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connection with the interior of the access port. Upon w:,thdrawal of the

sharp cannuls, the elastomeric septum reseals itself thus maintaining a sterile
15 environment within the housing of the injection site. Tli:;g}outer surface of
the septum of the injection site is wiped with an antisepti:'c':'.before each use to
prevent septic agents from being drawn into the access port by the piercing
movement of the needle. o

_ More recently, connectors for accommodating the'éi_'_:;jection and

20  withdrawal of fluids without the use of sharp cannulas ha.'.ve been put to use
in increasing numbers, This is due, at least in part, to concern regarding the
possibility of the transmission of blood- borne dxseases through accidental
needle punctures of persons handling the sharp cannulas_. Connectors having
no sharpened surfaces are desirable because such hazard 1s thereby eliminated.
25 However, some existing needleless connectors s;iffegf'from various
shortcomings. For example, relatively complex conﬁgﬁr@iio_ns employing a

large number of parts are difficult to manufacture and asserhble. This not



© 2 onlsy increases costs but may pose problens in service. Additionally,
conpl ex systens nmay not be intuitive to use which may prove distracting and
therefore undesirable in the typical hospital roomenvironnent. A further
concern in the design of needleless connectors is the order of 5 events
in which the connection is made. For exanphle, allowing fluid to escape or
air to enter during interconnection due to the femal e connector being
opened before the nale connector is sufficiently seated is undesirable.
Addi tionally, some existing connectors acconmpdate a relatively |arge
interior fluid vy LJod L O] ' I rge 10
ol e of {1t d Tt [y <5 pak Eebios Bl sk RRIRARE Jon SR
account, this f|systedmsohaymeockmingstivacd uferwhich meayvploverdistraétingeatidc ament

injected into th tient, and, may,be clinicalty significant. An

i nconveni ent sep%?%? _efwg‘m?ﬁlj ‘Brtgﬁé’ﬂ?j?% hﬁé&‘%é"_% HYEFH 1 ow dose
injections or in the A fekér icdrh itithé ddign slbbedleRQScordectb it BieSordet 8f 1 Vel y
| arge interiar vol une. ]1}51 Mor eover, rel |\i_1ely conpl_ﬁip geonetries and the
use of springs affantHe Whigh thecqanection b dppdsoiarsrample; fowaadled 8 i nterior
My give rise tOscHRaf JPA ERer Hﬁ}ﬁfgeingééléﬂdi‘leéﬁé}ga?éfb iﬂerfgxﬁlﬁle(ydﬁnéc?orpoor
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flushing. 20 . .e tal conpenents, .such as talli¢c .spri.,ngs, are
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coiled netalljc springs js,the care that st. be taken. duri ng .manuf acture.
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' injection of unstable medicines due to this‘relatively large interior volume.

15 Moreover, relatively complex geometries and the use of sprmgs and the like
in the wetted portion of the connector interior may give nse to “dead spaces”
where fluid tends to linger due to poor ﬂt;shing. Dead sﬁaf:es give rise to
problems similar to those occasioned by large interior -'vb}.fixmes, again
resulting in the inconvenient requirement of flushing. .- : . ‘_

20 Where metal components, such as metallic si:fings,." are used in
connectors, the metal components can interfere with magnetxc resonance
imaging used in hospitals. A further difficulty with the use of coiled metallic
springs is the care that must be taken during manufacuiré.:_"Allowing coiled
springs to come into contact with each othier while awaiti%';g assembly into

25  the valves may result in the springs becoming entangl'ed_%iph each other
necessitating further handling before they can be installed: .

Furthermore, it is desirable that needleless connectors be configured so
that they can be easily cleaned by an antiseptic wipe, or otherwise sterilized,

prior to making a connection. All exterior surfaces that may be involved in



- prior. to maki ng a connection. Al exterior surfaces that nmay be involved in
3 the transm ssion of fluid should be readily avail able for cleaning prior
to the connection being made. Sone prior connectors have a small rift or
fissure defined by a clearance between parts. Such a feature is difficult
and inconvenient to clean in attenpting to sterilize a connector.
Alternatively, 5 connectors requiring a cap to maintain a sterile
connection port prior to use are undesirable because the extra steps

i nvol ved in renoving and replacing a cap are inconvenient, while the
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flow rates. Sone pgi conpectors have restgigtiye geonptries that limt
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may not be possib r gravity w condi tions an
pressure punp nayaperenscctedniest) chhiteothe eciomfsture wf thédapuidde sxpeabd.e wher e

unps are not avail ab apg. .t he useful pness;of su connect or s, woul.d . be
ge\r/rgrely limted. Theﬁﬁéﬁ@é’é?&@%‘ﬁ%ﬁeﬁ@‘g@a@ﬁ@i i""tﬁf‘_“%‘ﬁoa?’é’l‘i‘em’”#ﬁf Ha of
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and reduce potential blood henolysis. In addition, the perfornmance of
connectors i A@or Pémadicamentst thigt o rret. Seme PTIOE COnRASEPTS JaTE Tegfrighvew

high Tl ow Fater Rratdii Ml Wl fow THNRITEN P SOATES-ARONBACS HAET. |
flow rates throughtes bei_mﬁ?mﬂ_eie.t (j?heaaa nﬁtorbmua@ommhatlﬂq?glamkzomtqr or
Piagyback rates yziindie' Hlefied GRS dibtible ilve device through which the fluid
must flow can result in a reduction of the maximum rated flow rate for the
15 connector. With some restrictive geometries, higher ﬂow rate requi.renients
may not be possible under gravity head flow conditions 'a'.n"d a positive
pressure pump may be needed. Such connectors would be undesirable where
pumps are not available and the usefulness of such connectors would be
severely limited. The increase of flow rate capability and elimination of the
20  tortuous fluid path can also facilitate priming of the connector and reduce
potential blood hemolysis. | .

In addition, the performance of connectors incSrﬁbrated into IV
administration sets and used to allow automatic piggyback administration of
medicaments becomes degraded when high flow rates thﬁ;"ixgh the connector

25 cannot be accommodated. If high flow rates through thé_%connector cannot be
accommodated, automatic piggyback rates using infusion pumps must be
limited to relatively low infusion rates. Otherwise, accidéntal simultaneous
flow of primary fluids may occur when normal head height differentials are

used between the primary and piggyback containers. Higher flow rates



limted to relatively low infusion rates. O herw se, accidental

simul t aneous flow of primary fluids may occur when normal head hei ght
differentials are used between the primary and pi ggyback contai ners. Hi gher
flow rates 4 through the needl el ess connector allows higher flow rates
of automatic piggyback admi nistration withgut the possibility of accidental
simul taneous flow of primary fluids. A further consideration in the design
of a connector is its conpatibility 5 wth other connectors. In those
cases where a cannula is nounted internally in a needl el ess connector to
slide inside t h@hxfo'ugh hP AEddIAEss oMk rGUBRS Gigher FBCFt&bf aBidndilie

needl el ess connector to establish the flow path, the outer dianmeter of
that cannul a nupiggybackl wineingstration mithous thepessibility tof aesidentd sirsuhasiepys mat e
with a wide ran ctors. Making it too large may result 10 in
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t he needl eI ess connedt ﬁz:rnhel-lom@raudmimuhgdchgx ofih eonmbceores &5 co{nphﬂﬂﬁh@annul a
too smal | gul ts .,in,reduced fl U:Id fl ow ratgs t hr ough the cannul a.
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15 or septum nounted over it _and damage the. reseal abili of the valve.
The cannul a coullﬁﬁeahé@'f@rféamecgdﬁ-ﬁlc@m%@ W@bh#hﬂ’gﬂﬁ‘fp&@s theooutenf t he
rubber piston or le n tor.
This may occur aéx?%&“ﬁ?e&%me &“tle uéedr}ﬁ’% rg?élr%égt w’t %&?es&exﬁ

cl osely sized winhdre teHeh sandmkmmnﬂmaiaeaimsctarspdvlehngg wotlarge thiyetesileroves a
pi ece of tha ruhber E’é&m Conse uent%& esi.rable to avoid such
configurati dfis. udfte erePFﬁ) ?’ﬁé ‘Efeﬂ‘f’ﬂ FHERET O3 Aect or s
have recogni zed <ifig tiegsbdfehss %hﬂe%to%a@@%mgmc&neﬁ&ma&@twas a

. relatively sinple construction with a small nunber of parts t hat avoi ds

the entry of ai rcanmidn tediemathiresubis inendnessh fuid flow rsesehrqughith pasnndauced
[flus h_' ng requirement dditionally, the internal cannula in the connectot ‘¢can damage the

valve itself. In particular, the cannula can pierce, cut, or fegr a rubber piston
15  or septum mounted over it and damage the resealability of the valve. The

cannula could also create particulate by tearing off portion:s._ of the rubber

piston or septum when a male luer is inserted into the cogme_ctor. This may

occur where the bore of the male luer intéx:'-feres with or x.s closely sized with

the cannula and creates a punching action that removes a;l‘;iece of the rubber
20  septum. Consequently, it is desirable to avoid such configﬁ_rations.

Hence, those concerned with the development of connectors have
recognized the need for an improved needleless connector that has a relatively
simple construction with a small number of parts, that avé_;ids the entry of air
when the initial connection is made, that has reduced flushing requirements,

25  that can be easily cleaned prior to use, and that permits a relatively high fluid

flow rate. The present invention fulfills such needs and others.



. 25 ‘that can be easily cleaned prior to use, and that permts a relatively
high fluid flow rate. The present invention fulfills such needs and ot hers.
5 SUMWARY OF THE I NVENTION Briefly, and in general terns, the invention is
directed to a needl el ess connector incorporating a valve therein that. is
constructed of a small nunber of parts of relatively sinple design, is

rel atively inexpensive to manufacture, easy and intuitive to use, is
easily cleaned, and does not require a protectlve cap. Moreover, a device

I n accordance mnth the invention acconnndates a relatlvely high flow rate
and has mnimal interior fluid More specifically,
the connector of the present it '

having a connection Reiéfly &ﬁd%géne@ﬂltfaﬂn%?th@nfvéﬁtﬁn ﬁf&iztebx@a 18h feedlelesit
presel ected cross- secthnal shape an Jb"r%e di sposed adj.acent the connection
G|

port, and a secofRRISEOfHPIBPragnga reigcbat b canerusiesl efesmaharmbpape
and size. A def Oétggﬂﬁoﬂ%&h@%lgtﬁﬁg éﬁgﬁ‘qs?elRWeﬁr in%)é% h\ég M\&M th

housing so as to novabl e firs sect1ons.

Positioni ng the gisgtod ifmmitivevtiotdse,nis k:tsdyfciaased sadtdnmnmamqmse atprdmcth&
defornmed so as tg o ethe bore whil e posi %’s&rﬁl ‘gthelﬁ%lston head within
. the second secti ¥ a 05?/%"3{’ eb'fcgt’%ﬁcﬁ? ¢ 3 SO AGCRmSAREY 2 st at e

in which the borﬁeldnf-zelyp&ightﬂbv@muhﬁl&h&&xinitrﬂl frretorfdifh voRinve s tdwad
connection port and fhe exit orifice. Additionally, the connector conprises
means for biasi nP¥he 20 pi ston head into the first secti-on so that the
bore is occluded. In RaBe | n
cross-section and theMPFér%Elgectlghég?&{l Op(ﬁ usl Qgﬁigug%?gh{l cg}nﬁ)&:@&d
cross-secti o0 Abidilew dwabing having abmmaedt@nr;a:dt iam d:dteor;ﬁ@eioﬁrsineemhohad a

mar qui se- shaped ted | i Ck0Sss-section

_ shape when the p&‘?é’ﬁ“?e‘&&a ngsf'ffc'fl?%al ﬂ%%p(%eafl Sﬁo& a Jafg Cthe v ng its
maj or axis ori ent@daeﬁ&d&xp\?ﬁﬁﬁ atd akécpnl Gediida df&ls@dioxﬁb@x‘ésel&:_teﬁh.@oss-secmonal

shape and size. A deformable piston head having 2 bore is received within

the housing so as to be movable between the first and second sections.

15 Positioning the piston head within the first section causes‘it to be deformed
so as to occlude the bore while positioning the piston _iu;a'd within the second
section allows the piston head to assume its un-deformed ._s'tate in which the
bore is open to provide a fluid flow path between the cqﬁnecdon port and
the exit orifice. Additionally, the connector comprises mieans for biasing the

20  piston head into the first section so that the bore is occh_zéled.

In further aspects, the piston head is elliptical in cx%qss—section and the
first section of the housing is circular in cross-section. Additionally, the bore
formed in the piston head has a marquise—éhaped cross-sec:tion, ie., of pointed
elliptical cross-section shape when the piston head is in its un-deformed state,

25  having its major axis oriented perpendicularly to the major axis of the
elliptical cross-section of the piston head. |

In another aspect, the piston is an element comprising a rubber
molding that simultaneously serves multiple functions. 'I,"ﬁe top part of the

piston element includes the piston head that is elliptical m shape and has the



elliptical cross-section of the piston head. In another aspect, the piston
i's an el enent conprising a rubber nolding that sinmultaneously serves

mul tiple functions. The top part of the piston elenent includes the piston
head that is elliptical in shape and has the 6 mar qui se- shaped bore
formed along its |longitudinal axis. The magqui se- shaped bore and the
elliptical outer shape of the piston head are oriented in relation to each
ot her such that the major axes of their respective elliptical shapes are
per pendi cul ar to one another. The piston head is connected to a 5

resilient bottom part of t iston, el enent that. i engral | y accordi oned
in shape and coff? %‘gfeﬁ?‘é?e#ﬁ%'%tfgf‘??ﬂﬁ%ﬁ fes i‘?ﬂ%mﬁa‘aﬁﬁ?’gﬁnihﬁ@%q‘é‘%ressi on
spring that urgesapeli®obd sidthedigsticalnb@ret kiaipk iof stie z@@hi_k&adafe dt@efPisi ng.

Addi tional ly, tgg i,nteriogﬁlt(%{J the entiye piston e] enent ‘serves_ as a fluid
pat h. Alternati Veien fheac ersuph that she maor sxey agspsetiveesllipsical or med as

an 10  extensi ?ﬁ‘ag%ﬁﬁx%@%géﬂf&lﬁ%o% qiaﬁgﬁfeﬁg%lgﬁkt&'deﬁip%gnx?e%petﬂct%’a t he

bore dianmeter of tl ng steps down-near connectlon port such that
t he nor mal | y5 el késpient hbttpinsparn ohehmopistoh elerrenc char ddgdnkmillgi aecordibnediipr essed

into a circul ar ,cross-segti t her eby causi “the rarqui se-shaped bore to
be squeezed shufhap?ﬁ&dscﬁﬁ?l?‘fg’q cﬁﬁ’s(??°§ﬁ"8b?%g'%ﬁﬁ‘i‘§l°nfﬁéa€8fﬂ?aﬁ PBl e
accor di oned end;g%::g e piget olfe pitodyhdal enidithe fietabdtRntbfab hagimgonf i gurati on

serves to bias the. pis§on head ,tow?rd t he connection port to rru%'lntain it in
its closed confifgditanallp. theiniesior of the entre pistom elemeptseryas #5-8 flued parbnt

I ncl udes a taper & i ' . housi ng
Lol it ¢he b0 SteAAREly FEkboREn AR oW oRRNARERef: RQF be Il 1 100
connecti on port ekxnentibe spling suclk end dgphmginon. In this position, the smooth

flat top surface of }he.piston h ks fl.ush w t.he connectq on port
t hereby el ininating tth%_ egiaﬁ?ﬁc?’tatge lS’f)rep Wftﬁﬁ%gev&oé’ﬁmlgﬁgpﬁfl??&rf?e&ﬁd t he
housing and rendeys édtgrettign port such that the normally elliptical piston head, when

received therein, is compressed into a circular cross-section thereby causing

the marquise-shaped bore to be squeezed shut. The sprihg':' action provided by

15  the collapsible accordioned end of the piston-or by the Sffe__téhable dhp&agm
configuration serves to bias the piston head toward the c:oxiﬁ_ection port to
maintain it in its closed configuration. ‘

In yet a further aspect, the piston element includes 4 tapered
ramp/lock section that engages a portion of the housing t(:) limit the

20 movements of the piston so that it is flush with the connection port in the
closed configuration. In this position, the smooth flat top ‘surface of the
piston head is flush with the connection port thereby eliminating the
possibility of pooling between the piston and the housing and rendering the
device easier to disinfect. . -

25 In yet a further aspect, a taper lip seal located under the piston head
and about the piston bore seals the bore so that it can withstand substantial
internal pressures.

In additional more detailed aspects, as an external fluid conduit device,

such as a male luer, is brought into contact with the top surface of the piston



devi ce easier to disinfect. 25 In yet a further aspect, a taper lip
seal |ocated under the piston head and about the piston bore seals the bore
so that it can withstand substantial internal pressures. In additional nore
detail ed aspects, as an external fluid conduit device, such as a nale |uer,
I's brought into contact wwth the top surface of the piston 7 head, a
seal is forned even before the fluid path into the piston and housing is
opened to prevent any fluid fromleaking out or air |eaking in. Upon
further insertion of the male luer into the housing, the piston head is
pushed into the eyelg30piad &b Dfo@éaﬁregﬁag% Yo W piG6ALA G
section. This 5 causes the piston ea dsitioned W thin a settion
of enlarged di amWenndtobeCthUmmﬁmdlfmmﬂgakatg margamhekxpgsnoﬁlﬂwad to

assunme its natur cal a | c es -ItS a ore
to-open. A flui d%b%g 1%%P£§§F %‘g‘lgn‘ée lf‘ﬁo%h outs'ﬁlg ??(5%1% E{)"ﬁgﬁcﬁ

the interior of fie thed?mndng)a s’iQﬁé bﬁmpﬂfwddaebypitﬁmarcamledl sattiod, NTh Stal
section of th hou5|n g&ﬁil t he .need for the maI? uer to penetrate
into or through tcﬁé*eﬁﬁ Riﬁoﬁ PB%“P Kt sectiom gt gplarged demmateron of

the housing my ¢ouRd h nﬁgme¥&gtaﬂow%nogn9@rbmtznql9wa9gr;ﬂsmeRBN agapter, or

any of a vari ety o er con ur at ese an ot her

f eat ures and advaﬁlpagdsstzfc which pmeesetstmaxrquesn-shapnd\bprd tobemenireA dupd petht isf r om
the foll ow ng det d des nr I.ment s i ch, taken in
conj unction with $ "L eR a"hg‘?%ét Fgfi?n g ?"r’a‘é%rg) eembe)'/l B exanpl e

t he principl es ofacddrdionsd ssttibavf tﬂ?bﬁﬁn%ﬂﬁﬂtd:’fﬂe%tﬂﬁe&ﬁﬁ SR Hk5ing 0

FIG 1is a rs tive, vie connector incorporatin i nci pl es of the
present inv ep i Oﬁﬁghout the neéﬁ f%r the mal® Juer to penetrateento or th%ox?gh the peston :

head.

In further aspects, the distal section of the housing may comprise a Y-
site, ]-loop,, ~connector, PRN adapter, or any of a vanety of other
conﬁgurauons _ '_

15 These and other features and advantages of the pres_.ent invention will
become apparent from the following detailed description of preferred
embodiments which, taken in conjunction with the ac'cor'ﬁpanying drawings,
illustrate by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 is a perspective view of a connector incorpérating principles of

the present invention; , h
- FIG. 2 is an enlarged crosssectional view of the c_cv;mector shown in
FIG. 1 in its closed position;

FIG. 3 is an enlarged cross-sectional view of the connector shown in

25 FIG. 2 with 2 male connector inserted in the connector’s connecuon port
thereby moving the piston of the connector to its open posmon,

FIG. 4 is a cross-sectional view of another embodiment of a connector

incorporating principles of the invention and showing it ix its closed position;



FIG 2 is an enlarged cross-sectional view of the connector showmn in FIG 1
i'n its closed position; FIG 3 is an enlarged cross-sectional view of the
connector shown in 25 FIG 2 with a nale connector inserted in the
connector's connection port thereby noving the piston of the connector to
its open position; FIG 4 is a cross-secti@nal view of another enbodi nent
of a connector incorporating principles of the invention and showing it in
its closed position; 8 FIG 5 is a cross-sectional view of the connector
shown in FIG 4 with a nale connector inserted in the connector's
connection port ther gijg. 5GYh Rebss-§Rtibha Wi Of tHe@nneRBEHEWn LPFIGS4 QREN
.position; FIG 6 is a further enl arged cross-sectional view of the |uer
adapter 5 conpor?eﬂ?@ledironﬂﬁé%:mﬁﬁ&dt Bt SI@@WPCFQ? smogseamntmro@lgﬂelsr meiEg. 7a
and 7b are furtmﬁgfﬁ% 599%& §&ms Eg}l&%&g&zand top views of the

pi ston conponent o e connec with the views rotated
90[err] from each ot G, 6 Gﬁnﬁhﬁrlwlaagecdr«rss-se@mmabviaw ofithevhet adipter

alternative enmbodi nent o 10 _connegctor. at i principles of the
i nventi on; IeSG GrRogegt ?%&‘FW@P“%‘P‘ %@'dl %"r@gg ge‘iﬁ‘f E}% view of a portion
of the connector o_f FHIGS. PaashPivhCrutther Silsed cisi-fcddhal @ﬂ@&h&%ﬁi&s
connector; FIG a greatly enlarged cross-sectional "view of

alternative enbdbflthemmm ﬁ%ﬁom@f thesconnector sigvasio Fa.: 2 witutie Vl@!ds present
di fferent conf|gllgmﬁpd9),5},5&%_x ﬂ%é%n el enment usable in a connector of the
present invention é) b illustrate cross-sectional views of an
alternative enbodi nedllGoBa & :carmmtmnal mizer pioamliangativei endiqulireentadf 4 he
present inveption in which a center i.ncl uded. FI G 11b presents the
D ow o FI G 1o ctbolgerbliehriheiip prinaes ob e igvention;

FIG. 8b is a further enlarged cross-sectional view of a portion of the

connector of FIG. 8a showing the piston with an inserted male connector;

FIG. 9 is a greatly enlarged crosssectional view of an alternative
embodiment piston head;

15 FIGS. 10a through 10d present different confxguranons of a piston
element usable in a connector of the present invention;

FIGS. 11a and 11b illustrate cross-sectional views of an alternative
embodiment of a connector incorporating principles of the present invention
in which a center post is included. FIG. 11b presents the view of FIG. 11a

20  taken along lines 11b-11b;

FIG. 12 1s an enlarged cross-sectional view of aﬁotﬁer alternative
embodiment of a connector in accordance with aspects of the invention; and

FIG. 13 is an enlarged cross-sectional view of the connector shown in
FIG. 12 with a male connector inserted for fluid commusication.

25 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

‘Referring now to the drawings in which like numerals refer to like or

* corresponding elements among the several figures, there is fllustrated in FIGS.
1 through 3 a Y-connector incorporating a needleless valve embodying the

principles of the present invention. This particular connector configuration



FIG 12 is an enlarged cross-sectional view of another alternative

enbodi ment of a connector in accordance with aspects of the invention; and
FIG 13 is an enlarged cross-sectional view of the. connector shown in FIG
12 with a mal e connector inserted for- fluid comunication. 25

DETAI LED DESCRI PTI ON OF PREFERRED ENMBODI MENJS Referring now to the draw ngs
in which |ike nunerals refer to |ike or correspondi ng el enents anong the
several figures, there is illustrated in FIGS. 1 through 3 a Y-connector

i ncorporating a needl el ess val ve enbodyi ng the principles of the present

I nvention. Thi.s particul nnector configyration ,. 9 sel gcted for
i lustration pur 3% 3eS erﬁf{?r;@usfrﬁ@"%l?ﬂf%oéfs %ﬂgcﬂs é}ileesé@’%f‘%f%'é Vgge &Hbodi ed
in any of a varibéymbbdie@nagy of & varélylsticofnediots imdidihg, MButabt lighited- doPOPS,

T-Connectors, Tri-connectors, PRN adapters, _luer-locks, slip |luers, tubing
engagenent devi ckloopscELonnsetass, Targongeqiarss PRV adapters, lugedoghs, diluers,n FI G

1, the Y-connectg; | 'Hgnsl Lpating in an exit port 20
and having a Y- bﬁg)r%%e%g%ﬁ%%e‘%v&%rgﬁ% pé?’fla%l.mr his particul ar

enbodi ment al 8o conprAs ésshawinuiarFIEH dpther Ye6nfeprari 1fgcoanppaiet a hbusihg 1housi ng
and that adapter_incl udes a connection rt. 18+, Jhe .adapt.er is, confi gured
to receive al | ARSEERRJISAT SHEh ROt Z@@‘?ﬁ?%%@é{’b%%g?%*ﬁéa m“?r}t Hg‘f‘

bl unt cannul as op2.f MisdpLtiaditi émblediinegsalsd Bohpsises Aderamapdr 3¢ #nifg aCl 0sed

position, a piston h 4 |ocatedq internally . to the housing is flush with
t he surroundi ng Eb‘ﬁr?gé ‘?éﬂ“‘b‘&%“dl at#ippHea dndlides grroppectiogseast 8% flibe 26 at

its center. FIG a&gf&qg@oﬁ%ﬁm%%av&ﬂp?ﬁ‘i d9Ry hbR IX%QL@%_E%QQQW faiil G

1 with 15 the needl el ess ve in its closed position. ranc
| eads to thel¥- pthendblumoannddas emfiuidrenduis davicese dniisnniécestd state drodssedg 14

oxends bet e gty SICh RO A by G0 IRIEIERTS 3 e s
its base 31, a swuppoudding connection port 18 and has a tightly closed orifice 26 at its
center. !
FIG. 2 shows in enlarged cross-section.the Y-connector of FIG. 1 with
15  the needleless valve in its closed position. The Y-branch 21 leads to the Y-
‘branch port 22 and the distal section 19 of the housing 14 extends between
the Y-branch and the exit port 20. The housing 14 includes a tubular section
28 having a circular cross-section, an exit orifice 30 at its base 31, a support
tube 29 extending upwardly from the base; and 2 groove 32 formed in the
20 base surrounding the support tube. The exterior surface of the tubular
section 28 near its proximal end is stepped slightly inwardly 34 to receive the
luer adapter 16 thereover and provide ultrasonic weld geometry.
Aliernatively, the adapter and the housing may be joined by a spin weld, snap
fit, by bonding, or by other means. ' '
25 FIG. 2 additionally shows the piston element 44 in place within the
bore 33 of the tubular section 28 captured between the luer adapter 16 and
the base 31. The piston element 44 includes a total of four—_ bellows. The
alternative embodiment illustrated in FIGS. 4 and 5 is siniilar to the
embodiment shown in FIGS. 2 and 3, with the exception that the support



“‘tube 29 extending upwardly fromthe base, and a groove 32 formed in the 20
base surroundi ng the support tube. The exterior surface of the tubul ar
section 28 near its proxinmal end is stepped slightly inwardly 34.to receive
the | uer adapter 16 thereover and provide ultrasonic weld geonetry.
Alternatively, the adapter and the housingiomay be joined by a spin-weld,
snap fit, by bonding, or by other neans. 25 FIG 2 additionally
shows the piston element 44 in place within the bore 33 of the tubul ar
section 28 captured between the |luer adapter 16 and the base 31. The piston

el ement 44 incl ug®s 28 Haobadn Alett®UindIBE bRV olden@ddH0albiE o fhodi ment

illustrated in FIGS. 4 and 5 is simlar to the enbodi nent shown Iin FIGS. 2
and 3, with the @U@@thféhauqvéﬁf @Bb-support 10 tube 29 has been del et ed,

and the piston el enen . I Lye: bel Qfy..sh wer angl e.
As is illustrated in Iﬁ éﬁﬁ‘é&é?%dglﬁ n e'r6|’ ggr‘e {cx#erf re&lthgﬁeé gap‘fstgr?iélgashas
sections of varisusomi cnatiens diafteeers eThe sectidhrdirtily adidiene el cadirctig@nnect i on

5 port 18 conpris a standard ANSI r taper sect] 38 t hat

i ncor por at es ée)l v%‘??eig |?W15§M§M§qwem %"rﬁegrm%é@a}a&hm@ép?fé@?& _
substantial ly | ayapislightaaeaal ta?&d The S&R& REsch 40 AW § Wb st.andly ion 38 by
the tapered ranmp/)| ock section 42. Additionally, the inner dianeter of the

center section Jdamates RPg tis sepanateddeomithe rpeneectinmdd bai thautperedorampféockubul ar
section 28 of {NechRi 10 ddidhall! eSS Hadlbiaf UP BRLREL Wkrighl ARL! V. L Ne
ncl u 36 that 1s di f

| uer adapter 16 1| es a skirt r mensioned to fit over the
st epped pr oxi mal slightdy 34rgerf thaheahe iner dianweertdfahe 2ghular sectind 2R ofithertasiyni ¢

vel 8 SeoTELT o THELSSRBLEY e OO o BTl erLt, carkalnyad
room 15 ~ thASisi dingBsiehdd {oy/fisoethé fefpedProXimal efd B of thandbabi! i ently
ool € Pl SO Son 38 1, provide ltrasonic weld geomerry. The adapter 16 may be o O
molded of a material containing a phosphorescent colorant. to render the
connector visible in a darkened room. | |
15 As is generally shown in FIGS. 2 through 5, a resiliently deformable
piston element 44 and 44a is captured between the base 31 of the tubular
section 28 and the luer adapter 16 in the bore 33 of the housing 14. While
the details of its structure vary slightly from embodiment to embodiment, the
views of element 442 shown in FIGS. 72 and 7b serve to illustrate many of
20  the common features. The piston eiement’é structure 44a which is molded in
its entirety of rubber in this embodiment generally includes a piston 46 and a
compressible section 48. The piston 46, in turn, includes a piston head 24
that is elliptical in cross-section and a thick taper-lock portion 50 that is
circular in cross-section. A marquise-shapéd bore 51 is formed along the
25  longitudinal axis of the piston head 24 and terminates in an orifice 26 at its
proximal end and a taper lip seal 59 at its distal end. The taper lip seal 59
comprises a pair of lips 54 that extend from opposed sides of the bore’s sides.
The lips comprise conical sections that extend from the bore’s sides to

function as a seal. The angle of the taper is selected so that internal pressure



secti'Gn 28 and the |uer adapter 16 in the bore 33 of the housing 14. Wile
the details of its structure vary slightly from enbodi nent to enbodi nent,
the views of element 44a shown in FIGS. 7a and 7b serve to illustrate many
of 20 the common features. The piston elenent's structure 44a which is
nolded in its entirety of rubber in this eanQinent general ly includes a

pi ston 46 and a conpressible section 48. The piston 46, in turn, includes a
pi ston head 24 that is elliptical in cross-section and a thick taper-1Iock
portion 50 that is circular in cross-section. A marquise-shaped bore 51 is

i an ori 11 ce 26 RopEEMSTHANRANIE hoh Aot e B o toree b il

in an orifice 26 at proxi e

end. The taper |i jipsecwardoreoiiotheraherabp aoldig theiboge Slbsddhat extend from
opposed sides of the b%rge' s sides., The lips (Sﬁg;gri se conical sections that

extend from the bore' sOSitHBRPFERLITHER: SOFPEES af2 anghgb, she margisershapadaper
Is selected so th | r : L Sl -d : v, -t he
dlord B B SYaHntdd KIAYAR its mﬁétgﬁf 89 is %5&2‘?‘53{‘?" S b F‘Eaéér’h

piston is in the closed state would force 't I ps ne ano

t her eby hol di n§ t #&is(58raf the ellipticallxshapedapistan diead.wAdditionalby rthe grambi€Bnal7a and

7b, the marquise- | .S.:Qrl ent’ such that ,it.,s mgjor_axis 53 is
perpendi cul ar to t§ %@%@J@é&g& i%&g%%g?fgﬁén{%eitﬁﬁréaﬁ 99‘§4’?&p@d‘s pi st on
head. Additional | yllipricd 4ndarumiidal fneHaps edieteirn tiie/mbjek weie of i fliisdean phend 24
and the taper |ock rtion 50 j_s | i tiCE| grxl,g coni gal ., i n shape, vvﬁe.rei n
the major axis of ‘%8@%“‘&1‘%‘%&42 '%5P§F% ead H@fRF&?*fPlaai? shesmajer agisd3

pi ston head and peofpehBbeW1arThio cbdifethfR ' : ftuxtairl'g . This
geonetry further assists in natugallyp%%eﬁéfs?ﬁiél% rbﬁgilrngetﬁ%haped bore
into its open lBosiorarawise-shaped botejipta tnppeshpaseian: eBhie sllipicdushape credtes oe

parallel to the | | eldi pi-ical. ech. pi st qn_head a an
inward force par zTIiUIu %a@?ﬁ?gjﬂgp glfirgé’bg'%gs ?g\%%re@‘%%c%?%‘ﬁagmﬁly%énpress
the piston in a diandeniiowamefopangtirdlel a6 theomidos awBj Thedxivirdfided fdds tends to
pul | the marqui se-sha

the top of the pi §P6’R9%gﬁé%£‘9ﬁ3‘elg‘i‘£?%ﬁ°§ angegﬁlgﬂgémagg lné@ita;gmoh& 1t5 he
' tends to pull the marquise-shaped bore open when a male luer applies force to
15  the top of the piston moving the piston into the center section 40 of the
adapter 16, |
The taper-lock portion 50 of the piston element 44 is fairly thick in
order to prevent it from being compressed: This thicker section helps to hold
the piston in the valve at higher internal pressures and also acts as a divider
20  between the spring action below and the opening and closing of the marquise-
shaped bore above. Although the piston element 44 is seated in the base 31
of the housing tightly, extreme internal préssurw may provide a substantial
force to push the piston element 44 out of the housing 14 thereby destroying
its integrity. This thickened portion 50 of the piston element provides added
25  assurance that it will not compress under such internal forces and will hold
the piston in position in the housing. -
FIGS. 8a and 8b illustrate an alternative embodiment wherein the inner
diameter of the tubular section 28 is sufficiently reduced relative the inner

diameter of the center section 40 of the adapter 16 to accommodate an



adapter 16. The taper-lock portion 50 of the piston element 44 is fairly
thick in order to prevent it from being conpressed. This thicker section
hel ps to hold the piston in the valve at higher internal pressures and al so
acts as a divider 20 bet ween the spring action bel ow and the openi ng and
dosi ng of the marquise- shaped bore above. {4l t hough the piston el enent 44
Is seated in the base 31 of the housing tightly, extrene internal pressures
may provide a substantial force to push the piston elenment 44 out of the
housi ng 14 thereby destroying its integrity. This thickened portion 50 of

t he piston el ene I t It onpress
under such inter %I‘R ggé%%ggﬁgf@é nggﬁﬁéﬁp@)&%t oér%@él'or#spog\g 'H‘%a?l

housi ng. FIGS. 8% arecfo&hed bheath aideofemheahﬁ;en' mﬁ 55/ef diettadione of tlvﬂ"léﬁpmc&l t he

i nner di aneter of.th t | ar segt |entl reduced rel ati ve
the inner di amet B8 etaag%ct&ﬁ’@‘ 5 %“bﬁs 4’8}"6 arﬁ&‘& @ired g gpto

accommpdate an en ﬁe gngtoate 88 BOUR t&ﬁulﬁmel&ﬁgnl n)xicE &h@h@éﬁks%!ve Rfged
Sect'i ons of a_circular groove 37 % formed on each he ma) or axi s
F

55 of the bot?onthsrereaee &4 reselr ok epmalpdﬁerr@emxsmgttbe msmna‘é fagdek éntps. The
hooks are conf i OHiefl5Q, 3, &glﬁ%ﬁﬁ%l toggogrfe&x& sidvddledel chi!BUiiHery BF! | ON.

Once the hooks have e gaged ve as resu "uer

pushi ng the pi st the pletohamt vl neslﬂonth:ef futchet eralellger foreesivausisg diel borespose

further novenent of t he. erlp e piston and will result in any
further male | uef® ?%elﬂcgé‘%é’aﬁ ﬂﬁ’xt‘ﬁeF@;?B 51 to open wider, ~as shown in

FIG 8b. FIG 9 ill usF}(at%ﬁluematad izﬁilf]éihitwe @Eﬁwﬁh&&n&h%ﬁr@pﬂr af fekibleof
flexible 10 Ia s 55 exte Q%u'gq bore 51 @Pi)ve t he internal
pressure hand?in a&‘a%saﬁt?q °B’fa Hé‘ r6r§ 39 1mprpye @P&e PYFESULE aps i s
sel ected so that n on is
hhAHIER 2ol cipjdglﬁ PRI AN ThE Qn%l@%f‘éﬁ’é Hps i Sllect s i

.inits closed st | aps toward one an ther thereby
hol di ng t he bor eitBérngl p@esutte existing in the valve when the piston is in its closed state

would force the flaps toward one another thereby holding the bore 51 closed.
In another emabodiment the flaps may be made thinner and longer. They

15 may then function as a check valve when the piston is in its open state.
Returning now to FIGS. 7a and 7b, the bore 51, in conjunction ‘with

the hollow interior of the taper lock section 50 and the hollow interior of the
compressible section 48, forms a fluid path through the entire piston element
44, The compressible section 48 may comprise an accordioned configuration

20  as shown in FIGS. 2-5, 73, 7b, and 8a or, alférnatively, an annularly or
helically ribbed structure that similarly allows for the controlled collapse of
the structure along its longitudinal axis to generate a restoring force. Some
alternative embodiments are illustrated in FIGS. 10a through 10d and show
possible variations in the number, size, and configuration of the ribs or

25 bellows. Different shapes of the piston element may be used to improve flow
rate, activation force, spring return rate, sealing, piston retention, and
acceptance of blunt cannulas. The piston geometry variations could also
improve the valve function with fluids that easily solidify by removing

internal annular grooves and pinch point areas. Modifications include



I n anot her emabodi nent the flaps may be nmade thinner and | onger. They 15
may then function as a check valve when the pistonis in its open state.
Returning now to FIGS. 7a and 7b, the bore 51, in conjunction with the

hol low interior of the taper |ock section 50 and the hollow interior of the
conpressi ble section 48, forns a fluid pathi3hrough the entire piston

el enment 44. The conpressi bl e-section 48 may conprise an accordi oned
configuration 20 as shown in FIGS. 2-5, 7a, 7b, and 8a or, alternatively,
an annularly or helically ribbed structure that simlarly allows for the

control | ed col | aphenghg tenshbeCofBelods0Nss, inall thRabdURIAR, dakieter! O
generate a restorjng force. Sone alternative enbodi ments are illustrated in

FIGS. 10a throug uromernccoloro A geamere Vinchnoirsraressrare frsmedfem thej ze, and
configuration of I f f a i ston
el enent may be usatg to“?& fé)igf/gl? Icggvl%rth?éeﬁer@ C%ﬁ%% ss g‘r%éﬁegbsﬂth eturn
rate, sealing, picoulh undexemwcomhuﬂomcuaptsahthﬁed)ﬂuidk o intesferaubitls thelhe

pi ston geonetry variations uld also inprove the valve function with
fluids that edsi|S™RSFFRPs tgﬁpfsé?ﬂ)w ng internal annular grooves and pinch

poi nt areas. Mdifi cath@agidule) BRE 102 shsws haba Pésslblla@e&wﬂomwﬁgmellows
ribs, wall thi Ckg)ei hei ght, dianmeter, duronete col or, ~and georretry
pys

Pi nch point area 125 PRHIGS- ddt Fveaﬂé&&'lhmhoﬁﬂﬂ‘f? airerincedh agtivarom £ o18get her
upon comnpr essi on t el rap
solidified flui dsﬂgg 1?%32&; ﬁerggo%’b@ziigﬁbi%l nxﬁ?gs%%ﬁ:;g?ig\“f& : Bn. In
parti cul ar, FI G viereishthesompressqdr shapsd enaswchqmnhav fdcwsbobrelthows as
per FIGS. 4, and%vvhlch r? |rea educed ,act i. atl%force FIG 10b
shows a conpr eSS|dSFé°r§sé {e EHRm 9 ﬂbe%‘ﬁwg CIGRE VI SPUrEHRfier ei n
the conpressed shgieatloastone Qid“&ﬂu(@[lbm&ﬁ pointsG. FI3)C108 RRYs b R8mpPessible
.corrpreSS| bl e section of the’ piston nt wth stral ght walls to increase

activation force sa%?rméfiéeprsmﬁ*eha pEPAL intqriog sutfecs WO EOIPIESIN Os si bl e
- increase the'flow rate,

Réturning again to FIGS. 2, 3, 7a, and 7b, the distal end 45 of the
15 compréssible section 48 is received in the groove 32 in the base 31 of the
tubular section 28 to form a tight seal about the support tube 29 and the exit
orifice 30. The piston element is lubricated with FDA approved silicone oil
. to facilitate movement of the piston within the connector and to prevent the
bore 51 through the piston head 24 from being sealed closed duri;1g
20  sterilization.

In the alternate embodiments illustrated in FIGS. 11a and 11b a
support structure, in the form of a flattened ‘post 63, has been added to the
interior of the tubular section 28 so as to project into the compressible
section 48 of the piston 46. The post has a rounded tip 61 that extends into

25  the bore 51 of the piston element 24 upon depression of the piston 44 to
assist in its opening. Clearance between the post’s tip 61 and the pointed
ends of the marduise—shaped bore 51 facilitates flow thereby, while clearance
between the thinner dimension of the flattened post 63 and the interior



section which provides a snmooth interior surface upon conpression to -

I hcrease the flowrate. Returning again to FIGS. 2, 3, 7a, and 7b, the

di stal end 45 of the 15 conpressi ble section 48 is received in the groove
32 in the base 31 of the tubular section 28 to forma tight seal about the
support tube 29 and the exit orifice 30. Thpt piston elenment is |ubricated
with FDA approved silicone oil to facilitate novenent of the piston within
t he connector and to prevent the bore 51 through the piston head 24 from
bei ng sealed closed during 20 sterilization. In the alternate enbodi nents
illustrated in Flstfaceldfahavellablibleasettitn @8 bllws firths Bow & L8 iFQ He e
flattened post 63,..has _been added to the interior of the tubular section 28
so as to projectq“ﬁF639he conpressi bl e section 48 of the piston 46. The

post has a rounded ti i . har 1 of the piston.
el ement 24 upon depr e? gfé%'nhg?{dt ?Emglgtg%gﬁ qﬁ&hgrsoal%e%ﬁ;aﬁls efng’o:é’fns}e’gpvélh’irf‘fg. an

d earance bet weerxtensiopopting it the fotmanfc dihrpgn i edrventisbias thesiston 46

nar qui se- shapgd tggtroeiﬁéé ;‘e?m |SJ .toat ?%hf I pw tél{leere‘bé{ }Nhl I % cl ear anﬁihget ween
the thinner dimensicon SP°EHES R FEREd DLt BIFRIRIAHPringapprseh shown

surface of the cahkhpsitel Gigaest The diphedgnOes ekiehdd H6mftheWaf offthelighel Nt O the
exit orifice 30. ,FIGS. .12- and 13 il Iustrﬁge a further alternative
I

embodi ment wher eil?fkatecion &% apd a3t pnpylar pead 66 formedogboat i periphern Stcker ves
bi he Di st . ) rian,
to bias the pist ®aad'f dprbdbéiviels tid m&eahapﬁeguk'ﬁg th BHGhnaf O30 %E@egm 64

conpressi on spring approa own in the other figure
ext ends from t he thiader spttiomas.t Sproovdsack femetiinnhse rapettivazlearenasaudmirebead

66 formed abqut its periphery. ,Such bead i pt ured be n lL.uer
adapter 16 aﬁg t i °|3--E8’§ igr%gp %&‘Bﬁgﬁap'ﬁ?%e‘}t ul e %‘lﬂft‘fﬁno?lg‘ggebeé gg\?"éé‘“ﬁ% e
formed in these r@goantdfvrtachasmivostht @apRPfdtkeddbn 56} aRQShE siviag BFaRe of the
-bead el ement 66. 'l'h(f1 position of the head 66 relative .

diaphragm 64 ensure that the diaphragm is preloaded such that it biases the

tapered shoulder 56 of the piston 46 into contact with the taper lock section

42 of the adapter 16.

15 Turning now to a more detailed discussion of the operation of the

valve shown in the various figures, the dimensions of the elliptical piston
head 24 and the marquise-shaped bore 51 are selected such that when the head
 is constrained into the circular interior of the ANSI luer taper section 38 of
the luer adapter 16, the bore is completely collapsed to tightly close off the
20  orifice 26 and cause the adjacent Ii'ps 54 of the taper lip seal 59 to abut one
" another. The tapered shoulder 56 of the taper lock section 50 contacts the
ramp/lock section 42 of the adapter 16 and prevents the top of the piston
head 24 from extending beyond the connection port 18. The internal
diameter of the center section 40 of the luer adapter 16 is selected such that
25  the piston head 24 is free to assume its elliptical shape when positioned
therein. This, in turn, allows the bore 51 to reassume its natural marquise-
shape thereby opening a fluid path through the piston and the connector.
Referring now to the embodiments shown in FIGS. 2-11, the needleless

connector is initially in its unaccessed state or closed position as shown in



.its point of attachnment to the taper lock section 50, and the sizing of the
di aphragm 64 ensure that the diaphragmis pre-|loaded such that it biases

t he tapered shoul der 56 of the piston 46 into contact with the taper |ock
section 42 of the adapter 16. 15 Turning now to a nore detailed

di scussi on of the operation of the valve shewn in the various figures, the
di nensi ons of the elliptical piston head 24 and the narqui se-shaped bore 51
are selected such that when the head is constrained into the circular
interior of the ANSI |uer taper section 38 of the |uer adapter 16, the bore

I's conpletely co psed to ti | vm-Cl 0se of f,;t he .20 ,, .orifi ce .26 ,and cause
the ad) acent | | pETGhTch eindilib YThc SGEpfuble $Ggs 8 if hir e A aes
t apered shoul der thdpiefont lad 246 bel biskd 5r6tthe ANKI leandaperdt scidie3s (FIW. lepck
section 42 of the danter 16 and pre eghi t he top of the piston head 24
from ext endi ng b@gﬁ‘d“Fhéd’é’é‘ﬁrﬂéctf gi’;? _"fé.OfT]PFetﬁP?ﬂ’l@F SCUGR ARCOBCHE t he
center section _4Qhé){aghk?:ﬁ rhﬁ&??lo@l@@é&i@ﬁ 4% f!the §@Jp%&tﬁdanﬁmén@{he%ég r?g he

pi ston head 24 is free to assune its elliptical shape ositi d

therein. Thisp i the piston keatl ddramextsodingdryond theasonnagsiant erificet 18rtel form
mar qui se- shape there opani;n fluyyd pat hrough the piston d the
connect or. Refer?isﬁ’é)og%wl‘?g{ufmg“%ﬁ%omhﬁ\gﬁf%?]sﬂgﬁﬂg t ?%&%l%fdal[qﬁﬁ
need| ef ess conneeighilyisquéeBéd itatk Iby viftué bf thenasranils ellipticalye siiped st head
position as shown jn 15 Q G 2%%4, la, and 11b. Thm(}gpr essi bl e
section 48 is pr«?ﬂ”@aﬁﬂ’é&_""&ﬂ i Shescirqular sresssrtina af the BeRE¥ed into
the ANSI | uer tapgkioRcst ! Phe dBrh ?bﬁte@én&fof ttﬁ@niaﬂﬁﬁse@%&ﬁ%or@@acﬂf{ﬁ/@ a

shoul der 56 of the taper-lock secCtion 50 contacts the tapered ranp ‘Ioc'k
section 42 ofl0t heightiseal spon Goraptessiore v thtesharh elongptsahin®r axis iy qoingressionead 24

surface. The bor &35 PRRBERECE S8 5 Beish Siead BsHard T MRS feibeg shut
by virtue of the seudrsealr| Mreehdtively, ebé Hyxibledhesl 59 skdven ih FEG. 9 Girblger camgrer ai ned
into the circular, cross-section,of the ANSI | uer, .tapger .
that the %qx-‘e 51 remains sealed even when subjected to substantial internal
~ pressures. The diaphragm element 64 employed in the alternative
15 . embodiment shown in FIGS. 12 and 13 sinﬁlarly serves to bias the piston
head 24 into the ANSI luer taper section of adapter 16.
Just prior to accessing the connector, the piston head 24 and the eage
of the connection port 18 are cleaned by, for example, passing a sterilizing
swipe over the snémoth surface. The absence of ridges, grooves, gaps, or
20  protrusions ensure that proper cleanliness is achieved. The connector is then
ready 10 be accessed by a standard male luer with or without a Iuer lock.
As the male luer tip 62 of the male luer connector 60 (FIGS. 3, 5, 8,
and 13) is brought into contact with the top surface of the rubber piston head
24, a seal is formed to preclude the passage of liquid or air therebetween. The
25  application of sufficient pressure causes the compressible section 48 of the
piston element 44 to compress or, alternatively, diaphragm 64 to stretch, and
the piston head 24 to be moved out of the ANSI luer taper section 38 and
into the center section 40 (FIG. 6). As the piston head clears the tapered

ramp/stop section 42 and is moved into the center section 40, its larger



-section 38. The sharp pointed ends of the marqui se-shaped bore facilitate a
10 tight seal upon conpression of the bore along its mnor axis by
conpression of the piston head 24 along its major axis. The taper |lips 54
of the taper lip seal 59 or, alternatively, the flexible flaps 55 shown in
FIG 9 further ensure that the bore 51 reng ns seal ed even when subjected
to substantial internal pressures. The di aphragm el enent 64 enployed in the
alternative 15 enbodi ment shown in FIGS. 12 and 13 sinmlarly serves to
bias the piston head 24 into the ANSI |uer taper section of adapter 16.

Just prior to aGeRssdl Whoidie me&a& istod h@&dRboSk@ndRhddliandligdesl soge of
the connection port 18 are cl eaned aﬁ bfor exanpl e, passing a sterilizing
S

swi pe over the sheps hlbiss inawen, dows preed lofo asmwgregs nynod e quigeaghepe or 20

protrusions ens I nes.s e The gonnectqr is
then ready to b;}ﬁgrgég;%ge%ngeq{wg gn:} ro grirlaﬁhe%llsgerhgﬁ ﬁc%?tmvﬁe?%'ﬁstmlg Suer
| ock. As the rralthelméarldei—patﬁasmfep&dmﬁadcbtolbeddvﬁmdéﬁﬁomheﬁﬁbn(lﬁiﬁ&mzs 5, 8,

and 13) is broug%rgt f gto co ct with the top-surface of the rubber piston
head 24, a séal Okt rlécl ude the passage of liquid or air

therebetween. The 251, I@GB' 8§ﬁid 8H) tRé slﬁﬁl&fd&' el iR ith&eCOHLIRTubiler
conpressi ble section 48 of the i ston €l enent - 44 to, con&)ress or,

al ternatively, deestn dgral@ivette the dameter of e eaneerpeaiosnttebiheadapter e noved
out of the ANSI JLugt .4 erefi Oﬂﬂe%@xh@@% Pl BdIE S(f% f?)?mﬁfgéﬂb%p 40 (FIG

6). As the pi ston head clear’s e tapere np/ st op and is noved
into the center maetmloxp dfdund tthe bausdemf the mﬁleltlp&ni'he tiveket®eformedams t he

pi ston head to a its na ural | t.l c open shape, This n turn,
D Tove tho H3F o tBe Bopom Slaar b tanks orkisCehoh o SBseb et BRgFecksait g
fluid path thro nivb&,tsmxsm&eado @Qnmhetée@tem&ﬁsme dPYhd RRr BldpRer 16eT

0

causes the piston hea be advanced |ato t he tubul ar ;section b 28 of
the main body 14may he chayp an glliptici shapq whereip emireraxinissizedi anet er

of the tubular gpty smaller than the minor axis of the piston head 24. This serves to

compress the piston head along its minor axis further ensuring that the bore

15  attains its fully opened shape. In the alternative embodiment shown in FIGS.
11a and 11b, slight penetration of the rounded tip 61 of the post 63 into the
bore 51 positively ensures the opening of the bore. The fact that the tip is
rounded and of relatively small diameter prevents it from damaging the
piston. It has been found that the embodiment of the post 63 shown does

20  not cut, tear, or cause a punching action ot the piston when the piston is
moved into contact with the post 63. : '

In this position, the connector is fully accessed to provide a short,
straight, unobstructed fluid path through the connector. At no time does
fluid flow about the outside of the piston element on its way through the

25 connector. A “residual” volume, i.e., the v;alume between the male luer and
the exit orifice, of as little as 0.04 ml is attainable. Air leakage, or the entry
of contamination, as well as the escape of fluid from the device, is precluded

at all times.



secti:on 28 relative to the dianeter of the center section 40 of the adapter
16 serves to further enlarge the orifice 26 of the bore 51 by forcing
rubber material up around the outside of the male tip 60. The hooks 25
formed in 10 the bottom edge of the taper |ock section 50 engage an

annul ar groove 35 to positively pull the boge 51 open. The center section
40 of the luer adapter 16 nay be fornmed to have an elliptical shape wherein
its minor axis is sized slightly smaller than the m nor axis of the piston
head 24. This serves to conpress the piston head along its mnor axis
further ensuring that rhRge BabSdiknr SALNTICSS bl § n@PEOBG-IRARE. |0 the
alternative enbodi nent shown in la and'11b, slight penetration of
the rounded tip embddiment gostn BEFIGR. dlt,tﬂébbdxeesuﬁﬁozpmsbdﬁ%eh;itbﬂsmas t he
openi ng of the bore he fagct hat the ti s rounded,and_.of | atively
smal | di anet er %osgﬁ%r SFERRECHYeY: S fagi pﬁﬁve?’héh ORI ee 'tseﬁzt%négz % ound’ t hat
t he enbodi nent Ofbdclthng)@ﬁeﬂ cﬁﬁmghiffl\thedhﬁ& path. Thoflattdted ci'&&-ﬁecn@ﬁal(‘shh;%%ofa

punchi ng acti on the ston th plst ved into. contac
the post 63. %: t"lli‘ief"ﬁto& ?‘PSBFFSWQ?FB‘ raglagenF ER? sompressed agrargio ﬁﬁ%\nw de a
short, straight, dpohsks %@g?&lmié f&%&aithalltiiﬁ@éigﬂu tHG YIRS N howl inN0 L1 Me

does fluid flow about the outsid he piston elenment on its way through
.the 25 connect oFIG.A, ﬂu&tsdimﬁcted\xbrqngb the center ofibe wappare tidet 2feen the nal e

| uer and the exit orif}j Cie Rle er ; %tkﬁra%?n,%?ﬁm%g f‘?t cgg&&&g@%e

| eakage, or the entry “Of con am na ion scape fmd from
the device, is prmﬁpxésdalatsecabh 48iofrbe ptstonlaementt«ﬁeoedtmirdmnblesdi@h}ag

FIGS. 2 and 3, and ernative, egbodi nent sh in FIGS 1la,, 11b, the
support tube %, o o WR e epbedimpst shovep it Fige) 12 C’ff\,én%awﬁevem t he
conpr essi bl e secté&@a&%etw&mthygtstdm&aam Aadask agu@tufer tp%zf 'méﬂs The
.flattened cross-sectional sha - the post ensur es adequ

cl earance adj acenlargehdiagises s;beden;ewpwmﬁ of the luer adapter 16 (FIG. 6) relatwe
to the tubular section. 28 causes the piston taper-lock section 50 to freely

move into position with the shoulder 56 (FIG. 7a) abutting the ramp/lock

15  section 42 (FIG. 6). Simultaneously, the elliptical piston head 24 is guided
into the ANSI luer taper section 38 by the tapered ramp/lock section 42
where it is once again forced into the constrained circular shape of the ANSI
luer taper section to close off the bore 51 and reestablish a positive seal. A
similar operation occurs with the embodiment shown in FIGS. 12 and 13.

20 While particular forms of the invention have been illustrated and
described, it will also be apparent to those skilled in the art that various
modifications can be made without depar_ti:hg from the spirit and scope of the
invention. Accordingly, it is not intended':'that the invention be limited

except by the appended claims.



~sect’i:on 48 to provide for flowat all tines. In the enbodi ment shown in
FIG 3, fluid is directed through the center of the support tube 29. As the
mal e luer is withdrawn, the biasing force generated by the conpressible
section 48 of the piston elenent 44, or the stretchabl e di aphragm 10 64 -
of the alternative enbodi mrent shown in FIG8 12 and 13, naintains contact
bet ween the piston head 24 and the male luer tip 62. The slightly |arger

di aneter of the center section 40 of the luer adapter 16 (FIG 6). relative
to the tubular section 28 causes the piston taper-| ock i eely
nove i nto positiWhav ihaikdad ighoul der 56 (FI G -7a) abutltlmm'ﬂ!mgmmmk 15
section 42 (FIG 6). Sinmultaneously, the elliptical pistorf héad"24sis*
guided into the ANSI |uer taper section 38 by the tapered ranp/lock section
42 where it is once agai nafarged.d eﬁgpvggpg%{l Laggd circular shape of the
ANSI | uer taper section to close oftf the bore 51" and reestablish a positive
seal . A sinilar operati ona bollowhomsing bahieg emoodeqrientpeshewhexinofifi@s. 12 and

13. 20 ile rticular forns of the i nveption have, been
Ui ustrated and esdpiBefotiind iy 11‘{&5?@55‘55%@%{;{“ BRAREELOBR e in the
art that variousedtimial ifapt 1od size dRpbrd Hdalyadjheut dieankictth péreahd ke

spirit and scope of the invention, Accordjingly, it |s not intended that the
i nventi on be?l i ifeosd Sé%émfe mﬁ%‘ép@aéeqﬁ@f’semé&sam shape gndysize sitaated aj ned

is: 1. A needlel&sShe &6t val ve conprising: a hollow housing havi ng
a connection portﬁaﬁg ex??&o%m%ln(’:e wherein the housing includes a first

section of a first presel ecesdgndy asformebletpisomhexh dpeingnd et femdidsposed
directly adjacent the cgnnectiqgn .part,and a 5 second. tion of .a second
ot o6l ett ad or odberbipTe ArceLyrd LR dhe Routas a0 @ Py At eRPER Ff o1
section; a resilflrendddyseidsetBonss wibiefei® Boditidsing b8 vhdfistdntiRag witdifeke

10 first section ts@ﬁses it to be deformed so as to ‘occlude the bore while

positioning of the piston head within the second section allows the piston
head to assume its un-deformed state in which the bore is un-occluded to
thereby. provide a fluid path between the connection port and the exit orifice;
and

15 means for biasing the piston head into the first section to close

off the fluid path.

2, The needleless connector valve of claim 1 wherein the piston
head is elliptical in cross-section, and the first section of the housing is

circular in cross-section.

3. The needleless connector val\;_e_of claim 2 wherein the bore
formed in the piston head has a marquise-shaped cross-section having its
major axis oriented perpendicularly to the major axis of the elliptical cross-

section of the piston head.



-t her et hrough, received within the housing so as to be shiftable between the
first and second sections, wherein positioning of the piston head within

t he 10 first section causes it to be defornmed so as--to.occlude the bore
whi |l e positioning of the piston head within the second section allows the
pi ston head to assunme its un-defornmed statéd9%i n whi ch“,mum ]

un-occluded to thereby provide a fluid path between #¥ r"ﬂ”ﬂl””"f)rt and
the exit orifice; and 15 means for biasing the"piston head
into the first section to close off the fluid path. 2. The needl el ess
connector val ve of clai m IThhgéediefest bshnet ot Qtlvhadlain 36khérpin thelsedod
cross-section, and the fLrgt section of the housing [s circular, in
cross-section. 3sectionTfghe aeusieg s<irculon istosyseqtion, andheres mexdipmeresioh t he
bore formed in t g BSAPRcHBA% LaneA iR AL udgiRlRat. BEQSAaRAC! | ON Naving
its major axis oriented perpendrcularly to the maor axis of the elliptical
cross- section of the piston head. 19 4. The needl el ess connect or

val ve of claim3 whergin t section _of the hoysi is circular in
cross-section and wherg'ei n ’fﬁ%ﬁ%ﬁge%f g?nngft%trﬁglvgé)?(%lﬁﬁnse F%S’ﬁ?s greater
than the di amet efruefocbhiealfsettidn sepatatednhe Hrst and Jdeond eebas 6fthedwuwsimg] or

val ve of claim4 wherein a frustOﬁ%gi cal sec‘ii n separate tEi;@Ii rst and
second sections @PdTherein tas pEtonahgd has A saner BT by
taper-|ock secti oRergttb@Nhaficodthihld the ARIRDARIN el GO BI1IH ok

frustoconi cal section so as to limt proxinal -& movenent of the piston

head to a posPti amoviemeshobtherpistnn head toapdiitign dushn st te spooundieg The

needl el ess connect orec¥.al ve of claim1l wherein the biasing nmeans conprises a
0

hol I ow resi | i ent Y"EHPEFT DI e menber extending distally

6.\ The needleless connector vaiv¢ of claim 1 wherein the biasing
means comgi‘ises a hollow resiliently collapsible member extending distally

from the piston head and. sealingly seated about the exit orifice.

7. The needleless connector valve of claim 6 wherein the hollow
collapsible member comprises a fluid path between the piston head and the

exit orifice.

8.  The needleless connector valve of claim 7 wherein a taperlock
section of circular cross-section is disposed-between the piston head and the
resiliently collapsible member.

9. The needleless connector valve of claim 8 wherein a section
elliptical and conical in shape is positioned between said piston head and said

taper-lock section.



fromthe pi ston head and.sealingly seated about the exit orifice. 7. The
needl el ess connector valve of claim®6 wherein the hollow coll apsi bl e nmenber

conprises a fluid path between the piston head and t

The needl el ess connector valve of claim7 wherein a nmﬂ"mml“"g‘mﬂmﬁ of
circular cross-section is disposed between je piston *ead and®the *
resiliently coll apsi bl e nenber. 9. The needl el ess connector val ve of

claim8 wherein a section elliptical and conical in shape is positioned
bet ween said pi ston head and said taper-|ock sectlon 20 10. The

needl el ess connector gl vek nQ%cﬁélQQs%oMCﬁ' M@th&%ﬁﬁth&g}&o

taper-lock section and the resiliently col ﬂgﬂn nber conprise a single
rubber ol di ng. ]h_‘sa , th iapenrdenlt| settécrs amsbriree tbmdhpsﬂﬁleahanbnrxﬁmm“ ein a

taper lip seal |s bo he distal end of the bore. 12. The
needl el ess connecty egugq%\?e oqflt&lg%ai m 1 V\,herei n the connection port is

di rensioned to receive a male |uer. The needl el ess connector val ve of
claim 12 wherein the ou5| ncl ydes neans f nabl i ng he, luer to | ock
thereto. 14. A need| éi esﬂéé‘ﬁ?fhéﬁsér“’m%v Wrﬁfrq? whemgisl 3 tpenbpisi ng
having a connect i@} iPfrineaboa i diltalodndf d£Ghe WHRL €1 N the housi ng includes a

first section of circular cross-section having a first dianeter disposed
directly adjacent the connection port and a second 5 sectlon of circular

i sposed adj acent 1 he i <o Teaet R Sup ket el Wi 46 T o

di sposed adj acent the I on, I ston head
of elliptical crmnwmlmdwmmgom&w@céxwmdhef et hrough oriented

along its |ongitudinal axis,
13.  The needleless connector valve of claim 12 wherein the housing
includes means for enabling the luer to lock thereto.
|
14. A needleless connector valve, comprising:

a hollow housing having a connection port and an exit orifice
wherein the housin.g includes a first section of circular cross-section having a
first diameter disposed directly adjacent the connection port and a second

5  section of circular cross-section having a second diameter larger than the first
diameter disposed adjacent the first section;

a resiliently deformable piston head of elliptical cross-section,
having a bore formed therethrough oriented along its longitudinal axis,
received within the housing so as to be shiftable between the first and second

10 sections, wherein positioning of the piston head in the first section causes it
to be deformed so as to have a circular cross-section thereby occluding the
bore extending therethrough while positioning of the piston head in the
second section allows it to assume its un-deformed elliptical shape in which
the bore extending tllerethrough is un-occluded to thereby provide a fluid

15  path between the connection port and the exit orifice; and



.received within the housing so as to be shiftable between the first and
second 10 sections, wherein positioning of the piston head in the first
section causes it to be deforned so as to have a circul

t her eby occl udi ng the bore extending therethrough whil efuumﬂﬂﬁmgmmﬂllhe
pi ston head in the second section allows itsto assune it3 un-defornmed =
elliptical shape in which the bore extending therethrough is un-occluded to
t hereby provide a fluid 15 pat h between the connection port and the exit
orifice; and 21 neans for biasing the piston head into the first section
to close off the fluid pathyMRerEBlad &{Jﬂ&&h%@&#ﬁ@ﬁ&@%ﬂb{%c&'%tes&e
into the connection port serves to shi p|ston into the second
section to open t & the flid prsh iwheteby insertien 0éedhusl uaodﬁwctxmo nhal ve of
claim 14 wherein .81 0 s_an,el lipti

cross-section hav%grbgmpt?(gn % servg A Sh’}é?%gﬁﬁfog[}?eéa KFoort é'r"ﬁog‘é s?%’t"&t'iove t he
maj or axi s of theopddﬁ:atﬂxﬂdibathross section of the pi ston head. 16. The
needl el ess connector valve of claim 15 wherein the biasing neans conpri ses
a hollowresiliently collapsible nenber extending distally fromthe piston
head and sealingly seafsed Mee&l@ﬁsseéﬂnhe&& Yile€of ddim 14 WRrdhetE £6LSS
connector valve of claim 16 wherein the biasing neans conprises an

accor di oned st r ucformed in ghe plstmehaq@écﬁllmt@slscr@@rm@mohaw wemgfor gikizi m 17

Simole rubber ol ARG gatskRE 3 ke kufidt pAEP! B R e ©

further conprisi ngfthetpmen Headh seal positi oned about the distal end of t he
bore extending through the piston head. 20. The needl el ess connect or
val ve of claim 18 wherein the piston head has a flat proximl surface, and

further conprising meaggs t o Hel dbeleless connector valve of claim 15 wherein the biasing

means comprises a hollow resiliently collapsible member extending distally

from the p@s:ton head and sealingly seated about the exit orifice.

17.  The needleless connector valve of claim 16 wherein the biasing

means comprises an accordioned structure.

18.  The needleless connector valve of claim 17 wherein the piston

head and the resiliently collapsible member comprise a single rubber molding.

.19, The needleless connector valve of claim 18 further comprising a
taper lip seal positioned about the distal end of the bore extending through'
the piston head.

20.  The needleless connector valve of claim 18 wherein the piston
head has a flat proximal surface, and further comprising means to limit
movement of the piston head in a proximal direction to a position wherein

the flat surface is flush with the connection port.



noverent of the piston head in a proximal direction to a position wherein
the flat surface is flush with the connection port. mmumum'ﬂ

22 21. The needl el ess connector valve of claim 18 vvh‘m sI i bl e
menber is hollow and provides a fluid path between the bpistorr héad” and t he
exit orifi Mocke? No. 3685 needl el ess connectgy val ve of claim21 wherein the

connection port is dinensioned to receive a nmale luer. 23. The needl el ess
connector valve of claim22 wherein the housing includes nmeans for enabling
the luer to lock thereto. 24. A val ve nechanism for incorporation within

a connector device hayi ngThe Beddielés® coBmsbctdionBiebfRIGANS WHeLRI WREN @
connection port apd an exit orifice, wherein the bore has a first section

of reduced di ansebipstile aember ixheltosnand peovidas meiluid pathpbetweemthepisesond

section of enlan g - distally adjacent the first section,
conprising: a ré‘g??fgdntag&%?%ﬁ%bl e piston head of elliptical

cross-section having a bore extendi ng theretthrough, wherein the piston head
is disposed withint conpect oy .device so as t e shifiabl e,between the
first and second sec??’ons?gﬁﬂﬁe%"éf é??F%%i"f‘f"a?rﬂ?ﬁgﬂ%ﬁ YSF%‘F’(S‘nthﬁead Wi t hin
the first secti @Bnd&ric&36¥eh dilnehfiond Weleedivied rlale laeci rcul ar shape to

occl ude the bore extending therethrough while positioning the piston head

in the second section allows the piston head to assunme its un-deforned

elliptical shape whepgin He spolfest Sondiarafie Uit 24 AN ACHR Hdlnd PALN

fromthe connection port to the exit oriri ns>f or
bi asi ng t he pi stisdudssadeadns {posiabling thenluehto fock shersecti on to cl ose of f the
fluid path whereby insertion of a fluid conduit device into the connection
port serves to shift the piston head into the second section to open the

fluid path. 24. A valve mechanism for incorporation within a connector device
having a bore formed therein extending between a connection port and an
exit orifice, wherein the bore has a first section of reduced diameter directly
adjacent the connection port and a second section of enlarged diameter
5  distally adjacent the first section, comprising:

a resiliently deformable piston head of elliptical cross-section
having a bore extending therethrough, wherein the piston head is disposed
within the connector device so as to be shiftable between the first and second
sections, and wherein positioning the piston head within the first section

10 causes it to be deformed to a circular shape to occlude the bore extending
therethrough while positioning the piston head in the second section allows
the piston head to assume its un-deformed elliptical shape wherein the bore is
-up-occluded to provide a fluid path from the connection port to the exit
orifice; |

15 means for biasing the piston head to position in the first section
to close off the fluid path whereby insertion of a fluid conduit device into the
connection port serves to shift the piston head into the second section to

open the fluid path.



23 25. ° The val ve mechani sm of clai m 24 wherein the bore extending through
t he piston head is marqui se-shaped in cross-section having a nmajor axis

oriented perpendicularly relative the nmajor axis of Hmmmﬂmmuml ston
head. 26. The val ve nechani sm of claim25 wherein

conprises a resiliently collapsible extensizmn of the*piston Head. 27.  The
val ve mechani sm of claim 26 wherein the collapsible extension is hollowto

provide a fluid path between the piston head and the exit orifice. 28.
The val ve nechani sm of claim 26 further conprising neans for preventing the

bi asi ng neans from exgendi e khlee picshoiknh @fdlalie PaRchedeif Gl bbfesftéddifly Wi t h
t he connecti on p0£t. §9 The, val ve nechani sm of claim 26 further
rqugs t

conprising a tapé ééﬁis‘%§¢ i3 regquissehepediia apssseqtioankpvis ¢ Majdsor e
extending t hr oughyfheidRtedl SpRdarly relative the major axis of the elliptical piston
head.

26.  The valve mechanism of claim 25 wherein the bias means

comprises a resiliently collapsible exvension of the piston head.

27.  The valve mechanism of claim 26 wherein the collapsible
extension is hollow to provide a fluid path between the piston head and the
exit orifice,

28.  The valve mechanism of claim 26 further comprising means for
preventing the biasing means from extending the piston head beyond a

position flush with the connection port.

29.  The valve mechanism of claim 26 further comprising a taper lip
seal positioned about the distal end of the bore extending through the piston
head.



