluid
communication with said tube;

a flexible plug having a wall forming a hollow interior bounded by an
10  inward facing surface; said plug fitting over said rod, being sealingly attached
to said base and being moveable along said rod between a first activated
position and a second deactivated position; in said first activated position
said rod maintaining said plug in a form with said interior having a first larger
volume, with said plug withdrawn from said distal end of said rod, and
15  creating a fluid flow path through said interior and along said rod; and in said
second deactivated position said plug being in a form with said interior having
a second smaller volume with said distal end of said rod covered by said plug
and said fluid flow path being blocked by said wall of said plug; and
a tubular housing fitting over said plug and extending from said distal
20 end of said valve to said base, at said distal end said housing having an
elongated receiver for releasable fluid communication reception of a nozzle
of a fluid source, said receiver configured to guide movement of said nozzle
along said receiver into contact with said plug, said plug moving between
said first and said second positions in response to movement of and contact
25 from said nozzle;
such that movement of said plug from said first position to said
second position in response to insertion of said nozzle into said receiver
causing said rod and said plug to cooperate to expand said plug and
increase said interior volume and open said valve to fluid flow between said
30 source and said tube, and subsequent movement of said plug from said
second position to said first position in response to withdrawal of said nozzle
from said receiver causing said plug to resile and said interior volume to
decrease, closing said valve to said fluid
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ribs extending outwardly therefrom, said ribs cooperating with said plug in
said increase in said interior volume and in said decrease in said interior

volume.

10 9. A needleless valve as in claim 8 wherein the distance a rib
extends outwardly from said core varies over the length of said rib.

10. A needleless valve as in claim 9 wherein the distances of
outward extent of said rib varies continuously over the length of said rib.
15
11. A needleless valve as in claim 9 wherein the distances of

outward extent of said rib varies discontinuously over the length of said rib.

12. A needleless valve as in claim 8 further comprising said ribs
20 terminating adjacent said outlet end in a hollow annular member encircling
said rod.

13. A needleless valve as in claim 7 wherein said cooperation

between said rod and said plug as said plug interior decreases in volume

25 creates a transient positive pressure against residual fluid enhancing said
expulsion of said fluid from said valve into said tube.

14. A needleless valve as in claim 7 wherein said flexible plug is
formed of a resilient material.
30
156. A needleless valve as in claim 7 further comprising an interior
surface of said housing adjacent said proximal end forming a chamber
surrounding said rod
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16. A needleless valve as in claim 7 wherein said plug comprises

an expanded proximal section which upon activation enhances the degree of
expansion of said interior volume.

10 17. A rod for a needleless valve comprising an elongated solid
core having a proximal end and a distal end and having an approximately
uniform outer dimension from the proximal end to the distal end, the core
having a plurality of coaxial ribs extending outwardly therefrom.

15 18.  Arod for needleless valve as in Claim 17 wherein the distance
a rib extends outwardly from said core varies continuously over the length of
said rib.

19. A rod for a needleless valve as in Claim 17 wherein the
20 distance a rib extends outwardly from said core varies discontinuously over
the length of said rib.

20. A rod for a needleless valve as in claim 17 wherein the ribs
terminate at the proximal end of the rod in a hollow annular member
25 encircling the rod.



