NEEDLE FREE MEDI CAL CONNECTOR W TH EXPANDED VALVE
MECHANI SM AND METHOD OF FLU D FLOW CONTROL BACKGROUND
The invention relates generally to nedical connectors
of the type used in the handling and adm nistration of
parenteral fluids, and nore particularly, to a needle
free connector enploying a valve nechani smt hat
conpensat es f orNE R%MEMW&%NE@E@BMITH e.,
drawi ng fluid i nt BXPARDEBWYEMEOMEGHNISH BNEonnect or

‘returns to its UNMEHESPOBFEUE FrLOW @DNTEOdEssed

10

15

20

25

state. Wthin this specifi cation the terns,
"negative-bolus effect,"” "positive-bolus effect," and
"no-bolus effect” are use% 'C‘?((%%?@I(Ibbe t he operat| ng -
characteristics of nedi Ca‘IA'UOTTFI'E'CT_UrS as the
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Needle free medical connectors for injecting fluid into or removing fluid
from an intravenous (“IV”) fluid administration set are well known and widely
used. One conventional type of such a connector includes a housing having |
connection ports at both ends. One connection port may comprise a female Luer

-port sized to receive a blunt male cannula, such as a male Luer taper. The other
connection port may be located opposite the first port but in some cases is located
at a ninety degree or other angle to the first port, and comprises a male Luer
fitting. In many cases the second port of the connector is permanently connected
to N‘tubing which in turn is connected to an IV catheter that communicates with
a patient’s venous system.

A valve is located within the connector and in most cases uses the housmg

of the connector as part of the valve mechamsm When the connector is.
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25 to IV tubing which in turn is connected to an IV
catheter that conmunicates with a patient's venous
system A valve is located within the connector and in
nost cases uses the housing of the connector as part

. of the val ve nechanism Wen the connector is |

accessed, the valve opens an internal fluid passageway

- betvessed, tthe vilve speanah irmenab AufibpdssagdwrySlsatween the first and

connectors, the internal fluid pasTﬁgeway i s defined

by e PeTRy dRsemersmRasiore shemtemal dBiheassegewryis dagned by the
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unaccessed. As the connector is accessed by a bl unt
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port of the connector 10 housing, the val ve nechanjsm
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 OAPEERESre i IURARCRAER oF theAduig oy pidy ipcreases. This

Motk QB8 thé DeRidAE Eﬁp&ﬁggﬁ%&gtg 4 b il %(gnfnl?n gé pressure

connector I n this manner erred“to as
botdigctioefifebé flizsid fitnatpach duambast gravofluidhatage’copheétorfidm the

is drawn [nto the pa({:tgé%lé vacuum or reduced pressure

| ST I ahen

of drawing fluid into the connector in this manner is referred to as a “negative~ -

Qogpector. As previously mentioned, the effect

bolus” effect in that a quantity, or “bolus,” of fluid is drawn into the partial
vacuum or reduced pressure location within the connector. | 7

A negative-bolus effect as the connector returns to its unaccessed state is
undesirable to some medical care providers and either a neutral bolus or'p_ositive :
bolus effect is preferred. It is therefore desirable to arrange for a valve
mechanism that either does not affect the capacity of the internal fluid

passageway through the connector as the connector is returned to its unaccessed

~ state, or that actually decreases it.
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A negative-bolus effect as the connector returns to
its unaccessed state is 25 undesirable to sone

nmedi cal care providers and either a neutral bolus or

~positive bolus effect is preferred. It is therefore

desirable to arrange for a valve nechanismthat
ei ther does not affect the capacity of the internal

fluid Rassapswayh, e aeshidelSolad BFec R4 dy BSrddiRed or eliminated
connector is returned to its unaccesse state, or

t Hm clapingithy i atviegibeaveen. the gonmectempprbaedy qatfeeter prior to
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at the, ti
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therefore naturally 10 prefer to reduce the nunb of

sttépsmqneepecbm:lumbexaffectlve care to patients rat her

than i crea e the nunber._ In_another a oach, one
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operator continually injects flurd into the €onnector
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connector as the nmal e Luer is being wthdrawn, thereby

- T enoeegr aﬂw@emﬁeﬂmﬁnmdmlm vva:hdmm,alhemuaﬁwang thélikelihood

1P TRag A 2ndfihas Ehe TR o8 a et bafls Sining in the
Urlgs N@opRhl Biowkr, Qﬁfs PBkyacag §153Q1ﬂd%s19§1ﬂe & BlRMoRYhly does

may require sonme ski'll in successfully carrying out

t héadcba@te@dnﬁ@:lamiunegame\ﬁéﬂbml wsceskfudlytcangyngbeiothiee
educed by the design of the nedical
proce ure.

The negative-bolus effect may also be reduced by the design of the medical
connector. As previously mentioned, some medic-al. connectors include an
internal cannula or hollow spike housed inside the connector body. The internal
cannula or spike is positioned to force open a septum upon depression of the
septum onto the internal cannula or spike by a blunt cannula. The internal
cannula or spike has an orifice at the top-and, upon depression of the septum
over the internal cannula or spike, the internal cannula or spike is but directly
into fluid communication with the blunt cannula. The internal cannula or spike

provides a generally fixed-volume fluid-flow path through the connector. Thus,
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connector. As previously nentioned, sone nedica
connectors include an internal cannula or holl ow
spi ke housed inside the connector body. The interna
25 cannula or spike is positioned to force open a
sept um upon depression of the septumonto the

i nternal cannula or spike by a blunt cannula. The

| Bt een ddptugARAUNG t@ Its SRs&E pbasomtheopdrtibCeacatind foemedRvithin the
and, upon depression of the septum over the internal

. cEPRRACKOTOH agiyi isaot gh larpe pe Fieapardalimgramoiorggd i ajcanegpator

direct Ly ] . Ao ) 0
c SRk 2 mapeeunettcd? QERHT SREHAT Al Pa S disgdvancage
gengmpidal Yoitnecasts halingeinfihtdrgalfdagnalpairiyptiterio udbwehfuid-flow rate

connector., Thus, as the septumreturns tg its closed
pé&aseddy thasmgHdumsn iy sea canntd orespikd. t Aiditopally, it has been

¢ %B&%Cﬁlg{ witjhgthg @é’nnéc?o:r]ci)ets' %Shelvﬁ{aqgae ﬁ%ﬂ%z-l?ﬁoﬁﬂéa .h‘ftlamal spike and
vacuumtormned [n-a connector I ng a’ nore
Valmoeibld Splhyi i is dbdreed by eHad apike kol Ednﬁiafmg €uay such pierced
di sadvant a%e of typical connectors having an internal

c &enfumamay be giamaged vth mykiple pegsand lgakinBeonnggas By result.

by the || j | ' . - .
oo 1SR} AR gk SOl ot et
C ObAR oLiEn desdhae Ihaved g réalfivele abit leatupt. | THeERa®ing of the
spi ke and a novable septumthat is pierced by that

sppreecty ipdudes an infenal cavauls aad uppe depressisn i dis Hexible body
b .t h lL.t1.Ql n eaki I

o8y LU PU A Gk AR bR ORI b forces
meghRAV&Bthaleaf Betilgepard TheXdahbein tdon POy thé tdp 6F the flexible
which is located a relatively rigid |eaf spring. The
h&asy AparsRngd gpen @chif é@mr@rnqdrtéemsl“bm openiag whkhedivgsiablishes
and. up i xi blhe b b

P R85 o Bl e B b B e o e

| Riefidkam@nauTae e@p&Eng 1d2€ shrady giSo efeatdiea taafvosptypogrea
apart. The |leaves in turn force the top of the

f bewvesnehe plegipleybady anththegpear wall of theclgpgrapheannula in which
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t hexflspriBn and rédeevoit EdlRpB@hnE AnLE Jorcdd @uespenrdicogvbieand into
spring also creates a reservoir-type area between the -
f tesimber@abepnpulmbieee outer wall of the internal

cannul %hi.sg)o\éﬂiv%h:lis l#\éré;'r)l%r{t f Eﬁiddmaff‘%sﬁ.llf‘c%{lﬁi(eﬁgﬁritg% bfldBect as _

cannul a1 Fenove e conne
Splié Wgvardufigiatfaceakédnae. asvéved) thel wifeomeethnidnh is

of the reservoir_and into 20 the internal cannula

| getafvely complex with a leaf spring being incorporated into a flexible member
which adds some manufacturing concerns as well as at least one additonal part;
i.e., the leaf spring. Manufacturing concerns and additional parts can tend to
cause expenses to rise, an-undesirable effect in the health care industry today
where manufacturers strive to provide effective products at lower costs. Further,
the reservoir-type s;}‘stem does not permit continuous flow through the entire
expandable flexible body section. Instead, fluid flows into the reservoir and is

retained there until the valve is returned to its unaccessed state.
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This positive displacenent of fluid may result in a
positive bolus effect as the valve returns to its
unaccessed state. However, the valve nechanismis
relatively conplex with a | eaf spring being

incorporated into a flexible nmenber which adds sone

manuf acturing concerns as well as at |east one '
addi ti prate RAbie cotReine8 with AR d&fofREdt medical connectors have
Manuf acturing concerns and additional parts can tend

t oecognirsd thg peﬂi écsr g wedicgleconmgcipn devingahyalvemeelanism that

t he lth ¢ toda -where manuf act.urer

A7 0E SRR et by B it Beer T PR B Sect or
Fablibs effédﬂe’m@ @1@&& %rra IeBR B YSHRRSIARS: Iﬂ‘éhdlé? FHBsé effects
continuous flow through the entire expandable

f astiotlt eact:dits}'n$ Buid-dow raesresuctfmbsitpliciondas aisebedre
reservoir

. h
 Epeientt, JUet a bR R ot sdio it Hed R
Cmﬂ REnMbdebr e Iﬁﬁéﬁeéxgﬁﬁﬁﬁé t@haﬁﬁ@t’ae@@e aRERegHEESt in

have recogni zed the need for a nedical connect or
h@pEragioa, aacli vieatrindhded femer parts. Fhoipdesenhimvention addresses such
nggaélvqi | us eff'ect by producing either a :
§ P B % effect or a no-boius effect. The need
for a nedi cal connector that provides these effects 5

Wi thout sacrificing fluid-flow rate or structural

sinplicity has al SOWGF needs

have a:Bso been recoI%n i.zed su

rod caPTEBA Rl B ST o EepbAG eed o fmedica

MRBEA&GSLESing BaalveSm&dtfanfne BatpRoviBPEERIdrAposAA-BdMd effect
includes fewer parts. The present invention addresses

swch nobelus effad, opbe deacttiSUMARYWaDR MEeEhdnNvENA| cORnector is
Bri ef. and i n.gener te .. L.he inventi,on. i s

ciF R T FORRUTE e Hw i Rl A GHRS Hpainpem internal fuid
NBGERBLREY tbwm@ﬁ %@ﬁﬁy@&mg{roa Pesd EdrvRedop] e Bhh&gbr

or a no-bol us effect, on deact uat i on of the valve
rm"ohmsm hpuging rhe@mgra st perepmeld skednfl porte e it pomdpeing

of f.lui t he canne havi n t
t Fornted i dbetita il SRRER LD SRR PR AL Pt g
C RBRgsEAkatdN R IBONASEL @ndulk OfR h%ﬁ@va%l@&@ﬁieﬁﬂg&‘ﬁﬁd)ﬂ&i within
first port and a second port, the first port bei nlgl
adh@heursmg» the qepwableelbiment hedng @l firsapesitioreaebishdhp oravable

ad men bflf%ks d d?low through the housing and a second position at which the

‘movable element permits fluid flow through the housing, the movable element

. comprising a head defining a bore forming a part of the fluid passageway through

the connector; the head being configured such that when the movable element is
in the second position, the bore self-opens to permit fluid flow, the head being

- further configured such that when the moveable element is in the first position
the bore moves to a closed configuration preventing fluid flow, and a
compressible section defining an inner conduit forming a part of the fluid
passageway through the connector, the inner conduit having a width moveable

between a first width and a second width, the compressible section being
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communi cation with a fluid conduit, and a novabl e

el ement positioned within 20 the housing, the novable

el enent having a first position at which the novable

el ement bl ocks fluid flow through the housing and a

second position at which the novable elenent permts

fluid flow through the housing, the novable el enent

C Q:ﬁﬁﬁFlSﬂeﬂgo ahdealerdéfe mbverble Blehtent & ifi the secd@ﬂrliosnfon the
UId passageway through_ the connector; the he

b&PHpresivie sasken sekrerpandst sowhéh theHangpoaiisive kasdhe ﬁ@cqnsl width,
oo e R PR 0k R G088 Bl BT Bl gmenc i

Sulhdé Aat pm&laan theintey eaid@r alowe®rd tHesfikshwidiB, WheRin the first
position the bore noves to a closed configuration :

pr"'éldélhtslsﬁﬁ]”ﬂ thaa the sagorghwidih. conpressi bl e section

defini N8 ot 'd@&?lreﬁ%gﬁ&% tth£ %E{P ahd dt%ﬁgrﬁ{ {m&]tijs topv.en i #Erdcondult
passageway FArou € connector, e 1 nner condul

hafithg cz&npnedilblerﬁ@u@@bh@ edpat wednthar fHer fhitid \Watkagewad has a first
second wi dth, the conpressible section being

c IRlurge vbenshe meyablarelemencs ip vheBrss pesisas sndiassecand Helume
SSOICHRARL ARG RUMRLESSI G, ARRH] O S85Ha SRAN Being

_ e i'nnher con U|t secon

| Nager aemdbe tfirbeiolgné UFhiber, b firgunekesond adthwbethe inner
the noveable element is in the first position the

i rfRBAU §h tha ¢omppreesible seetian arersglecigdisus thﬁ@tﬁ)@.ﬂm@ [passageway

fi a3 ﬁts%\%qﬁlgl 'v%e%n%lrﬁ?\(]abl ele%r{%%ﬁsgx fi’%%td 051&%1 anc} a second

nor e aspec I'rs con

t Relirie @hed hé Hidvablefelémencio R s sddaha poeitiohPthedeond volume
sel ected such that the fiuid passageway has a first
v eintanenmaiely vbe stne asitemBrt vplimey Alse, herlgner conduit of the

Pg:%lkﬁ#r?%lb?@ gecﬁogﬁg 8(5]191 !3(&' gﬁ%h %{Pﬁ% rf‘lusci] S’La c\é 01.%j n‘g H?FY through

e secon pOS e-second V
| ahgentitdianet &hduit whery &hdJﬂi%vaIHé leldigént ik h;ftafddﬁltth@ Réecond

. second widths of the inher conduit of the

c@PBIt®si bl e section are sel ected such that the fluid

D20 e bl acp Bk IO AP EIRIR g sopvort

el enent rtronand a secon

whabe hivingoppblify eh@yens siyspdrd niteadfRennd 1p@sh k@nding between
the second vol ume bei ng approximately the sane as the
f ithe pPpRYRgERdsArEe end heMgneiuid saaununigatigmwithghe second port

COR T AR AR e tigh L e

wrennédier. n’Dh@hlppo@i @il’ﬁertbm;ﬁqsb@@airam th@whalleles@oand slot providing
a fluid path between the exterior of the tube and the lumen. The support tube is
configured in relation to the moveable element such that, when the movable
element is in the second position, the lumen and slot of the support tube are -
positioned, at least in part, within the inner conduit of the compressible section
such that fluid may flow through the inner conduit of the compreséible section,
through the slot, through the lumen of the support tube, and through the second

port of the housing.
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position. In other nore detail ed aspects,. the

connector further conprises a support tube having

opposi ng ends, the support tube defining a | unen

ext endi ng between 20 the opposing ends, one end being

in fluid conmunication with the second port and the

lumen formng a part of the internal fluid passageway

t hr ougly {aeotheOMBRC i&hiled BEHeRHD BRY fnnbt B RRNGT the@Sndbressible
wall, the wall defining a slot providing a fluid path
bé@mhasr\:@p@xmgrﬁrstrarmlf secoed ends thefrstgad |b@mradja¢ﬁe1t the bore

S t confiqured i el ati o |
ol 26 b L A e mEiEHe R en gheine: Fb offacathat the second end
e'&@ﬁ@tmhﬁcdar[&&@@h@@ﬁﬁ&@fo@%ﬂ% Qﬁﬂfhhﬁ)v& mne;@ék@dlﬁlg%m the

of the support tube are positioned, east in part,

vmhom rthrdvghithe amea:@:nudmlt, aofd mltteofctberpm sobiluit eougbrhe orifice.
th i] il ui d n@g g t hr ou [ ger lco dui t of
Frgt s&UPph 8R € S‘WP eFﬁr@n § RteR} Pcﬂféh toa

ot h@cd&éﬁ&ﬁtﬁﬁe Hféeinﬁlép&ﬁ{dmi cHige caﬂ@réseibwgé&ubhewﬁapeﬁ%waMe

port of the housin In yet other nore detail

~ asnen is endeise pesitden, tandfsatd]ﬁowr@atph Bychdrl ee:tends from the

sect has n irst, an d seco

o s D BT e i o R i a6 R i ot Bhe nmer
myyalhie el ement defines an orifice located at the

second end of the inner conduit, the orifice formng

par t ofln furtheyunigretdetailadeaspieery, theonotdableselpment furtheswgmprises
the_inner conduit nd put of t I nner _condui.

t Hree et 0 R EudpréstRle ian SRS Jovppath further
t RRedR PRI tHBIEH@X hBAshtodthe sFASE sddlioR@erebP tife spring section

| ocation outside the inner conduit of the conpressible

| s arovides avherionhef the\mbrreﬂ flulid pagsagéwayat Thesprimg saution is

D RXB R R b PR S 1 SR EO RS AT Surendea,
I QRAkH, Qutish as afﬁrmﬁtérﬁﬂle&oﬂﬁecmﬁﬂiet spring Jeuﬁbﬂ%r

nore detail ed aspects, the noveabl e el ement furt her

Cc @nmpr gseed whenshe ng)vsaldmedmn@unﬂ gcthecsetond hesition and when

section d said f hfurth

o SPBIRERED ofe Bahe B s ieCond BteRB! doiitie, U6 seqope internal

WRenRehY of (e s§ﬁh5g@@ctﬁﬁ§l§é1ﬁ§ grd&VIha 8 $hé fiBR ihiePRalOfoliMe of the
internal fluld passageway. The spring section is 15

eXpEng sertignarhernby m@mmgl elumerf the ppriiarhef thierfinw path
pos&tﬂhg@ b}‘r?l %je yﬂ]n%% s%)étt:lon 1S gl’eater when the spring section is compressed.
In other features, the housing includes a narrowed region adjacent the first
‘port, the head of the movable element being located in the narrowed region

when the movable element is in the first position, the narrowed region being

~ dimensioned so as to cause the bore of the head to close. Additioﬁally, the

housing includes a constricted region, the compressible section being located in
the constricted region when the movable element is in the first position, the
constricted region being dimensioned so as to cause the width of inner conduit of

the compressible section to move to the first width.
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the spring section has a first internal volune, and

the spring section is conpressed when the noveabl e
elenment is in the second position and when

conpressed, the spring section has a second interna

vol unme, the second internal volune of the spring

section being greater than the first internal volune

of t hey2Orusidlel NBe $BRIJrERIBINSIEBY i fshretted tdahe HhdINR the
of the portion of the flow path provided by the

s prdvegbls etarient fusthgr eemprisastestpringeseetnn pepnsstad orthe s
conpressed. |.n other .features, .the,hqusing includes

AP RBRSR D{5Un he SPERE SEOTT S SAaRed ] e BadiGRof

t R bR 8ise pBRtoR MhidiPERI @ehprassitie sé@fohqy\?ﬁiced within
region when the novable elenent i's in the firs _
paké comstrictedheegiomr bwe dnoregietailefeispert, e htiadeard diveeprappessible
as to cau t he. bore .of the to - close

Age oAt Fie SHEHE HOHER AYS TR GHEL Poggabje element.
regi onyy hd@itieARPl8ARED|Re E6GhHQRbRABE0A BSRbASks dplukdlRy of
constricted region when the-novable elenent is in the

f irelgtivelp Sexibbnmentiwane elestenicarstia pbyklbty Gaelagvely stff wall

di mensi oned so .as to,cause the width I nper._condui t

o RIS i PRGRbTaRE AGRRTS RORFCHD6 EoReaner R PL PAEel of the wall
Wetenty € ufthérl fed mehitRaf@BRARSS dteRdapeld @ ToldSradially inwardly
connected to the head, and the noveable el enent

f ayhiemethe ¢mmprdosdsitdias phé At yddth. on connected to the
conpressi bl e section he i ng secti,on. being a ed
o r od PEReA L0 Bob st e PO thaRe of Freiphar PR Bhgtime
Why Eﬁrehb ErofP I BRSWSdisaned Qé‘scﬁ?ti_ﬁh %ﬁ@(ihé\ﬂa&tfﬁrﬁitnzﬁly‘iﬁge

cog tricted region. In a nore defailed aspect, the = -
hebralwings,dwhich idustpate dyiviryeof seotplothe feadirehel dgrinveption.
section are nolded as an integral noveable elenent. In
addi tional features, the conpressible section

conprises a plurality of relatively flexible nmenbrane
elements and a plurality of relatively stiff wall -

el ements, the nenbrane el enents connecting together

~~ adj acent edges I F r, the
menbr ane el emnmww

20

25

i nvar digygurhenisthgdé 4% ofcaNsidbibRAasméMeall donslector didt.
These and ot her aspects and advantages of the

i inempomteswvispects of oiepreappdneention; showing & Brst partsgrrounded by
A T e ST e
| TY4€aHd St comprising a blunt male connector;

FIG. 2is an exploded perspective view of the medical connector of FIG. 1
showing the three components of the medical connector of this embodiment,
including an upper housing portion, a piston element, and a lower housing
portion; ' '

FIGS. 3 and 4 are elevational views, at right angles to each other, of the

piston element shown in FIG: 2;




10

15

20

- 25

30 -

15 BRI EF DESCRI PTION OF THE DRAWNGS FIGURE 1 is a
side view of an assenbl ed nedi cal connector that

“incorporates aspects of the present invention, show ng

a first port surrounded by thread elenents for

receiving a blunt connector and a threaded cuff, and a
second port conprising a blunt nmale connector; FIG 2

is an exq! 9@%9&[%Wf'd@s&f—@ﬁéﬁfnﬁtﬂéﬁd%Fﬂi@lﬁlston element of FIG.
connector of FIG 1 show ng the three conponents of .

t heshowding étis noomakiyopen nlrquissskapeddiore and hagingrbé sahag

h [ [ ' | t, d
G e bt psmenkr BRIt Fiana "4 "ar e el evat | ona
views, @mg. 6 Ewbeﬁlﬂ_%ct;i‘% gié%l:ﬁfé‘fﬂti‘ﬁl BR%ss s@tiohe th@bfﬁﬁdt?lﬂee}ement of

el ement shown In : 51is an end view o
sdilfs. 3pdti thy seeton tiken heross Stelinemankan 6-6f stkivang tBe self-

howi i t | ] y- | se- e d
nAoE A pe Sl mana i Y BPrBN AE e COLOIB! cnent of

FIG  3p1E] Bis HsdSioRalReERRBAII N Be Yfie@{\éeﬁl gnﬁ’x?écléxaéhf F?ﬁgisshowing

section of the piston elenent of 5 F 2 Wt
s ¢be iconnecikan antroseesded state avithatheepistone]ememiniiy firbepositon

o GhatiFoFie Seticsbenthicbort SEEHe bistah el ElcR i IEERSW BY he
M EAte CORPBEH T 1 hélshg dnd BROMMISesdie s@&iﬂ?ﬁﬁétﬂseehn

a non-accessed state wth the piston elenent in i
f iqostprssedl to om firstrwidtli ha naerosweldf regioandinhe bonsgngf t he

i st Ny I to fluid flo the 10 rrowed
P rot BhecS i FRRRGRReslte view Sonp bsas: of Secorareeor of
hasGbeeRowi Y5 eﬁi%g'lhgﬁdg)'f E9d pistait aeﬁxngimarmxﬁ%siﬁon

regi on of the housing; is an enl arge
pevislp gt inaequiseeshaped bhee dlogestt togbrid flofw;t he connect or' of

o) erent Dt st Pad it R ARl oo HiEL taken across

shap&rle RpdiRed HoP BhwiAg thdldinplcaWbiela cfdiGin B i:érnﬁlr?essed

sectional view of the nedical connector of FIG" 7,
t aloofigaations the |ine nmarked 9-9 show ng the

conpr eﬁé}.b i(? iss:sie scetciﬁggall e?e\jatti%nco(%r@é %Sesd?c%l connector of FIG. 1, showing

the connector in an accessed state with the piston element having been moved to
its second position in which the self-opening bore of the piston head has opened
to fluid flow and the self-expanding conduit of the compressible section has
expanded to its normal "as-molded" state, or second width, for increased internal
voluine; |

FIG. 11 is a sectional view of the medical connector of FIG. 7 taken across
line 11-11 showing the self-expanding conduit of the compressible section at its
normal "as-molded" state, or second width for increased internal volume;

FIG. 12 is a detail view of the portion of FIG. 10 showing' in enlarged
detail the interaction of the slot and lumen in the support tube with the self-

expanded inner conduit of the compressible section, and the action of the spring

section on the compressible section;




“confi guration; FIG 10 is a sectional elevation of the
~medi cal connector of FIG 1, showng the connector in

an accessed state with the piston el enment having been
noved to 20 its second position in which the

sel f-openi ng bore of the piston head has opened to
fluid flow and, the sel f-expandi ng conduit of the

~.conpre lﬁigdégiﬁ isSE&bb L8 BBRal BERAYT gﬁ(ﬂ t’eﬁlggg'reﬁﬁe@éﬂs'ﬁl FéG. 12 showing

"as-no
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state, or second w i ncrease

i the selfexpamlingrinneFraaduid at &s second widthalkhessuppoof tubhgethe slot in
medi cal connector of FIG 7 taken ross, .25 li.ne

1 0 SURPRFLATRE: AR SBR SR ARG RSN FRISHRE ohghe base of the
cq d S iti ’
COMRESSIL 05 ATIRK ALY APl oL o o
i ghe sdppat fube sevthat thehe ispantinanuofluidl taw irospbuhaentine inner
enl argepl detail the interaction of the slot and | unen
irFOPﬁ_ Tsupport tube with the self- expanded inner

condui trgs. {06 & ITRAE RS EEARAs RAH JpBERRE] Bndble
the spring 30 section on the conpressibl e section;

Flu@lized bys medicalsonnector ol invirporanés ddpectsof drgprbsent

details of FIG 12 showing the self-expanding inner

cdRRRtem ANt s second width, the support tube, the

sl ot | GENes BHBRGK Gty iveN@W8s (h3 fadtbh lefdth&t showi
orifices ex?fjstal&fngggt St%Eegke)ras?g of t%%é innerf cor?duit ® ,meg
t heterpative donfiguraliohk ofvthe spring decpan.t s of the conduit.

into the slot of 5 the support tube so that there is
continuous fluid flow through the entire inner -

condui t ; ﬁbﬁ&lﬁﬂ)_m;&%mﬁ@@m@%w

an operational principre uatiirZze a nedi ca
connectRefetringtndw dodgailad ese dsgpydagsinofhichdikermseerals refer to like

invention; and 10 FIGS. 16 fhrough 18 are perspective
vi%v@r@ﬁp?@n%ﬁ%%ﬁ@ﬁeﬁtth%mﬁ&%% Bhdis iy Jastraced in FIG. 1
caopfii i [ QN I
LR B BRI E o e
detrasdnttinventiend (el pagtcilar edineetdrickefigurasoa lexemplied fothe

e RS SER SRS R S5 Bk

different configurations including, but not limited to, Y-connectors, J-loops,

v

T-connectors, tri-connectors, PRN adapters, slip Luers, tubing engagement
devices, access pins, vial adapters, blood tube adapters, bag access pins, vented
adapters, and others. The drawings are for illustraﬁon purposes only.

FIG. 1 presents an embodiment of a medical connector 20 having a
housing 22 that is formed of an upper housing portion 24 and a lower housing
portion 26. The upper housing portion 24 has a first port 28, that in this case is a
female Luer connector port with thread elements 30 located about the exterior.
The lower housing pdrtion 26 terminates in a second port 32 that, in this case, |
comprises a male Lﬁer connector 34 defining a lumen 35 (lumen not visible in
FIG. 1) and with a threaded locking collar 36 (threads not visible in FIG. 1).

| Together, the upper housing 24 and the lower housing 26 form the connector -

10
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“a side external view of a nedical connector that

i ncl udes various aspects of the present invention.
The particul ar connector configuration exenplified in

the figures is for illustration purposes only. The

connector may be enbodied in different configurations

including, but not limted to, Y-connectors, J-Ioops,

%%u&rﬁg%w e’?ﬁ@ﬁémmﬁ% szr@ésns@ bR\ §ed SRNGREARN RbAtaihl 3

Luers,” tubi ng engagenent™ devices, access pins, vral
e;nimsphmscelmlt colbrantiye racdert the s:pnnagoraz& essblq:nm@ darkeneégoom or
d. others. The aw ngs are

d
?’ingg g &‘g‘i{ﬁ"%ﬂo&ﬁﬂl’ﬁﬂg@ge’gfﬂ OEPRY ts an

'en‘oodlﬂﬁﬂ gfoﬁo@ta? C?'an&%iﬁﬁ@&o @wHéW &UVQWB%E

22 that r med dn upper housi ng port| on 24 and
| enskectioo a9|de?IG25 ipsirotw o nTR6 confiteetarBferonhyprises tigree parts 1n this

P e e P e (B8 FiG | Forunrsial 2 LhBREETEHSS de
Zgﬁﬁ%uﬁﬁgg}grﬁ&? ZQrXa Q' thQlower H&sﬁrﬁg’j‘ﬁ&nﬁﬁ% NohP&rine@dr 20

rm na in a second port in this case,
cainqn irichedes a mabablé elmanmmeidton eRdnaiB38niAsgvil bedesaribed in

! ’lé’g’%a%‘ag&ﬂe Cléf?' Ie%ésitta? 8@6%%%?@ i %L%!Vitt PﬁEftﬁhﬁ%%%}@tdtugg 40 that
2§9§H§ o t%%m o BREfoWRLUSHEG 3; 85 26 hen bavemudaustng the

connect or housi 22. The housing 22 may
beuppokiebe b extemtsgrroaimailyframthegester phdspghoce Sousing portion

colorant to render the conn cto 0 vis

125 RBABaS FB SRS Umey L, SFBLRE GRS fonght %ﬁ?&&b&ﬂnd in the wall
apgll,p @ﬁ%@%lc{l@ﬂ&mr@i} sloT%% ﬁg:rr{h‘?ivﬂlﬁf’nﬁk%xte%d {8 length of the
exp Io sonewtat perspective view of onnector
Zﬁlhaf 1Btk ethbodisérawhowTih eheclomes dibasing pocterp 26 séw includes a

th t t hi npodi t.. .the h 22
P e PR T B T O
ﬂ'lg) ERGNPOF thle %taﬂ é”e?é}geﬁtl@ | ﬁ’i"ﬁfotﬂ%ﬁﬁﬂhﬂféh‘: 118Bre2@ay not be a

connector I ncl’'udes a novabl e el enent or
pvaiton el ement 38. As will be described in nore detail

tb CbeiBhe Rafing F I SopaUment sBarh T FTehd. pishd ndlBaS details
'aftgupl‘i’iﬁhhgis fr éﬁH Q{EI&H@P@E%E‘& of HEFHRARY. tAs an

exten |rralyfromthe center of the
I exv&np]laptlra axgerpar durface of ﬁleanppdrq:mram |4Bmé the Loveer tmsmg

oPoRHE Fisamcide dAapativs adroret ofaned suuer el b ssidy!

¥ FRPpbines $@nﬂltﬁoﬁéh hBEshown in FIG. 2, the interior of the lower portion
52 of the upper housing portion 24 is molded to include a éomplementary shaped
pattern to the crown-shaped lower housing portion. The crown shapes 50 of the
lower hoﬁsing portion 26 mate closely with the complementary crown shapes
(not shown) of the upper housing portion 24 thereby facilitating a snap-fit
assembly of the medical connector housing. A snap ring 51 is also included in |
the lower housing portion 26 and holds the upper housing portion 24 in place on
the lower housing pbrtion 26 once the upper housing portion has been forced

“over the snap ring 51. The geometry of the crown shapes also prevents rotation

..11
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tube. In the enbodi rent shown, the | ower housing
portion 26 also includes a 15 vent 53 used for the
escape or intake of air fromor to the housing during

“~nmovenent of the piston elenment 38. |In another

enbodi nent, there may not be a vent. The housing of

t he enbodi nent shown in FIGS. 1 and 2 includes details -
t [y I facturi : t :

e Euther hoTRALFREAH 2A%aaNthe!iOfler hMShe pORIEPR0 318 they are
t lspapmEdaogethet.i Bermiient asshmblyothehmper hgusipg poition RBh the

is nolded,to include crown shaped outer shell, that,
hi%W%‘e%PH}g P‘HPSW%@W ge 3&”%@ ﬁY) AR SHC %%??F‘PPIC weld

FI t | [ t ' i :
a2 il Bindie by GHEE mREAS P ncriemBbadlies. This

c alepigr man baery fahdpedesyiain ar efficientlyenanwfan-uséthhedking assembly

| ower, housing portjon. .The cro shapes 5Q of the 25
| Shis ﬁ%gﬁwgf %?@%&& gt %ﬁ@%@é@ %fﬁwefl Y $papped into a secure

CopR@pntary crown shapes (not shown) of the upper

~housi'ng portion 24 thereby facilitating a snap-fit
- assenbRyfarfing hewnedi1G8| 3 aadreatlargedodswngf a Aessliemplyrdefigmable

51.i-s so included in the | ower housing portion 26 .
amiftem ?if@qnﬁ 38 (PP EFESRBIES Hglep?amq Ristopelemeny 2% 1 shawn in both
t ' j C e [Wafol

o SR AR L A e R RE ! T B or  OYHeAinciudies
gelreetmaingbctidie; ampison hbapbs, atsmpprseibbndestiontsal amdiall

of the upper housing portion 24 wth the | ower housi ng
pSPIPEFFSDEE $RTERN K SPTIRE BeCORsh e HNe GYfBPFRSFiDleer e tsrlpcated

o ¢ LS . .
PSS SR A1 RSpRRS) LU Ly ol ¥eRoced a
ulone ggareifoomel siligeometarial sechsa siliveledor tmbbeli.ng, or by

ot her ans in,other e di nents. This desi_gn_has

been f JhRdser head b mﬂg BoP RITERRIGP Reh A Optiba outer
th%;%ﬁ? RSP, #Q&h ShSuRRE YRl &2 ARR 8Bl &Har hin

i ckl'y an ciently snapped into a secure

‘ass@kgtiorReR eferrimgnae wlsoaoHIGS5, 3 merduide-ehdmadderte 64 is formed

vi e .aresiliently defornmable piston el enent. 38
ar“é%%r %LEH@%IX-SITPH@d §ahiecHPR O8n lacatrsherygen shehegaghp4 and the

g?hgﬁlfi%éeéﬁgﬁ?tzoig %g%g?@]c?f?(ﬁg?% é(glszt%ﬁ 624 ERsER i ising the
marquise-shaped bore to tend to remain open. For further details on the
operation of the piston head, see U.S. Patent No. 5,676,346 to Leinsing, which is
incorporated herein by reference. Although not shown in FIGS. 3, 4, or 5, the
compressible section 56 includes a self—expandjng inner conduit that forms one of
the aspects of the invention.

Referring now to FIG. 6, a perspective cross-sectional view of the
compressible section 56 is shown. As can be clearly seen, the compressible
section includes an inner conduit 66 formed by two opposing rélatively stiff wall
elements 68 that are connected together by two opposing relatiyely flexible
membrane elements 70. The interconnection of the wall elements 68 results in

“the inner conduit 66 with a width 72. It should be noted that the termi “width” is

12




‘three main sections; a piston head 54, a conpressible

section 56, and a conpressible section or spring
section 58. The conpressible section is |ocated

bet ween the head and the spring. The piston el ement
may suitably be nolded as one piece froma resilient
materi al such as silicone or rubber. 15 The piston

S0 541 AP R BBE, A S P e

S Qﬁin!eﬁﬂoﬁ 2n bhppaitRubi kgeb@sn iihidh @i ©NeS SoriReL. 1 10%s used instead
Referring now also to FIG 5, a marqui se-shaped bore

64n|asgah@ra&éanse| tA mflheate Ithﬁ: pttienazr chS%mp@aaltqn@nw&w%ﬂf the inner
atedbtwee 4 and.,.th
o CopfiB SRR TER: B LR heon Bl b S PR Hiugabte

as€§¢1§§§t in cau5| ng the 20 mar qui se- shaped bore to tend
to remain open. For further details on the eratlon
of the leegn@nbmacelers@és @0 sre pdapisd tNéoldsnwa Igadieng radially

| ll&lec{o?m?fgf%ivlg:%'rcgeﬁaaﬁpl %{r)%xtp?‘%m zr &l Eopyﬁ"-g % [ & 1% relative
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CQRPmesshirhe wagicdlémBnd @SI 1%, ﬂéﬁgﬁl & thelidng xpandi 88 remains

i nner conduit that forns one o the aspects of the
i rubstengally QcmsReftemdﬁmglcha‘adtablYPepmprssswa fpeces p¥ben the radially

cross sectional. view of t ressi bl e,section

RN B Bt o R AT e BufuEel Il Swanding
S%‘Hd' efidé RE&4AAT u@;ﬁl itrws eIP %@ﬁbwnqﬁ HOr eBthdey theVree provided
opposi ng rel ati vel 1y stif el ements 68 that are

c dnnidetresiliensgnatieda Whemnxpp@@éqlmgeqn@n&ﬁ vely fl exi bI e
nb | ts ./0...Th t ti f.the
o anp LSRR A b

Wi fHeRinkZshabk. $hkvEr, Be BOFBRaddik nhh@e 0B Him oweﬂh@ shb.ﬁe will be

not used herein in a restrictive sense; that

- naippasesd vwen latr digueestare disgirsseddietow.i | n any partl cuI ar

directi W t hin the i r conduj t i nst ead

o et b Fig. Ph e GRRFlok 20l dtaif} B P tical
CrQ65-®e6bhA '?@ﬂmﬁp Qﬂéﬂ&ﬂﬂé b&@ofid At tH RRhecto? ﬂ@ﬂicﬁed in FIG. 7'is
neasured at right angles to the Iongmudl nal axis of

t Ha ampireshessed stelee Bt is, Tioeblue baschesmt insergechingo its first
ada to f radi al | conpr essi ve
7 arBL 2P Lo TR Eon SRE TR eiERsRet e on Bo. - Due
t o the ml @pey Bousihg phARYS2Phal B tioal bf Ar9IRTheerfifl diameter.
the length of the inner conduit 66 renains
The internal section directly adjacent the first port 28 includes a standard ANSI
Luer taper portion 100 that incorporates a very slight inward taper. The center
portion 102 has a larger internal diameter than the Luer taper portion 100 and is
separated from the Luer taper portion 100 by a tapered lock portion 104. The
bottom portion 106 of the upper housing portion 24 has a larger internal
diameter than the center portion 102 and is separated from the center portion by
a tapered ramp portion 108. Thus, in relation to the bottom portion 106, the
center portion 102 represents a constricted region, and, in relation to the center _

portion 102, the Luer taper portion 100 represents a narrowed region. The

13




substantially constant under such radially conpressive

‘force.  When the radially 10 conpressive force is

renoved or reduced, the inner conduit 66 is

sel f-expanding and tends to expand until it is open,
as shown in FIG 6, under the force provided by the
resilient material of the conpressible section 56. It

o808 15 PO BB 0o B o e

adyanthiaoe® tssdétpaadof this opening shape will be 15
apparent when |ater figures are discussed bel ow

Ref er r i Referrdng new ke Botly FIGhe ashaecbe spring sestion ¥8 isshpwn and

h L 1y i cal - ' | f : : | .
2Ol iRt SR 0 S Bl P 5 geccion s
anisudacgessiad istlatiea plthlity 6 reldivRiydHff saiilst wallddrtions 110
been inserted into its first port 28 for fluid

coferliitvatf shitthasughicatss omeauingral 2D theregpipyeclarity in the

i SR R R B BRI B BB 112

fi E@g_tetmlfbrrﬁﬁﬁitﬁ@ kg s@ctﬁ)haﬂdﬁfﬁnﬁl‘éilwa&ﬁ@ftioh@ﬂ&ﬂ disposed at
portion 100 that incorporates a very slight inward

. t ape cenmreof shaspring grotiondrave @n hexsglass shaged 13 r(ses F4. 3) that
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di £er..than th t j 10 ' .

e BeP LR B < B e BB R i S 00 2b emg pe binges
| 0gdsuRGh b@PresSibn ofitRe 2priROEE eaRORirbREd ER8HOFashit to assume a
upger housi ng portion 24 has a | arger internal

di

paves-likhdhape e response toan exigHy tompaessive doepag wilkee

fr he.center ri a tapered ranp portion

10 @éﬁﬁggm fefﬁ?%rfgq}gféﬁqtog%(lwg bott om p_orti on 106, t he .
center PRéidreR diretef B Bfoipimeeb@s 58 icictstté®e Slow positioning
and, in relation to the center portion 102, the Luer

t apbtheppring oiven 0e nuppessiahe $2anddhe oneer diagety of thespring is

Co BRI R e R0Rhs PRI no R 28" M8 horivg s

Ret&dilyl sidablewve e tHeoduppbt@Rbe 428Adha embbing@{tish@wn but when a
section 58 is shown and wll be discussed in nore

derempressiye foree &ﬁnﬂiledetﬁtﬂlg ﬁlfmfg:ltbh suppart ﬁlgpesz_tr@tfﬁ:rﬁﬁ tggspring
st PP kg niet 5oV Fefal o RobasiH gl el ooe

ar ghdpedi cated by the numeral 110 to preserve clarity
in the drawi ngs), connected to each other by )
rel at i vBl thefunageessed aaeripbihersongeeon 39 as shown in FIG. 7, the spring

section 58 of the piston element 38 urges the compressible section 56 through the
ramp portion 108 of the upper housing portion 24 into the relatively constricted
center portion 102. The location of the compreésible section 56 in this

constricted location causes compression of the compressible section and the inner
conduit, as shown in FIG. 9. A radially compressive force is applied to the
compressible section that causes the membrane elements 70 to fold inwardly and.'
the stiff wall elements 68 to move toward each other as shown in FIG. 9, thereby
substantially reducing the width 72 of the inner conduit 66 to a first compressed

K Wid-th, that is much less than the second expanded width of the inner conduit 66
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“conpr essi e section t

together formng the spring section. The annul ar wal |
portions 110 di sposed at the center of the spring

section have an hourgl ass shape 113 (see FIG 3) that

10 permts their bending at the center point. The

hour gl ass shape and the hinges result in conpression

of the spring 58 in a controlled elastic fashion to

ASBYWE iRFICPY, | 948 thdrk Besh ARP L fnARBGRAE donda? <N Béd ¥ had its
conpressive force, as Wil be described in relation

t sedeinG wideh, ks lsbown Th&1G.nhenod] dmet ell, of thahBukipwonlg be expelled

section 58 is. selecte o.allq sitionj 15 of the
S EhoPagE rordiat et e fs vAdLtew 8BRS, o amet or
of thersptidigsé&ionaflieft 215%97 j?_iﬁbﬁg"tklpé)ﬁitéﬂa@ﬁbﬁ] of afe ﬂﬂ?& parts

spring wthin the housing e spring is easily

slof dfedbtamnevter of Hee suppdintent diseussadi mhe hgpperbodting portion 24

- SR the B Bt AFie i Evh PR e PO Wih thread

b lé?éiﬁédg.?.l?»@ WhafSPAshd tﬁ{'} exteRbE, 23 diib s@aﬁagtaoﬁhé&@d ) ﬁr&f%wer

toab ows-type 20 shape. I'n the unacCessed state o
t heusiog pectiiar 2.0 Ths lohevimuisimgHiadtion 26t inelusips thegsecond port 32

section 58 of the piston el ene 38 ur.ges,the ..
o i SRR B e the R led et oA Gig YHE @ FaRsHoshiPE B cotiy 36
OfrHe RS HRR Sﬁrea%‘ StddsiBRIihiMa, 24 T‘h@tlgwéﬁﬁoﬁsﬁ%ﬁ%bg%@trb’hzes also

constricte center portion 102. The locatio
c ongudssshbbepmet titeriGhiitegralln s withshe iovedhousing portion.:

| Qcat.i on cguses conpression of the conpressibl.e. .
sﬁeﬁﬂaﬁﬂ@ﬁam% ﬁyﬁgwpoztdq-lﬁaﬁﬁ% a length tigt fenli i itsgocation
r . -

Sk, RSB SSSRAEn LA pUAPP 86, U il ot
7 betw asseirdléc wihid fgatareds aldsoeappiidt fumh [FI@] Znents 68 to

nove toward each ot her ~as shown in FI.G .9, thereb '
Subst aRHTAFT J16 BRTEPSEIERETVATRINOR S8 ShRWR mpgRted over the

cangbdrk @R 4R Sbhditk o6 WPARE P68 BoMididbpel BBLisihg portion 24.

much | ess than the second expanded w dth of the inner
c digpiistos Beadh Svinis imithil e Garrdieet] Lherepbemgiany09 bl first

B S o Rl B SRR e

Wolgh Ghs el Pﬁﬁéa&gonﬂﬁl &8s %fé’]:fl?ﬁtoﬁ%gﬂ isly, ARSEBREUIE; the

i
first wdth sho in FIG he cross-Secti ohal view
ofm#E@Ese-shapasiisoreltet tortieetlawetli Gihioflosdrbedarfigeatpan ssmok: clearly

Sghtgé}gﬁlggg%%v%ﬁ) {Igtr{:gg 4‘)? ntl?eogiistr(r)%r}tlea i(:“cé%ulic’esseedeh aL Fhe closed bore
64 is clearly seen. It should also be noted that this configuration permits easy
wiping of the piston head before use. This closed bore 64 blocks the fluid flow
through the valve in this unaccessed state. |

It should be noted that the fiuid volume within the connector 20 in this
unaccessed state is defined by the open portion in the piston head under the
closed bore 64, the inner conduit 66 through the compressible section, the lumen
42 of the support tube and the second port 32. Itis also informative to note that
the support tube and second port are rigid structures and their internal volumes _

" do not change with the connector being accessed, as will be discussed below.
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includes the first port 28 that conprises a female
Luer connector port with thread elenents 30 | ocated
about the exterior, and is securely connected to the
| ower housing portion 26. The | ower housing portion
26 includes the second port 32 that conprises the

nal e Luer connector 34 with a threaded |ocking collar

3§Nhi}eo E*b%ré %ﬁ%rf :l?é st{bréxg?e%]ﬁ NN a#fﬂ EJ) Beld eE IiI?FI(? Tthi§ closed.

ous ng e sup
t uthe pé@t:lcttﬂiiﬁ@ﬁ@ithuoﬁ of thedradstsbetidrein EI@E‘V rbsu.lSI mghe marqulse—
- portion. In_this errbodl ment, the s grt tube has a
| shared borgbeingsthora: 3lang its langshua AR {ieAPPRATARICH of being
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b ?eﬁ' Rl diBHS) Pl e@f&hﬁﬁa%»@éf t?@ Bpfh %h%ﬁd fil89hat

been asse s fe |s a 0 apparen

f showhlifFIQ@. 8, ertanstraes thithe ovakldoselienent or pi ston
38 is shown nounted over the support tube and

ext endigukeriRerendede o 7, the spring felugdsser Dass ddriilat is
PhY rﬁ@d afthe BFJ}S 1&%8}8?&% Hﬁﬁ)%rt?t%be%OW 'ﬁ{y §fm %%53?5& 8¥R4n pIace _

Luer taper reg rst "~hous

and tfﬁéﬂba‘sertffrth@mmﬁ)rhﬁﬁ)edﬁlfﬁedom aidiepiveswi Othelf meaes. tkor

be exerted against the elliptical portion 60 of the
piCXRBR qa@aalesmeserﬁ@f@W@% Frymoneblo glementiAssie phacsd dn the

ggéwge - (ﬂ-lliﬁo 091%1@&1%%%%1388 %ﬁe&{é[{) fild #Hf)tpﬁ?t tube 40 and -

pithé bﬁbéﬁhﬂp@@@om@i Satowandnd kee aj;meﬂmb@maorﬁén R4 is placed -

clearly seen. It should also be noted that this

c ONET Bigrmpyahle plemant 38 and\secytieditn shelowardoysiag norien as

Dok hdihovd NaScfils0 el aBon 81 B RBLIBpdNBUSI thrlibRYnd the
roug € va 'S unaccessed

S h@wbxdhdixﬁ;mppeﬂlohme stiftertat tidte ¥odonzeanty dlthoughhiinited, axial
connector 20 in this _unaccessed state is defined by

t KEMPBRSHIEaressHre Plcechen shasmonae strmenfed, t%spre%%?éaon 58

ggé sat% St%){::ﬁ"l ¢J§§\f6n gsogl%wfn tﬁg gﬁl}faﬁ%%fe%rpﬁie £932[ ?ﬁesfogl:l%rce

S&ﬁﬂfrﬁoméd UX.Paténtirgo. &,676,84¢ 6o Dethsivg ohay boieferrédto for further
the support tube and second port are rlgld st ructures

ari i lio xteding RERKmaly Fom B @Bt thhhage! 1 isrihe pepport tube
ool 5} o AR bt Ml e Lo URREEL RN having

Vhi

opelmen 33 that Ts cdakidl svidi @ﬁ&dmen'ﬁieofp:he tsupp!d)ratube 40.
orientation of the_cross section in FIG7 results in

the mardnEg-NoyhEHBE. IOy BregOmAgeioR sirin anggessed state is shown. A
| %&amﬁﬂﬂi ﬁb’,‘%ﬁ]@ﬁ 1step§1af]e°ﬁﬁ§rc%ﬁﬁ§ct8; 1nb§f1§19ase, has been inserted

.into the first port 28 into contact with the top section 60 of the piston element
head and has moved the pistoh element so that the compressible section 56 is
- now partially over the support tube 40. The spring 58 is now compressed.

As is described in U.S. Patent No. 5,676,346 to Leinsing, the configuration
of the pistoﬂ head results in the bore 64 of the piston head being self-opening.
Tha't' is, the bore 64 is normally open and radial compressive forces must be
applied to the piston head to close the bore. The elliptical-conical portion 61 (see

FIGS. 3 and 4) of the piston element head 54 also uses the axial force from -
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open. However, a perspective view of the top of the
pi ston head, such as that 5 shown in FIG 8,
denonstrates that the bore is closed. In further
reference to FIG 7, the spring includes a base 114
that is nmounted at the base 116 of the support tube
40. The spring rmy be held in place at the base of

i ateet e SRS LRE: 1906 fe@ilpBIE BbtRipe 3F ik P g4, Thus
maahliBe ﬁia@é"@eﬁ{mﬁ@ 186 pbésasethel fistbh@eddinlto W 1r@atSinRior of the

portion 26 with the spring section 58 over the support
t bbesing 23 mad rafhel perspresdine ferses angriemozed Swgnie mﬁ@nthﬁ@d the

o PRt 4508 ol Bt LR T B B hoFeb R B s

descri Qﬁﬁt}aatap\ﬂ@e rcﬁﬁﬁ@gﬁslet e BBRstafEuedd idthad BRehner
housi ng portiion and the |ower housing portion are

soenrduingd is sebfrexpndiogn Skt is, the irmen genduindé édporaallyiat its

SRR LR R BReS e Ve POTRY Bl ressive

agedAWS clokithe Her REnd @it S e dotc@ B avelif InRakr FiedGdth.
I ncorporated U.S. Patent ‘No. 5,676,346 to Leinsi ng nma

y
b@hnsfwehencthetroale srnfiular ¥ pregies ahe Blst@h@ddnﬁgﬂle larger interior

pr I | m t,he ,center of.t

P BE st A 2 s e B R o GRS B SR floitang <
t B@mgﬁésﬁble%&u&ﬁ PeE n@@m%uaﬁ &%dwdpaﬁds ?&tsamk%m&&ﬁi width
that is coaxial with the lunmen 42 of "the suppor
Achatwitlmiovyg perpuit adarlgeﬁlumbvolum \mlnme;bc ﬁm@m&smgfarfay of the

SOSRREAL s (e at D er Ay IOE g b delhease in
| RSER Bt MU phligkive§ thidRich (B8 chi@ stk aidbrkfolume

top section 60 of the piston elenent head and has
mbw g firid g@sm@wam é\ﬁmn beeeh by rcﬂfteem:@ﬁ@ﬁé@ sibipgessing the
sec ion 5

267 gl 10 1% BEUBAbob udhs % hRE ke fud°

| BaddagewhpiaBligNehe e’iarﬁ@@t&‘fﬁnﬁ@hé—ﬁz‘n@&l PFIGL eand would otherwise

configuration "of the piston head results in the bore
64heyeby resluge shovolhawdisbe figid 8pw- Rﬁ@b alsng However, the increased
ress

¢ B0 Gp8 nnst SRATR vl Bl fo i B R FERE E length.

t hBi9 S cudea if mdrBideta] baow iaakegRdthbirdGs 614 €530
FIGS. 3 and 4) of the piston el enment head 54 al so uses

t he aximFIG.di0s & i somn ikair the sampressivde sagHon Seeand B inper
f %81'1(!11'11% 85 %rd plgwqgcar%eé] %a?ﬂalltyhoeve? %eesu%%brt-rtrt]lgg '40. This arrangement

can be seen in greater detail in the enlarged dlagram of FIG. 12. The support-

tube however includes a lumen 42 through which fluid may flow and a
longitudinal slot 46 in the wall 44 of the tube through which fluid may
continuously flow into and out of the support tube lumen and into and out of the
inner conduit as shoWn in FIG. 10. Fluid that may reach the spring section will
also flow into or out of the slot of the support tube so that continuous flow occurs

throughout the connector when in the acd_essed state, No reservoirs or dead
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when the mal e cannula. 130 presses the piston head
into the larger interior of the housing 22 and radia

- conpressive forces are renoved fromthe piston head,

10

the bore 64 self-opens to now permt fluid flow
t hrough the connector 20. 5 Simlarly, the
conpressible section 56 is configured so that the

S os a8t 20 BB PR b aggpree for
r aghlucte Mekedsbig fror ces nust be applied to the

conpressi ble section to close the inner conduit, or-
t o f or Terning howadscetd FI&. dddn icenjunicien wikhdflk. 107Hhesnteraction of

th nnula 1 Qi st ‘ |.Aqt
S E I 8 BHERRE R B U may
CREREESEbY EarlPh&emA eFiEMVvied déRNetdithal ¢RAPOEBIE. Rbewhich is
section, the inner conduit 66 self-expands to its

| arapenececiordiewicctshed state. Ini FIG. Adwa pessible oalepgatigarof the slot of

fluid volu wi.t,hin .the flujd saqge f .

c i SumpOrt BBe Wil b g coreft RATRAHENEL, Bl Gnfiguration, the
CRIRABIA RS siport fibedeGHEASEINI onkITEh st9ff vidlie 68l dfitHe inner
passageway through the connector or adds additi onal

v @buidueit, 1 Shis pattheildd positigrisg dgesvagt pravenrsfhiig dlovegyopgh the inner
f to FI, ing.th | | .
i e e T

- g%&&ﬂ&@% didf ﬁlgwﬁetwa@n GRORARY Qbm{i)ﬁi@ﬁh& lfige hRIERAL pottion of the
u .
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/7 and woul d otherwi se thereby reduce the vol ume
ofsptihg sédtiond Thiecanlprzet didgsam iRdIGy E3 showe thenerificesd@2 more
wi dt h of the inner, condyit vol trically count :
g2y ol 200 SR ) TR SR Yo GRURFE 851 sction
dSBtBaéﬂd tﬁ%'c@ﬁiﬁr@ssfhﬂ@ ¥ iohSdhEpbe kdnAgGreliXo definklide ofifices 132
| own

iIs's hat the conpressible section 56 and the .
i theughodiiduitie $®paretubedl protmdds. phhas, ak the disedl epof the inner

] be. 40.. Thi ‘ b : ‘
3@58@ 6%2@ E}L}raﬁﬁ’ f?flrélpg :{ﬂrr 31 ggse ﬁ%ﬂ}%&%%{f&fﬁ%&%é{@gemﬂg piston
SURRAEL: 3¢ MREHRONBYBE: dubE LBdesich chiviRelprokideuafiuid flow path

which fluid may fiow and a 25 |ongitudinal slot 46 in
t Hetwedr] allgontorns lod theibmer kondigh 6aandihe prpdimahyection 133 (see

cant.i nyou fl.ow into out .of the. '

G AR o s dih 86 Trote v ek FRIGHBRR S i fumen 42

[ rbeh@mp’I[Qm baivia thadlof®y, reach the spring section

will al'so flowinto or out of the slot of the support

tube s@hubahecontirasstle sedtion Triswosliguradogghetvbendhe

O Tastdl 20 heefhely £BRER A8 iHA 158; 1l H89 HoWbdrtiRlousty
through the entire inner conduit 66 without a reservoir being developed at any
point in which fluid may be trapped, held, or retained. The piston element 38 is
configured to provide a larger fluid passageway width at the location of the
‘compressible section 56 when the connector is in the accessed state, as shown in
FIG. 10, thus increasing the volume of the fluid passageway or keeping it the .

same as the volume of the fluid passageway in the unaccessed state, as shown in

FIG. 7.
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- space of any nature exist so that each part of the

fluid passageway is adapted for continuous flow
through it. Turning now also to FIG 11 in conjunction
with FIG 10, the interaction of the support tube 40,
its lumen 42, and its slot 46 with the inner conduit
66 may 5 be seen from another angle. FIG 11 is a

Cross ft%f‘ll'&n@ rédiWd RhattWen e s bfithe suppRrNeieqs oriented

in the access state. Ih FIG 11, a possible
oso eretat isdacing ohbef sheanembrartﬁhée@@pﬁ in ¥lge 1 flnidimay flow

| AL BEHAgh SHE b BEI i ablsbe S LEHARL 8 1 the to
°f46td}‘?n%tai‘aflfel Wathl $ui8 9109 tHrBegH Aedrifieendui t. This .
particular positioning does not prevent fluid flow

t hr ougotliriefliyweiterate) iw dredadcessod staie @s Shown dvE1G-3, éhfélﬂtemal
ded at the bott f th d
prﬂ% GeSegiva s B Bopben 20 Re el tpd®of tus piston

Fen?érﬁxiﬂ?ﬁﬁ PN Fihé ?%torﬁéléiﬂéﬁt Stﬁﬁidg@nhe'Ehﬁre inner conduit
ar ged dla ramin FIG 13 shows the orifices 132

mﬁlﬁethrOUghmwlumen 4219f ﬂmswgperd rebatand threugioibstseegnd port 32. It

ggﬂgfb@tsaé%g?cgaettg aﬁ:&iﬁn%gg’rgg F‘&Eﬁ}rfg d?s w&b??a\%n through
t Bfie €5 d}{e'c&?rs Itl%tﬂé bk l%ﬂé&t!ﬁa\!\'ﬁi EdmpaesonUBRAG! 71 te@ntkenal fluid

protrude Thus, at the distal end of the inner
c mashﬂgtewﬁﬁ of RIGpI 10 lads ttegncshoga@@i by thy ampyesthag therpljinpeannula

def b 38 h
W78 BT o RS B s aRher M RGP BY ikt e
b%ﬂ\ﬁe& abdt g80fdWr ng?eIQEhé :Hﬁ) bAN@he GONdybireRR®, BrGelft&pansion of

proxi ma section 1 see IG 12) of the spring
sahé imorer 8ndiit mm@me:emﬁdtb ihels nalgametamalbmcunpwamsﬂri@ﬁ the

42, 20 of th t t the slot 46, Thu
c lppraeS iea et P e Sl Arogar b sGOL g E At
c Qﬁ!ﬂ@ “cbﬁﬁe&@r 150 ?s%ﬁﬁéx%%rpﬁfoﬁ Bk Ykt Srpna| &elﬁﬂsmﬁll fulid

| ow conti nuously through the entire inner
c qmiaagema thrddghl]:he sonmxervoilrlehgihey, Hetal thpsamattitap jhe width

o n r apped heI d
e e fradr b feTRbsrot THa0REeys B D irgeqes the volume
pr&%ﬂ'& ui"tﬂeéﬁt@&half ﬂ&iﬁ%a@?a%%ﬂﬁ?%méﬂt&{dtc&ir Byl amount greater
| ocation of the conpressible section 56 when the
cahae thomcraase in idngtacusss eni ingraass, ingolyhevin belys offlgid may be

ore el b B St N SR Jor O the 1 ur g
passagandirth8r 418t U@l@‘iﬁﬁé&%ﬁdﬁk%ﬁ beaGisldoe) Réferring to FIGS. 9
~and 11, the membrane elements 70 may be adapted to fold inwardly when a
radially compressive force is applied to the compressible section. Due to the
relative stiffness of the wall elements 68, the length 134 of the inner conduit 66
remains substantlally constant under such radially compressive force. Where the
_ rad1ally compressive force is removed or reduced, the inner conduit 66 is self-
expanding and tends to expand under the force provided by the resilient material '

- of the com_pressible section 56.
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It will be appreciated that, when the slot 46 of the
support tube is oriented so that it is facing one of
the nenbrane elenments 70 in FIG 11, fluid may flow
directly between the lunmen 42 of the tube and the
i nner conduit 66 Via the slot 46 or in parallel with
fluid flowthrough the orifices 132. 5 To briefly
reiterg a.*cf‘tot gﬁﬁg%&ﬁrﬁégﬂtﬁe Bt eemehnN 38 késilickly
the inter ssageway t hrough the connect or
2@efosms 5o asl gdnpeﬂmt tiw mmﬂa:t tetipns £ 06 to eltemmatinglytdeiomyh
through the e t|r

he head h
| QDO Bl FFAS QUG oL h 9T Sy o S pimes
: 488, a2 Jhifﬁklgﬁ' Fi@ €105 €& @BRpRAESN 812the| two éfsh'nlg se€ton 58

appreci ate  ow may be reversed when uid is
vwcbﬂnﬁigmnomsmmmghuﬂm%h% apdrifeatibrevesk thshwa:@ ub@wmn@auranon

! ek S SR o clign b QispleontBRurel L B hopti nrerpa Auid
t %@ES&%@\@&% BHBE%H ﬁﬂ@éﬂrﬁ‘iect%g Qes*ﬂﬂﬁn%ﬁ%ﬁ{ Rderdiog dfi 't];x]é tna®OLber into -

he anount by which
| mmcommunhm tBe6huiseahe kmlmdmaﬁ: slog K}ﬁm;xt&ndﬁ gbbstagally along the

Ho th | f th t 1
RN g B S R R T R S
15—&0§§ﬁﬁcﬂﬁ§?ﬂ6wﬁ} vhﬁﬁﬂttﬁy%ackf‘ §z'f:5‘ﬁﬁéd‘9étvsfeleﬂ'tﬁe spring section and

passageway. Converse as the blunt nmale connector
13Re kwppwirt fudbeAdnrebuleing tfioe the setiqpoeft the dingesd 1Rrdvgingal
fluid pass way ‘'t hrough the connector will |engthen,
b&?“ﬁ’ﬂ'esls’f?é‘ %ﬁ%sgx%sq Iwi dth of the inner conduit

wil | %@agg 10 gfe f‘ﬁg ARt 59 1§§Jha§%§fe%§§@%oﬁﬁ§uratmn

vol une nternal flui d passageway o
t hﬁmmﬁenﬁmabmyelameamﬂmtmghe firampoRiBionhaa, tl‘teeConnector 20 has

Bt i a5 B o
gﬁbs‘é'lﬁ tﬁ%?&ﬁ(}%r@&fbﬁe 4 zﬁoﬁ s iéﬁﬁréj@hgtﬂ C%Hh% Ho@ﬁ@én the

|t Wi I scusse errlng to
1 kpnhg gectnbharefisk fremtad vdlﬁlmfayWﬂnen aU%lpmmECtQI ZQ)h%F been

L G ABed B BPBFIG Blrai OIS TE6H 19g b s PO pBliton as

| StS'hEIN?lqﬁ%I@f 14 rtﬁe@@%ﬁ S EITRYSh L edni@niRB&eh. 184oRibression,

t he 1 nner condui remal ns substantially constan
urpiiers cf uhé sprdel ﬁch;amrempnedesw@ thersupponinebe4@ mehile other parts

radially co esslv force d
i FREYE g%tﬁ@lg ogming thegpaces e‘;lg; aﬁ@f ghgqu éﬁd glcq?%r\g Hntemnal
)‘Jb"ﬁﬂﬂe lé@ HeS sprli JeRBGS WhieN 'nﬁjﬁgd&ym% hRrts@eht hedthe parts farther

materi
away frorn the support tube 40, the spring section has a second internal volume,

and that second internal volume is greater than the first internal volume
{extended, or uncompressed, spring secﬁon). Because of this configuration and
‘the fact that the slot in the support tube extends into the spring section, the
spring section forms a part of the internal fluid passageway through the
connector. In the embodiment shown, the spring section contributes to a net
volume increase of that internal fluid passageway when the connector is

accessed. Conversely, when the connector is unaccessed; i.e., when the male -
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of the. conpressible section 56. In regard to the

.spring section 58, the piston elenent 38 resiliently

deforns so as to permt the annular portions 110 to
alternatingly deform inwardly and outwardly, while
allowing rotation to occur mainly at the hinges 112,
as exenplified in FIG 10. A conparison of the two

SPHIGIRTE P T R 50 BB e pican
Fl dhowiOin RIGe7 $ierebg caatibliting b8 aaleseasot theideu velsineoof the

the increased internal fluid passageway through the

comrsprloid asageway HireHeh ettt the nale Luer

into tihe,. . . | Qnrgi ' at .
ext endd SiESP ARl s TERE HRRARRGEREIAS e ol epfily section
| emgtpasiible! Ghagged ingybathate wf affdcBflodatd, restokimpfordd) spring
continuously flow w thin th%@ipaces 59 formed between

t heecHpR Fefyris eatei Wiumpadifferrntial yolome between GoMRLSHPP AGd

fr ] i t her:hi i '
T

s ednn@iasb Modificaticns iextén dechgiog thegnumberost, anntar sedtdons, wall
noveable element 38 is in the first position; i

t hhidkasseandoheight, ph &y inclygde dHEIRNBEAUISHERIRY of thidpsing section |

Luer.. . , e;SRkI Nng section is | ocated
qu%%reg?8§§E§r€&{fﬁ@%§%§%%é?§be 40 along its entire
| engt h. THY udehifahé ee@idrofubet4tealss has agother hdvantdyes Because it

first internal volune. Wen the connector 20 has,K been |
actakes up valiang incthadwiemnl dluid passageway Ry ¥rpiecH Hssiag dapre is less

at v&lhﬁlesf&c ?G%i %ﬁ%@%@ﬁyﬁﬁ%@g%eg%@h@ftg} %bnétré%cesse% (shown

spring sectron nmpr essi on,

" 20inpRIGL 9).0fThishesigprin G st ifond pesagewey dshetumatte@sed state than
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support tube 40 while other parts- nove outwards

f oPWglH ptheravisg eded! BOSRRATE BiRegWeTe BrResnt Becapsk itig righd it has a

itﬂh% lm\é%mlpﬂgﬁéﬁgng@” ng section, which includes
he™"pa ep

rt's near and Fts farther away fromthe
suppor tFiGshe44@d Itshere Sphidmaric éedwiaps tims peessacidiedoncept of the

internal volune, @ and that sec ‘Hd' jnternal volu IS
gr edRamans gf tigolpme %tﬂém@ﬁ) ¥ mﬁéa&ﬂyva(yefﬁr%ﬁ% conpector
CCHRAUIEDERSH (300,055 O BTl B i G, 14,2

suppentaticubanecbehdzisishoont that spiudey andatdroa, fldifgassageway 138
spring section forns a part of _the internal fluid

paBadnsAdsnathrig@dimkinga first port 142 with a second port 144. In FIG. 14,
the single dashed line adjacent the first sport 142 is used to indicate the closed

‘bore of the piston head. Forming part of the fluid passageway 138 is an inner
conduit 146 having a first width 148. In FIG. 15, a blunt cannula 150 has been -
inserted into the first port 142 of the connector 136 and has shortened the

“internal fluid passageway 138 which now has a length shown by numeral 154.
The difference between the length 140 of the internal fiuid passageway in FIG. 14
and the length 154 of the internal fluid passageway in FIG. 15 is shown by
numeral 156. If nothing eise were to change, the volume of the internal fluid

‘passageway 138 of FIG. 15 would now be less than that of FIG. 14, and a
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connector. In the enbodi nrent shown, the spring section
contributes to a net volune increase of that interna
fluid passageway when the connector is 30 accessed.

Conversely, when the connector is unaccessed;i.e.,

when the male 20 Luer 130 is being w thdrawn, the

' spring section will collapse to the configuration

o i bgﬁh@effzcﬂd@,ﬁt@w ﬁ@zr%da@wﬂ Afndwal 8f @RGhER@nhfla 150.

t e net vol une. of fluid passageway
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configurations of the spring section 10 entirel y, as
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tube 40 al t dv
L AL DRRs RABES cr e A o ber Shap e def BEES, o

'Ofnsg%ﬁv«?'béﬁts etﬁ%@trﬁcke%téc?.ss volume for fluid in that

passageway when the connector is not accessed (shown

"1 n Fl GTuthinglinw to dxubgesatiion af dreahtdicalf donnectpad8agewaynector
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e sch raw ngs that present the concept
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rnal fluld passag  engt h

'I i thilei emlge af thler ﬁtst pontZS]r&aﬁs foithing asseuabablemmrfﬁac& faerewith. The

Gttt oL b e LLne, 59,98t he 4o upor
kb SRR Sles i B ap gAY e
Fl @Bctiad 60afishe pistanead 24 2Bghssmbjoe axis.

Just prior to accessing the connector with a male Luer connector at the
first port 28, the top surface of the piston head 54 and the edge of the first port
may be cleaned by, for example, passing a sterilizing swab over the smooth
surface of the piston head 1ying'ﬂush, slightly below, or slightly above the upper
surface of the first port. The connector is then ready to be accessed by a standard
male Luer connector with or without a threaded locking collar.

The tip of a male Luer connector is brought into contact with the proximal
surface of th_é' top section 60 of the piston head 54. The application of sufficient
pressure causes the spring section 58 of the piston element 38 to axially contract

“and to compress in a bellows-like configuration so that orifices 132 are defined
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25 inserted into the first port 142 of the connector

136 and has shortened the internal fluid passageway

138 whi ch now has a | ength shown by nuneral 154. The

di fference between the I ength 140 of the internal

fluid passageway in FIG 14 and the length 154 of the
internal fluid passageway in FIG 15 is shown by

NyeReah A8 Sprind sdr@bhisacel g %@@rﬂtﬁb@ hange thé bering section 58
vol une of the 1nternal fluid 30 passageway 138 of FIG
18xiaBy contiesis,She pisten herthS4 mavespurpEhemarroyed ANSI Luer taper

o588 P 8 BB B YRR 102
t B piBidarhea@rEitéard 48 taperdGock pohiaen D¢ andipanded intbahe

be greater than the width 148 of the inner conduit of
Frenten gortion 102, thelargerdprasankdismetsinf the genighpoppionaliows the

¢ R TsHER oDt PR BCGE T SRPRRESRR nd by he g s normal
CaliptiRalidBe had thé1S4B@ 8605 hlywt ke bae®s4 wrteflées seifepen to

when a blunt cannula is made to access the connector
136umghiss aormmallyvenapnmargidsecthags boge perfigurgdon thereby opening a

bol us-effect is created when ' noved

¢ R o S e bR Sontt PR R REPR et $50

sanme, gunlet hekhdsis: @lfiestss @nefeat@tlier aRil prdiglire of the male
t he vol une decreases, a 10 negative-bolus effect is

c Luet p 130y thei cognpressible se¢torople movesin G disfal disegtion from the

connector, 20, the.co ctar is initialdy.in.ai .

o ARTEL 80 D en g AP2 L B wlr Bl A che g diomerer
7 botiBfh péreivh! 108 PHheuphBELSWIhA BIBAGHE et &iinplesdible section to
pi ston ‘el ement 38 causes the piston head 54 to be

biselé-eypand and treassamecweekpargded coafigurapen. poithe spmperysible
The shoul der 62 15 of i st he.
{Apraee e By B R rabdTetlch, 8 RERR- PR AL Sk inio e

24n@drtosabiiigel. s the position of the top of the piston
head 54 in relation to the edge of the first port 28

thus fdsriheblumtsonpablld0hacpaes fuleinsaited in thieConaiegiop 20, the
i nted ends af th i ser i L ,
Do recSion ity SR A, IRpat Rkl HaMd B fhe inner

McpaduidX Flovaithyhove 0eRirehsdh 0k chhtedton 2Re faetriad AukD
of the piston gead 54 al ongkwi‘ts maj or axis. Just prior

t pasteeewey teroush the Aprracerr hastaxpanded i Vikh te gRREReEcally

a5 Al R AR Bl o

_ every part of the internal fluid passageway of the connector. Additionally, fluid

flows through the entire compressible section 56 due to the slot 46 in the wall 44
of the support tulbe 40 and the orifices 132 that -permit fluid flow through the
distal end of the inner conduit 66 into the proximal section 133 of the spring
section and into the slot 46.

When the blunt cannula 130 is withdrawn from the connector 20 to allow
the connector to return to the non-accessed state, the restoring force generated
by the spring section 58 of the piston element 38 causes the compressible section

56 to be urged pro'ximall'y past the ramp section 108 into t_he_ constricted confines -
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may be cl eaned by, for exanple, passing a sterilizing

swab over the snmooth surface of the piston head |ying
flush, slightly below, or slightly above the upper 25
surface of the first port. The connector is then ready

to be accessed by a standard nmle Luer connector with

or without a threaded [ocking collar. The tip of a
ek SSAGEL 02 of e b Hous e DorBh 28 apithle LS the
heatipSessed tenditpt ivbate dre inheswidth #i2eoftthe pomes sonduit decreases to

I B e Hh6 s RS o s bR HE By

Do U0 e 1 o o e

s wppipressiblsbsecdon SAsanidHes impei pondisco6.0ff s68a bakisaiflffuid that was
contracts,, the pist head ve ut of the

an e el S vabbr SRaE BiRboReeetind par
h%‘iﬁhﬁﬂn&ﬂﬁw e éiﬂp@&ﬂ tbﬂb@rﬁdheﬁ@ BhERY qikggﬁltﬂeﬁﬂ 5402 gu ; dby

the piston héad 54 clears'the tapered portion 10

artbe tapersl/ledk sentiont 102 ifite gt NSpbudritaperls@2tion RO0vdrge it is once
internal dianmeter of the center portion.allo t he

{ e Ia6 AT preligh HBER0 pse Sff e Apaied rand

t : it ' ' t he
e P e e T Bt R RO 0 1
assumne Thus theoe has bgerogimwnrand) deseibeti apeevbané useful valve for use

configuration thereby opening a flui assage ,

C R bl e iksiors £ orahaet Rgopreligte ReB et 1gtpending on the
F . ;

Fovrpited 2% LAy BRAIARE I e or EARLIRE CBpHILE of the

c @nppesssible secsiontin eelafitn nwdescantigubeioh oft thle bdlareetdf dlme piston

A S R Lo BBh b B LB o

10@hRbed Q@tﬂé&&gﬁ%ﬂ?&eyﬁi GeeBinl MM EARA CRIP RIS bR laBcessed state.

section to, expand and to assune an expanded

conf i gitradli mnappasentheomatip feegdivigahdSwhide paoic b grob@diments -
e AR e St B34 R oncasons can
CaRauH @il &?)% Bsrbil e s?fﬁtedﬁcﬁééob@ of Afe BYBAGSA OAccordingly,
20, the conpressible section fully self-expands,

t hieis eloy irmrpdabihag thenievendembe lintiteel, exeept as bybeappended claims.
FI ow may now occur- t hrough the connector. The internal

fluid - :
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20 passageway through the connector has expanded in
width to volunetrically conpensate for the decrease
in length, and fluid flows continuously through every
part of the internal fluid passageway of the
ctamgctor. Additionally, fluid flows through the
entire conpressible section 56 due to the slot 46 in

the wall 4 of the support tube 40 and the orifices

11 °?1H’§ft°b§?fmn dRethe) e of ?yﬁ%htg? FenBesier havig @hdnternal
of the inner conduit 66 into the proximal section 133

flyd nagsasewsy Ry whichtihid may flom drowgh Siooconmgctophda conaector
blunt carmula 130 is withdrawn fromthe connector 20

compriginigow t he connector to return to the non-accessed
state, the restoring force generated by the spring
sechowsingdtavidg & MRstopdit i elsecodtpo?B tha Bise okt eeing adapted to
conpressi ble section 30 56 to be urged proximally past

rebdiee & Bt SARIILd AR ée@c‘in?i I%(E’gacft?%'fbﬁt foh Gugf c&ﬁ&%ﬁﬁo@%%h a

the center section 102 o per housi ng portion

s.ilnNto the conpressed condition where the
ﬂ@@ﬁ%%ﬁﬁﬁﬁ#ﬂ 72 of the inner conduit decreases to its

first wdth, as shown _in_ Fl 7. Thus, the_ volunme of
t W?Yﬁ%els@ggta@%med t‘*ﬁm&e honging e aqvahigyelement having a
decrease, depending on the selected dinensions of the,
firs} nosition at whishehe movpkla egrcanhblocksiliid dlow thomghi the Beusingfand
so, a bolus of fluid that was w thin the inner
a seookllippsitibh | at behiek phé | malvable elealent Pernsiec ol Plowt thddugh the
Si mul taneously, the elliptical top portion 60 of the

hoRéifif, ORe 69sb1SdlcivenOetndRflidyy the tapered lock section
104 into the ANSI Luer taper section 100 where it is

onc i B Ur.g [ : 0 ci I et

| CloReadapind aOftte; Bk ARHONF I IR bR SRS e e
seal agai.nst,fluid flow,throygh the connector 20. Thus

coffidlon 8 SRA BhindiOariEti UL LI BiBGh oo BuvaMg clReng s i the
valve for use in nedical connectors that provides a

seqopftRasitionp the bereyselbepeastto maeminfinidgilew, thecheasy peing durther
and conpressed wi dths selected for the inner conduit

cofipunéd singh thab hres stbi bhevesblet élamentnisrial thti first posititre the bore
configuration of the balance of the piston 15 el enent

‘mo38s toa glosddicouBginalivEpret@itingduidabws, or negative-bol us
effect can be achieved as the connhector is placed in

D e e PR ERRRE Pmplet S of he thld
pas%ggeg\gdiy %Eh the connector, the inner conduit having a width moveable
between a first widtﬁ and a second width, the compressible section being configured
so that when the moveable element is in the second position the compressible section
sclf- expands so that the inner conduit has the second width, the inner conduit being
further configured so that when the moveable elemeﬁt 1§ in the first position the inner

conduit moves to the first width, wherein the first width is smaller than the second

width; and
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of the invention have been illustrated and descri bed,
various nodifications can be nmade w thout departing
fromthe spirit and scope of the invention.
Accordingly, 20 it is not intended that the invention

[:m : i . Al VB
e e ner AL is3Bnblibd G BRRRINET o) Spriugitaf b
conpect or. havin n.internal flui.d passageway b ..
B RS Pt et 5P Gtghovahls HEmRESE Brheetkend position.
connector conprising: .a _housing having a first port
2. 2 e SOmECoR AT arE | ivesip edirsinorseenuidrigidths b thadnaas condut
receive a blunt cannula and the second port adapted
offthy campriessitde aevtinh eret seteatedistich that thie dfuit passapeivhy hanadfist
novabl e el enent positioned wthin the housing, the
vohmuahhen tHeanvibldwsthe igin the fifst ppaGoA afa &lcotdWE1BmE Men
novabl e el enent bl ocks fluid flow through the housi ng

theRfbvalile %I%lﬁﬁﬁfjis RR el deQihd3fositidh Clhe E%n@%ﬁﬁeﬁ%ﬂ@%{' téhan

permts fluid flow through the ousi ng, t

onprising: a head defining a bore formng a

thggfs?@glﬁmﬁhe fluid passageway through the connector,

t head Dei configure uch that when the mpvabl e
3. A Briiierier PhAFRo! W&%’@%ﬁ%‘%&@iapﬁ gFcong i pEthe tnner conduit

sel f-opens.to permt fluid flow, the head being
of thyy qomnressihigsaction awg ssheetied seeh thelthe fluidepassagewhy bas a first
elenment is in the first position the bore noves to a
vobinos whierc thefayabletel annenp iscivi elnd firsgpdsitivroarfd ol volume when
conpressi bl e section defining an i nner conduit formng

theémpbadtile elbmlehis il the@ecdd poaaEMANKe sdoRI It RRNNECt OF
the inner conduit having a width noveabl e between a

ap ﬂo&ﬁﬁatwy%gsﬁfgﬂagﬁ?gﬁ&pg edth, the conpressible

ection“being c I gure so that when the noveabl e
ment i.s in.t.he second position the conpressible

4. oL RBinel e asipy SREEF SuPiiising £ Huror ihe T pponiag ends,

the second wi dth, the inner conduit being further
theppord tpbsdletipingidpmgp extendiag hetwesn the anpesiag endssongendhe

first position the inner conduit noves to the first
beingdn Anideemenmicatiop Wil the sedodd poitsind ied lusren tforaning h @art of

second w dth; and 25
the internal fluid passageway through the connector.
5. The connector of claim 4 wherein the support tube comprises a wall, the wall
defining a slot providing a fluid path between the exterior of the tube and the lumen.
6. The connector of claim 5 wherein the support tube is configured in relation to the
moveable element such that, when the movable element is in the second position, the
lumen and slot of the support tube are positioned, at least in part, within the inner
conduit of the compressible section such that fluid may flow through the inner conduit

of the compressible section, through the slot, through the lumen of the support tube,

and through the second port of the housing.

26




wherein the inner conduit is configured such that
fluid may continuously flow through the entire inner
conduit when the novable elenment is in the second
position. 2. The connector of claiml wherein the
first and second widths of the inner conduit of the
conpressi ble section are selected such that the fluid

passageway has a first . volune when the novabl e
leﬁiﬁgﬁ g rPﬁaﬁﬁ%éﬁW?g?nposition and a second vol une

when,  the novable element is in the second position,

t he ©eaBsECuL ok thseiompressibiesectiombas appesing gsqt aydpegand

3. The connector of claim1 wherein the first and
enslecthe tirshicad beinpadjadent themere efthe bedd; awf the neovable element

conpressi ble section are selected such that the fluid

defimes agentiye 1besedatlthe Scond eld whyhi@er édnduitikéblifice forming
elenment is in the first position and a second vol une

path ™ fidw) BarlR¥RAiRe HoRBR botS thrBudt§e Fr?/fé? Ek%dﬂﬁ,siﬁd. il PE tem:

the second vol une being approxihate e sane as

in{é%r:rcgildlﬁﬂhyc[@htéeogﬂfe. connector of claim|l further

I'SI Ng support  tube havi ng opposing ends, the

g S gort t ube qefi i a lumen extendi ng between the
'ogﬁ £91mgcionakelaigh WARSI bei ng in fluid communi cation

with the second port and the lunmen form ng a part of

t he the\luaenandsiolphiths suppayeinhy extand ayleasttie partrin edocation

5. The connector of claim4 wherein the support tube
outspdrpthe e eondaltlof thehempmédsibldskction whemthe Intdvaplecalértdemds at

a fluid path between the exterior of the tube and the
the s68B#d posdtion] Bgd connector of claim 5 wherein the

support tube is configured in relation to the

nov I =1 h I

o R fouP LA s BEtnd b MO e SRR, o uETER e

su t  tube are.posjtioned t least in part, within
leﬁg%ﬁhﬁg¥mu%%ﬂﬁﬂp$0€ © T EYessi bl e section such

that fluid may flow through the inner conduit of the
9. cOprenpsster o daipt § whereihir ough t he slot, through the

| umen of the support tube, and through the second

por thomovéablarbersent durt!RS cFmpiiibes acspring s¢ation ebnmdcsddrio Ghe

wherein: the inner conduit of the conpressible section
cotpsessipleasttivg; hhd St and second ends, the first end

bei ng adj acent the bore of the head; and the novabl e
el eqgftflow path further extends from the orifice, and into the spring section
whereby the spring section provides a portion of the internal fluid passageway.
10. The connector of claim 9 wherein:
the spring section is extended when the moveable element is in the first
position and when extended, the spring section has a first internal volume; and
the spring section is compressed when the moveable element is in the second
position and when compressed, the spring section has a second internal volume, the

second internal volume of the spring section being greater than the first internal

volume of the spring section;
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defines an orifice |ocated at the second end of the
inner conduit, the orifice forming part of a flow
pat h extending fromthe bore, through the inner

condui t, and out of the inner conduit through the

orifyj ] f I IP.7 erehn. t.he
s sty top BREEORERE o nofi ol R g ot d&Lpy hs
art, to.a locatjon. outside.the inner conduit of the
SP@B%?C&QQ 1 DFEAEL YR e JRERE 1tHOR B\ BIPEeSSFhrent i s at
the second position;, and said flow path further
e the pepmestopad ¢lpig bmbereinthethenging includes a8 narrowedhepgiontadjacent
the lunmen at the | ocation outside of the inner
the Gretl port,. th@heafihnd thomoeatile elenkenicirgio8atedar this marrd¥ed region
noveabl e el ement further conprises a spring section
wisrtheaioesblé olehleat isG IR RsSidaltRnSHEe hhﬁ@we@f@meﬂlg:]l ow
path further extends fromthe orifice, and into the

diSBhdioHEd $6 &8 {PRusdMIRHBRY ol @hegﬁrtb R@pssection provides a
portion of the internal fluid passageway. 10. The
c Al wherein: .the ring section is

12 SROETR oo LT WS B G £ iy Pioh, the
osi t.ion and when extended, the spring section has a

CO%PFW'bf%ﬁF@mA?ﬁ%Oﬁ%‘? iy C?lh%ﬂ%tﬁff Fegtpnswhen thp moyable
conpressed when the noveable elenment is in the second

clogessf isiip thedfirgt pasisione epoasisietdd reghen bing dignansionpdso #sde a
second internal volune, the second internal vol une of

catsfechswidtingf meet conduivef thg compadssiblctsaedivr toandve tstthe first
internal volunme of the spring section; 27 whereby the

widtat er nal vol une of the portion of the flow path
provided by the spring section is greater when the

' ' .S ssed. 11. The connector of
132?%%ﬁ??éaﬁg#ggﬁhkﬁggﬁ§%§fng i ncl udes a narrowed region
adj gcent ~the first port, the head of the novable
ol eBHOBEES sehonl onneel AR bl on when the
nmovabl e elenent is in the first position, the narrowed
r egtitsinpsahls clement Ausithen somprses & spang sestion chandstaddo gre

‘the head to close.
compressible section, the spring section being adapted to urge the movable element to

the first position at which the compressible section is placed within the constricted
region.

14. The connector of claim 13 wherein the head, and the compressible section, and the
spring section are molded as an integral moveable element.

15. The connector of claim 1 wherein the compressible section comprises a plurality
of flexible membrane elements and a plurality of relatively inflexible wall elements,
the membrane elements connecting together adjacent edges of the wall elements.

16. The connector of claim 15 wherein the membrane elements are adapted to fold

- radially inwardly when the inner conduit has the first width.
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12. The connector of claim1 wherein the housing
i ncludes a constricted region, the conpressible
section being located in the constricted regi-on when
the novable elenment is in the first position, the
[ r.egi [ ' [ sQ.as 1.0 cause

1 R P B o Hin e A bR, B Sl e - BNE Ry
t.q nove to the first. width. 13. The connector of

A ARV faF which TRAmels HoP i Brcopprps g connector
connected to the head; and the noveabl e el enent

CHRRSHE conprises a spring section connected to the
conpressi bl e section, the spring section being adapted
t o wrlymisingchavingzofinst pireansin second pdrg the fist pErobeing ardapted to
whi ch the conpressible section is placed within the

rec@ins bluat €thnulL6id O sekdnd JdtLaduradet AtidRbnehdidiida with a
wherein the head, and the conpressible section, and

fidil@ondi i Ng section are nolded as an integral noveable
el ement. 15. The connector of claim1 wherein the

com [ t1on. cCompEise l.uralit f .
{1 o P el AP RIS sRTPibETRe BoB S vabfe clement having
elatively inflexible wall elements,.. the nenbrane .

2 GLRRSHOR oY e e eblgetamsnt Bla ke B e ieovgh thegousing

- wall elenments. 16. The connector of claim15 wherein

and j§seepndinositionat whiohtthe mowahiel lomedt peomits flyid femitabugh the
i nwardly when the inner conduit has the first w dth.

hoR8ing, the Aovebin etdrant E@nprivdmg:r ol 1 i ng the flow of fluid,
the connector having an internal fluid passageway by

Whi GIhehdl dbfnifBY botPRirh QUSSR dfMBe ARS8 way heough the

connector conprising: a housing having a first port

coftfidic ﬁi@%‘é%tfbéiﬁé Bonﬁr%@ edfsiuﬁlgﬁ{ag%gn hel rgg%aggﬁaag[ggnﬁi&& the

recei ve a bl unt®canrmul a an e secon apte
for, fluid comunication with. . a .fluid conduit;
- seqgiagpitiofy BRERE Sshbebndermicthich i weina St bejhe figer
mpvabl e el ement having a first position at which the
coppguipd anch thatavhenghearzeable glomentgnin the Susjipositien Hwhorag
and a second position at which the novabl e el ement
‘mqpees i 4 slofddadonfiginavion brevengimgt thad flow:;

a compressible section defining an inner conduit forming a part of the fluid
passageway through the connector, the inner conduit having a width moveable
between a first width and a second width, the compressible section being configured
$0 that when the moveable element is in the second position the compressible section
self- expands so that the inner conduit has the second width, the inner conduit being
further configured so that when the moveable element is in the first position the inner
conduit moves to the first width, wherein the first width is smaller than the second
width, the inner conduit being configured such that fluid may continuously flow

through the entire inner conduit when the movable element is located in the second

position; and
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housi'ng, the novabl e el enent conprising: a head
defining a bore formng a part of the fluid passageway
t hrough the connector, the head being configured such
that when the novable elenent is in the second
posifj e hore sel f-opens to rmt. fluidflow,, .
Phe hedior i OnE 415! R Lol iabiot e sScone 804 peine
. npveable elenent . js in the first position the bore )
in & ComppMRIcefioRw ?‘EﬁFP‘E@r%s e syPeQs Hibe hgving gilemen fgming
a coqgressible_section defining an inner conduit _
a past o the inderpalr fuid passhgeway thepugh dsscogoowdyr, thersopgyirt tuhe having
connector, the inner conduit having a wi dth noveabl e
a Well vime definek itheslumen dhda dorgsitadimetdocfonhett fhrovghehe wall and into
conpressi bl e section being configured so that when
contifuilBatRARViEh Bk ARG whrebP Al SP IR ntB A8 bhQUT thd'Rimen
conpressi ble section self- expands so that the inner

thid %Jloﬂ%ﬁ*dﬁ&?sl%ﬁcond wi dth, the inner conduit being
f n

urther c igured so that when the noveabl e el enent

is inthe first positiop,.the inne cqndui ves to
the Ve o tefion il oL P e REeac Sbe giedossisdov i thentor
than the second w dth, the inner conduit_ being
copdt PhiF sempisetblesgstion) when thagnovahle iclemsusisyn theggeond
through the entire inner conduit when the novable
poeltlerre'?tter&by fluid entap dlomrthtdvgh dlecimner condsit bf thie compresblea
support tube having a first end and a second end with
settivm, gecughcthe sldt, ligbugh thie Murhbiib Hthe GHFPORI GBE, a8 thibligh thee

- second port, the support tube having a | unen form ng

seébnﬁ%fo?td}‘fthéﬁkﬁlsidg ernal fluid passageway through the
connector, the Support tube having a wall that

def i . l.ongi tudi nal slot forned
IStﬁé%ﬁgﬁegﬂgo%g gﬁggﬁﬁgb conmuni cation with the

l umen whereby flyid may fl, into and out of the | unen

t hr Wﬂ?ﬁq@nﬁ% a}p %&PW@F@S%I% sechigrehasiafirstrad andaseead end;

slot of the support tube are | ocated within the inner
andonduit of the conpressi bl e section when the novabl e

elenment is in the second position whereby fluid nay

f | owhe inovabjdreletment alsvetongeizdsian officd locatedagihessohd end of the
section, through the slot, through the [unen of the

inrfr’]eg nglﬂ{]u‘ét thathfeviddith GV PHGbR&en BERRBACRRALI afd a idl&tion of the
fluid passageway that is outside of the inner conduit.
19. The connector of claim 18 wherein:

the lumen and slot of the support tube extend to a location outside the inner
- conduit of the compressible section when the movable element is at the second
position; and

the orifice provides a flow path between the inner conduit and the slot and the

lumen of the support tube at the location outside of the inner conduit.

20. The connector of claim 19 wherein:
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18. The connector of claim 17 wherein: the inner
conduit of the conpressible section has a first end
and a second end; the novable el enment al so conprises
an orifice located at the second end of the inner

condyj [ OVi a flow path between the inner
condhb pokEie SpREIRNE oniisR?} Thrhg R ey e
i S outbii de of the jnner, cqonduii. 19. The connector of
cogipRPsHPIBSeRfi despring seqtiondpcaistr st Bie Tomen ped daifdhe support
tube extend to a |ocation outside the inner conduit
tuby thatextenstp thsslorasion oniesidd tha ivise ponduds; ansvabl e el enent
is at the second position; and the orifice provides a
f | ovthpatificdygdvidentht Hlewi peile throwgictiie sprivpcsettien. s| ot and
the Ilunmen of the support tube at the | ocation outside

210Thé bshneBBL6{ GRA20 (vherdth: The connector of claim 19
wherein: 30 the noveabl e el enent further conprises a

spr itﬂgﬁﬁg&a{m@ @)@ﬁ%ﬁ(‘ie%ﬂvlta& thyﬁmvge PLERshAk i g%g@hg n

the sp section located over t umren an
e su at .exte cat,i on outsi.de

t.1 rt tu h dto the |
popiin AP RRER Griie, i dtrifhachon b it b0F Rl ORHES Pt
path through the spring section. 21. The connector of
cl aiths smsingrestion s compresssdivwiyndaempyerbleelement igiithesecend
the noveable elenent is in the first position and
pogitien aedk whemleampressed sthe sprinsectioomshascend intesnal ivotuare) e
vol une; and the spring section is conpressed when the

seconddateinal edlaine bt theSiptifg béiio eidRGreafd Shdn B8 fiadtdntahan
conpressed, the spring section has a second internal

voM@hdibithe §fthg se&fcnd i nternal vol ume of the spring
section being greater than the first internal volune

of 4 Ion. eby. the .intern vol. 0
©he "HErRR e Syl ooR s PG Roioh O e, Pith ¥R nG e
sectign is greater en.the spring section is
SP’EWBQ%F@‘?&E? WWEQWBV THis cemaressedy £ ur t her
conprising a narrowed region adjacent the first port
22o¥he ¢panpiorsefredpin 1 Afartber comeprisieech wrrowed region biliscent the first
element is | ocated when the
port of the housing at which the head of the movable element is located when the

movable element is in the first position, the size of the narrowed region selected so as
to cause the bore of the head to close to prevent fluid flow through the fluid
passageway of the connector.
23. The connector of claim 17 further comprising a narrowed region adjacent the first
port of the housing at which the compressible section is located when the movable
element is in the first position, the size of the narrowed region selected so as to cause
the inner conduit of the compressible section to move to its second width.
24. The connector of claim 23 wherein:

the compressible section is connected to the head; and

the moveable element further comprises a spring section connected to the
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novabl e elenent is in the first position, the size of
the narrowed region selected so as to cause the bore
of the head to close to prevent fluid flow through the
fluid passageway of the connector. 23. The connector
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C ressi bl e section is |ocated when the. npvable

the P oo ar higy thercompressiBls sertinn 1s plrsed pInhe pagowed
narrowed region selected so as to cause the inner

ICgBRduit of the conpressible section to nove to its
second width. 24. The connector of claim23 wherein:

25t ke campctosof dhien 34 ehiwin the heah) met thedotnprdskieldveeaiiin, andlthe
t he noveabl e el enment further conprises a spring

spHRE bdctibn aRNASIAEE s 4Dintdpeal lentcRfRbASSicBilienSAskHAN, t he
spring section being adapted to urge the novable

. | . . .
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reqion. ,.25.. The connector of claim?2 rei he.
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section are | ded ;.as an integral elenment froma

meRIAPRG SRIeRiatBe membrang cleppruteomneding togather|adjagent pdges of
wherein the conpressible section conprises a plurality

theywaldglesentist i al |y inflexible wall elenents and a
plurality of substantially flexible nenbrane

27eTheennsctot dfclavnds ahereil theBRnbraR@tdnthgehogrédwrfold
adj acent edges of the wall elenents. 27. The

radiINRGaRly Shef R ifhaRoWiGF Bisthd HoAERIRNE el enents

are adapted to fold radially inwardly when the inner
conduit has the second width. 32
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