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(54) Title: NEEDLELESS VALVE

(57) Abstract

A needleless valve is described which avoids the suctioning problems of the prior needleless devices upon deactivation and which
preferably provides a positive self-purging effect. The valve is self-purging at the end of an administration cycle, avoiding clogging of
attached catheters or other devices, and ensures that substantially all of liquid recelved into the valve is delivered to the receiver. The valve
is also extremely simple in design and easy to construct and assemble, since it consists of only three pieces. The valve has a basc with a
connector for fluid communication attachment to tubing or other device, a solid elongated fluid channeling rod, and an internal fiuid flow
conduit; a flexible hollow expandable and contractible plug fitting over and moveable along the rod; and a tubular housing fitting over the
plug ang attached to the base. When the valve is activated by insertion of a nozzle of a fluid source, the rod and plug wall cooperate so
that as the plug retracts along the rod, it is stretched and its interior expanded. Upon deactivation, the plug contracts, the interior volume
decreases, and the resiling plug wall forces residual fluid within the valve to be expelled through the outlet, purging the residual fluid from
the valve. No negative pressure is formed, so no suctioning of blood or other fiuid from a patient or réceiver occurs.
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r‘msi ng its internal volunme back to its deactivated vol une, thus
Xreating a partial vacuumin the cannula and attached catheter. This
produces a suctioni ng ef fect which often causes the patient's venous
bl ood to be avaw3dxyito the 15 catheter where it renai ns RET/ESIIYEDHL
t hus preventing flow through the catheter. Wen it comes tine to
adm ni ster the next fluid dose, the plugged cat heter prevents
adm nistration of the fluid. Remedying of the problemrequires t hat
the catheter be cleaned or repl acewe, is a major problemin
energency situations, whether in an energency roomor when a patient on |V
20 suffers sone sort of relapse or seizure or other critical condition
and nedication - - nust be BACKGROUND OFMTHEJNVENTION wit hout del ay.
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have conponents within the coup I i ntended to hold the%l uid flow
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portions of I'Ng are j ol ne
extended period of time, the conven_'nonal practice is to insert a catheter into the

patient’s vein, usually through the patient’s forearm, and leave the catheter in
place with a portion extending out of the patient’s arm and terminating in a valve
(receiver) for periodic connection to the liquid source as required. The presence
20  of the valve avoids the necessity of using direct injection of the patient each time
the medication is to be administered, which would be both painful to the patient
and also increase the risk of infection each time the skin was penetrated.
For many years, receivers of valves were constructed with a resealable
membrane, such as a rubber or other elastomeric plug, stretched across the inlet
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 hypodemmic needle, the elastic
-30  rubber plug would resile and seal itself, maintaining the sterile condition of the
“interior of the system.
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whi ch avoi ds the suctioning probl ens of the prior needl el ess devices
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detrinental 15 effects of the prior art devi ces that occur duri ng

deftfct i vati on. Theh$uohseractldQVhOWever haslmmerbwadréadvanmesr bReﬁelatedl 0g, is
sel f-purging at the tration el ps ensure
that subst ant P'§I9RE %ﬁﬂe gfugt\ﬁl& ﬁ@?lveaamc peed) E\ﬁs‘t‘lf/lm%mages the,Bugy i nge
i's admi ni st er a@fidienty thate d@ﬁhbﬁﬁamtaﬂmeésyr ﬁate%téﬁlesé?eéFXFﬁﬂt@' sinéd B! €
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subst anti al | ythe patrentfsraﬁm bi@velh&ﬁé hérﬁlﬁaﬁfarmgbﬂﬁlé pétslonmﬁnﬁlrbrthe@etf Fof | ow
pat h t hrough the val ve he adm nistered fl uid. Upon deactivation,

the plug resia8 tﬁ?\épPWQr'?fﬁtaé?‘PW Wﬁfrﬁnﬁf course, requiigdRome,Periag ohtime; e
closing e f1inukFeddeiiyt hUm?F\dofg)‘aﬁ@nt@‘é gﬂ?er&ﬁﬁ?ph@r%e%ulﬁ derve in a givehNi n the

val ve, so that there5| I s ex romthe valve through its 30
outl et into tteepelipdt ln@jdltloontlwas notrurunnnmon;fort@rmgemo neadleeteh@agr onot i ng

use off in the plug dunng or before admrnrstratlon of the Irqurd thué usually becoming

lodged in the rubber plug and requrnng the admrnrstrator to take time to remove
the broken needle Further such breakage also commonly caused the loss of

15  all or a portion of the medrcatron or other llqurd in the syrmge and, of course, not
properly admrmstered to the patlent ' i H

Such problems were partrcularly common in srtuatrons where the medrcal

personnel were requrred to act very raprdly, such as m emergency room and
emergency. medrcal admlnrstratron settlngs )

20 The accrdental prercmg of the skin of the doctor or nurse raised critical

problems. |If su "'occurred before admlnlstratron of the medication to the

patient, the medrc |on or at least a portron of it, was mjected into the nurse or
doctor, which not ___nly depnved the patrent of the medrcatlon but in fact might

be quite harmful to the physrcran or nurse i the accident occurred after

25  administration of the ﬂurd to the patrent the hypodermrc needle could easily be
contaminated by the patlent’s blood or other bodrly ﬂurd thus being capable of
transmitting the patlent’s dlsease to the physrclan or nurse While this was a
severe problem at any time, |t became a truly cntlcal problem as various highly
infectious or vrrulent drseases became more prevalent in the populatlon The

30 added presence of mfectlous drseases with extremely high rates of mortality




of all of the administered flui d. Lo . such vol une decrease

prevents occurrence of any | - imin the valve, and in fact
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either a positive or neutral (i.e., non-negative) 5 pressure at all
times, preventing any suctioning of bl-dbd froma patient into an

attached cat heter, thus avajidi ng cl oggi ng of the [GhEhet er formation of
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needl el es sm'alb\oé ttié}_eceihansiim@pbrﬁhﬁécﬁfhaﬁﬂfd\sﬁércbfaﬁ\@ﬁm ﬂ‘ﬂl&\ the dyru@gtdto the
conprising a base di sposed ai the, proximal en conpri si ng
connector for fqaﬂl"g' Mﬁlﬂ&%@r@wtmQer?ﬁﬁﬁvact?%undefsteerFPm’”BmH ow tube a
solid elongated fl U’V%lléhﬁ@%édl%s%@é'orﬁ:ébﬁ% E&nfv(ré!mr@wlﬁré?f@' lg'ahlte simple, & end
joined to the base to a distal end, and a fluid flow conduit forne

base ~ and implespentalion ofthe ganeans in-practics: bas bermquitecdifficylk N&Bd@iﬂfst he
d and di bl
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2570 Vot B RO R e ot bl repro B
activated pOSI tthe dowhstrezml entofNthaicahmga (ilkethe et Iéﬁdlﬂﬂ firo MheNM Systéra andt er i or
gﬁ\él 2]9 f’ ﬁe rod, théitatlér%’rsgaer Y llngthe S’thﬂnat.st' (ranadleuas arigid e o%\ga]tédrta etahse hgl stal
nozzle of the fluid dispensing device is pushed into the receiver, it contacts that
20  exterior end of the rubber plug and forces that end inwardly against the distal
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.”
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fluid flow path through the interior and along the rod; and in the
second deactivated position the plug being in a formwith the interior

having a gzﬁ nd smaller volune with the distal end glcridy9s/iseés cover ed
by the pl ug an fluid flow path being bl ocked by the wall of. the
pl ug; and a tubul ar housing fitting 5 4_over the plug and extending from

the distal end of the device to the base at the di stal end the

housi ng having an ¢nRadRd fidd iSrRBY t’rﬁﬁsféﬁéd 'thé RSAS bethldidpénsing device is
communi cation reception of a nozzle of a 'fluid source, the recejver

confi gured withdrawryeiteardiotheavshihe feceiver, gausing.theifigxiglerpleg todesile @nd i nt o
contact wi th the 1l iga) Iy alor%gethEr&%tﬂ@hlg@nﬂqyﬁ%egﬁié’%uﬁ@nc’c aidlet@hnd té he
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~increase ‘the Im@wsa(oggé)tummwlédweml)mdt@dunsheﬁ PCOapplidatiern t he
source and the and subsequent novenent of the plug fromthe
second positi d1P- Y¥O 934 1@@5 (konez) posi‘tion in response’to w thdrawal of the ¢

nozzl e from the I eeghieluch devices At Werdelwell fIftrsIndst patethepfatBpebn! eri or
vol ume to decrease, oSl ng t e va d flow di spI aci ng

resi dual fl U| cfound toi naversemmiemeuad@ﬂmasn@n&w‘ themcatnmportant is the facd t o

]alngtNhfe; Oe odi tﬁ@ﬁ@%aﬁﬂ&éﬁﬁ ahﬂ s’é@%@ %b‘?? é?%hﬂg s]y grr\geaorzt(z_)ther fr'%%d Inel ess

val ve conpri Sldtgne’nsmldedlcel the@amp:bssed plub sesileg ba:':hdb’ﬁtis arigingl pefsitioo s |
ri bs extendi ng outward]y. f

uni f or m wi dt h '86r<2RRE '?Hﬁtefnaéﬂp(%'ﬁlfek&a%dﬁété dgagtivated V°'§'H'\%g|ﬁ5‘1% cr%ﬂfgﬂg\” thea

continuously VadriaiNgcirAlinthe eanriulPdnd ét&lche@éétﬁétef oThe prbuamht suzttioning
curved snooth tapers, or have discontinuqusly var |ng@\2‘|&dfq, SQ t at their

25  edges foreffeshavhich sfiele cauessstheyRatienke vepags Riasd W it t
embodi ment cath?frgp‘?uﬂérgsit T&h&he @ é’én 'i:fb? ﬂ't'u§t;?rleve9ﬂﬂgoﬂow hierolugh thé a

hol | ow annul ar ~encircling the rod Addi ti gnal
features of theathetesnihen hsomes timestocrssuinister itom sexrliuic,dose the plugged

forms of the CQ&R&@?&%%;% Edmﬁtfstaﬁdn I)ﬁﬁé ﬁu:&e hgmedymg of the problem requires
that the catheter be cleaned or replaced. This, of course, is a major problem in
emergency situations, whether in an emergency room or when a patient on IV

20  suffers some sort of relapse or seizure or other critical condition and medication
must be administered through the 1V without delay. Even in the absence of an
emergency, however, withdrawal of the device for cleaning of the catheter
~‘requires that the IV subsequently be reinserted into the patient. In ordinary
situations this at least requires the time of a nurse and is a discomfort for the

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.
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enl arged sectional view taken on Line 2-2 of Figure 1; 5 Figure 3

is an enlarged sectional view taken on-&kne 3-3 of.Figure 1;
Figure 4 is an enlarged sectional view taken on Li#& 4-4 of Figure 1;
Figure 5 is a sectQtberdprms efigonakesarsin needieless soupliings bavecbegn described.
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Is:hown |9 assegtﬁoe\durteipehlagaafst the tendency %f flexibfe Slebeeﬁaftsdﬁdvﬂoedvllétml’iearl_ LO
i gure with t att achment typj cal Luer-Lo
connect or ; hér & °§Pg‘fﬂ”@ﬁg tf‘g‘“g o COMPERS and. SWs?éR%ﬂ“%’nhq_“Y Rethy_ 4 of
Figure 7; 5 typical exaﬁ‘irﬂé’fsesh%Qm'lﬁ LASSPatehON8! 4 Y584 ﬂgélﬂ)tﬁ)@t él')r?ﬁwkﬂzhlo of

Figure 8; 15 g gure 11 is a sectional view taken on Line 11 of
Fi gure 8; a “spike” thgma éﬂ@ﬁomcrasme@lpwmsad te held open arfiuid path M@thime

enbodi ment of fﬁwﬁ)&'opblﬁgtastlt_ne t%@g‘é@loﬁgow ngtﬂbwg aéﬂo(érna&opethe}gure 13 1s a

sectional view sim val ve
conponent in closed position; Figure 14 is a sectional view

e 16T S Gy or e NS o o
Luer connedgor; and | have now inverittdd Reddiess vaive Which loids e Eakpmingn Li ne
16-16 of Figur epr%glems of the prior needleless devices and which, in fact, can be structured to
provide a positive self-purging effect upon deactivation. This device retains all
of the favorable aspects of the needleless valve system for activation and
administering the medication to the patient, but avoids all of the detrimental
15 effects of the prior art devices that occur during deactivation. The present device
is virtually impossible to clog, is self-purging at the end of an administration
cycle, and helps ensure that substantially all of the medication dispensed from
the syringe is administered into the patient. The device is also extremely simple
in design and easy to construct and assemble, since it consists of only three
20  pieces. The device may be made in a variety of different configurations, all of

which provide the same self-purging action and clear flow path for the
administered liquid.

The device of this invention is configured so that a core rod forces the

plug to expand during activation in a manner not possible with' the prior art

25  devices, which causes the interior volume of the plug to increase substantially
from its rest (deactivated) volume and opens a flow path through the valve for

the administered fluid. Upon deéctivation, the plug resiles and its interior volume
returns to rest volume, closing the fluid flow path and displacing residual fluid

within the valve, so that the residual fluid is expelled from the valve through its

30  outlet into the downstream conduit or unit, purging the valve and promoting use



Figure 17 is a perspective view illustrating another enbodi nent of a 25
central rod of the present invention. DETAI LED DESCRI PTI ON
AND PREFERRED EMBODI MENTS The device is best understood by

reference g o4f¥8s7dr awi ngs. For the pur poses of desgdrinos/fosder ei n,
the foll ow ng convent i ons of di rect fon will be 30 mai nt ai ned. The terns

"upstreant and "downstreant wl| V\?t h respect to the
-9- normal direction of flui d flow during adm ni stration medication

or other |iqufthil of the, édmlﬁidwaed hgidY ah e dftfon! Q@crpoaﬁﬁetdédaaa@étme%me a
patient or other receiver. This is indicatéd in Figure 8 by the flow

arrows 50 (upeRcuEange ahanma(t@bwumamrwe valve, and;ifiifagiryspally geeats as
"distal " and y.oroh re%unjﬁ WhicH 3RE a¥sish dﬁ??@ﬁ%t%%&@oﬂ@&nﬂﬁﬂtﬂm@ or

ot her recei ver, sucC at i e upstream en vice is al so sonetines
referred to aBhe Btructiee 'eliusemdlntam emarraepomtmesorr peutralr(te.; aoninegativelet i mes

devi ce 2 Pa BRILTP R Al iffRe. ASventing Ay syetioning o oG AP Msnb lno 4F ™5 *' '

base 4, pl ug &tteRned batetien dhds avdidingElb %afthéeamu:fémyi&maﬁoﬁ otelots inf the
parts may al so be seen in Figure 1. The base 4 consists of a

connect or 10 MAPE ATAEWAH-s the device with the fluid flow tubing or
condui t 48, C]H%'%rbé’d té?l’ikﬁﬂﬂheﬁ iﬁé)%v%% orf GRVURFEsCh %edlélésé vhwet r at ed

in Figure 8, ara e 12, WhIC serves as a seat for
att achment ofcqmqushgjgt@ularrimpu;mgemaw@aa ddid inlet end gad afluichputiet end. @i | | be

descr | beqobel Si RAVRIT B0, b 5oty ek follify Wifin'he noblifg 4hgaye and

desirabl e “opetra sent- 1NV
plug 6 has a me%abl@algngtmtrod ghe hommugbﬂebﬁMSmtd insedibh ofa ﬂBudvslupply
gﬁgalzgy fol dsnézr]zseolnto the rllrfklatgenaantlclav?nrb |?1lorrr11eld|rectlon a?ong andD codperar{mg vitth thhe distal
rod to increase the volume of the interior of the plug and open a fluid flow path
between the inlet and outlet ends, and in response to withdrawal of the fluid
15  supply nozzie from the inlet end moving in an opposite direction along and
cooperating with the rod to decrease the volume of the plug interior, close the
fluid flow path between the inlet and outlet ends and cause residual fluid in the
flow path to be expelled from the valve through the outlet end.
in another broad embodimerits, the invention involves a needleless valve
20  having a distal end anda proxirrial end, and comprising a base disposed at the
proximal end and comprising a connector for fluid communication attachment to
afluid 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 the rod and disposed
25  for the fluid communication with the tube; a flexible plug having a wall forming
a hollow interior bounded by an inward facing surface; the plug fitting over the
rod, being éealin'gly 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'i ina form with the mterlor having
30 afirst larger volume, W|th the plug withdrawn from the distal end of the rod, and

=



has a closeable slit or simlar openl ng 22, . ..Jhe housing 8 has a w de

di anet er expansi on portion 24; a co"_. ﬂg ring 26 which, during
assenbly, is bonded to 20 the flange 12 to retain the device as a single
unit and a r WOSBAINY portion 28, fhe di stal end 30 ofPGEAISB%#i188¢8n be
configured as shown with threads 32 to join with correspondi ng
threads of a liquid dispenser.to couple#he two together.

Figures 2, 3 and 4 show respéctively the housing 8-:plug 6 and base 4 in
Cross-secti on térqa&ﬂglﬂ ﬂ'é!ﬂélo eﬁhshhmhn@edntenneanﬁ @Mgatheowgl and in the

;?g(r::alrrgztsl oned cgﬁ%ﬁ &jégdt'ogteﬁFBéﬁ'Pﬁkr%Jélﬁg%e"{?Qﬁ éﬁﬁﬁﬁthltﬁe '&Fm eqfan from
Figure 4, the ceeginersnidller goitvms with the dlalalemdmﬂthe rddosaverddtHy the plugranertheal |

34 f d int hr.ead i b | |

corr g;ggnd: Egoth IQS@@’EP%&BE@Q%P&E%C’ &EiWE%O f(gihegﬁlug,saqﬂqﬁﬁﬂgrhousmg &@Egl’l bed
bel ow. Cent ral | yvek the phglant é:dfeﬁuuﬁdmrﬁwwg@ SAtPORAe deviee ﬁfthé(balsé at the

hol | ow t aper ed cyI i nder 40 which has fluid flow channel 38 extend |nf? i
uid .

t hrough it. distal\\gnd ghe sheyising havmg an elongated receiver for releasable
10- | t hat
i1 be desi CapeatnABed R sihzpl i Buid SAte iRg Rl CaMnga’ "o

singl e piece of to 'lgide mavamentiof the nozzle:ainng)tﬁwrepémet into tontactivéth thepdudy! y  of
metal . The fl ui ondui t 38c ti-nues as congdui t 42throuhthe
center of flanggh ?uogn QULiePSWESY ﬁ féstéasﬂdﬁh'ﬁts%e"dwsquﬁeﬁﬁﬁ’é‘sﬁ Bxi mal
end 44 of rogl 14novement of i \¢drgadt AoRtthe PoRie SuaB thl tholvement of thé PG iR
l'iquid di spenser %%ﬁsbdurln activation of the device 2 thus_enters the

fluid conduit 44h RRtiane thesaseng gogilien inresponse ke @éawo'aaéthemoazlednau. t
42 t hr oughnd k&afiRr %gusﬁé‘ﬂwquBdtalﬁBQHﬂ Ewh% cﬁ%?égafé to S Xph Rl fhepﬂgﬁ lpg 94

and eventual |y into tubing 48 as s ure 8. The extehsion of,
cylinder 40 beydmeathmtermrvowmﬂsﬂmbmtndheNal&e bafhid flow babyaan:the ssurce

| nsertion into tJﬁ% tﬁglﬁ% ngéugé%tgjeﬁéﬁg%@rzﬂtgof Jgg ﬁg@r}?o?n ﬂ'Ie éé{:%lﬂd%o%ﬁﬂﬂl er)

directly into, for exanp
16  to the first posmon in response to withdrawal of the nozzle from the receiver

causing the plug to resile and the interior volume to decrease, closing the valve
to the fluid flow, displacing residual fluid within the valve and causing the residual
fluid to flovx( from the proximal end of the valve into the tube.

In another embodiment the invention also comprises a rod for a

20  needleless valve comprising a solid elongated core having a plurality of coaxial
ribs extending outwardly therefrorh. )

Ribs made be made with a uniform width so that their extended edges are
straight, with continuously varying widths so that their edged form straight or
curved smooth tapers, or have discontinuously varying widths, so that their

25  edges form one or more steps over the length of each rib. In one embodiment,
the ribs terminate at the distal end of the rod in a hollow annular member
encircling the rod.

Additional features of the invention as well as descriptions of the various
forms of the components will be set forth below.

30



be substituted for by other devices to which the valve is to be attached,
such as direct coupling to a storage, test or reaction vessel or to
a measuring instrunent. A preferred enbodi nent of a plug 6 is
shown in Ryg4ypess The plug 6 is 15 nade out of a fl expddgsobmdoss | al ,
usually a rubber or a polyneric elastoner. In the enbodi ment .shown
the plug has a flange 16 which has a_fl.at base 54 to allow it to
seat against the corresponding flat distal face 56 of the flange 12 on the
base 10, as shown in Fi g BRIEFDERYCRIPTIONCOFTHE DRAWINGS section 18 nay be
scored with groves_58 on_ the interior and exterior to permt bellow ng or
other 20 fol di nigoure 1 irapersnestiverview the dgvice of thisjnveatien wittutheoved
posteriorly d Q?psatr | i.n. Eigure 8.

. (Anot her errbolc'il‘?irr‘)gmntal c?m?%np ih%?édfgn?‘fﬁﬁ atEti rﬂ?ﬁ%ﬁg@gd bel ow, whi ch has
a different form ofigerec is@an a%rged sectionaview taken amidoel 2ioft Figuredt;f1 ange 12
may be el i.m nat ed her ans

adhesi ve- goat ed sf?ﬁrg I(sr;?‘(?t trSﬁ?.fe‘%PWfi‘ﬂ%‘ﬁtt‘t?"vﬁﬂ %ﬁe?ﬁfoﬂq% enlal 25

end of plug 6 is Stagurreeths an enlarged sectnonal\ﬂeWhékelnrcﬁf kiné ad4 effigeiengnt shown
In the draw ngs, the %Gas nlnterrredlate section 60
whi ch can be expan@SH ta Wﬁ“@'l’@'d’t%‘étal‘tﬁ't‘ °H6-|"T?a$'5tpf Figure 4, | ox, fold or

conpress as extensfiyglels A% s"é‘c‘&&hétr\hetnﬁtaka‘?t)h Ltrtﬁ-ewrwaa and .
conpressi on of section 18:and:the expansi ofi: ect:0n- 60 contribute to the
sel f- 30 purgi ng Fﬂgm‘eo?llsoﬂ secn@nabwwwm tlag camppnmtsa’éftgurma bandd. The

distal p i 0 : of ithe. plug 6 ext ends

out war dl Sfojt us?hpasnﬁ?emt %Ej"ga rj%d 14 and normal | y has a somewhat
thi cker wall than Bigueddsi amew s‘tr&rlarrtdF@Oretn vathdbervalvlempzerteldeby attachmemteni ng -
and subsequent cbﬁ)sr ng of »&§kit Zé in the distal end 20 and to resist _
buckl ing of tR pEa bepicad i qonBeetRlt 's deactivated. Preferablythe slit 22
will be 5 tern nepeaft PR atmubﬁ'éleerévpfakéhéﬁ L#fe 9-00fPiguge 20- by a "duck bill"

fl ange 66 which assi’sts in.causing . the-slit 22 to resist |eakage when
i nternal pressure Ergurﬁ,&@msectlonal view taken on Line 10-10 of Figure 8; -

16 . Figure 11 is a sectional view taken on Line 11-11 of Figure 8;
Figure 12 i IS a perspectlve view of an alternatlve embodiment of flexible
valve component; e e e "
Figure 13 is a sectlon.a:l view sirn_itar to Figure 7 showing the alternative
valve component i'n :CIOSed' po:sition; |
20 Figure 14 i IS a sectronal wew taken on Lme 14-14 of Figure 13;
Figure 15 |s a vnew S|mllar to Flgure 13 showmg the valve component
opened by lnsertlon of a Luer connector and '
Flgure 16 |s a sectlonal vrew taken on Llne 16 16 of Figure 15.
Figure 17 |s a perspectlve view 1llustratlng another embodiment of a

25  central rod of the present mventlon

DETAILED' DESCRlPTION AND PREFERRED EMBODIMENTS
The devnce |s best understood by reference to the drawings. For the
purposes of descnptron herem the followmg conventlons of direction will be
30  maintained. The te_r_ms “up_stream” and “downstrearn" will be with respect to the




during deactivati on. The housing 8 is a sinple rigid shell of
plastic or netal, which is intended - 10t over the plug 6 and attach
to flange 12, thus | ocking gasket 16 in position, 10 as best shown in

Fi gures 7 an¥O8%139e inner portion of coupling ring 26 of PCTUSISI8EI ng 8
Is configured with a generally sem -circular channel 70 incorporated
within it, both of which are configured®-o acconmpdate the corresponding
base 72 and |lip 74 of %asket 16. When the cofiffecting ring 26 is
seated agai nst pe@al d'rectlmlqi yid fiow during-administratierf efmedigation epratbienliguig oove
76 into which r S

conventi onal - ad%hlg%llyd&éﬁ%?éhb,e %E@leﬁes%n?ﬁgé%ngﬁ% Eﬁ%ln?gr é@gﬁxﬁgg{vﬁg T?%ésa

fl ange 16 of t hindjsatey @ Elgurbl8 hyyhehﬂnﬁwl aagwsrﬁ@t(upkleeérh)aalgﬁ522dd\mﬁream) t hat

t he plug cannot “ §o to proyjde a firm base f
subsequent Sprﬁlgﬂg %ﬁe P eg'%aﬂ o'?mf"ﬂﬁﬁ Y 'M be ysehwhh trsRestto 31‘1' Ratient
The interi o6 of osether Edbeﬁér(ﬁuchhﬁathﬁél%b%a?n efid 0P tHe dBViRs lasd'$bihetingd
substantial ly gr at e‘i di aneter than the deactivated rest di ameter of

section 18 i as) thg distalend, ﬁ’d"l?alhéoﬂQWﬂSFﬁgm end is alsoasometimes

annul ar space SgféiédPto'hy HB prox'mabé&r portion 18 can expand as it is
conpressed to formthe general owed configuration shown in

Figure 8. One mtbodmniaf fbamvhmudeaoaﬂni)elnovm llﬁngﬂmbrseparated

conf rati ons, to.ca

expand out ver di TOTR s BedTeo & e 4, WU A5 nfdeird ™ TheipenBirgtiesiists o

the el asti cd0pl ugf each oftheqrsts may ak6 bededhi i FiglRk Mm?ghé Ba%émtcohgigts ofg(
y, decreasing its

Pgr por " 2 Ghanshlor R vHien.odrbp s e s wih ther il fa kNG e Apace
g ey
whi ch has ext enfiangs TQamhggm sprves as a seat for attachment of the plug 6; and an elongated
-12 - rod 14 which, as will be described below, cooperates with the plug 6 to provide
15 the unique and desirable operating features of the present invention.
The plug 6 has a seating gasket 16, a compressible mid-section 18 which
usually folds into a configuration similar to a bellows, and, at the distal end 20,
has a closeable slit or similar opening 22. The housing 8 has a wide diameter
expansion portion 24, a coupling ring 26 which, during assembly, is bonded to
20  the flange 12 to retain the device as a single unit and a receiving portion 28, the
distal end 30 of which can be c()nfigured as shown with threads 32 to join with
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.



outwardly therefroma plurality of ribs 86 (and perhaps also 86'). The ribs
86 may have various configurations which will cause the plug to
expand and whi ch wi |l prevent prolapsing of the plug during

activati ongdwhsdsnst ance, in various enbodi nents, aorekangmsed rib
may be um?vrmvmdth over nost of its length 5 (with preferably a-:
transition curve or slope at its distgp.end, to facilitate novenent

of the end 20 of plug 6 along the rod and rib), or it may have a

continuously  cylinderiy i 8xtéhsibn of the ﬂéﬁﬁgu And '8 1@ soithat ipkill bedesirabled
tapered profile, or it may have ths that vary disc¢antinuqusly

along its | ené@'hthesgntl'ﬁabasec URis 4o abesmﬂkfﬁ@da%raoﬁingl@ piece of figidraatgriah oy r ed
that for ribs | ﬂ%lf&a%tilﬁ:d@"a Lb%s¥ EIE/ f rietdi "$he ﬁ&@tﬂbﬂ%%mm@éorﬁﬂues

di sconti nuousl y, ease rom istal to proxinmal ends, so that
no r ecesss aondsiidl tUmughghé oemtedotﬂamem and terpinatescas arcongidt 46t er i or

of the plu coul 0 9¢8 e return
or rosi 8 oMt RigRE Snd 38T Tad 187 ¥l MBS iR SERF o4 4 -
alternative, Shmihe Ryuid gid @née? ,116 hmrmg agtivation of the de:mﬁsz tfusténtersiths 86 nay
termnate in a holl ow_annul ar 8 which ser

h
nmaxi num expansﬂ%c%ﬂd%'th‘@ B'!"w'"BthSLﬂﬂeﬁ@gﬁéﬁpvﬁ?W%Wmugh ape%ﬁﬁ%h&%ﬁ??yt t ﬁl s -

annul ar nenber I Fhto SHamesoPam tuali@! so
usabl e, altho th@g@nﬂég%ér)l? %HQ’Z"@E’%‘ %atnﬁesdlh)%hﬂ(él(?aa p0 bﬁgl Iessevteﬂaun gl ght,

si des shoul d pntstabing 4fcasshawnin, Figirede Thegxtarsiomef Maﬁ?rwoahwnérthand t end
to i npede, kesi may be
any conver be> tﬂrhgﬁ)gg EP)? tlpéoggsdé’ng@ ﬁ}cﬂﬁ&&é in‘é%ﬁioﬁ']ntoztﬂe goupler 94 or-(lﬁ%é
desired ori entaislence bfcswh«afcouplae)rdwact@um bhexampleutubmgeﬂf&;eTubingmnawd 14.

caual 1y e dusites 00w pFfeicks s ullch e e MR BeBne syl B’ T

the elastic plgigcbedupling toastoﬁg'éefeﬁm%é&ioﬁ Qééﬁe@oﬁtﬁmﬂeéﬁxrm@ lnstrpmeprl ate
vol ume. Typically there will. tour 25  ribs a %n:ﬂc orm shape as
i ndi cated in Fi gur dspreferrrd &'DbmHF‘Fﬁb?fg%P'Hg Bds 5@39“"" in Figur nbéer '?bs

such as eiqght @3qeB | fiRxibleHaRrial, usialy 8 ribeP Br 41p6t meh&elaﬁto&ie?olnthe |
possi bl e, gnd usual Fymgrexerred rlt oLl av‘é dlfferenP gunbers and Ieﬂgt hs of

ribs on ~  emhedimentshayn the, pl@gshas a flargei @ which hasquiiadase A do slioYher e
b 86 but ar’ 1 srdufbiines st FBRAARG TREUE! MBS ng Mafe A on i r L ol y
as far as the basegil a:s_fsrtdwn' imiFigses g @ntido nThef most ‘proximal section 18 may be
-~ scored with groves 58 on the interior and exterior to permit bellowing or other
20 folding of the section as the plug is compressed and moved posteriorly during
| activation, as best illustrated in Figure 8. (Another embodiment of the plug 6 will
be discussed below, which has a different form of section 18.) In other
embodiments the flange 12 may be eliminated and other means, such as a
~ gripping or adhesive-coated surface (not shown) provided to which the proximal
25  end of plug 6 is secured.
| In the preferred embodiment shown in the drawings, the plug 6 also has
an intermediate section 60 which can be expanded, but which does not normally
flex, fold or compress as 'e_x't_ensi\_iely as section 18. Both the expansion and
compression of section 18 and the expansion of section 60 contribute to the self-
30 purging action of the device 2 as will be described below. The distal portion 62



-13 - each rib 86. The added rlbs he p-support the extened plug wall
and prevent prol apse of unsubported porticons of the wall and
expansi on increases and the wal | thickness is thinned by stretching.
G ven the sM¥PP¥SP¥e of the device and the desire t oPFHUPIHIIWS he
fl ow channels, it is considered that eight to ten rlbs 5 are probably
t he maxi mum practical nunber;. with fourll-six or ei.ght ribs being

(both between three arnd ten and. greater t han

referred, and qther ers: 3
t en) bei rfg ﬂb%glygtﬁm e{'gsem&wa%v wstpast thetip 6410f Fod, 14 aad sapually hast he
illustrations ig somewhaprtmt:leérrﬁéh fanC&o isbetichse S iRl é@td*?bgorﬁmfer el

ri bs equally spaced than to nol an asymetric configuration as would
be present wi t PREMNNGOaER ﬁuweﬁf closipg .of siit 22 i then distal teind 20 and to sesisk dt h

steps may be t cﬂf &rtﬁt?e 26 e tﬁ%r%rgﬁ¥ 8§$°"1"P$ﬁdt ﬂ%ﬁabgﬂt%@ﬁt”ﬁ‘ Yvﬂ%%' n the

smal | size of t I'ce a s as a pr nunber
of, width sté&ps tefmlnlated omﬁaﬁiteﬂm'r sidead‘feh@bme’ro by asdbtiebilir ﬂﬁhyﬁ 6&ihich

An alternative enb di nent. of qeg %ﬁ s, sho as. 6" in ures 12-16.

" his onbod: M pBUHNG eIt 22t et bakaas Whem masmalissoilh SBRRETS cam
15 section 18durwg|déacﬁwmhant|al |y repl aces sections 18 and 60 in the

configuration descrl bed above. The section 18 may be somewhat
bul bous or it nmay The housipaBds aeiraple rigisishel of plesticer metabwhish is indendad 14

(shown in thesegkh Bb'érﬁlﬁﬁmuhhs ar'fd attaé:ﬁq?]ﬁaﬁi;é thhNSEIQCQEg]gngétq% Olp?&tnon,

designated as 86"),
88. The opdPat |aihbe$t shdvwn il Flgmeati aed 8l u'ghes inries plohlumsdafremmﬂngﬁng zmof

Fi 13 d h t d_st h Fi |
OO e S ot TS s ar B0 LS Berterall sediiuies Shaph 78 cgpegrated” |9
act ![ vat i (i)g by E\hmhm it, both @Pwhich awcﬁﬂg&ehltaﬁbé%rﬁm(amﬁ% coiré@pd?ié'v@b@se 15
section Wi out war as shown in Figures
and 16) into sp %gp gad?QQQK%QGaW’@“tHPQ‘@GT‘eCt%Q ringZ&-s spaled agﬂ"ﬁéihﬁeen
the rod 14 and ﬂéﬂ%e‘ﬂ!@[r Btk %Péfen%nyfﬁ@ﬁeé’ngp&v@Wnﬁa whxgﬁ rip 7878, and

deactlvatlon t h resiles or i s caus to return
configuratil§n the MO@FR)SW"PMOEEFQQF%S hyga conventional adhesive orvw heabeulisasamint t o

t hose skilled i
configurations %ﬁ‘ﬁfﬁlgﬁmqﬁ& E enp'?ﬁét'scﬁrﬁ' ﬁeld%tqgg'ﬁt If|a"§?o1\? e
equi val ent thate&lp@lug aamnoifbetms;:lspﬂedgamaso tupredide aditm bhse fonsabseguenp! une

dd_r 'ng activati %rt]\Jrn%rgdresmng of the plug 6 upon deactivation.

The interior of section 24 of the housing 8 is configured to have a

20  substantially greater diameter than the deactivated rest diameter of section 18

of the plug 6, as indicated in Figure 7, creating an annular space 80 into which

the portion 18 can expand as it is compressed to form the generally beliowed
configuration shown in Figure 8.

The rod 14 can have a number of different configurations, all of which are

25  intended to cause the plug 6 to expand outwardly during activation, thus creating

the expansfon-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



30 gui de the subsequent resiling of the plug and decrease of its interior
vol une to -14 -

produce the uni que self-purging effect present in the clainmed device. It is
i nt ended tQjajooghdsy such configurations are to be consi der edrrsdshsesst he scope
of this I nvention as defined in the appended cl ai ns. - . The
operation of the invention can best bg understood by reference to 5

Figures 8, 10 and 11. In a typical application, device 2 is attached to a
Luler- | | Lektverdly tnmﬁbmra eraliiy)ﬁmwaghridg)érbapsﬁdsmBGm IhbaibsB6 .
cylindrical connector . whi.ch ext s into the reces i de
coupl er 10 anHaHAA "P§°“ése995‘f%‘ﬂat('%r"g? causeb etpﬁ‘ngtgcfé(pTB% 8%3’[5'(!3 ating
with. ribs or w‘ilhbi%ﬁéﬁt &@Ia@@l gf‘tﬁthé‘b%'dlfrlngfaclﬂ?étlo@plﬂﬂreﬁstance in ilﬁrlOdS"l t he
enbodi ment shown, cylinder tapered outer surface 1f2 whi ch
causes a wedgeRpodienss, an elengalediri reay be uifore Wikthover Beshef itsengtt ed at
104, such g ha ecess
08 the O (yRfpiRFalRRSRLn clie & Sdtidils ARt it IS LRI et

seal i ng agai nsf treengnd 20 of plugss alwhgftheiral and rib), matlh may hayearcosiinuousy 40 and

Cecurod toget NaMwal. Zaie Uhe  pcaions T Bulea Saag e or Rl A6 ° 27 0

at 97 in Fi guigdthSthat vary dlscontmuouElyefdhgabIlehgtﬂ]eodlwll@asm‘stewpedmpﬁleed
cylinder 40 and connector 96 a t he

lind 40
and the opposilhi§ gr@,fqrggdethf@)éoroﬂbq wahl?he‘ﬁﬁd’f"dths vary,ogﬁ@(grﬁqg Rigu g)é gpeer
closely agy ac%oﬂﬁntﬂiﬁfé&{ﬂ'&w%@m&f&’éetﬁbﬁ a8t o padkimal endsPeb Rgthmd hem i s

m ni m zed. nnection of the device of this invention to t ubi ng
48 or any ot heecess or shoudgerisfomed bmmwh&h@mﬂﬂpﬂ@t'Eﬁa'“Feé'PéafstﬁﬁlpélgoWa

perTenent 3 S8 Yo, PSP o KOy 12
attached. ‘The upehidegctivatiorr imgjet gnctherediteieative) shgiwrl in Figure 17, the proxima
ends of the ribs 86 may terminate in a hollow annular member 68 which serves
15 . to maintain the' maximum ‘expansion of the plug 6 during activation.
Conveniently this ‘ahri.ularmemb'er 68 will be circular, but polygonal shapes are
also usable, altholigh polygons of less than six, and probably less than eight,
sides should probalﬁly be avoided, since they may be unduly angular and tend
to impede resiling of the plug upon deactivation.
20 " There may' be any convenient number of ribs and they may be disposed
at any desired orientation to each other around the circumference of the rod 14.
However, normally there will need to be at least three ribs 86, preferably equally
spaced at 120° from each other, in order to ensure that the elastic plug 6 is
stretched to form a space 82 of appropriate volume. Typically there will be four
25  ribs 86 in a cruciform shape as indicated in Figures 9 and 10; although a larger
number of ribs, such as eight as shown in Figure 5, may also be used. Itis also
possible, and usually preferred, to have different numbers and lengths of ribs on
the same rod 14, as illustratedin 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 éxtend distally only as far as the length of the widest section of

4



as indicated at 114 so that the tub| n

|s_reta|ned on the ni pple 112 by
t he 25 conbi nation of the elastit resili /

'y of the tubing and the

interference fit between t he i nner s'u_face of the tubing 48 and the
out er surfac¥08¥13¥¥e nipple 112. If. there i s concer nPERHS(1IB8t ubi ng
48 may separate fromthe nipple 112, a conventional external clanp

(not shown) may be placed around the -13- circunf;
where it overl aps. the n| 112 and ti ght ened to.';’;i'

ence. of the tubing 48
k° ensure good

connecti on bet 1,86 ug¢ ﬁgd%abﬁ Relprupppd themexten@éé plug|walland prgyent
WO 99/ 13937 prolapsé‘@hﬁﬁédf;ﬁ%ﬂ@& paﬂiovlg'a?ﬁw eS| Vé')?féi’\sfo?l iNGeYs&s At Pl ng

and ni ppl e toget her solfvents or a e sel ected such
that they do nowall thiokpess isithioned by strhtehinbw&lvéd the qmalhsmé of the diwidecamdor

Act vat i on and TSSEETY T MBRMIES HiRhaye pharsolt i bensidhed il aigrEFo e s

conpari son 6f Fargmrebéblwﬂde Btaxiﬁﬁl&n peactical nUﬂnbérSwHI@ﬁﬁIrl yatoﬁeengm%sw@t i on
i's shown in, Fi hbthe plug 6 in its "rest" or full y resiled

orientation. (FJFferred, a”‘b‘éfhﬁ fugaoess (havpatwesn three angien arwegreﬁt%#andea) t hat
connector 94 an@blﬁg; Bo8gIbId? Use of an@veﬁ'rﬂh’r’itﬁ’er%f AB UL Shbwn! IWF{@E Et?ﬁra‘i’ibﬂ? ﬁ[ o be

present in Figure Activation 10 onpri ses Joi ni ng nee ess
valve 2 to a | |Iaf§femfe§@mﬂeyt is gasiectosnald sammgtncal ribs equaﬂmggaqad tbam tr mold

Usual 1y ¢ hr ougreh@ SRR eE obnflt s woad e Suff el R et ot o | °
coupl er 10 1E)urtﬂiertﬂne uahhves . of@ddtplswpslmay dertalosdrghrele @ stovreor m,alyitm:lr i cal
wal I 120 whi ch has '

i nner . si ribs or threads, 1 I gned
with the center™3% é'“?ﬁugé‘&yﬁl"éﬁe 57T 58 of e lp Bt s AERISL Faiilion
outwardly from theeueiser b2 didth sRpe R Be rlﬂsBB@ﬂﬂicWHré Qlther feasible dr%%fr&ﬂet ofit
into the receiving portion 126 of section 28 housi ng_8

interior of nozzle 9 alteragtivesmbodiraent oftlemlwﬁn&@ownz@w EIQIUFQS 1%151 ui d
comuni cati on Wt fhid Efbbaitfdnt, the bRY 67is! cofifhftel Witk HiPbkpatdd ddinst@Sf VO! !

116 1s 15 section 18’ which substantially replaces sections 18 and 60 in the configuration
described above. The section 18' may be somewhat bulbous or it may
approximately conform to the shape of the rod 14 (shown in these Figures with
an alternative form of the ribs designated as 86”), with the plug 6' having
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 &', 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



here illustrated as a conventional syringe device, with a novabl e piston
132 20 housed within a cylinder 130. The piston 132 is nmani pul ated by the

physi ci an or nurse as indicated by the arrow 50 to force the liquid
forward. Sugdogssesrand operation of the fluid di spengmngesimseésce 116
are conventional and need not be described further. Simlarly, such
devices may take many different forng,q4all of whi ch are equally
applicable to the present invention. 25 As the coupler 118 is

mr)]veddf or war dd;{radudmm'ﬁcarﬁiqde lsyég-tphﬁgi@q efigct fHdgerityin the clairr?bdthdavmet i Wrisof the
threads 32 and 112, e tapered_nozzle 90 interagts . e . nner
surface 136 of"eR eqé'leﬁlf,%{éﬁggeﬁq%?pogggrq}p beeans| ?f?pﬁ‘@thmhﬁﬁﬁ%ﬂeedéh'%dgi ng

action sim | arinfentioh ks deBRED inBE appeNseddhin@en the connectors 94 and 10,
t hus form ng_ha mechani cal | y tight connection. Sinultaneously the

front end 138 of 30he apsiatiosroftheinvention ean best betundersiped byireferanceria

surface 20gof : f e g ot ing D1 hed to a Luer-
67" 208 s IBEn I s ol appigation deviee 25 stsched o Lyer
direction, thusk®uosupigr 941eCoupler 94 isi fornisi with adwollow tcylindsical gongector 960d 14

and be forced open as .it. ses _over.and - JAaLound. ' best
illustrated i n™ F'@)ﬁ% "qﬁ'"{)oélkﬁgr%??ﬁﬁgg%"&&%l%ﬂrgﬁp d ﬁ'q%nggéé‘{?ﬁ(gﬁ}eé-% of the-
plug 6 caused BythtdRisMO0WabPeratg With. Als dritRreB s 36 en We interioe of the couplez ot her
portions of the pl Uﬂ'_@g to nove al ong _'cqrremldl n SECéI ons of thg od .
14 and ribs 861Q-aftweembogiment showr. cylindes %ﬁﬁgaw@_ RAIST SyFfacs, Ogl ug 6
to be 10 SULALAREGSRUWEIHAP AR WHHIRE Hitdhior DK BShHIDE o6 ARGRASN | he

i nterior volune of the plug 6 and creating the space 82 through which
the fluid can 104auch thatas the connentor&dris tumed ayTd thepaded injeithereeessdfiBthev t h t he

P, © 1 LAk hd ol b b agie] G g By
now opened sl i losfaf fluid. oNitereatively dioticeylinderdOtand conhentoraf damdresstraight wéthr od
14 and ribs 86 (LR Ufheds" Snd i) 48h 8 sbciiedREGetREAG Sn BandsNie BlloP¥s 81 acent
15  solvent adhesive, as shown at 97 in Figure 15.
Preferably the design of the tapered cylinder 40 and connector 96 are
such that the end 106 of cylinder 40 and the opposing surface 108 on the interior
of connector 96 are closely adjacent or abutting ‘such that the space 110
between them is minimized.
20 Connection of the device of this invention to tubing 48 or any other
device may be configured to h'e_'l_'ele_asa:ble or permanent, as desired. In the
‘embodiment shown, the connector has at its opposite end a nipple 112 to which
the conventional tubing 48 is attached. The tubing is normally stretched slightly
as indicated at 114 so that tﬁé tubing 48 is retained on the nipple 112 by the
25  combination of the elastic resiliency of the tubing and the interference fit between
the inner surface of the tubing 48 and the outer surface of the nipple 112. If
there is concern that the tubing 48 may 'separate from the nipple 112, a
- conventional external clamp (not shown) may be placed around the
circumference of the tubing 48 where it overlaps the nipple 112 and tightened to

30 ensuregood cdijrjéction bet\_n_l_égn the tubing and the nipple. Alterna_tively various



ribs 86, the rod 14, and the inner Surfébe- f the pl ug 6, and on through

t he openi ngs 146 and into tHe conduit€" 46, 42 and 38, on through the
channel 140 15 in the nipple 112 and into the interior 142 of tubing 48,
and subsequeWPPYIPY t he patient or other receiver. FPCT/US8/18068

Because the liquid source 116 and the valve 2 are securely | ocked
together by the interaction of threads- B2 and 112 and t he medglng action
of the recei ver 126 and nozzle '90, this acti¥V configuration is

stable and can #hesiyes qnsoverismay berusad tp §ﬁ§u"8§h? H@'%?E‘i’ OiPRie tagetheL. o
other user W shege 5QveMRidr AdResives u@ PSSt sh&?tﬂa‘t fHéyHo Adt uﬁ’tﬂﬂieﬁhﬁp of

course, be nmaintained for an extended peri od tirme wthout human
super vi si on or tbenfividl flowpatte of ke device \asi migsatel tqgaulse unwaniedpadhesini ce

116 i s nechani C@I%é\&hé’rga "Zk'feCHJJ) IIy operated and provides a
t W

continuous or in ‘of fluid through the valve 2 to the patient

or 25 recéi ver. Activation and de:acWatlon dgirthe dalviec? will b dest andérstood! g
merely slid along the o t tubul ar nce. .t he
cannul a had a uﬁ&?‘B?ﬁ'ﬁ‘m ggr,eQ; FH%%pIUbe devies Hb@s deac%va@&mﬁ guraign It essed

over substanti abhowmin F@fjre' 14 Mnirﬂhﬁtﬂhg Q% ﬂQ“r‘é&f“%%We@ifed onentatléhDE(FdEd
only at the distal tip, and then only by the m ni mal anmount necessar¥%

to open the endPdiPrsesptcumpasizonHtwilihe Widersteod Hiat saneesteridandhtubing

into the ozzle
of the fluid di spgl 3 |reng8 uld be "Rsagmﬁd arllsooztz e pr?s%rﬁén c'h'gsuréhg npécuc\fg?/?m

was subsequiént | 9omanBSrjawmgaoidhe heedidless iV 2eal athqmd&lppb! sSoande sun:hta‘sea

di st al direction al ong the puter e nnuI osed
over the open eRy'ngeoro %‘?@’ éaq%mpapargal{yaﬁ%pyv&atbg@gﬂ? @hol n the
cannul a. This i @& dsually trﬁougm@wmémmﬁmbh@bmﬂad uh%nﬂgnhetumtd/mehdupm from

the patient or receiver ul l ed by suction back into the catheter
to which the canBR&f gledfal\(qa,ecw%rﬂg,cpnsmso an outer cylindrical wall 120 which has

on its inner side ribs or threads 122. Aligned with the center axis of coupler 118

15 is nozzle 90 which extends outwardly from the end 124 of coupler 118 and which
is tapered to fit into the receiving portion 126 of section 28 of the housing 8. The
interior of nozzle 90 is an open fluid flow channel 128 which is in fluid
communication with the interior 130 of liquid reservoir 116. The reservoir 116 is
here illustrated as a conventional syringe device, with a movable piston 132

20  housed within a cylinder 130. The piston 132 is manipulated by the physician
or nurse as indicated by 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



devi ce was connected. \Were the receiver was a human patient, the fluid

dr awn back into the cannula would usually consist in whole or in part
of venous bl ood. The bl ood thus retained in the cannula would

t her eaf t er waj éogBozeongeal and 10 coagul at e, causi ng bl opkeagsaisodgshe hol | ow
i nterior cannula and maki ng subsequent adm nistration of fluid .
difficult or inpossible until the valyg.and cannul a were either .

repl aced or cl eaned. Figure 8 illustrates the inprovenent of
the present i thegpltg 610 ccnnmbssih tﬁéJGdSWnstream SHpe@lirnartirettidh? tHusTauyiag tHem i s
entirely avoi gﬁ% nd the ugfg property of the 15 device is

i1l ustrated. 239&8"@99 élp rl'=’@t éa8d bedofced apgs @stitRassas averAnd, ol une

during activahidind thefip b4 Sastidt Hlﬁ‘étfa@é’&ﬁsf—'rgtlﬂéﬁ 1V OF e Bontbtedice H\%@éﬁ'lbl{f"t hon,

so t hat the contraction of th ug-wall into the space
(essential |y &ftheirastofibe plygdecaused bm@ forivand| meting o‘dbenemle a0 Icgueesr

forces it o o ERrichalin Hub Bia R Bt Rmeonondrf BRI R ™,

resiling of tHhé gridudbs\éb (araf B&Nif presents thustforiyy thetwall eff theqsuy Betods ch al so

h dual | I
asi los back  HeEhSy g pipanaed Sutiefay sheiaiabiibcispang R LisTer MBLMELSes (o -

neutral pressef the plug 6 anBeFEatHg thétepmathrétﬁjmﬁﬁrcmhélmré cﬁ'ﬁﬂbﬁ%lérﬁ; solid
rod 14 rather than an o cannul a, resiling plug 6

passes over dfté sHrfasggo g’ﬁ’ddf‘ W@biﬁeamﬂsﬂ‘ﬁﬂ@@ thuazet@ctayeﬂﬁedem@rt he
decrease 4 | ¢ fodt
resiling pl ugt%‘rﬁsf'l e%l ﬁl‘ﬁ‘l\ H@mu@%géﬂﬁ[erﬁ ?tfplﬁﬂ%ﬂﬁ@%@ﬁ{rﬁﬁeﬂh tl"e(?raz%tlrgt vaI ves,
no negative praedﬂtﬁrmwapéMﬂwalddg@ndmdmmnttodhe enter 80rfaces dffies tddosi ng of
slit 22. ssure ating.o on of
the device is 13’\% ”bP 8§gﬁ"°§“§l‘3’ﬂ$§%§%§l}gd gnsqr)ageﬁﬁeace&@@rrgsd g¥ a&l %ﬁ
fromthe receriberss, slm:todotm Ighdothe inner surfd&e Q)@/tﬁe?Bl&Z; 6, and on through the
18 - openings 146 and lnto the condunts 46 42 and 38, on through the channel 140 |

15  inthe nlpple 112 and into the mtenor 142 of tubmg 48 and subsequently to the

N patrentorother' Vi ST e e e e :

Because thelllqwd source 116 and the valve 2 are securely locked .
together by the rnteractron of threads 32 and 112 and the wedging action of the
" receiver 126 and nozzle 90 thrs actrvated conﬁguratron is stable and can be
20  maintained for : as long as the physrcran nurse or other user wishes to continue
dispensing the I|qurd It can also of course ‘be malntarned for an extended
period of time wrthout human supervusmn or control where the reservoir or liquid
supply device 116 is mechanlcally or electrrcally operated and provides a

contrnuous or |nterm|ttent ﬂow of flurd through the valve 2 to the patient or

25  receiver. : _ .
' ~ In prior art devrces the flexnble plug merely slld along the outside of the
tubular cannula. Smce the cannula had a ‘uniform drameter the plug remained
strongly compressed over substantrally all of its Iength being stretched or
- expanded only at the dlstal tlp, and then only by the mmlmal amount necessary

30 toopenthe end sllt and allow the end of the hollow cannula to protrude into the

|



plug 6 which has been under conpression and has been stretched and

expanded over the ribs 86 of the rad 14, begins to resile and return toward
t he . configuration shown in Figure 7. This causes the space 82 to be

cl osed, Pg’ﬁﬂ %fely or substantially, and all fluid whiPER/USSK188En i n
that space is thus 5 forced through openings 146 into conduit 46 and on
through to conduits 42, 38, . 140 aht- 142 and into the receiver or

Calve, as' w1 | Bk LR Fobel Gonoer Anti st e Beprshttonin s 1
the exact opposwae s@bsd ﬂfﬁftﬁa&a% érﬁheﬂﬁr.sl@% \Q?djf‘ovie%ﬁébﬁ&t‘ﬁ{ L
va as ect on t

of the plug to the deac ed position e Interior
vol ume of the 1@recﬂeamlnngéhe9utﬂf§urfaee ctthewannils anddioset! aver thgi apem erxt i ¢ or

| t d b £ th
o g e the T fteannuia, 4 BERE] Ghsr v i’ e RarRUBD * 1B 1o B Lot
Pﬁ pur ged Pﬁ t heommbnlyrrestﬁlte:d”le Inb![dgaétlﬂg W’rthdralwn frorﬂQH@bhtI@’itQﬂ‘ ré@éiVéﬂ é]ﬂ:l | n
e present i nv as e resilin
pl ugpt o its deal? fe\S’O*EVea”%&S’&Q‘t csintpJpe cathstrr tp ?mm?gcﬁﬂ"l!i‘i'%q they H’fé""\ﬁﬂ ve 15

downstream t o t HevideoNas ddHnettedP WHeREthe receiver was a humérf‘péﬂé'ﬁi tﬁé‘ﬁlﬁé drdvitf
return and cl osj n&@actlon of the plug 6 (or 6') w adequatel y

acconpl i shed enPRGkdntp the canpulz E’QP'FM'-@H%'V qensiship Vd’IQ!SOI‘ @ Fmﬁ'thMeaDW bloeidng
the plug, such fhatpidyy %E%%?léﬂ ﬁﬂh@gcé?{nuﬁﬁbﬂﬂ t?lL, o Bh&g éoﬁg%&cﬁfds ary.

However, if desired, one cou eonor mal r esi ncy
by, 20  dddi ngcm&tbl yausing Haiockagecef the | hollowy triterics pearnuBd aidk Imahhwg nert

gas 144 such as en _or _.argon erably under ressu

as the device i SUBSeq! vﬁgt %ﬂ“ﬂ's"a%%r?&q'f’ﬁéd%f"l t Qs \Flfﬁs' leuntss the, "P[YFC
expand out war dl garmuid Wwere eithet feplaskd drivfeaned. 86, it encounters the
conpressed gas vm'thiﬁ t he space 80 and, while reducing the vol une of

space 80, conpresses’ @y &illjstraies ﬂﬂﬁ)ﬁﬂ’%‘éﬁi@’} otthe PW"EUMB"UQB in which such
Co tly, t
nsequently, waRBtidHEF st Gacdun ﬂgﬁg{dj’ﬁlg dahgghc%ﬁéfpéﬁpﬁﬁga Wo%@c S

on t he out5| de surface of th anber 80
begins to 19  devies isdlustratedd The altg, Bﬂbde@swslaﬁ)d totlmmeqnedheMne'mwotUm

R L e
conpl etel y. Thetheqontrdclion o:fcﬂnq)plagwnﬂ ug;as‘.héLéﬁbc%(Bz (efs@éﬁtﬁﬁy eliwinating spadeer i al

to assume the C@QJ ng a%te.'e. %ﬂbs?t tway aql res%ldgleﬂmd remalmng 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



conpletely, with closer fitting between the interior wall of the plug 6 and
t he exterior surface of the rod 14 and ribs 86. The sane effect wll
be seen by conparison of Figures 14 and 16 for the enbodi ment of the
riv 6° shows dofizear Figure 12, involving spaces 80 andp@fusgsasasscoul d

al so achi eve the sane effect 5 by nechani cal rather than pneumatic action
I f one were to enplace small springs-1g- (not shown) w thin space 82 and
in contact with the outer surface of the plug wall and the inner
surface of thplugossitich Walsl beern dindéxi cdmmws_srdnbmdihaprm\edtreﬂabed and the

Cpand, “uf i nEERESR PUET Ao Bh e 4 Bebias o i st PG RE e "

interior 10  cffiguratioRsHoM® M Figure 7. This causes iﬁe ¥pade BRUG Btﬁcﬁ)e@dn t hat,
unli ke prior art devices in which the fluid f channel through t he

val ve has a fcmlletﬂ!u aheubgtaniiafly, aar@aarhfru@wmqhéla;ebﬁ%ndha&wce is thusy esent
I nvention ‘M t hr’o%gh%glaﬁngﬁll&@ﬁno J:@Hui?%*% %r{ﬁl‘augﬂ td BShduits @pags on of

t he cent er € expandil ng an contracCti ng I nterior

di nensi on of 160 and Hé2Eindgntocthip Iregeiven onpatigrd, leaving porsignilicanh amouetefur e
generating ac

forced into th%'8F8@@|W'"oPe 53lf’$zqeﬁsw %ﬁ?e&t'de"k Lycﬁ%%ar%qr{,&%é@rgsg hate‘%vgfve

from bei ng cl aggeHis Rthé ekadtidppbsity o thetdpepdtion thedprit art devices, vereste vetarnf | ui d,
but al so ensures that " substantially all of “th dos e of, the fl ui :

i ntended for Phbepig tethe esaqtlé%tswewt%hawpr rﬁ"gf h no
signficanfg ZOC?lnrﬂg%’é?ﬁ& et &rihe Rrmb@sbf ergl’ﬁ Bla%ﬂ@ovgln’ﬁ%r%étéﬁéltﬁr@i itself.

For brevity, vice and 1ts operation have been described herein in
terms of admi Hiesefoeetis ont dgformed byprassure §om thepluge df hugtthe figuid @@aﬂmgan

pati ent . in E@‘é}ﬁt\éﬁér of the__%ah Be(:aﬁxotdoffpé rbg tth%fetﬁﬁ'lhé’feth@

numer ous ot he 4% n| st ration
of nedicati onsleadftlvateﬂrdos'mbs' trfﬂrelpgéseﬂﬁnvemrbe lgexsnntna'shﬁlmtasrbag osyaturam of a

atient. It aI man se nedi.cal I h as
gdm ni strati or"? édi-lﬁﬁ"?\’?qﬁé p8§‘%f’" E‘UFES F'@amﬂ?'ggolrwd fi e V?a agents in
chem cal 18 bldg{,vﬁgﬂré‘@ht@therfgdem@dortp@ﬁémng procedures I n the precise

adm ni stration and delivery.of chenc reactants j. roc roduce
smal | quant i '@Qs"(ﬁa%&etbf"é?@w %’I‘f-&ﬁ‘?ﬁ‘ﬁg actigs e gi‘?{? ‘H@

precise del i vey¥qRtely accomplished entirely by the resiliency of the elastrc material formmg
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, ﬁlllng the space 80 wrth 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 resrhency 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




-20 - standard fluids for calibration of test instrunents or for
conducting hydraulic or ot her.if uird :flzaw-experi ments or small scale
production processes. It will be evident to those skilled in
the art thatWPA¥R3B%re nunerous enbodiments of the prBEHWSISIEWENt i on
whi ch, while not expressly described 5 above, are clearly within the -
scope and spirit of the invention. The #Wbove description is therefore
i ntended to be exe Iarmn'l,?yi and t he scope of th ' i nvention is to be

det er ni ned sol fAMRIeSH, eses fiting hatwean the interior Wall of the plug 6 anddha m
-21 - exterior surface of the rotgi 14 anﬁ ribs. 86. ThgééHgsefﬁ‘ct .w&'ll be seeft b,Y
needl el ess val ve conprising a tubular housing having a tluid rnlet erd
and a fluid out¢ampasisgn of RHgures 14cahd M6 fiorthe anbddimentngf, therrib & shawroin
flexible plug g i1 i sai in moveabl e al.on aid rod said
hol I ow pl ug in l-;lg%rg 01‘% &l%loma%bgcé]soébsanogs)f%ne cou%balso achlev% tﬁe same effect
. 5 by mechanical rather than pneumatic action if one were to emplace small springs

(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

15 the plug, employs a unique self-purging and pressure generating 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



5 to insertion of a fluid supply nozzle into said inlet end noving in one
direction al ong and cooperating with said rod to increase the vol une
of the interior of said plug and open a fluid flow path between said
in et and q¢gdofkozends, and in response to w thdrawaCt/usesasees f | uid
supply nozzle fromsaid inlet end noving in an opposite directi-on

al ong and cooperating wth said rod tgpdecrease the 10 vol une of said
plug interior, close said fluid fl ow path between said inlet and

outl et ends. Qtﬁddﬁrﬂtfﬁﬁsrfesbaiiwétlowdﬂtéhtim;tram'eﬂts‘dndw cmtdmctmg hydrauljpedr ed from
sai d val F%'Wr@?'g h sai.d outl et ﬁ A needl el ess val ve

as in Caim1° HPEIIDRRIS o sM3 rsﬁﬂletl’é?‘ﬂ'{f"ﬁgpmcgﬁﬁ?f’gat ed coaxially of

sai d valve and havj Ry %epé\hﬂéﬂt ith thé&¥e SIaMH tritHenad thatbthere are neiefsidi ng
outwardly therefrom said ribs cooperating with said plug in said

i ncrease in sampodimants of thmpmnfamentwnswhlshdwbnleaagteemfe%sav deperibad; or

vol ume. aBB\?’e are%léﬁ@%ﬂ#uﬁ%ﬁe \é% aftd spitit dr theirverfisn. CiThe! Asovédl Stance

arib extends core varies over the length of said
rib. éescrlpﬁoneedieféfemsxrwaided tase exathplamn Ghiyvand déher scope df theances of

out ward extent .. of said rib varle cqQptinuou vy the length of
said rib.  2fventon 'sqﬁbﬁ?@gqr@l nedsalely &8"‘353 Fﬂp@%d erein the

di stances of outward extent of said rib varies d| sconti nuously over
the length of said rib. 6. A needl el ess valve as in Caim?2
further conprising sai d GiMM:t erni nating adj acent sajd outlet end in
a holl ow annul ar nenber encircling said rod.

et



-22 - 7. A needl el ess val v di stal "'end and a proxi nmal

end, and conpri si ng: #W’”ﬁ Wed at sai d proxinal

end _and conprising a connector for fI*U|d ni cation attachnent to
a fluid fl oWWPE¥Ed% solid el ongated fl ui d chanfiel * ng 5 POT/USISISesdi ng
froma proximal end joined to said base to a distal end, and a fluid

flow conduit formed in said base and exatendi ng t hrough sai d connector into
sai d proxi mal end said rod and di sposed for said fluid comunication
with said tube; a flexibl eCENl@Shavi ng a wall formng a hollow

interior bound by over
said rod, bei ngqseaﬁﬁ?]éﬁdle‘%ststdz?%ﬁ? Wt@ghﬁﬁéggma gégmgeau@gé H')%} eg'gl '
al ong sai d rod anstaduid outldtiends a saitd rod twethinmsadd housing, and a inibint flexiblepliiga
second deacti vat. tiagn. in said first activate; sition said

rod naintai ni nygﬂ" ?ﬁ?‘ﬂaﬂi‘%aa" avReble @lpng4 %§?'ﬂc§&’ﬁﬂ‘ﬁ\ﬂ lyginJesponse

| ar ger vol ude, to insertiow bﬂ‘a ﬂ@id%u@bly%dﬁ!zfehﬁlroaé&‘u fdléi@n&%&nﬁ@g i Ghe Gﬁ'gctfbfn sai d
rod, and creati afIU| flo hr ou said interior and al ong

said rod;: and i 't#%tpesmnaéétbtsa@dpé@ msreasg \tqllunesbths intetiey afepidg in a
formwith said 104 SN [ ?fa?f? ﬁg@

distal end of s%?% rnod %égegrﬂ;? gov'ﬁ ald plug an s"z‘alﬁtda Hé‘?f%é%ﬁa{n pat h
bei ng bl ocked bysrensg tmlthdr@flvalsa‘isalqoﬂlu@supplgdnozzle from sald mleaehdhmd\mg inousi ng
fitting over sajd e fromsa

device to said sgbb’&te salcgé'é ag‘? ﬂd’%affa ?r%ﬂ@ nﬁa ﬂaﬂ?gr{ﬂ %ﬁ?r%qsgn ted 20
recei ver 60 relokanalof saitil pligl mmmyab@@tsme UG ipatbétivedn 37k Infot @inda
fluid sourLgFetes |d recel ver co gured to gui de novenent of said

nozzl e al ong saf nds-apd cayspotes| H?b et said ﬂVOi"tR?‘%H’I e prrR]leddrare spdug

novi ng bet ween Nelthtdughtsafeutfeliefld. second positions in response to
novenent of and contact from said nozzl e; such that novenent

of said plug fromsaid first position to said second 25 position in

e en’d MLt 20 nbaed VAT bE b P! b B Bhsifid Wald fod Beflo

rod and said plug to cooperat expan Thi'd
interior 15  elongaled canxialyp of saidi vhlve lane ltamr{gl mplhrbhtyvufhehgmmmaa'ibd

source and sai nt novenent of,, sai, lug fromsaid
second positi oge%t @59 g)ugrﬁrgy thergtions p%é‘ft" 6r?°PHerFE§%dH@esq F%l' ﬁ'ﬂ?ﬁ\ﬂal of
sai d nozzl e fr dncreaselin sxtid interor volumegndinisdid decrease in said interior volume.

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

4. Aneedleless valve as in Claim 3 wherein the distances of outward extent
of said rib varies continuously over the length of said rib.

25 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 said rod.



30 plug toresile and said interior volume to decrease, closing said

valve to said fluid -23 -
flow, displacing residual fluid wt Flll“l“'eu'w I“"I”I“ ”:!“Ij causi ng sai d residual
fluid to wooondohpw fromthe proximl* erfd 6f 8aid val ve petrosssasest ube.

8. A needl| e?ess valve as in Claim?7 further conprising said rod being 5
el ongat ed coaxially of said val ve antghohaving a plurality of |ongitudinal
ribs extending outwardly therefrom said ribs cooperating with said
plug in said 7  AinctRise Vvdlve dalingnhedistal enal ane s proxXimak and, dadr ease in
said interior vol une. ' 9. A needl el ess valve as in Caim8 wherein
t he di stance €@MPRPEMKt ends 10 outwardly fromsaid core varies over the
length of said rikpase disposed &t saidpro@Rid] SAEHRI PRI dhnEtidr for fuigher ei n

t he di stances of outward extent =~~~ of said rib varies continuously over
the | ength of cenamunication attagkmentto a fiuid flawdube lacsolid elengated fuidchannglingo
wherein the djst J Ao} : : | ;

di scont i ngous'llo)%/j e%%&?ﬁpﬁéonfﬁ%%rﬂ%l?ﬁ éﬁll}jedrtlobs.a'd tggs'estgla%i{}#l%nﬁ?é{l‘ecg?jﬂgrjess

val ve as in Gleow coritiultdarivieerin saidbass and estending tHysughesaid peririectpr into saidadj acent
sald outl et e L and Shia 700 0 dishoseTor said fuld Communfeation With 88id tube;

a flexible plug having a wall forming a hollow interior bounded by an

-

inward facing surface; said plug fitting over said rod, being sealingly attached to
10  said base and being' moveable along said rod between a first activated position
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 with_d"rawn from said distal end of said rod, and creating a fluid flow
path through said interior and along said rod; and in said second deactivated
15~ 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 end
of said device to said base, at said distal end said housing having an elongated
20  receiver for releaééble fluid communication reception of a nozzle of a fluid
 source, said re'céﬁ/ﬁf'é;r cohﬁgured to g-didé' moveme_rit_'bf said nozzle along said
receiver into contact with said plug, said plug moving between said first and said

second positions:'i_i;f\ response to movement of and contact from said nozzle;
such that movement of said plug from said first position to said second
25  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 source and said tube, and
subsequent movement of said plug from said second position to said first
position in r'espbhéé"'to withdrawal of said nozzle from said receiver causing said
30  plug to resile and said interior volume to decrease, closing said vaive to said fluid

ot



20 13. A needl el ess val ve as—n"T ai'm-7
bet ween sai d rod and said plug '

vol ume creates a transient pomi\i‘\“w
enhanci ng sai“(P%‘ﬂé’l?V& on of said flui c

Qi N sai d cooperation
rior decreases in
agai nst residual fluid

“from-sai d val RCT/YR§18068

tube. 25 14. A needleless valve as in daim'7 wherein said flexible
plug is fornmed of a resilient mat @3t al . 15. A needl el ess
valve as in Caim7 fLirther r|5|n$1 an |nter|or*;;_..surface of 30 sai d
housi ng adj acenflO¥:gigp %9'69([@?&4” Hd withinisaig val gusingrsaid residvgl Buiddo r od -
and a portion Ofloﬁf\‘r'o%me”&omﬁ%'l an?apﬂ?@(/alp@'id?ﬁséﬂg i6g with gas, such that
sai d expansion of said plug into said er “causes conpression of
said gas, said - conpressed gas thereafter acting to enhance resiling

of said plug ang dec a d or. volume, .5 . 6.. A
needl el ess val ve as An 'eles%vaﬁé % 1’1‘ fw&xeéoqﬂmqrg&lg §gjd rod Being
expanded pr dki malongate mamﬁlyod‘f saw)lva&etandahaﬂng @bammsdhwgilaeiheenaé
expansi on of sald interior v d for a needl el ess val ve

conprising an ef8 l"8d°%%'ﬁé£¥1§hﬁfﬁt5°'a said "bspmpoﬂr?tﬂs with |ssicy Plugainnsaid ¢ i bs

ex.t endi ng out Warrdiré!asfehﬁ lsidr iRtrior volume and in said decrease in said interior volume.

9. A needleless valve as in Claim 8 wherein the distance a rib extends
10 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 needieless valve as in Claim 8 further comprising said ribs terminating
adjacent said outlet end in a hollow annular member encircling said rod.

20
13. A needleless valve as in Claim 7 wherein said cooperation between said
. rod and said plug as said plug interior decreases in volume creates a transient
positive pressure against residual fiuid enhancing said expulsion of said fluid
from said valve into said tube. '
25

14. A needieless valve as in Claim 7 wherein said flexible plug is formed of
a resilient material.

15. A needleless valve as in Claim 7 further comprising an interior surface of

30  said housing adjacent said proximal end forming a chamber surrounding said rod



18. A rod for a needleless valve as in Cla|m17 V\/nereln the distance arib

extends outwardly fromsaid core varies conti n ver the I ength of
said rib. 15 19. Arod for aneedlel in Claim21l7 wherein
t he di st anggy sdnsdsh ext ends out sd Tor eCYAs93A3068

di scontinuously over the length of sai L r| . 20 20. Arod for a
needl el ess valve as in Caim1l6 furth *corrprl sing said ribs

term nating adjacent said outlet end a hol | ow annul ar menber encircli ng
sai d roglnd & ;&ﬁhérdoﬁééid'@ﬁlge@aﬁ%rﬂbév bBIgdillet withl ddsy sath thatshil ri bs
ext endi ng outwardly therefrom

expansion of said plug into said chamber causes compression of said gas, said
compressed gas thereafter acting to enhance resiling of said plug and decrease
of said interior volume.

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 core having a

plurality of longitudinal ribs extending outwardly therefrom.

18. A rod for a needleless valve as in Claim 17 wherein the distance a rib

extends outwardly from said core varies continuously over the length of said rib.
15

19. A rod for a needleless valve as in Claim 17 wherein the distance a rib

extends outwardly from said core varies discontinuously over the length of said

rib.

20 20. A rod for a needleless valve as in Claim 16 further comprising said ribs
terminating adjacent said outlet end in a hollow annular member encircling said
rod, a solid elongated core having a plurality of coaxial ribs extending outwardly

therefrom.

i



