29 May. 2006 NEEDLE FREE MEDI CAL CONNECTOR W TH EXPANDED YAVE , EECHANI SM
AND METHOD OF FLUI D FLOW CONTROL BACKGROUND The inventi 6n re Fa es
general ly to nedical connectors of the type used in the handling and

adm ni stration of parenteral fluids, and nore particularly, to a needle
free connector enploying a valve nechani smthat conpensates for negative
fluid displacenent, i. e., drawing fluid into the connector, as the 5

connector returns to ityrpAEGRSIEMEDIGAE CONNEQUIDRPGEESed state. Wthin

this specification the ter p" "positive-bol us
effect,” ‘and "no-bol us effﬁ@é}gg?%?%gygtmmémﬁg&he operating

characteristics of medical connectors as the connector returns 1o its
unaccessed state froman accessed state. "Negative-bolus" effect describes
the condition during which fluid 10 is drawn into the connector as the

connector returns to its unaccesseBASKEROUNIRM an accessed state.
"Posi tive-bol us is
expel | ed out of ﬁﬁlgg%nr?r?ect%rtéba%%tﬁ c%%ﬁg%%%%eng u‘!rnjr‘sllgjf\ﬁi?é ﬁ&s %hggrgessed

state from e Laedessead sdatesorddNer dopdrentetdl lids, ded atarbeartdubaronaat i on
during which fluid displacenent is neutralized and fluid is neither drawn
into nor 15nesdireireeepnngetosempheyiedaabiedredisnisHbtRb AHBBEBRGSEPlirns to its

unaccessed Eé@fgﬁﬁﬂg{af‘%@&%@ﬁ‘gﬁig?n%‘?&% fgﬁﬁ?ﬂbqh@ E@ﬁ&&;}l ga{peconnect ors

for injectin om an |ntra(/enous ("rv)

fluid aglm nicsinkador edtussttoafsamaetdssdchaure fand ani atedsged saed. One conventi onal
type of such a connector includes a housing havin connect i,

20
})ot h ends. One cWithcthispepdeatiqriedErmps i aagapvedipanseet f_elﬁéF‘P%ﬁl‘(f%r}%(ﬁgétjstgt
ccel ve 2 bLunl - gl o, 6RO e SUEDB% @ FRLALHEIosk BRIy TR ORARE of

. connection port’ fray PocaE OppoSsi irst port “but 1n sone cases is
located atmadrRbn@nnettedy BahoicoRhidi@sr RBGNS td s hh3cdessresltsta:telfatqm and conpri ses

a mle Lueraccessed state. “Negative-bolus” effect describes the condition during which fluid

10 is drawn into the connector as the connector returns to its unaccessed state from
an accessed state. “Positive-bolus effect” describes the condition during which
fluid is expelled out of the connector as the connector returns to its unaccessed
state from an accessed staté. “No-bolus effect” describes the condition during
which fluid displacement is neutralized and fluid is neither drawn into nor

15 expelled out of the connector as the connector returns to its unaccessed state
from an accessed state.

B Needle free medical connectors for injecting fluid into or removing fluid

from an intravenous (“IV”) fluid administration set are well known and widely

S

used. One conventional type of such a connector includes a housing having
20  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
25  to IV-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 aﬁd in most cases uses the housing

of the connector as part of the valve mechanism. When the connector is




fittirng. In many cases the second port of the connector isg P@r ntly
Y¢a

connected 25 to IV tubing which in turn is connected to an eter that
communi-cates with a patient's venous system A valve is |ocated within the
connector and in nost cases uses the housing of the connector as part of

t he val ve nechani sm Wen the connector is 29 May 2006 accessed, the val ve
opens an internal fluid passageway between the first and second 'ports. In
some conne 04 6pAA ar it HaPagie ¥uh$ bASTddeHe st 1 nt ernal
boundar i escatg?éﬁ%détt@%‘rﬁect% haouéll ng,a i?‘?il gﬁﬁy% a2nect ors It is defined by
an i nt er nalsecaninpdres. dn sbnielumwnsqa:ni@e;heamdemal illwludmmss:atglawag is cﬂdfmeldrhyethaal
fluid . 5 pass y.is defjned conpressi bl e t ubul ar . that carries
the vai ve THEEHAEGHANE ) hE CORCt T nas ShP Uit APUELHTS b SLREEd P g

di spl acenent, @gchlieanRANEHd Mol SHiRECARSEH iARthaane aasatk iw L he connect or
is accessed by a blunt male Luer cannula tip inserted into the inlet or
first port mksaghway naefotedrbyl0cdropsissible ttihelay hbdethat chaivisshe valvengaged. I n
some connectors,.the blunt cannula tip penetrates a valve device to
establish PG ¥Ghmuni cation with the internal fluid flow path of the
connector. 1n oiigly GRANCELOkfdidaBoftloiilrs ERRAMNAIdifpladlhih a5 e a val ve

device without penetrating it in order to establish f communi cati on
with the flandeétboisy aoetshed dmd ehbtressedase, the Iqenwlttnmtacmsaﬁaipa@ pluat15 of the

fluid fl ow pat s often reduced b he nsertion of. fhe blunt cannul a when
" accessi ng tlﬁgl gb‘ﬁ atl@lﬁ%%%’i‘f&éﬁ%&%l LAT {116 PRIt tﬁ%ﬁ?\‘?ﬂﬁ PTi s renoved

from iHe cpaReG! e valRemyaldn %tl id @néé%ﬁcﬁﬁ Yoré cdifectdryll e QW RAhila

ncreases. This~ I ncrease In he voluiretric ca aC|ty may create a partl al

vacuum or pippsnatmtesrediled demce o edtablishfluid t@mmtplmafmonhmth tteeyingkraal | ui d

A

into the co or f the 20 second or downstre m nd of the.connector.
As previ ousfi| ﬁé’ﬁ‘ﬂ’%hé’? the FRANECFOL . (1 Offfer §PBIFGIFS1 u?%‘fa&nflr?eu%onnector in

this mannerdl!;ﬁ% e‘%fae\faﬂx%ddév@ceav%tﬁouﬂf‘éih%h'aﬁﬁ ial Rder t%fefsﬁéb‘hsh Ruidat a
guantity, or ol us, lurd 1's dravvnlntothe parti al
communication W1th the fluid flow path. In either case, the volumetric capacity
15  of the fluid flow path is often reduced by the insertion of the blunt cannula when
accessing the conneétor. Subsequently, when the blunt cannula is removed from
the connector, the volumetric capacity of the fluid flow path increases. This
increase in the volumetric capacity may create a partial vacuum or pressure
reduction in the fluid flow path that may draw fluid into the connector from the
20  second or downstream end of the connector. As previcusly mentioned, the effect
of drawing fluid into the connector in this manner is referred to as a “negative-
bolus” effect in that a quantity, or “bolus,” of fluid is drawn into the partial
vacuum or reduced pressure location within the connector.
' A negative-bolus effect as the connector returns to its unaccessed state is
25  undesirable to some medical care providers and either a neutral bolus or positive
bolus effect is preferred. It is therefore desirable to arfange 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.




-vacuum or reduced pressure |l ocation within the connector.zéN%eg é ve- bol us
effect as the connector returns to its unaccessed state i§ g “Undesi r abl e
to sone nedical care providers and either a neutral bolus or positive

bolus effect is preferred. It is therefore desirable to arrange for a val ve
mechani smthat 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 r it one
approach, the nifbgf"? 6@‘88?%33%5?%%6%3"3“%%&?2B{Ua eb g’r%gg |%§%gﬁgaéeiaby

cl anpi ng 't hg d}hmﬁbah'gmne betueenbéthecs eha esimctanagdithe [V atatdrgtrioe tpri or to
renoval of the blunt cannula-fromthe connector. This prevents the back

flow of flram@valnfshehlunkeannale forethe conngctrpt Shiseewawnir ek fog®ver this
is an 5 undesjr ApRPRA ' Vi i.a:.a.clanmp, is
necessary gﬁg&t@g@%are p%ge?%g?ﬁﬁé?%%gg?t gfo S&F\eﬁ}gagn% ﬁea(hcl anp with the
t ubi ng. 5 Funifiesiryl€approheh isthaohnatidi tenegli edeviages iafedesaxpendehaand causes
inconvenience in that they nmy not be available at the tine needed.
Addi ti onal GerepEVifes miss SEmeMBSN 10AMZagE He dHap Wibs EhecRba g BYI¥ENS Gar e very
busy al ready_an . eyef rall £ : unber
of steps-i %%B%gpﬁcﬁddg%#%i%ﬁc%g%&z}re t géep% d|1((':e’ar]1’1{g éselrn géﬁiﬁllérﬁ%gﬁﬁ%&ﬁgﬁe ase the
nunber. | n aaphbese apHiabRA thetmetitatied sdditionubgepusieyalal soddsiableases t he
nunber of steps in the adm nistration of nedical fluids, the op?rat or

~ conti nual | ytha Fpgtcaage prayiders ategvarh busorlseady gmdrwowdithercheediageelite whil e

‘the mal g deyi ' ' ' : : i.huously
addi ng 1 uibrefet et Begbes e Ao arRaRR rb Al e AU Bt pe S R
‘“.the fluid fihewipaédsetthe augibet.he connector as the male Luer is being
.. Wi thdrawn, thereby reducing the likelihood of a partial vacuum and thus

the likelihood dp aaordp@gappxﬁ@cwnfsthﬁ_bdi&aﬁ@nqt&gepﬁég aljoingrepssviipat h.
However, t hﬁtfmﬁé%porf%&%g ih TP AR e A&kl ﬂtul?t?st, ﬂli'é)Bpé)rQ{o\f cgﬁﬁﬁually

injects fluid into the connector from the male device while the male device is

15  being disengaged from the connector. By continuously adding fluid the operator

attempts to fill the iﬁcreasing fluid volume of the fluid flow path through the

~connector as the male Luer 1s being withdrawn, thereby reducing the likelihood

of a partial vacuum and thus the likelihood of a negative bolus forming in the
fluid flow path. However, this approach is also undesirable in that not only does

20 it add a step but may require some skill in successfully carrying out the
procedure.

The negative-bolus effect may also be reduced by the design of the medical
connector. As previously mentioned, some medical connectors include an
internal cannula or hollow spike housed inside the connector body. The internal

25  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 put directly

. into fluid communication with the blunt cannula. The internal cannula or spike

30  provides a generally fixed-volume fluid-flow path through the connector. Thus,




éonnec I nc

20 it add a step but may require sonme skill in successful 5911\%9%6()’6’ ng out
uce

the procedure. The negative-bolus effect may al so be red y the design
of the nedical connector. As previously nentioned, sone nedical connectors
i nclude an internal cannula or holl ow spi ke housed inside the connector
body. The internal 25 cannula or spike is positioned to force open a septum
upon depressi on of the septumonto the internal cannula or spike by a

P L oannsdne S5l EELRR o 16 ALK Bolion Rid FarbAbvANA Idrinkt At S | OP

and, upon pression of over e 1nternal cannula or spik t he
i nternal “cannub@oQif &, kﬁldt&isﬂmgeds tecpdryial vartianf foningd ¢orronhemed on wi t h
the blunt cannula. The internal cannul.a or spike 30 rowpc\ig a‘f?gleneral |y

fi xed- vol urf@viNga Bore WB‘&PFFE‘@ Hvatgpied HeRad fivid passas sa Ept um
returns t 0 dfttﬁix ?Al%ﬁﬁge&gﬁ'}fa e['rrl {rdt Al daih\hl R Qrar[BQei"ﬂ&ﬂ'-ﬂbv@ b&e
connect Y, not arge as t parti a vacuumforned in a

connect S)r daavddigy ehersbizgl volenrirtthe cairiujra vaspikdl Addlrmtoeaﬁl;alit hdsthednpassageway.

A di sadvant age_ of typical- connectors havin |ntern can uI. or ,spi ke
is a lower Fated E]‘-afﬁl‘"ﬁé} gICNBeHBSHELHYA ‘f‘q‘\%a%ﬁﬁ‘{ﬁp’ m%%tﬁ g? fa or

spi ke. Addi t ]« g@:ﬂﬂ: ¥e&)thh1 has lsgﬁnaFd ;Bglttl%g g{]kgtto?e}ﬁntfhﬁd @IQW‘ SedrOpie R gn

havi ng a fi'xe ted Int movabl e septumthat is
pi erced by stebatm spiyke: damgpgadnivith fdulbtiple fsesgndsa ddakipi e ctos epyursuiay  be

d d th I tipl d a Ki t | th
Connact or - provi et AR REHIAeS  EA T HEP R Sreh T e Bexig boay
W thin &’h' C%qy%\élg@ﬁ%ﬁgh?s 1hE4BH b a)ﬁvélﬁ;giﬁﬁjd e%?fspﬁﬂ?%' T8 hdkgnothdng of the

an Internal carmula a upon ression of the flexible
ody by th.&)nhﬂcftbf)ﬁithlde@mnoﬁtemdilcannulaammﬂp@ntdﬂpmagimnaofrﬁbe ﬂ¢x1bked3ddmt er naI
eav

cannul a forces _the l f the | eaf Th
" Force. ¢ he (PRSI RGBT b G BT S PaPe R STE GORL I REE:

therein. Thge (? § Bgtl'f%fleéﬁrﬁlh é}t;)aﬁs'[’[]qltélléagﬁg dnf fobtedth€ QOpTHNIhe dekile bEt ween

t he accessing nt carnu nmen o the internal carnula. The
expandi ng | ieafy spari agl apesa slite@hesinad thesany he-opgpimgafabe slifesteblphashe

flexi bllg body ahd the outer wall of the. |gnb1ernal car nul ahe lumeno(‘fr{he

fhaid commumcatlon between the accessing blunt cannula and
internal cannula. The expanding leaf spring also creates a reservoir-type area
between the flexible body ahd the outer wall of the internal cannula in which
fluid is held. As the external blunt cannula is removed from the connector, the
leaf spring and reservoir collapse and fluid is forced out of the reservoir and into
20  the internal cannula lumen.
| This positive displacement of fluid may result in a positive bolus effect as
the valve returns to its unaccessed state. However, the valve mechanism is
relatively complex with a leaf spring being incorporated into a flexible member
which adds some manufacturing concerns as well as at least one additional part;
25 ie., the leaf spring. Manufacturing concerns and additional parts can tend to
caus.e 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 system does not permit continuous flow through the entire

expandable flexible body section. Instead, fluid flows into the reservoir and is

30 retained there until the valve is returned to its unaccessed state.




fluid is held. As the external blunt carmula is renoved fﬁ%ﬁht@%o onnect or,
the |leaf spring and reservoir collapse and fluid is force out”of the
reservoir and into 20 the internal cannula |unen. This positive

di spl acenent 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 |l eaf spring being incorporated into a flexible

menber  whi d 0 nmanyf uri,ng, CONcer RS as Il as _ai | east one
oo e onal' Bt U5 WLRRLLAR MY aQHGRASE ol Sndeal BorineBBrdhanle®as o0
addi ti esvabniped tthe aead tfend inedicslacmeetopensig b ovalves meckhisimdagi rabl e ef f ect

in the health care industry today ., where manufacturers strive to provide

ef f ect ?Y/‘_é‘g?ﬁl't?d’ﬂ&ﬁa?"% Ouaxﬁéfe%gwg‘?dur:mgt%@}e{ a RasEivecalys, 4% de system does
Not PEhETHoEOMAUTHE rlb@ ol BIAUALal! i8Rk far. FOPRRIARLE difeeld DI e body
section. Instead, fluid flows into the reservoir and is 30 retained there
unti| widoyisaesfiiciag fdifiowdateoristracturad sinerdivéty hos alse been 29 May 2006 Hence,

t hose ¢ . ] devel f nmedi cal conngctor ave recognized
t he neergg(?%lgegﬂnpﬁéﬁhgﬁltngg%snﬁ%vgt @Egﬁ’gél? %Scoagr\llzaeﬁ Cﬁre%;htz‘ﬁi%e ttﬁﬁta . avoi ds the
negat i waediohlusorskettee tthity isplepd égpeigivei tohefanafdenst! ihaeideffudedfinect or a

- no-bolus effect. The .neeg for a nedical connector thajf provides these
ef f ect LPRIRoARd &bt ipgip %%W@?HMWW&@@ igyent 8¢S SIhplicity has
al so beplys sePsakgked. Further needs have al so been recogni zed such as the
need for a nedical connector that is | ess expensive to manufacture, that
is efficient in operation, and that includes fewer parts. The present

i nventi on addresses such n m&fﬁ—éﬂﬁw THE | NVENTI ON
Briefly, and in general term ' E trivention are directed
.to a nedi caBriefy\nart @r gdheitl fgna, ¥abyeintaed an ieinkB@lonPare \ditkeedei t her a

positive-bolys effect or _a no-bolus effect, upon deactuation of the valve
to a medical connector having a valve mechanism that provides either a

positive-bolus effect or a no-bolus effect, upon deactuation of the valve
mechanism,

According to a first ‘aspect of the present invention, there is provided a
connector for controlling the flow of fluid, the connector having an internal fluid
passageway by which fluid may flow through l the connector, the connector
comprising: a housing having a first port and a second port, the first port being
adapted to receive a blunt cannula and the second port adapted for fluid
communication with a fluid conduit; and a movable element positioned within the
housing, the movable element having a first position at which the movable element
blocks fluid flow 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 normally-open 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 its normally open
configuration to permit fluid flow, the head being further configured such that when
the moveable element is in the first position the bore is moved to a closed
configuration preventing fluid flow; a compressible section defining an inner

conduit forming a part of the fluid passageway through the connector, the inner

5




mechani sm According to a first aspect of the present inv o) here is
provided a connector for controlling the flow of fluid, ?%éhggﬁ%%ctor
having an internal fluid passageway by which fluid may fl ow t hrough the
connector, the connector conprising: a housing having a first port and a
second port, the first port being adapted to receive a blunt cannula and
the second port adapted for fluid comunication with a fluid conduit; and
a novabl e el enment positioned within the housing, the novable el enent
having a first position at which the novable elenent blocks fluid flow

t hr ougfROndE haying algnath andia wadth mepvsakletebyeeae fn width #nd agseapi e el enent
permts,; j : tl&%ﬁ%@dlﬁigﬂ %ﬁéﬂ conprising:. a
head dg?@%ﬁ%gcghﬁﬁ%%gklggggén re o%ﬁfhg%gqg%??&§?8¥ e Tluid passageway

t hr oughletieet isamthestomd pokitioh dedcongiresyibdosdctigusafiepands sorthat tdhen t he novabl e
element is in the second.positi.on,. the bore self-opens to.its normally open
conf i gtiP&t ?%@u{tglai) ﬁ?ctonfllg‘ﬂé W}F@\&‘e F’Hﬁt H)(gi?f IB’é?rr‘fBBﬁ?“dfrteH’élFEconfi gured such
t hat' wagsitantifley wRheakiethe iREeindug beihgtifhdrichsfigRessd thatwhdietheore i s noved
to a cl osed COﬂfI?UKatIOH preventing fluid flow a conpressible section
def i ni WYvaRPle lsaent s amthgifirstipositiongheinpar ¢ongpit muves tathg fisgawddenay t hr ough
the co 3 ] it having a length and a width
noveab?@§§%¥€%£%§§w?@ﬂg%né%gy%%gﬁgggmggggﬁg' wi dth, the conpressible
section being configured so that, when the noveable elenent is in the
~second position the conpressible section self-expands so that the inner
conduit has the second width while the length of the inner conduit remains
substantial ly unchanged, the inner conduit being further configured so that
when the noveable element is in the first position the inner conduit noves
to the first wwdth, wherein the first width is smaller than the second
width. 29 May 2006 According to a second aspect of the present invention,
there is provided a nethod for controlling the flow of fluid, the nmethod
conprising: inserting a blunt

" Sa




cannula in a first port of a housing to establish fluid c% 25?3$|0n W th
the housing; noving a novable elenent that is positioned

housing, in response to the step of inserting the blunt cannula, froma
first position at which a normally-open bore formed through a head of the
novabl e el ement is forced closed to prevent fluid flow through the housing
to a second position at which the normally-open bore self- opens to permt
fluid flow through the housing: wherein the step of noving the novable

el ement fur W&%brcﬁi% A §€c%nﬂ%gélﬂ offiRe PRY&R! ifvahtRAEfHerd 1OpRoVIRd A T St

position at whicha ressible sectlon of the novabl e el ement has an
i nner methaddpx comm}hmggtm flow ot fwiidit the troethed cempusidgpmsenting e blunizhi ch t he

conpr e?aib@llaefrcljﬁ ﬁlfstt ?89 of ?1%' '{l?lﬁg g)a%gl%}lgﬁ)ﬂgld cﬁ)&%\%ﬁx\ﬂ[t%hm %ﬁ]ﬁlte 0%18111%r ger than

the fi ausli ng en bore and
t Er ougjnotnlgg aembvabde element ﬂmﬂdtpdsmgnem lmtnﬂnm tlmhoalblhg, &l mspcmse mfs theocat ed at f

t he secon oSItloO etracti ng t he unt .cannu 1 I rst pOI’t (0]

t he hoiid? Af! Sﬁwgﬁg Pﬁ’él ﬁé@‘%{ﬂ?’eﬂ%&g’fﬂ PPSIHER lah@’%é‘é’c "B%\Ei P%n to the
first REskihRA tﬂﬂéﬁgﬂg Hel® 0B HRAnHablELE ek 15‘90&&1301%% Gl higig@at which

p05|t|onthe normal | y-open bore 1s forced closed to prevent fluid flow

t hr ougftow ﬂ@omﬁlﬁrh@umag@o awpeondipositios asmé:pﬁMhe mouhally-open base atlfe el enent

the i rhepS 66 R T4 R0, bRohOE clf Bileine CEhoHE b oe O A RRLIRTS T S e

of retmaethln @lenmnd famlnert eomprings thevihg rigé hn@sfableh eleirivne froio rthelifirst
subst antj al Ié Bmlﬂgnged Th first ang second, wi dt hs of the jnner conduit
of t hPBEBIvPr Es¥] a Cé’élﬂr?sé legocting gbthe mayablgcplemeat has ansinpery passageway

has a Johaﬁ h‘é@ﬂmﬁrﬁ‘aﬁmfﬂth t&ﬁlergee@ﬁ éﬁ)gﬁﬂtoﬁré?%dhsthé Bo gfesélb1re%&t%8' tion and a

second vol ume novabl e el is in position, the
secondelf@kpansls be i sepond mydih thafzim largérdhdn the first ovidie catfsmg fheid to flow first and

secon e on ressi bl,e. sec may be
zel ecubifogh dfe MorhfrbPOr hofy” B ol 1%, 5B BB HoRyfit SRR e
nov ablmoedbfneleinentsis letatddeat fthe sdcofd poiiiion refmsttirgihe bhat valnulefromhen t he
nnvableﬁg%enent s in the second position, the second vol une being

appr oxtherse pyrt of thehongingsmekiaerhe movahle glementfran the seeond Reition®dui t of t he
the first position during the step of retracting the blunt cannula at which position the

- normally-open bore is forced closed to prevent fluid flow through the housing; and
wherein the step of moving the movable element frofn the second position to the first
position further comprises moving the inner conduit from the second width to the first
width during the step of retracting, and maintaining the length of the inner conduit
substantially unchanged.

The first and second widths of the inner conduit of the compressible
section may be selected such that the fluid passageway has a first volume when

- the movable element is in the first position and a second volume when the
movable element is in the second position, the second volume being larger than
the first volume. Further, the first and second widths of the inner conduit of the
compressible section may be selected such that the fluid passageway has a first
volume when the movable element is in the first position and a second volume
when the movable element is in the second position, the second volume being

approximately the same as the first volume. Also, the inner conduit of the




29 May 2006 conpressible section may be configured such t prlggg may
continuously flow through the entire inner conduit when t o 3 | e
elenent is located in the second position. The connector nmay further
conprise a support tube having opposing ends, the support tube defining a
| umen ext endi ng between the opposing ends, one end being in fluid

comuni cation with the second port and the lunmen formng a part of the
internal fluid passageway through the connector. The support tube nmay

i L, th || defd ni | i di flyd path bet
A R T Bt R e e e il
i n el alrdwph the ehtie inHMedBRt HRABKE mOVSHle hationt WRBafchen fRRvabl e el enent is

in the seggnd _Positi on, the lunen and slot of the support tube are
posi t i Hi¥EHES PEHPkast in part, within the inner conduit of the conpressible

section Suplk {dieolok e, ATRKe! Mt OBk Hhd BV G Ot he

conpressi bl e section, roug sl ot; " throug of the support

t ube, emis, thesoppirt tube definona lunoant exténditebétoesn the of®sivzyendf06 The i nner
condui ¢t é%qd:Qg CONRYr ssible.sectioq ﬁ%y ha%f QRpoakn first and second
ends, e belng B uig SORFRURIFaam, Witk the ss5pad pettan P*Mand t he nmovabl e
‘el emenform@€f 4 p&S$ ofithehickhAl €@ padsagevidy thittughate eenmieebrofhd he i nner conduit,
the orifice formng part of_a f|0W$ﬁ%.th extending fromthe bore, through

the i nTRPPOE S¥RfUMEY Camanizue Wil theevall driming o slotiprovidingadhid pethor i fice.
Furt heﬁehv%@xftﬂe%}i(ﬁ"b@ttﬁé fgﬁ)eghdttﬁbeluﬁféﬁp?ﬁés ﬂrﬂﬁﬁitﬁﬁ%ma Lnd, at least in
0 a et (0] t he

part, t ocati on outsi e 1 nner condul onpressi ble section
when t ¢tonfiguvabingelatiomémthe inowtabieelemeniomudh plostj whemthecandvabde d f 1 ow pat h

further, extends fromjhe.orifjce, thrau t sl ot , d into the lunen at
he. | CUERERNS Bl B0 PO (BRI GTR: oL e HRAPEEPE A enent nay
f ur t hegostiinea] &qedt SPparfOvitieia ithOhnePERRKIRST thO cdiPres§iBI¥NeE®S& bl e section.,

and said flow path further extends fromthe orifice, and into the
- 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.
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spring section whereby the spring section provides a portizﬁg\éof%hge
internal fluid passageway. The spring section may be extée o n the

noveabl e elenent Is in the first position and when extended, the spring
section has a first internal volune, and the spring section is conpressed
when the noveable elenment is in the second position and when conpressed,
the spring section has a second internal volune, the second internal

vol unme of the spring section being greater than the first internal volune

of the spri section, whe the internal.volu of the portion aof the
{1 ow pat h pidsi HBE G9RHG of S R PLSETbACH oM, ve, Rl B TS Pl
sect i Onsetond &R SReSRst enbRiMPaEackit FRYbIrD off titchead Naid thvesbvaBlH dlémast acent
the first port, the head of ~the npvabl e el ement bei n_gt | ocated in the

i

nar r owedgtinggiagpriffisenlogated b thepsesord pe o the dnna copduit,; the oribigsi TPTBIAE t he
narro | ' | ' e ead to
Close. Bestoh Aun SR EnbRR A e B0 rbleh P Bobl Eorkiis andout BERETC
conpr edsié¢y emsleittthmnugb éhagrifior duettier, the henemasd sliot bE ther sagport tube mathe

novabl e el emrent, s in the first posjtion, the constrigcted region being

i mons T b st v R dg 4 Iostiod Qulsidst o tadfr SR of B coribieSHb s et bl o
sect | onet@ordTwhen ke deatile eRimatd & 4t-the Seddd pdRRonTAR] SRABloRSHAth IfertB&Ct | on
may be connected to the head, and the npveable elenent may further

conpr i &tends fram, gheseratice, Hireugihthersdef, ard infe tholwsreasalithy locaier ppisile afhe
Spring Hefde?Roffling adapted to urge the novable element to the first
position at which the conpressible section is placed within the constricted
regi on. Th&heandyeabldelemenic maprfeghehtemprset 2 springpattivheonpedtetytsthet i on may

b | ded Lan int bl t. T i bl e sectj or
conpr i SomEreT I MApEornd sRA R IEPy N ERFLFdon haHR diG oBPEREICa T e
pl ur al ispMn@fsec@btvineetty e Sfrind@béctRhepRivides 4 HRIIGHTRFARE inRpiTeMhid

connect1 ng toget her adjacent” edges of the wall el enents. Further, the
nmenbr aPesEResyit Ehapringescgdep sy beextaidgd vehtinghe ynavieakle ¢lgmentidnin e i nner

condul .tﬁrgtaﬁosft’h%b%dgg\?}%eﬁ’%ﬂéﬁhednfl%%ﬁﬁﬁg Qe dIFhasHPRES IieARC AEYRMAPER OF the

I nventi on ‘W
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 whereby the internal volume of the portion of the flow path provided by the
spring section is greater when the spring section is compressed.

The housing may include 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. Additionally, the housing may include 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

'wif;ith of inner conduit of the compressible section to move to the first width.




apparent fromthe follow ng detail ed description and the gﬁg&gﬂﬂ@ging
drawi ngs, which illustrate by way of exanple the feature %

i nvention. 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, showing a first port surrounded by thread elenments for
receiving a blunt connector and a threaded cuff, and a second port
conprising a blunt male connector; FIG 2 is an expl oded perspective view
of the nedi cahe eompesstible seetiqn Bay be cenmasiadgotheheads amd thempoveshles of t he

medi cal ' odi . 1 ncl udj n er..npusi ng portion,
2 pi ot ot e oihef Dy RE R krion B HET & H RBRGRR, LTS

elhevati saetiony itevipring seotiog beirgglptedto uagdhe ﬁiohﬁlﬁle eMrnanmthaifﬁstF? el ement
shown in FIG 2;.8 .29 May 2006 FIG 5 is an e i ew of. the sel f-opening
head of Wﬁ@oaiagwéwhéﬁ%ﬁ%rﬁ?ma&lblﬁ|S@9t10nsisg WW&RW;(‘G RORSHEFte] Tegan

Mar qui S epeRRethrdChe cHRBriIfBiG RS apa MR sk QBRI 0y B8 nidl@ePasSt on el ement
of FIG 3; FIG 6 is a perspective viewin partial cross section of the

pi st on @ndpiggral gioveapleplgment.wi th t he section taken across the |ine narked

6-6, show n 21 e ] [ rocondud toin Jits . .nar | y expanded
condi ti on; gpg%?i?éss glgles%gﬁ}g{r?gg cgﬁlg)\%lg? 582“581#%‘1?661%@%?1% gﬁ%ﬁ%nect or of FIG
-1, shouhagbrahb eleomntseniiarplinlisy ofxelatieclysaetival demends] thetti@nmpiagé on el ement

i rst in which the self-openipng bore of the piston head is

i o
1:Ino|se3 e{lgnqqtaﬁ%ﬂepﬁgnwetthﬁ%a W%F&%ﬁﬁéﬁ the wall e totufther Mfusi ng and t he

conpr esghbRng SRind@fs mgb@ﬁe@)te&m&mﬂ Dwatdly WHedlthihiHfed DY a narrowed
regi on of the housing, FIG is an enlarded pergpectlve view of the first
port ofcondeit banthedrgrwidth. FIG 1 showing the sel f-opening head of the
piston el eMgfilse' MAdlo erfaéﬁe%{s & Sa'd%l%ges of the invention will become

apparent from the following detailed description and the accompanying drawings,

which illustrate by way of example the features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a side view of an assembled medical connector that
incorporates aspects of the present invention, showing a first port surrounded by
thread elements for receiving a blunt éonnector and a threaded cuff, and a second
port comprising a blunt male connector;

FIG. 2 is 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;




‘Wi th'the marqui se shaped bore closed to fluid flow, 15 Flg,l\gagia
sectional view of the nmedical connector of FIG 7, taken ¢ g Oqahe l'ine
mar ked 9-9 showi ng the conpressible section in its conpressed
configuration; FIG 10°is a sectional elevation of the nedical connector of
FIG 1, showing the connector in an accessed state with the piston el enent
havi ng been noved to 20 its second position in which the self-opening bore

of the pistonh edt fluid flow i ondui t
of the conpressi gtigeéq “ﬁ‘gso thS ik ﬂa%%%%ﬁgfdsf)%e}étgn isziﬁs}]ﬁqa Krcstate
or second wi g{ohuing RE nbﬂﬁé&aﬁﬁaq oAk 1§ta§hap¥@|bUf@anthﬁnn§lhd sange sect i onal

vi ew of the nedical connector of FIG taken across 25 line 11-11 show ng

t he sel f - exqriantitiog &Sdhdllﬁl&tomﬁlem@@t@f)ﬁlﬁ @ssible section at its nornal

"as-nol ded" sta r secaond w dth for e I FI G 12
S eta 1 vt o B ESRRh U ber BRSO R PR T
i nteracsi onpraf 2hen ﬁﬂe%c@é&ﬂt&ik@ﬂﬁ@rds@tHehﬁleSMQfl@ﬂ% budewihi the fef- sel f -

expanded inner conduit of the conpressible section, and the action of the

spring 30 &panding 1mwrtq®edu@m@tte§grrbalér emeprie comdifignzmy 2006 FIG 13 is a

Cel - expani ng. Aot Fconsirpa s orre PRl soEhist SRR HonE R e

slot in thﬁe%ﬂmtér ihUbgon- aé&ss%aqmtag\ntmth@qﬁstbﬁ@leamemrinﬁmcﬁea pexitishi ng at
the base of the inner conduit that permt fluid flowfromall| parts of the

- conduit i ntis wiieh mﬁ)ielfo@pﬁslmg\bor@ﬂﬁ}ﬁhﬁ pistondeadss elosed tnluid floy BpAiS nuous
L, o B RO S A ety e schoma
.What incor p@rnqir@@e@%@agtfﬁstamdﬂhsy preseMed repioanifitha hoaditg;
FIG. 8 is an enlarged perspective view of the first port of the connector of
FIG. 1 showing the self-opening head of the piston element in the first position
with the marquise shaped bore closed to fluid flow;

15 FIG. 9 is a sectional view of the medical connector of FIG. 7, taken across
the line marked 9-9 showing the compressible section in its compressed
configuration;

FIG. 10 is a sectional elevation of the medical connector of FIG. 1, showing
the connector in an accessed state with the piston element having been moved to

20  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
volume; '

FIG. 11 is a sectional view of the medical connector of FIG. 7 taken across

25  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

30  section on the compressible section;




10 FtGS. 16 through 18 are perspective views of the pi stogg%%%_rshow ng

alternative configurations of the spring section. DETAILE | ON OF
PREFERRED EMBODI MENTS Referring now in detail to the drawings in which |ike
nunerals refer to |like: 15 or correspondi ng el enent's anong the several
figures, there is illustrated in FIG 1 a side external view of a nedical
connector that includes various aspects of the present invention. The

ticul t fi t.i lified i he,. fi [ S,
PPlustrati on puribscs Sy iaoRdaiee chr e i drbfls SH T2 ol

i
%
1

configuratigp %elif-@‘iﬂééiﬁjiﬁ@inrf&'ﬁomn bi 7 §eREnd Wideh; ENNPHbATEDe, tht 6loREn 20

T-connectors, tri-connectors, PRN adapters, slip Luers, tubing engagenent
devi ces, acthessppimsybeypad shotaingenparttdadorfides exisepg at die hyag ohdeess pi ns,

vented adapters, and. others, .The.draw n are roillustratiot poses
oty ARk SR P A SRR ofE af HedonaRabRabe RN B3
housi ngs522 #aatiphsre kPROLAL ke HRRAKinHOUS ARG AT threlsR theatidira ihmarer
housi ng 25 portFon 26. The upper housing portion 24 has a first port 28,

that in thicmglase is a female Luer connector port with thread el ements 30

| ocat ed about t xterior The | ower, housi n ortion eI manates in a
second port 32 B‘ﬁ&g TligF}ngl]rissar‘éé matcs g&ggg%ggprgpgraﬁwégl Ié%?\%%l?:tor 34
defining a ﬁ&%ﬁb@%ﬂeﬁf@ﬂc&ﬁkc&b@r%&l iﬁcéﬂ@ore{f&ﬁsg%&ts@ﬂ%é’@kb\erﬁ t hr eaded

| ocking collar 36°(threads not visible in F 30 Toget her, the upper
housi ng 24 iawentidrg andwer housi ng 26 form the connector 10 29 May 2006

phosphaPescent Lor SAEPBEP aNSr PERE RbAe TP 36 UTen B O oo

room or ey R afi® ERMigdbaforkANSOHENY sefghor opaque material. Tur ni ng now
to FIG 2, an expl oded,” sonewhat perspective view of the 5 connector 20 of

FIG 1 is shown. The connector 20 conprises three parts in this -

embodi ment -t he- hous}ng, 32, 5EEs ook BRePHARER eMAd DIl O | ses the

Referring now in detail to the drawings in which like numerals refer to like

15  or corresponding elements among the several figures, there is illustrated in FIG. 1
a side external view of a medical connector that includes various aspects of the
present invention. The particular connector configuration exemplified in the
figures is for illustration purposes only. The connector may be embodied in
different configurations including, but not limited to, Y-connectors, J-loops,

20  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 illustration 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

25  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 portion 26 terminates in a second port 32 that, in this case,
comprises a male Luuer 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).

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

10




‘upper housing portion 24 and the | ower housing port| on 2629ﬁy286’61”60t or 20

al so includes a novable el enent or piston el enent 38. As be descri bed

in nore detail below, -the piston elenment 38 is nmpunted over a support tube
40 that 10 is forned as part of the | ower housing portion 26. In one

enbodi ment, the support tube 40 extends proximally fromthe center of the

| ower housing portion 26 and has an inner |unen 42 extending the | ength of

t he tube, ndln |1 . 44.0f t ot 46 is forned
that may e P'éﬂﬂg?he%lhmﬁﬂflﬁn%éztrﬂaey B?“‘Eolf&gq nfa? h@%ﬁ%g%&%@ﬁ?géhom t he | ower
housi ng pophb§hocatis@ldragd tadender the coanéctdS20isiiblé ra ﬂhlﬂ(eaed:amn@lr i nt ake
of air fromor to the housing durlmg( movenent of the piston elenent 38. In
anot her enmbmﬂ@medhéa@aﬁﬁgﬂfﬁma oz opg@t matssi@lhousi ng of the enbodi nent
shown in FIGS. and 2 cl det ai g and that
| oner the costs gt I%HB‘I’V F;#ef AT AJ)% E@%‘ﬁ’ﬁ"‘% e@%%ﬁ%&@grface of

the upper Reabé@Rr ABCPIIGL NEs SIMRt. TTRE Sbifectd T ¢odiiprd®s iisrespladedn tids i ncl ude
a crown shaped outer shell that has several crown points 50. tﬁlthough not

shown in Flembozl;melktethedncelﬁmgﬂ%fseﬁWéGl birrnysaerel &%) 8D COPPHRS Weper housi ng

ortion 24 is ded to |n e thg t he
(F:) [ own- s hapé]t]i’pla]gﬁ%lfﬂm%r %I t@ﬁqg&%ﬁ%@ ¢ t‘?@? g](‘)heo; %h lFC{EES'Z@I ower
housi ng pOra‘ldoQHclﬁ@esf@ErﬁavﬁM@%@xﬂeﬂMdrfpnttbﬁ elmimitemenﬂtsaavtﬁ tmsr«b@mnbhhpﬁs ( not

shown) of the upper housing portion 24 thereby facilitating % @&B
assenbl y ofmerealetaibibadal, drmeen gremtsitni§ mwfé%ﬁvﬁ‘frl%ﬁlp@?rﬁ%‘ §14 f“hcl uded

pllace B heas ToUg by e o g R 2P B e SR, B Ton has

- _been forcedygfo@\etie J,mextgﬂ@pprrob(ﬁgalﬁﬂfroﬁlﬁe@eﬁmbf Vnedbwtehhousmg\nposimpes al so

oner housidgsohas Drinze: besn 4heyearias SAKpAcT SydtHern b anEtt
assenbl y Of4ﬂ;[ gﬁhg RRSE e, angﬁlﬁbﬂﬁnzﬂ% c}t'&rﬁs%ﬁ'&ec{ i8¢ may extend the length of the
| tube. In the embodiment shown, the lower housing portion 26 also includes a
15  vent 53 used for the escape or intake of air from or to the housing during
movement of the piston element 38. In another embodiment, there may not be a
vent.
The housing of the embodiment shown in FIGS. 1 and 2 includes details
that aid in manufacturing and that lower the costs of manufacture. As an
20  example, the exterior surface of the upper portion 48 of the lower housing
portion 26 is molded to include a crown shaped outer shell that has several
crown points 50. Although not shown in FIG. 2, the interior of the lower portion
52 of the upper housing portion 24 is molded to include a éompiementary shaped
pattern to the crown-shaped lower housing portion. The crown shapes 50 of the
25  lower housing 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

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

11




| over housi ng portion may al so be achieved by neans such a | trasonic weld
2y cie

geonetry, a spin weld, bonding, or by other neans in othe nts.
This 5 design has been found to result in an efficiently manufactured
housi ng assenbly that is accurately assenbled, that is quickly and
efficiently snapped into a secure assenbly. Referring nowto FIGS. 3 and 4
enlarged views of a resiliently defornmable piston elenent 38 are

t ed. i st Lenent 38,1 | - ' h
Potated at FFanirangpua e gofiEElud e nR Ol Bl P L
mai N sect i QAgpped BE&henN MaathnbA: aRewblysfats upper lsrstdgoporibn vatrha

conpressi bl e section or spring section 58. The conpressible section is
| ocated bdewiehousing Ietidn aray alsebe pehipvpd brh@epRSIUSH a8 WFERSIRIGHSds Ui t abl v

be nol ded as _one piece fram a.resiki i.al sSikli.C or
rubber. 15 g?ﬂ@eﬁys$%n%ea\(éi’o%ozf%il%Ioﬁé)ggoqge{%%ﬂﬁérﬁﬂt%énf%@ﬁ%% H|S's el'liptical
in outes shaRa hadbeefRQUlTesillopeedfisiatl denusatiiedhogingmasenisyci r cul ar
in plan cross-section. Referring now also to FIG 5, a r qui se- shaped
bore 64 is tharisaacuraigin assempledpetiag i QWC@HéBQ@f@%@@e%@PBTEE BYO 21S66HEed

bet ween t he heaﬂ 54 and the shoul der section 62 is an elliptical-conical
section 61 ¥hat &ssists in causi ng the 20 marqui se-shaped bore to tend to
remai n open. FoRefdiihf aowi@tAGES3 andtdhenlagpe vitwsast aofesilieatlpidefoomablead, see
U.S. Patent No. 5,676,346 to Leinsing, which is_incorporated, herein by

ref erence. DiStoR6legiensdB ash avgseniedr|1ds same pistog elament i is é]f.‘)%?é%g? e

acpect W of W HRGEaR - BHRAERF R (AR iRt IRARER 0T (1

0ss- sect i @Ral m¥inec@inst AGist6Q Hpa®Ss) Dtanprstiblersebfon S6,smam. As can be
clearly seen, the conpressible section includes an inner conduit 66 fornmed
by two oppowmmgessillasqorienyprspring sogiion 5% | Broprmpisasibls sectinmels dediret t ed

e e BRI B T B S RIS S BTk ot e
with a w dtdhefRecd froshotekitiehemaadrad stuttads dib@necermubérdt h" is
15 The piston head 54 includes a top portion 60 that is elliptical in outer
shape, and a bottom, tapered shoulder section 62 that is circular in plan
cross-section. Referring now also to FIG. 5, a marquise-shaped bore 64 is formed
in the elliptically-shaped top section 60. Located between the head 54 and the
shoulder section 62 is an eliiptical-conical section 61 that assists in causing the

20 ‘ marquise-shaped bore to tend to remain open. For further details on the

C } 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—expanding inner conduit that forms one of
the aspects of the invention.

25 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 relatively stff wall
-elements 68 that are connected together by two opposing relatively flexible
membrane elements 70. The interconnection of the wall elements 68 results in

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

12




12 29 May 2006 not used herein in a restrictive sense; th@%%s, %} IS not
used to indicate the dinension in any particular directi ytzﬂ t he
inner conduit. It is used instead in a general sense to indicate the
interior cross-sectional: opening size of the inner* conduit neasured at
right angles to the longitudinal axis of the noveable 5 elenment. The
menbrane el enents 70 are adapted to fold inwardly when a radially
conpressive force is_applied to the cqonpressible s ti.og. 56..Due to the
relative gtatfuppbBerest I EeSigVe PR HES 158" is PRE UFA GRS HE | nner
conduit 66 f.enmi:NS : i-alt M. 3 i gl i ressive
force. V%en({lﬁh%gglrgg |gwggﬁgﬁzﬁ%ﬁég@?%ﬁ%?ﬂﬁiﬁ? %%%/teggg?klr%éﬁgegg t he

~inner conduita &eid semdef odndiandithgintenior ¢resmsectionabxqpanihgusine of the inneropen,

as shown in FIG 6, under the force praqvided, by the resilient material of
the conpres®¥ngHE meastrshagght ppeles e CiﬂBS‘é‘éfilf‘ﬂa&mst‘ert%F%%vrea@Ghduit shown
in FIG 6 h&@m@ﬂt unusual openi ng shape. However, the advantageous nature
of this opening sShape will be 15 apparent when later figures are discussed
bel ow. Ref erri ngriroweinbrdrleGlements 76 arendapkdro 26dohwrdy when @ refiglip i n

vertical cross-sectional folr_émt. It shoul d,be not %% t hat tge Fﬁonnect or
depi ct ed | nCOPRREESSYVY freq ig agpli R SOBRTE I ,uent(?_t Faf 5% nnul a
has been | nagfledod eQydif Schichles, BRY fendfh dithe it dos@iMUBIreAkIAN ¢ hr ough

t he connector. upper ‘housi hg portion 24 has sections of varying
i nternal di aetetially Thestamtierdeabuchaatiiatly compeessivg fadiead¥mn thegadiallyt port

28 includes a standard ANSI Luer tagper, portion 100 .that incorporates a
very silPght COmRIEFA fopes is r‘?*i‘i@v‘?fje?ﬁ@agc‘ﬁjorﬂﬁ? Hﬁleié%mﬁﬁggglﬁ S&i}cgeé(PBP &r nal

aneter th i | IF8G. §aRRleatRdfdréoprokiRdL Uer
t aper porti%nﬂi%@gsE@E%Pa{@%ué%%g%ﬂp%%??gﬂqﬁﬁ. The 25 botto&?nﬁggorti on 106

of the uppeby ttruskitignpmatdraholhetrasipaedsinigesctiont™dr nal  di ameter than the
center portion 11? %ar(i1 %g .niO%EdSt?lEl? {h%tiggeg cro%@ugths%o%r%r}}l%c}f) 8 E'IELIS an u?ﬁsual
opening shape. However, the advantageous nature of this opening shape will be
15 apparent when later figures are discussed below. |
Referring now to FIG. 7, the connector 20 of FIG. 1 is shown in vertical
cross-sectional format. It should be noted that the connector depicted in FIG. 7'is
in an unaccessed state. That is, no blunt cannula has been inserted into its first
port 28 for fluid communication through the connector.

20 The upper housing portion 24 has sections of varying internal diameter.

! }, 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

25  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 f)Ortion 108. Thus, in relation to the bottom portion 106, the
center portion 162 represents a constricted region, and, in relation to the center

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

13




‘a tapered ranp portion 108. Thus, in relation to the bottg&g&g&%bgn 106,
the center portion 102 represents a constricted region, ] el ation
to the center portion 102, the Luer taper portion 100 represents a
narrowed region. The 13 29 May 2006 bottom portion 106 has an inner

di aneter | arge enough to permt the inner conduit 66 to self-expand.
Referring now to both FIGS. 7 and 3, the spring section 58 is shown and
will be discussed in detail. I.n the enbodi nent s , pring
section 58 PHGE P@Bﬁlﬁf}"g@ﬁ’eéﬁﬁ HINSE Fit?d’égsf E’F%Fr SRI4EY t8fpré?f§ﬂat¥“% \lk/@]e? stiff
annul ar wal Lo RRftdePRSselldpdl y two of which are indicated by the nuneral
110 to preserve clarity in the drawi ngs), connected to each other by

rel atively fl exiRéferrimpmiwro hotgd§S1T2and 3, shespring festion A§ i3 Hwovepandg

section. The,annul ar L1 portions.110 di sed af t center of t
spring sectwgﬁgﬁgﬁuﬁ\é\gﬁbﬁﬁéﬁf QE?HS ﬁ’é%lée T%g‘?%eéltﬁ%@vn’gﬁetsﬁgﬁgﬁf%ﬁgr#t s
their bendi pgoatistRe ©eMigle RUDhty i choney sastarshaRevangortidas hioges
result in conpreSsion of the spring 58 in a controlled elastic fashion to

assune a beldmyswb ok whitisare indicated portbe numesal Bho @l rysesvhgpdasingef or ce, as

will be described in relation to.Fl 10 bel ow. ..The_inney. di er of the
spring sect ’Eﬁ’f"@égi’ §OTC teoeaf%oﬁﬁfﬁnfsgéﬁvﬁy%%e g&%aélfeﬁltnggggﬁ’i ng over.
the support _tcggéﬁ?er‘fgrrﬁﬂg thd€prtif Rictigh amak @hnalar WREl sdRtibAY11G dispededaited to

al l ow positioning of the spring within the housing 22. The spring is

easi |y sli détd entarerf thtepringpgrotion habe an hoirglasishapd bt MieatFlohdhabut when a
ive force.i Lied t I h : ts th
Sortng 1y oRPRUGIEN e she et BBl Phe b RS MGG T, 2°

- bel | ovs- t ypeesaf is f&aﬁﬁreslsiantdﬁh@ggmgfe%ﬁda%b@ztr@uaf elbfte: fasHibaes assuk #s shown
section 0o

in FIG 7, the spring t he piston elenent 38 urges the
conpr essi bl belwes-libnsispetinrespghsa tpean axially compressive force, as will be

described in relation to FIG. 10 below.
The inner diameter of the spring section 58 is selected to allow poéitjoning
15  of the spring over the support tube 42 and the outer diameter of the spring is
selected to allow positioning of the spring within the housing 22. The spring is
easily slidable over the support tube 42 in the embodiment shown but when a
compressive force is applied to the spring, the support tube prevents the spring
from buckling and assists the spring in a controlled change to a bellows-type

20 shape.

j } In the unaccessed state of the connector 20 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 compressible section 56 in this

25  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

30 _width, that is much less than the second expanded width of the inner conduit 66
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-ranp- portion 108 of the upper housing portion 24 into the relat] 6ely
constricted center portion 102. The | ocation of the corrprzgigﬁybzpé section
56 in this 25 constricted |ocation causes conpression of the conpressible
section and the inner ~c¢onduit, as shown in FIG 9/ Aradially conpressive -
force is applied to the conpressible section that causes the nenbrane
elenments 70 to fold inwardly and the stiff wall elenents 68 to nove toward

each other as shown, i.n FI 9.+t her epy . ' : ' L dth 72
of the. i nnehowEbatc Sog<tes bl yiedl o At Sordhf BN RGO,
than the sesQnd vaxupanderbwh i RI s, et ipAer alt e ductflB6 widkil@8Be MayelR@06 shown
in FIG 6. Had there been any fluid in the inner conduit 66 when it had its
second wi dih thedgnghenmuitrassyraed ghe prss widshishawn 1BIEIG- Bf that fluid woul d be
expelled as the inner conduilt. as i i ‘ i 9. The.
cross-secti onal %t}"? E\{/(\)/S%?ecgf)gagl ‘?e‘ghog\ﬁ@ %éﬁﬁ{ glre 3%%%(%{0%&?&%%?85&%& ts 5

of the xonpgeiofon@bctbher givhedhdmmendiseuss®dThd Gpperipeningopstiog 2gorti on 24
. includes the first port 28 that conprises a female Luer connector %ﬁrt W th
thread el éndndes thofirsparicB Hiso gempHeessk feamale FuerGalnestos PeT eIty tigethect ed

to the | owe housi rt.i on. .26 I i i i.acl udes t he
second por telieﬁen ﬁg?&@gﬁ%ﬁqo& ghet %}Sﬁlﬂ%’ & gﬁﬁ%&gi’)@r’] gg?%@%%&vn\tnh% ﬁo‘g&f hr eaded
| ocking CO'HO@&iﬂ@?orti]&l FheThalerardlousitzgattonre indsddl teisacdidpor?32The | ower

housi ng portion 26 also includes the support tube 40 integrally formed
with the | chetreommuisehihepaleilagr connectr 3t Wi ddinraded IQ%H%G@E%d%wube has a

- lengt hat.resul in_i I i S gl £ ot usi ng
: \gort i gjnd 24%@‘%%{%% d&%ﬁ%# %ieeﬁ.ﬁ%{%ﬁ%thg% ngcse%wa%@esﬁﬁﬁe%@q@sal%at ure is
~&l so appar gadludiésafiv Eligpor2 tubkStRutédiely fdrhednwiviadielioatee hensingmopiiet.on 38 is

shown nount ed over the support tube and extending t? the first port 28 of
the upper Howkis smbedimensnthesupparidups Sabn lanes thsy Tesutligiih ps fog¥8 nar r owed
Luer taper reaqi . Of, t i i o) ti, S {s0W ng has
caused b conpreder VAR inedtfe ylrble potfidh 2P RE oA M i
been assembled. This feature is also apparent from FIG. 2. '
15 Further, the movable element or piston 38 is shown mounted over the

support tube and extending to the first port 28 of the upper housing portion 24.

The piston head 54 is within the narrowed Luer taper region 100 of the first
housing portion and this narrowing has caused a compressive force to be exerted
against the elliptical portion 60 of the piston head 54, thereby causing the

20  marquise-shaped bore 64 to be closed. This closed configuration is more clearly

P } shown in FIG. 8 where the top of the piston head can be seen and the 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.

25 1t should be noted that the fluid 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

30  do not change with the connector being accessed, as will be discussed below.
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-against the elliptical portion 60 of the piston head 54, tgﬁ’ﬁe% 6;ausi ng
the 20 mar qui se-shaped bore 64 to be closed. This closed c2 P ? tionis
more clearly shown in.FIG 8 where the top of the piston head can be seen
and the closed bore 64:s clearly seen. It should’also be noted that this
configuration permts easy w ping of the piston head before use. This

cl osed bore 64 blocks the fluid flow through the valve in this unaccessed

tate. 25 Lt should be neted that the fluid vol i £ hixm, the . tor 20
Tnthi s unkelde s b4t HCoidhiniad e SLAE Bt HORE RS o oo
under the 1glQseeupa! Gidfatdd6l tharedss gadidalih 6. ¥ hésuliglin themanjgieessi bl e

section, the l'umen 42 of the support tube and the second port 32. It is
al so i nf or shepadebare baisgehpwatalonhss knghoand thipehastde spperangpehbarg rigid

structures and eir internal .vol.une 0.do i , onnect or
bei ng acced®EY;, E—nge\x;q, B %és%cgg%g@gqosfgg? 5h O%Efgaﬁ}gggi%nosg%?ﬁ@t he bore
64 of the phsiAm PRAR MhARBERS tha theboRaRcied! G 7, it is closed. The
particular orientation of the cross sectionin FIG 7 results in the

mar qui se- shapedn buottereferepcs oG ol dhy spring inshigen 2 basel 1L AEkatias t he

appear ance of bein en ver . a_ perspecti A . t he
pi st on head™O¥YE a_g@eﬂ%ﬁ Hg‘oﬁ’ eﬂ?p'gf%uﬁg%d #é%gflbgwé@?%ggd%ﬁgmgére i's
closed. In jrgrd beae &%ﬁ@gw tubePlyGrictlon, tiaBes s, ior@théichedtas Farbase 114 that
is mounted at the base 6 of thé support tube 40. The S&I‘gl ng may be held

in place axample, mthe pesetiemhospoent, thipaowmble elesrgns 38 iaalesd ietheor ot her

g TR S R LA R e L S e R
“t

e suppor timk phe H fidioddiead sl ddd Besipice hedsiag polouwm 24 anglatdie upper

housi ng portion 24 i's placed over the novable elenment 38 and secured to
the | ower Hhavesthegmpealtie element 3dandrsepadd 4 dielowss beysiBgPRELeR A%nsi ons of

e, UPPer NS ROLA! SRR Sl UG PP AR5 B Dt
lower housing portion are such that there is constant, although limited, axial
15  compressive pressure placed on the movable element 38, the spring section 58
tends to stay in position as shown. This may be referred to as a pre-load force.
Incorporated U.S. Patent No. 5,676,346 to Leinsing may be referred to for further
details. Extending proximally from the center of the base 116 is the support tube
40. Extending distally from the base is the male-Luer taper connector 34 having

20  alumen 35 that is coaxial with the lumen 42 of the support tube 40.

} Turning now to FIG. 10, the connector 20 in an accessed state is shown. A

blunt cannula 130, which is a male Luer connector in this case, has been inserted
into the first port 28 into contact with the top section 60 of the piston element
head and has moved the piston element so that the compressible section 56 is

25  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 piston head results in the bore 64 of the piston head being self-opening.
‘That s, 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

30  FIGS. 3 and 4) of the piston element head 54 also uses the axial force from

e




15 conpressive pressure placed on the novabl e el enent 38, b%ﬂ& S@r%ng
section 58 tends to stay in position as shown. This may rdfed to as
a pre-load force. Incorporated U.S. Patent No. 5,676,346 to Leinsing nmay
be referred to for further details. Extending proximally fromthe center
of the base 116 is the support tube 40. Extending distally fromthe base
is the mal e-Luer taper connector 34 having 20 a lunmen 35 that is coaxial
with the lunen 42 of the support tube 40.. Turni.n wito ElG.,10, the
connect or 2@PeriEpTHAf %d@%éﬂe&%@@k%ﬁ@ﬁm? Oﬁ\enlﬂg{fﬁﬁl%%%ﬁéﬂa Y8 which is
a mal e Luer bihiRi80 BRSDiINEE Meh M 506 tBE larkdtifteliae of tHeSt port
28 into corﬁkgeglﬁﬂ\%ﬁlﬁgtch%h‘% op S c%?%sn 63310f t he piston e%efment head and has
+ noved the piositiag 28 aneridid comipatssivh éorcenpreasioved frost theqnistes head, 28e now
. partially qver the support tube 40._ The spring,58 is no npressed. As is .
. descri bed ireo$selbapeRs toNpw B?Wflﬁﬁgﬁ?‘ﬁ t{}@ﬁ%gitﬁﬁ,m‘%rf%\{%&?&fi guration of

the pisjon head g L RokiBfesaBlEsebhoRbs il odtiggt@lsigad ahanaer

sel f-opst’eni ng. 'Fﬁlglg%li’?chkﬁgﬁi@orsg 6?4 ei s0 nor rlral 'y g(?pen_and radi al conpressive

f orces nusteohéuit®opk seftexmridives. pitsttds) the aher gonduit 66 itrorboly at the

el liptical -conical portion 61 (see 30.FIGS. 3.and 4) .of .the pist el ement

head 54 al %C%@lqtﬁé‘ngﬁ?‘glla??‘?ﬂ%%ﬁw%fﬂri% IPH%t@ﬁtqp(S’H}E‘ago 0 rsssﬂa%r 130 to

(facilitate s RPabRlinhdRanf Go fFBRS: o MhRN diallen ligstoaan] a 130

‘presses the piston head into the larger interior of the housing 22 and
radi al conpFlessiviien fibe mate emautaiif/prsfasdhe piseorpheadonthdwdargehinteion e 64

© self-opens to now permt fluid flow throygh the connector 20. 5 Simlarly,
' ,5-t“}ge cog%r es‘_éfitb? Bo‘é%ES g‘gna%%rq _al(,CBH’erEﬁﬁ]rvggg’é‘:BS f’"ff‘artmf%ggitﬁf?ﬁéﬁ]e conduit 66 is
'sel f- expandiy rF%ME sé&ion! B% ipﬂ@@éorﬁi‘ﬁﬂcgé $elB6pand O ey ARl drYerdbedddswidegcond

wi dth and radi"al conpressive forces nust be applied to the conpressible
section to thhowil hbe fenméra aogetdiuid valunteowiibincdeiftuid pagsagevan e theml | er

first width. Thus n the mal.e cannul a 130 presses.t i st .head into
the |arger ‘iW@?WB?O\Q%%HIa %mgﬁ%‘?lﬁ'&rfﬁ?‘: ncam?%e&is%qes g%&%?@&éﬁeg% IB orces are
removed frogybier (50 @i@;ﬁ%ﬁé&@%&% tht REnASHEY oCATR AL M abedlimex pands

| to its larger secon .
| 15  to the fluid passageway. As can be seen by reference to FIG. 10, pressing the

male cannula 130 into the connector 20 shortens the length of the fluid
passageway through the connector from the length in FIG. 7 and would otherwise
thereby reduce the volume of the fluid flow path also. However, the increased
width of the inner conduit volumetrically counteracts this decrease in length.

20  This is discussed in more detail below in regard to FIGS. 14 and 15.

j In FIG. 10, it is shown that the compressible section 56 and the inner
conduit 66 are now located partially over the support tube 40. This arrangement
can be seen in greater detail in the enlarged diagram of FIG. 12. The support-
tube however includes a lumen 42 through which fluid may flow and a

25  longitudinal slot 46 in the wall 44 of the tube through which fluid may
condnuously 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 accessed state. No reservoirs or dead
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‘that ‘will now permt a larger fluid volume within the flukggﬁazﬁﬁgemay of
the connector 20. This larger wdth either exactly conpe & r the

decrease in length of the fluid passageway through the connector or adds
addi tional volume 15'to the fluid passageway. As can be seen by reference
to FIG 10, pressing the male cannula 130 into the connector 20 shortens
the length of the fluid passageway through the connector fromthe | ength

in FIG 7 and woul d ot herwise therepy re%utﬁe t he vol une of %h alfuid fl ow
path al so. SHBGRVIEANY H3tare G¥ist 6 a7f eagh daH rthe AUld pREEcUEy 4t papted tor

vol unetrical | y: Al S decrease in length. 20 This is discussed in
more det ai ?é%érlﬁé’v‘ﬁ.‘%&&?%%?‘éﬁﬁ% FIGS. 14 and 15. In FIG 10, it is shown

that the conpresgirhing eectlsono BE:.dridint doajunien witoRiguil0, 88 iateasiowm dlocat ed
partially over the support tube 4Q. This arran nt. can .Seen . in
greater det@eISuPPPIt Hebeet], Als Jedeniddy F‘%ﬁf%ﬁ&ﬁ%&%ﬁn&%ﬂ@eg ﬁgéepﬁﬁe
however i nc r i l-doiRYridv opRNd pawdich i

| ongi £ udli na*éjgﬁ%gtf?ozfégﬁ&teﬁ%n 1Ql ?@21%;{: 8%%%%% hrough whi ch f1 ui dlsmay
cont i nuous| y chhrmerdrih chaundeset] softe t e FELPdortposdible drigntatican thesletahd out

of the inner conduit as shown in FIG. 10, .Fluid that may reach the sprin

section wi | the sHpReFtubawiththe mneéﬁ?nfgl?lt PR 1§ PhIye Pﬂt fﬁ?és %%1&%8@% E‘?ee sg t hgt

cont i nuous r I i I8t d
{606 8P A" Tiop R ONONSittes b @@0&{@@0 {BE sHIQMis ol dFahagers e

state. No reservoirs o 06 space of any nature exist so
that each pegddued THiepdddvivdr pesisagimgaioes noapeyerfldidflovegwoughudiesinifow

through it. Turning now also_to FIG 11 in conjuncti with FIG. 10, the
it or ad0i oncaHun HaauspORES Laparaniovded TafBRCSn ol e SRR i 1 n 1 he

“nner cond \ljbltéjv‘\’?% @Epeﬁi [?(gw %\%ﬁ,?%e&{ @?1&1@&1 L8HuRRGHGhe BtdRimallpdisiod dFHRSS

secti onal a connector in the accessed state. In
FIG 11, a gossidkdonr Thatalignad dibgtaneisFiG. 18fshowhehsopenstl32uperan th t he
i nner conduit wall is shown, In this ,co'OEiE ur at.i OB§ the , sl ot t he

f
support t ubglepd¥i Hetheagassied st s PPIRL Trechigh PEtwssT spe tgﬂréngg%c n

58 and the compressible section 56 may be configured to define the orifices 132
15  through which the support tube 40 protrudes. Thus, at the distal end of the inner
conduit 66, a plurality of gaps or orifices 132 may be defined between the piston
element 38 and the support tube 40 which collectively provide a fluid flow path
between all portions of the inner conduit 66 and the proximal section 133 (see
FIG. 12) of the spring section 58, from whence fluid may flow into the lumen 42

20  of the support tube via the slot 46.

i} Thus, the compressible section 56 is configured so that when the

connector 20 is accessed by a blunt cannula 130, fluid may flow continuously
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
25  configured to provide a larger fluid passageway width at the location of the
compressible section 56 whén 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 unacceééed state, as shown in

FIG. 7.
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. japprecia

-conduit. This particular positioning does not prevent fl ui;_gbjll oW é hr ough
the inner 10 conduit because orifices 132 are provided at heaybo? om of the
inner conduit to provide for fluid flow between the inner conduit and the
proxi mal portion of the  spring section. The enlarged diagramin FIG 13
shows the orifices 132 nore clearly. in the accessed state, the point of
connection between the spring section 58 and the conpressible section 56
may be confi gured . fi rifi r ! pport
Fube. 40 prot rudbevil e PptdfarblBnd W eRe 43246 0 Lt deghetibeh diadury
plurality @b tgansis@ici®s bhé cEthelBembeghelsderdedts 70dn FEGwebrfluidengy Bavon

el ement 38 and _the support tube 40 which cgl | ecti vel rﬁéi.de a fluid flow
path bet weltisctdy betyser flaniingn 44 ef thefape &g (glaﬁ{nnggcgml{ VErO%iStal  section

133 (see FLG. 1%%&@1‘81 '\tg&ﬁtfﬁgaiﬂgg, &?Sﬁ%kg‘gleft‘ﬁiﬁcfﬁ Em_m;hence fluid may flow

into the | urfen support e via the slot 46. Thus, the
conpr essi bl e seqbibeiflpbeitgaohi tiguaedsssd stanass sivem trhG. dOndecntnado i s

accessed by a_blunt cannula 130, fluid y fhl ow, C ng}ipnuo |y . through the

entire i nnéhid pAYRASTWEIFRITHOE QnPeder g@ilsrt B@%W A SEaWypdftOBny poi nt

| n which f lelllédlq P B }Hhﬁq%l%g’of hel g'std'ﬁr clbRbAY, i8dugil iGe PhSiecOnnel @RIt 38 i
%o’prO\ﬁdea Puid

25 configure ar ger passageway w dth at the | ocation of
the conpr essidixbags eetluaren5P vhidie suppom ous endthicsighrithe hecoadqwssdd Bt at'e,

as shown in FIG 10, thus increasing the volunge of. the fluid,passageway or
keepi ng it WiHéde appreciated FWWWQ?fTeYWéECYWh}Fgﬁb‘Hi§a Ué‘i?v’lnnth?%%g% i
unaccessed i : trhk i

apir oot ot edit Paecfite A TR Pe polig e iy it lBK O RED T TR 2 <o ¢ hat

it is faci ngseewaf of K, Menisseen aherremdsby7 thei amdind thad thef i wiccamaplaf | ow

directly between the | unen 42 of the tube and the .inner conduit via the
slot 46 orl30hhasanree thepitsk PPTLASH OF i A0RFH §YRY: HE HPPRRT WIJI“&‘"‘EGIE% To

briefly reijfgralSdulbetiti 366&S B pleube 48 NeWvdvRr thEseltRupdditor 6t er nal

the inner conduit to a greater width has volumetrically compensated for the

£

15  decrease in length of the internal fluid passageway. Conversely, as the blunt -
| male connector 130 is withdrawn from the first port 28, the internal fluid
passageway through the connector will lengthen, but at the same time the width
of the inner conduit will decrease. If the decrease in width decreases the volume
of fluid in the internal fluid passageway of the connector by an amount greater

| 20  than the increase in length causes an increase in volume, a bolus of fluid may be

V} expelled by the connector 20 through the second port.

o In further detail, the inner conduit will be discussed. Referring 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

25  relative stiffness of the wall elements 68, the length 134 of the inner conduit 66
remains substantially constant under such radially compressive force. Where the
radially 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 compressible section 56.
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fluid passageway th-r.ough the connector 20 is through the r f the piston
eyt

el enment, through the head of the piston el enent, through e inner
conduit 66, through the.lunen 42 of the support twube, and through the
second port 32. It wll be appreciated that flow nay be reversed when
fluid is wthdrawn through 10 the connector. It should be noted that in
conparison to FIG 7, the internal fluid passageway of FIG 10 has been

shortened by the anpu hat t he the first
port 28, or, ? ‘ﬂ&cf %ﬁsaﬁ%%%ﬁgggmﬂle%%gﬁp%f%ﬁer Llg”gnduit 66 now
covers the &P&Bﬁrsb ds 40 el HOWRNEES périiens el § te uhemsiaglyafefotane i nner
conduit to a greater width has- vol urretrl cally conpensated for the 15

decr ease i rinwerdly hndputirrdiyhvarlsalloning EptpEe gg@%zy magply A e ipgess t he

bl unt mal onnect or h t he internal
f1 uid pas e%‘frxetn?ﬁlgi%ﬁ Fﬁgwé@ g‘ ?f@? I‘IS&F})? {}% %hn%f)%{méfs% he same tine
the widgh &BﬁgmUbﬁmﬁow@nﬂmGs wi drld Henileaseal tlhfat Whendedreecamﬁgumtmdt h

decreases the volune of fluid in the internal fluid dz Wa?c/Of t he
connect or of Ei@. b@rﬁhﬁﬁp@ﬁ@&@c@ﬁnﬁ@ lsraeprRBUGeR EQ ggasxgcqe,qsq ngfrﬂ ides an

i ncrease in vol une of fluid or 20
t hr ough t h@@?@gW&yﬁﬁ h%ﬁe F?ﬁl}eﬁgc%'r aﬂﬁéng fio @Q?Jr?ﬁg?o@%% Ut wil ﬁﬁ)t
di scussed. Ref-8ARdAG. t&c&h@he%n@lﬂ@ﬂal,sldth& gxedthisanbsiehgatiynalsng theray be

adapted to fold inwardly when a radially conpressive fqQrce is applied to
t he conpr estmtbteplsmsﬂcmn lm@hmthﬂq@nﬁsur@%qf\FéGsW:fﬂtﬁ dB%6f the wal |

 GonarmD Creoskingonsy G ditfip gl 3830rfET fiegfithe SR RRadtRuant Tl 1y

eSSI ve orce

ere radi al |

scpnst a
o onpr essi vepkQupgork %useewy@sdltﬁfg f e ubectidrhef thaitngesAnQuitrings i s sol f -

expandi ng and tends to expand under the force provided by the resilient
mat eri al of carhpressborpoledisispriagsedidion 56. 19 29 May 2006 In regard to the

spring section lsfgé[f the ﬁ%ﬁéo?iﬁle%gﬁﬂé tsésc%oﬁe% sllﬁ'ﬁhlefy(ten‘aﬁfi%ﬁﬂﬁgéﬁnaﬁ to

permt the annu ernatin
when the moveable element 38 is in the first position; i.e., the connector 20 has

15  not been accessed by a male Luer. As can be seen, the spring section is located
quite close to the support tube 40 along its entire length. At this location, the
spring section has a first internal volume. When the connector 20 has been
accessed and the moveable element 38 has béen located at its second position as
shown in FIG. 10, the spring section 58 has been compressed. In compression,

20  parts of the spring section remain close to the support tube 40 while other parts

} move outwards forming the spaces 59 indicated in FIG. 10. Taking the internal

volume of the spring section, which includes the parts near and the parts farther
away from the support tube 40, the spring section has a second internal volume,
and that second internal volume is greater than the first internal volume
25  (extended, or uncompressed, spring section). 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

30 accessed. Conversely, when the connector is unaccessed; i.e., when the male

20




i nwardly and outwardly, while allowing rotation to occur @i@%og t he

hi nges 112, as exenplified in FIG 10. A conparison of t ring
section 58 5 configurations shown in FIGS. 7 and 10 will reveal that when
in the configuration of -FIG 10, the spring section 58 also contributes to
the increased internal fluid passageway through the connector resulting
frominsertion of the male Luer into the connector. Because the

| ongi tudi nal sl ot .46 .extends substant.ially.alo Lr Lhg. section
ength i n et dandd GriRRERBCart AR e D08 srotaa i 9Ee bt KEnflistth o

wi thin the s’?l]B%‘%ﬁ 138, 7 ehdvesl BR{MBEIng Rea FREdead: et nenvalathe of ke suppor t
tube 40 resulting fromthe "action of the hinges 112 during conpression of

t he spring istrhildiuid Refsegewaythrough the nnER®rspring section 58 is in an

t ended fi ti when t Le. t i s in.the fik .
;e))c()sie{] i gn; Cio.nel. g% ﬁ’éﬁ Bgﬁﬂgﬁ%}ec{;@a QZO%?@%H%H%% B eenShg %geq;féggsé)@ﬁ%géﬁgﬁé Luer .
As can he sgensibe. Wah@f’sx% bk eihdestol FRat fowGbie] eesedriigefote, srnguppor t

tube 40 along’its entire length. At this location, the spring, section has
a first intschiah reofrrase, Whemetdiferotiabeelymelpnges prBpesdeeadded and t he

bl I t 38 b | ted at | Lt h [
PG 10, ¢ HeNeRTh PG O st oae Bh teimip B ahe ARRLab R Ber 005,

parts of t h@an?ﬁﬁsﬂ@d@ﬁﬁ&étﬁihsﬁﬁﬂﬁﬁé‘c&d@@%ﬂ& fsbeupantlat sémiohs, whil | e ot her
parts nove outwards formng the spaces 59 indicated in FIG 10. Taking the

internal  voiickmessodnd heighpor mgydedude diffepnicepniigeraigas of Hie SPEPESCHEN and
the parts farther away fromt S rt tube 40, the spring section has a
8 condlbnt e?l?'f'éfleg’véf GW,Xphfgel%uthﬁ§§‘ g@@@hd internal volune is greater than

“the first internghe Y@ 4Be 3BpfRKtRRIENAlsO hasl Agaipr &baathges Becagesect i on) .
Because of this configuration and the fact that the slot in the support

tube ext endsakentip vohenair thegntsenal iflmid passegewr bryiraealiiGsizeohese i 1536 ¢ of
the internal flui assageway t hrough e. C ) i-ment
shown, the SPMF OEBB{C‘SIE%%%%?SF?W S «gn Ealhenée%)?]ﬂ g&o?&rpedti%ﬁ%rgg%f g t hat
internal 1 gicpass anaway W dnheles ORe phahgsayBh the uaasadsedCoareahsel y,

when the connector is unaccessed; i.e., when the nale e iq s
' 15  might otherwise exist if no support tube were present. Because it is rigid, it has a
fixed volume that will not change.
FIGS. 14 and 15 are schematic drawings that present the concept of the
adjustment of the volume of the internal fluid passageway through a connector
based on expansion and contraction of a part of that passageway. In FIG. 14, a
20  schematic connector 136 is shown that includes an internal fluid passageway 138
\} having a length 140 linking a 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
25  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 fluid passageway in FIG. 14
-and the length 154 of the internal fluid passageway in FIG. 15 is shown by

numeral 156. If nothing else were to change, the volume of the internal fluid

30  passageway 138 of FIG. 15 would now be less than that of FIG. 14, and a
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20 Luer 130 is being withdrawn, the spring section wll cg%b&g;g %o t he
configuration shown in FIG 7 thereby contributing to a 2in the
net volume of the internal fluid passageway through the connector. It wll

’ be appreciated that nodifications in the shapes of the spring section 5
are possi ble. Changes may be nmade to affect flowrate, restoring force,

‘ spring section return rate, volune, differential volunme between
conpressi on_an X i i j i i hon, and
sccept ance BB RS SEHATPHRNSG BicRled o AR o B B REE IO CT 0o

annul ar secHbaBger, Walkidid 6T bhessinastdedigiuiit46 iarF1IGays has berteextiahfied ent
configurations of the spring section 10 entirely, .as exenpl iIi ed in FIGS

16-18. The ipshe gratenthan thpondth Ibdohhednay ¢pRdulfbdiar L hdlfantdse. Because
it takes up. vol. L0 j I Ul i f.-its size,
there is | eg%prgvlo urtriéﬁf f&?%#’%ﬁ’@agﬁéetl%&%g’é@g wgl%gﬁ c%sh{g}%%%(%\)ect or is
not accegssedidiahoinhe inmerkofduit) the Malgne ebtHetfhuid pach S3bdrebe tladedo passageway

in the unaccessed state than 15 m ght otherw se exist if _no sup%p t tube

wer e presentCrades siaydhe sams, of ¢gaeasetwipasd Blunt F3uyly b HAde 1hatceew t'f not
change. FI 1 i i it [ isthec&pncept  of
the ‘adj ustegcenr{ge é%)? th ﬁé%\/%rgﬁ%&g@ eleﬂ:lldr%tEi géreﬂhgga?lflgggo%gggggeﬁvgy tt hr ough a
connect or  Wwasethomnrexpalsemovehftonpihercanhéeaor. oWharepduetvobime berhaipassageway .
In FIG 14, a 20 schematic connector 136 .is_.sho i.ncl udes an i nternal

t hat
fluid passagfsitye nevgral-halis sgfest s SHELer 226, VPRI _Vanlrfil? ECTBHIE 442 with a
secondigortn&%ﬁl%g%_lbtgygile gctlé’crea;t%g singl e dashed |ine adjacent the first

; Sport 215s ndrcate cl osed bore of the piston head. Form ng

. part of the fl ui Turpassage veyhcldferagomof iheneedicaandnedtod 26, thacongeaor i r st
width 148. In FIG 15, a blunt cannula 150 has been 25 ipnserted into the
first port B4pitiglly imis spasresedstaeor slogehResIdpR AF B thElG-i/nt Bthal f1 uid

Dot voen ¢ he SR 0B MR E R ik AT LR B RA Ty g plfity fecd er ence
54 to be biased into the narrowed ANSI Luer taper portion 100. The shoulder 62 -

| 15  of the piston head 54 contacts the tapered lock portion 104 of the upper housing

portion 24 and controls the position of the top of the piston head 54 in relation to

the edge of the first port 28 thus forming a swabable surface therewith. The

sharp pointed ends of the marquise-shaped bore 64 facilitate a tight seal upon

compression of the bore along its minor axis and by compression of the top
20  section 60 of the piston head 54 along its major 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 lying 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
- 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 the 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

30  and to compress in a bellows-like configuration so that orifices 132 are defined
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s conpre

and the length 154 of the internal fluid passageway in Fl %91\%%1-06 shown by
nunmeral 156. |If nothing else were to change, the volune of 't m?ernal
fluid 30 passageway 138:of FIG 15 would now be |ess than that of FIG 14,
and a 21 29 May 2006 negative bolus effect could be expected upon renoval
of the male cannula 150. However, the width 160 of the inner conduit 146
in FIG 15 has been expanded to be greater than the width 148 of the inner
conduit of .F 14, WL ' icatien sel ection
of the expéjr?h’g%ma‘%‘& Sé%ﬁ%drséésusoté%%ﬁ%gﬁéﬁﬁﬁt&g@?gh?fé t%ﬁﬁ%ui : tﬁrel%vol urme of

the fluid paidilyld8ueas, the pimde head Shmowasear o teynariovebA5] brerdapirease
when a blunt cannula i s nmade to access t

> ) he gonnector 136. W t he vol une
i ncreases, ROTEER PP vé tsoIRREr MOLERE PPEIRTG} %ﬁ@@g m'i?/r’fgﬁ CEHET Bglfﬂ?@legoezl‘ enoved
fromthe Cotﬂggfsé(gﬂ h%e}r%% %?Egeth}é?éeﬁgg%ﬁl Ecﬁgaﬂgg%oﬁ W64 288 moRed /it A - bol us

effect is c ere th reases, a 10 negati ve-bol us
effect §s ciepedredridiullOR,nge taget mtérhel dipereatr anhoterntheporidincdlowsdhaect or

20, the connector is initially in its unaccessed state or cl.osed sition
as shown i nopsegtion 60rﬁ%ther¥é5§PP%éﬁ‘é§/o éffif'?’l‘f@ g tgré@lt? BTuEE ! ncfrﬁ'%?pi st on

el ement 38 Sl shdi RShRTaRE T dbGs e BhawRrhd @ha b barbged ened ANSI

Liter taper oul der 62 1S of the piston head 54 contacts
t he taper edadsomk iRekially bPdn afarfiee-sipperbdre usifigyrapen thesabdpenier @ont r ol s
the position of the top of the piston heag 54 in rﬁ#gjlr% nto the edge of
the first pldyie PResagRYaY tlodeR ShacaRsston Baddar PLEY With. The sharp

poi nt eigends of ﬁd}ﬁ-g:%s%}g%ﬁ%ﬁ??és}ﬁgn%@orﬁflactsa&%jdeigta%a?p?es%ﬁmf th@alaldipon

L ion of tthe bore a m nor axi s an y conpression of the top
~20 section B@rafp 1305 thé sémaprdasibie seétiat BOHgnavies imtjeodismk dgectimsiroprther t o

he & op Sur FEEIGHS EABCpPartin I0VaRl 158 AT HHBTERET6h i Brer PTRer  ray
be cleaned Py .h YorEXPIBS §f (HRAGHeR Bolsifk SAlldviiak it ENAPrea¥Ble sef@orbEpOL N
self-expand and to assume an expanded configuration. As the compressible
15  section 56 moves in the distal direction, the support tube 40 will extend into the
inner conduit 66.
As the blunt cannula 130 becomes fully inserted in the connector 20, the
compressible section fully self-expands, thereby expanding the width of the inner

conduit. Flow may now occur through the connector. The internal fluid

20  passageway through the connector has expanded in width to volumetrically

;} compensate for the decrease in length, and fluid flows continuously through

every part of the internal fluid passageway of the connector. Additonally, fluid
" flows through the entire compressible section 56 due to the slot 46 in the wall 44
of the support tube 40 and the orifices 132 that permit fluid flow through the
25  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

30 56 to be urged proximally past the ramp section 108 into the constricted confines
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surface of the piston head Iying flush, slightly below, or,sli y above
Ak

the upper 25 surface of the first port. The connector is t y to be
accessed by a standard --nmal e Luer connector with or without a threaded

| ocking collar. The tip of a male Liter connector i's brought into contact
with the proximal surface of the top section 60 of the piston head 54. The
application of sufficient pressure causes the spring section 58 of the

piston elenent 38 to axi al ntract .30 and to c r ' el l ows-1ike
confi gurat ir%rliﬁesﬁeqtﬁraﬁec ?5'111%@2%16359%?&10&3%@85“%E%n_ﬁ/;@uégﬁ%‘%et ween t he
spring sectdoipreded@tendiien $HRPOHe inubewidth 7A5ftthe isiticoadsieabirefsed 8o
axially contracts, the piston head 54 noves out of the narrowed ANSI Luer

taper por titsofrs1@oitbf astshewnmppdfiGhdudhug theveluere olathgdliid passageveaent er

portion 10 As he piston head 54 clears the,tapered J.ogk. i 104 and
is noved in Oqgl]iie&‘% CBIEL?]LEIEPiaBéﬁF{egﬁ%f%QFH@IHg0 gtpﬁé e'ftﬁaéfﬁlﬁ‘gi‘s@?%&netﬁ gr of the
center portigpradsitIvnsedog 58 &R $€RineRoRRuiph6 t Foph bR dTFRE] thar elsf - expand
and to tend to assune its nornmal elliptical shape and the sanme action

al | ows t he Wishia tha innericenduit avild bk fexppltad theoughshgsecandpPdePhal | y open

mar qui se-s e.hore configuwration_thereb i i way

t hr ough th(r-:-Sal Wgﬁ?%‘f ’é}ﬁ%gﬁﬁ C?)lic%gP gﬁ“ﬁ%@ gg&{éllg&ﬁﬁrqefﬁlgﬁéﬂ%ga@%g%?pri ng
section 58 gemipaed bcRdeiorXdAlnto s ANSEL@r thpér svatien 100&vhere ir i 3fce t he
conpressi ble section 56 noves in the distal direction fromthe constricted

~center por tagsin wERddntoheampyed chiodst phppz4oickse offiaelosiigeO4dAEet er  bot t om

8011 otpanaBrabed 488 BT oAbt HolAr R Ao RRNB 00 Orpr s bl o 15

“Section 56 movesrly thére Hik Heah skbweahil Rscrited Sthpant usefabv4lOe Yo seext end

into the inner conduit 66. As the blunt cannula 130 beconmes fully inserted
in the conniegnedicadaonnersorsgbappiovisiep recosmetlalln bolisi gffese| Pepsnsinial thaher eby

expanding t e Whed D@L ohBob N Glams SRAHES for'the hdl%oREN: 88 tnd N ough the

compressible section in relation to the configuration of the balance of the piston
15 element.38, a positive-bolus, neutral-bolus, or negative-bolus effect can be
achieved as the connector is placed in an unaccessed state from an accessed state.
It will be apparent from the foregoing that while particular embodiments
of the invention have been illustrated and described, various modifications can be
made without departing from the spirit and scope of the invention. Accordingly,

20 itis not intended that the invention be limited, except as by the appended claims.
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20 passageway through the connector has expanded in mﬁdthﬁ%%ﬁvghggetrically
conpensate for the decrease in length, and fluid flows cortint y through
every part of the internal fluid passageway of the connector. Additionally,
fluid flows through the entire conpressible section 56 due to the slot 46
in the mg!l éé_ of the support tube 40 and the orifices 132 that permt
fluid fl ough the 25 distal end of the inner conduit 66 into the

proxi mal section 133 of the spring section and into the slot 46. Wen the
bl unt cannula 130 is withdrawn fromthe connector 20 to allow the

connect or to ket ufncemnects forospnaodingsthd flovaoefluidhthercesnentorpving ae
generated by the spring section 58 of the piston el enent 38 causes the
conpr essintérealsfoid passagevidy by wkichrihed mapflovalthnoughshe tchanectorp tisect i on 108
into the constricted confines 23 29 May 2006 of the center section 102 of

t he uppetgoriRu®r B8mPALIEON 24 and thus into the conpressed condition where
the i nner vmdth 72 of the inner conduit decreases to its first width, as

shown in FIG ;Hgﬁ TG0 t he
conduit may c?ecr ease Hleé;éaﬁ}cl??hg on8 Sé&gle ﬂo'ft ‘ﬁlf%ﬁﬁé&‘sfl ons 2 H%jt%%‘
corrpre55|bles tion 56, an ts in %1 f so, a holus of fluid
_t hat was Y f’l"i'l %‘@DPHW%C%ﬁé?ﬁOP (g’(?@f&é HABRROPA L ¢ on g por t
Si nulta(r@ously he el liptical top portion 60 of the pi ston head 54 is
gw ded b¥ il l ock section 104 into the ANSI Luer taper section
100 where it is once again urged into a narrowed circular shape to close

of f the orifi cenm®¥ableceldfentepaditadriedsivithinptiei housengs ¢hd namablestlefdent d f | ow
t hrough the connector 20. Thus there has been shown and descri bed a new and

usef ul - vahwifig hdirstysRition et FRELE e MOVARE blRbhfent BRIckP Rl A6w throughiho! | abl e
bolus effect. Depending on the expanded and conpressed w dths sel ected for

(e, | oo S 8oty PIBEATRISSPUR Soogab il ol OB B
neutral - Eﬁoﬁlgﬁi th@holl elﬁg tt'hg emol%%{)féseleengé %E)m(f)%rs}m%:

a head defining a normally-open bore forming a part of the fluid
passageway through the cdnnector, the head being configured such that when the
movable element is in the second position, the bore self-opens to its normally open
configuration to permit fluid flow, the head being further configured such that
when the moveable element is in the first position the bore is moved to a closed
configuration preventing fluid flow;

a compressible section defining an inner conduit forming a part of the fluid
passageway through the connector, the inner conduit having a length and a width
moveable between a first width and a second width, the compressible section
Being configured so that when the moveable element is in the second position the
compressible section self-expands so that the inner conduit has the second width
while the length of the inner conduit remains substantially unchanged, the inner

conduit being further configured so that when the moveable element is in

25




achi eved as the connector is placed in an unaccessed st at &&og%&g accessed
state. It wll be apparent fromthe foregoing that while 33 P r
enbodi nents of the invention have been illustrated and descri bed, - vari ous
nodi fications can be nade wi thout departing fromthe spirit and scope of
the invention. Accordingly, 20 it is not intended that the invention be
limted, t: } | MRaraids or for
controll iﬂ%ﬁlt%ﬁgoﬁ%l\?vﬁlgf ﬁ%ﬁ&ﬂ@ﬁ%@%%gﬁc&%% avi n‘g@%{ﬁﬁ“ tlhﬁ\tfgé{%%%l uid
passage i i fl ow t hrough the connector, the connector
' conpris?ﬁ%?ﬁékﬁgk§¥%%&#3€?ﬁg%%'first port and a second port, the first port
being adapted to receive a blunt cannula and the second port adapted for
fluid conmunication with a fluid conduit; and a novabl e el ement positioned
wi thin the housing, the novable elenent having a first position at which
the novabl e &, enelhe bbmdstorfof ¢ladml 1 axkickdin ahghirst Aad sbeumsl wigltanedf thesecond
position_at which the novable element permts fluid flow_ through the
housi ng, Innes candeib b€ thel compressiblapecisomare sglasteddsughithatithg flaidior mal | y- open
bore formng a part of the fluid passageway through the connector, the
head bei ng configured such that when the novable elenent is in the second
position, the bore self-opens to its nornmally open configuration to permt
fluid flow, the head being further configured such that when the noveabl e
elenment is in the first position the bore is noved to a cl osed
configuration preventing fluid flow, a conpressible section defining an
inner conduit formng a part of the fluid passageway through the
connector, the inner conduit having a length and a width nopveabl e between
a first width and a second wi dth, the conpressible section being
configured so that when the noveable elenment is in the second position the
conpressi bl e section sel f-expands so that the inner conduit has the second
wi dt h

25a




while the Iength of the'inner conduit remains substanti al In%\}\gnc gged, t he
S

~inner conduit being finther configured so that when the el enent
isin 25 29 May 2006 the first position the inner =conduit noves to the
first wwdth, wherein'the first width is snmaller than the second width. 2.
The connector of claim1l wherein the first and second wi dths of the inner
conduit of the conpressible section are selected such that the fluid 25a 29
May 2006 p | feri@ablerhel fasERsiticn i n the
first posi @%S%g%hg?%gg%fﬁgf%? %H\ﬁee#&?ﬁga%ovabl e el errenm in the
second posighi@necéitevolageoniteny tietmevaidé aigmeat idn théagrondeositos: theol une. 5
3. The connector of claim.1 wherein the first and second w dths of the

i nner conduskeongivoltrae beingriaser Hran QT LYPIWRE: sel ected such that the fluid
passageway has a first volune when the novable elenment is in the first
position and a second vol une when the novable elenent is in the second
positiom, the Seconthyobuedresinipiapbmieciemtled first had seeandasidiieoffthe st
volunme. 10 4. The connector of Q@gi m 1 vvherei n t.he 'hénetrt c&r&ﬂ&lit of the
conpr essi bliBneenrBI of S EIPPIGST RIS SSEON 2152 eLTedi e n‘i’/acgﬁ i"uously flow

through t r‘b%gga%%%g rl%hg' %E{r%t%!’}%gb & fe S apRVA@LhenSk e fifss pbagad ed in

t he second connector of claim1 further conprising a

support t ubmdhasdcogd voluposwhen ensmovalie ebuppvis in tissedstd posiHipra heinen

ext endi ng between the_  opposing engﬁ,teone endtbgtiﬁlirgg i;n_fluid communication
f

U

With the se€eorfl YIRRCDSHS IPROKIRARYBE ARG 23 ¥UPKe i nternal f1 uid
passaggyay t hrough the connector.
4. The connector of claim 1 wherein the inner conduit of the

compressible section is configured such that fluid may continuously flow through
the entire inner conduit when the movable element is located in the second
position.

15

3. The connector of claim 1 further comprising a support tube having

opposing ends, the support tube defining a lumen extending between the
opposing ends, one end being in fluid communication with the second port and
the lumen forming a part of the internal fluid passageway through the connector.

20

} 6. The connector of claim 5 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.

25 7. The connector of claim 6, 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,
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20 6.. The connector of claim5 wherein the support tube c a wall,
the wall defining a slot providing a fluid path between th ter?or of the
tube and the lunmen. 25.7. The connector of claim6,, wherein the support
tube is configured in relation to the noveabl e el ement such that, when the
novabl e elenent 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 compr egsi bl e section sueh bOAL ey PR uch kdkdcBraygh ke | nner
conduit of o 8 t Arough . the 26 29 May 2006
t hrough thgohgﬁgn of the support tube and through the second port of the
housing. 8. The connector of claim?7 wherein: 5 the inner conduit of the
thpreszrble fecarog has opposing first and second ends, the first end
ei ng adj acen e e novabl e elenent defines an
orifice Iocated%at tﬁé g@%ukgﬁeﬂgﬂ% ?ﬂQEE?ﬁner conduit, the orifice
form ng; part of g innewceatdic @Rﬂtemdhmes%mm&chenbms eppomhg bugland kecandner
conduit, and out of the inner condujt throug he orifice. 10 9. The
copnegtor drdahheﬁﬂgamﬁh%ﬁ&aJﬁﬁ%“F@%EWféﬁ& ¢ bat d?“#he support tube
exten at |eas art, LERR of the
conpressi bl e sei??ghﬁﬁ%% %ﬁ%ﬁéggggfﬁﬁBﬂpgﬁgﬁ%gﬁgkgﬁefhe Egﬁggg@g%srtron

and 15 Sa'Qnﬁéqwmﬁaﬁh&kuﬁﬁh@ﬁbﬂﬁm@nﬂ@téﬂmﬂoWheﬂmemﬁndewfhhnom@hmﬁhe sl ot
and into the lunen at the | ocatjon outside of r condujt. 10. The

connect or dhrasighithe S1niTerailnit, AEOWRIdhd ITEeE IC%?r‘i‘Hf tbfrﬂllg e ¢ r’ﬁ?r i ses a

| sprrnglaectron connected to the
Y

ot

9. The connector of claim 8 wherein:
the lumen and slot of the support tube extend, at least in part, to a
location outside the inner conduit of the compressible section when the movable
element is at the second position; and
15 said flow path further extends from the orifice, through the slot, and into
the lumen at the location outside of the inner conduit.
10.  The connector of claim 8 wherein:
the moveable element further comprises a spring section connected to the
20  compressible section; and
said flow path further extends from the orifice, and into the spring section

whereby the spring section provides a portion of the internal fluid passageway.

11.  The connector of claim 10 wherein:
25 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

30 first internal volume of the spring section;
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20 conpressible section; and said flow path further exteng§ fro ) he
orifice, and into the spring section whereby the spring N rovi des a
portion of the internal- fluid passageway. 11. The.connector of claim 10
wherein: 25 the spring section is extended when the noveable elenent is in
the first position and when extended, the spring section has a first
internal volune; and the spring section is conpressed when the noveabl e

element is in the second .position and e S ' ection
has a second int“‘@?"ﬁg?y th\‘?dﬁ'i?ﬁéél Vpﬁ@%ggﬁﬁﬁrﬁgﬁﬁa @%’I\r@%eﬁp%@{dﬁgq}ééri ng
section being great&kiohhabrafte wikl dhefspling Ré@iondl cymbtysgedd the spring
section; 27 29" May 2006 ereby the internal volune of the portion of the
fl ow path provided by the spring section is greater when the spring
section is conpressed, 12. The connect or, of. [ LW 0.t i ng

i ncl udes a narr ovted q%‘erCQBP%%O%‘?jfca\%‘%i V‘f}}%mi‘nictbglth g%%?%v,ﬂ? ‘{lﬁ%éghae%%\?&? he
movabl egel %E{Hn 4Bidad: HRC@kedoi Ntk heaaar Hanedvalsigiemerdrirgiecamy bl e
element is i the'first position, the narrowed region being di nensi oned so
as to causethehartvored regionhehdretie movabloslemengis imHBe S5 ROEEG B cl ai m 1

wher ei n the_ housi Lncl udes.a 10 constrict i esskbl e
section beiww%@?%or} el %Zlugg?%qr}q%&oe t%rcggls%ﬁ}%va%g% Ogﬂgﬁﬁ%\%l e el enent
isin the first position, the constricted region being dinensioned so as

to cause the width of inner conduit of the conpressijble aecti on to nove to
the first width.135 Ihe cohaedonndaion 1oFherei treiouiReiBsiHdet fe conpressi bl e

| ion | d head; . :
Sprpri 485 SEPRRRE S RE CORRBstER Fhirh YRRl PRI AT (e

£
L

Spring sect %ﬁ}arpﬁr&a&g (a0RRY 88le tRmir@es IhéeTovaistiore kienentsuiaed begidn r st
position at Ich the conpressible section is pl acecg WIE hi n .
being dimensioned so as to cause the width of inner conduit of the compressible

section to move to the first width.

15 14. The connector of claim 13 wherein:
the compressible section is connected to the head; and
the moveable element further comprises a spring section connected to the
compressible section, the spring section being adapted to urge the movable
element to the first position at which the compressible section is placed within

20 - the constricted region.

15.  The connector of claim 14 wherein the head, and the compressible

section, and the spring section are molded as an integral moveable element.

25 16. The connector of claim 1 wherein the compressible section
comprises a plurality of relatively flexible membrane elements and a plurality of
relatively stiff wall elements, the membrane elements connecting together

adjacent edges of the wall elements.

i
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20 the constricted region. 15. The connector of claim 14 reg%oéhe head,
and .the conpressible section, and the spring section are Ye s an
integral noveable element. 25 16. The connector of claim 1 wherein the |
conpressi ble section conprises a plurality of relatively flexible nenbrane
elements and a plurality of relatively stiff wall elenents, the nenbrane
el enent s connecfli7ngThegetreetor cfdjlainehé wédges thaf meinbram dlembrisant s. 28 29
May 2006 17. The connector of claim 16 wherein the nenbrane el enents are
adapt ed t 8dansedita todet eadually imvasrdlyywhensthernrericondvit banthe firshwidthne fir st
width 18. A nmethod for controlling the flow of fluid, the nethod
conprising: inserting a blunt cannula in a first port of a housing to
establish fluid cor‘rmlﬁ' [ | : hHS bPfni i el ement
“that is positi o%nge'd W t :eﬁﬁ?tgpﬁ%ﬂt}g@rllﬁ ﬁllen regggwgﬁ%oﬁ%ﬁgdg?@ﬁgﬁgi nserting
t he bl unt cannidsertihgombhuiti ¢tnuRosh ta Gifst aporivif ch hausiag Nl Estatstizhn{lbidr e
formed through a head of the novable elenent is forced closed to prevent
fluid fl odmanusigghion wathibesongingo a second position at which the

normal | y- open bore self-opens to permt fluid flow through the housing:-

wherein the st | he, | r. ' vin

the novabl e el gfrzr)é(n gf}é-lnqlgg%ltg ﬁe&%ﬁ?l&hgﬁ gl %ﬁ?@bﬂé&ﬁl\&lﬂ% %‘%@F’@‘?’b e segt I on
-of -the npvable el enent has an ipnner conduit, . havi a fi.rst width to the
Sbcond polppase BRCHED of Sia i Hat BNy D e Pt BRB SR AL & sorond
width that is larger than the first width; causing fluid to fl ow through

t he nor maRpEmabeppasobarcafamed thugieh adeadtofr te linﬁmgble caement isnfaeed he

nmovabl e el ement is |ocated at the second position; retracting the blunt
cannul a f closed teepreivergtflypd fiowothrédgh the bsisigg torasecumd: ositimyvatbl/eickitieerent from
t he second position to the first position

normally-open bore self-opens to permit fluid flow through the housing:

wherein the step of moving the movable element further comprises moving
- the movable element from the first position at which a compressible section of the
movable element has an inner conduit, having a first width to the second position
at which the compressible section self expands to a second width that is larger than
‘the first width; |
causing fluid to flow through the normally-open bore and through the entire
innér-conduit when the movable element is located at the second position;
retracting the blunt cannula f‘rom the first port of the housing;
moving the movable element from the second position to the first position
during the step of retracting the blunt cannula at which position the norrnally—open
bore is forced closed to prevent fluid flow through the housing; and
wherein the step of moving the movable element from the second position
to the first position further comprises moving the inner conduit from the second
. Width to the ﬁrsf width during the step of retrac;ting_, and maintaining -the length of
the mner c_dnduijt substantially unchanged. | |
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" .inner con

during the step of retracting the blunt cannula at which th{)@ t he
normal | y-open bore is forced closed to prevent fluid flo % 3?1 t he
housi ng;. and wherein the step of noving the novable el enent fromthe second
position to the first position further conprises noving the inner conduit
fromthe second width to the first width during the step of retracting,
and nmaintaining the length of the inner conduit substantially unchanged. 29
.~ May 2006 19. Thé&. nethwdhetiiod bAckmimsl Svhbesiim thd stept afpmofingothe ngotaibde novabl e
el enment coppri ses expanding the_ inner conduit to the _secaond vvi_dilh at whi ch

~ the vol uREMeHE compriges eamndrtihgAnrecongnit de tl sqeond ayigh atowhishulen ¢ he
. inner congdw } tots first wdth, 20.. The t hod of ,claim 18 erein
he st ep PSR 42 E0Rcbinbi % Comasrforis I ErS e Stdninf il kamadiher
condui t t@ dihe maceigh W dth at which the volume for fluid flow through the
connector is approximately the sanme as when the inner conduit is at its
first wwdth. 21. The nethod of claim 18 wherein: the step of noving the
novabl e el enent further conprises noving the inner conduit over a support
tube having a PnerTHomulngl af phaih & whbeein tiiestepl of dbuing thassowabiay

t hrough the connector; and the step of causing fluid tao flow thyough the
glmen& sﬂwpn%@sexmﬁda&@emﬁr&m Ulftlt‘é)%let spceng nvidheat \Mhlﬁfx e the

support type. al 89 Al W ' r’@{q’ ' gi ng the
novabl e e’I‘Jenwsntﬁ)%mtg 5101-‘&{ rst %lgg%t %%%é%&ﬁﬁpﬁozle&%‘gbe&%s C egéssggh%ﬁnd t he
inner cofigunhetrwnduhés fi itsfirsvimddth. duri ng the step of retracting the bl unt
cannula fromthe first port of the housing.
21.  The method of claim 18 wherein:
the step of moving the movable element further comprises moving the
inner conduit over a support tube having a lumen forming a part of the internal
fluid passageway through the connector; and
the step of causing fluid to flow through the inner conduit comprises

causing fluid to flow through the lumen of the support tube also. -

22. The method of claim 18 further comprising urging the
movable element to the first position so that the bore is closed and the inner
conduit has the first width during the step of retracting the blunt cannula
from the first port of the housing. |
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