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VALVE MECHANI SM AND METHOD OF FLUI D FLOW CONTROL BACKGROUND The i nvention
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the 5 connector returns to accessed state.
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both ends. One connection port may conpri'se mal'e Luer ort sized to
recei ve a bdftat,” malde‘nodiviug effectiate asedatonddseriberelte dpgrating Therawtdristics of
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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 state. “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.

Needle free medical connectors for injecting fluid into or removing fluid
from an intravenous (“IV”) fluid administration set are well known and widely
used. One conventional type of such a connector includes a housing having

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 and in most cases uses the housing

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



A valve is located within the connector and in nost cases uses the housing
of the connector as part of the valve nechanism Wen the connector is WO
03/ 047681wWB@3huUs8R/ 37064 accessed, the val ve opens an i nPernsb2/81o6 d
passageway between the first and second ports. In sone connectors, the
internal fluid passageway is defined by the internal boundaries of the

connect or  hEHSIsAd; the RaRiePens QANAErABSTHIH PaSsdRiaystttéen dhe hmtgarngal
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communi cation with the internal fluid flow path of the connector. In other
connect or s MePWEDHUNt cannul a ti p displaces a valve device w thout
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t he connector. Subsequently, when the blunt cannula is renoved from the
connect or, mdle Lnel camula dipciapeted intofthe irdef bufickt fPoowofpdieronnectoases. Thi s

increase in the vaolunetric capacity m reate a partial vacuum or pr.essure
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“bolus,"” of fluid is drawn into the partial_  vacuum or reduced pressure
| ocati on widisplaceswevalvndedte withaus pgaewraing blin order wcestalishflitidonnect or
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ei ther does not affect the capacity of the internal fluid passageway
t hr ough t heccessimgcthercoasetthe Subsesiiently, wherthe blegit cennuls isineroowsd fom
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 previously 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 arrange for a valve
mechanism that either does not affect the capacity of the internal fluid

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

state, or that actually decreases it.



state, or that actually decreases it. 2 WO 03/047681 PCT/ US02/ 37064 In one
approach, the negative-bolus effect may be reduced or elimnated by

cl anpi ng wbaeskyesubi ng bet ween the connector and the |V c&Chatser/3ps4 or to
renpval of the blunt cannula fromthe connector. This prevents the back
flow of fluid through the IV catheter and into the connector. However this
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procedure. Jheined eiﬁh%'rﬁghb'esr effect may al so be reduced by the design of
t he nedi cal connector. previously nentioned, sone nedi cal connectors

include an i nt dhnralotie@nippraadt, ohel thavdispdvemthganiel 4166 ilecides th@nnect or
body. The internal 25 cannula or spike is positioned to force open a septum
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attempts to fill the increasing fluid volume of the fluid flow path through the

connector as the male Luer is 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  itadd 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,



into fluid comuni cation with the blunt cannula. The internal cannula or
spi ke 30 provides a generally fixed-volune fluid-flow path through the
connect orwOThi$7681 3 WO 03/ 047681 PCT/ US02/ 37064 as t he sepCHmSOBsNS toO
its closed position the partial vacuumformed within the connector, if
any, is not as large as the partial vacuumfornmed in a connector having a
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and into 2% theénirodecie of abhudtaahyakithrdiglsa post, the imtdirmdlcameutarforaes
fluid my result in a positive bolus effect as the valve returns to_ its

unaccessed the &aves philes/ieal spiieg eparie Thederifes dintwa fores e topIof tRBASKRIE wi t h
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cause expenses to rise, an undesirable effect in the health care industry
today wherirteraalufaacuis. eThe skpanding beafispringelsefdreaties weepgrydirdype area ower
costs. Fur tbré%rvéen the flexible body and 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  i.e., the leaf spring. Manufacturing concerns and additional parts can tend to
cause expenses to rise, an undesirable effect in the health care industry today
where manufacturers strive to provide effective products at lower costs. Further,
the reservoir-type 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.



the reservoir-type system does not permt continuous flow through the
entire expandable flexible body section. Instead, fluid flows into the
reservoi rwand/o#wsB0 retained there until the valve is ret ®Cmak02/a7064 S
unaccessed state. 4 WD 03/047681 PCT/ US02/ 37064 Hence, those concerned
wi th the devel opnment of nedi cal connectors have recogni zed the need for a
medi cal connect ofeR@y ith@sedcombMRARENIRE S8Vl enaapﬁ@aldam@omﬂs\fﬁveol us
ef fect by producin either a positive-bolus effect or a no-bolus effect.
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in general terns, the invention is dlrected to a nedical connector havi ng
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the connector conprises a housing having a first port and a second port,

the first pwtedspedmghersdapted to receive a blunt cannula and the second
port af@pted for fluid communication with a fluid conduit, and a novabl e
el enment™ positioned within 20 the housi ng, the novable el errent havi ng a
first position at which the neyghRigry® qgtl;@@@ gpfluid flow through the
housi ng and a second positi on—ér‘wh‘r‘chiﬁ | ement permts fluid
f1 ow through t heBdiefligiang intdeneraltairhs tht amentiondodpettetng sambéirdl defining a
bore formng a part of the fluid passaa@way t hrough the connector, the

head bei ng @@ﬂﬁﬁ@@ﬁ?@&l%ﬁalﬂ/ﬁ@aeqhﬁmm tmv‘adﬁée@h@@ﬁ@sme blusreffest
second position f.l ow,, the head being

further cordigipde ﬂ'gsu%ﬁr ’h‘i?%%%% @%&grﬁ%‘ﬁ@ﬁﬂ’ia Veeﬁng ST 4 ﬁoqrﬁe&%‘ G st

positip  provided for controlling the flow of fluid, the connector having an internal fluid

passageway by which fluid may flow through the connector, the connector
comprises 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
20  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 bore forming a part of the fluid passageway through
the connector, the head being configured such that when the movable element is
25  in the second position, the bore self-opens to permit fluid flow, the head being
further configured such that when the moveable element is in the first position
the bore moves to a closed configuration preventing fluid flow, and a
compressible section defining an inner conduit forming a part of the fluid
passageway through the connector, the inner conduit having a width moveable

30  between a first width and a second width, the compressible section being



the bore noves to a closed configuration preventing fluid flow, and a
conpressi ble section defining an inner conduit formng a part of the fluid
passagewayotobiesgh t he connector, the inner conduit havi ngca/usnzistesroveabl e
30 between a first width and a second wi dth, the conpressible section being
5 WD 03/047681 PCT/ US02/ 37064 configured so that when the noveabl e el enent
Is in the %sﬁgg@kea%' thiaPHeR&he GMTRABRSIORNERGhIRE s8&idd @d@@émhew t hat
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position, the lunen and slot of "the support tube are
the entire inner conduit when the movable element is located in the second

position.
In other more detailed aspects, the connector further comprises a support
tube having opposing ends, the support tube defining a lumen extending between
20  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. The support tube comprises a wall, the wall defining a slot providing
a fluid path between the exterior of the tube and the lumen. The support tube is
configured in relation to the moveable element such that, when the movable
25  element is in the second position, the lumen and slot of the support tube are
positioned, at least in part, within the inner conduit of the compressible section
such that fluid may flow through the inner conduit of the compressible section,
through the slot, through the lumen of the support tube, and through the second
port of the housing.



positioned, at least in part, within the inner conduit of the conpressible
section such that fluid may fl ow through the inner conduit of the

conpr essiwbD@3®ewsi on, through the slot through the | unenPofi/ushe3®epport
tube, and through the second port of the housing. 6 WO 03/047681

PCT/ US02/ 37064 In yet other nore detail ed aspects, the inner conduit of
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internal fluid passageway. The spring section is 15 extended when the
nmoveabl e elagifines thirough théelot, arst inpo the lwnematithenlonaton enthéds; of thiednaer i ng
section has a . first internal volunme, and the spring section is conpressed
when t m5P84Hite el ement is in the second position and when conpressed,
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vol ume of the spring section Ing greater than t I nternaf vol une
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of the head to close. Additionally, the
the spring section has a first internal volume, and the spring section is
compressed when the moveable element is in the second position and when
compressed, the spring section has a second internal volume, the second internal
volume of the spring section being greater than the first internal volume of the
20  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.
In other features, the housing includes a narrowed region adjacent the first
port, the head of the movable element being located in the narrowed region
when the movable element is in the first position, the narrowed region being
25  dimensioned so as to cause the bore of the head to close. Additionally, the
housing includes a constricted region, the compressible section being located in
the constricted region when the movable element is in the first position, the

constricted region being dimensioned so as to cause the width of inner conduit of

the compressible section to move to the first width.



housi ng i ncludes a constricted region, the conpressible section being

| ocated in the constricted region when the novable elenent is in the first
posi ti on,woha/04m8nstri ct ed regi on bei ng di nensi oned so as PCoO/USA3W64 he

wi dth of inner conduit of the conpressible section to nove to the first
width. 7 WD 03/047681 PCT/ US02/ 37064 Yet further, the conpressible section
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wal | 10 el saetans andtherspringtsaetion ats mekles) asnmshinegriab mayspbleelemenip| d
radi al Iy inwardl en the inner conduit .has t first. width T and
ot her aspects ar% a. %ﬁ?ﬂ%g%%%eﬁ’ ﬁ.ieecqlﬂ]argﬁlp%nse\xﬁg cggﬁ)ﬁ;ﬁg@ gfg‘ﬁrﬂ@ﬁ&ef rom
the fol | owipR ek d:gole dREGHt el QBmARAL dritta PRGATBAGN el ivelf A1% DS, Whi ch
illustrate by way of exanple the features of the’invention. 15 BRIEF

DESCRI PTI Oelé&@ReisiRhpRAWNNGR d-¢leuREtsl commeating degathemadifcent eslgee nbtledwak di cal

connector that 20 incqrporates aspects of the present inyention, shoMng a

first Ybrt clgmensndughsy, theqpemiracelements e %@@@F%T%rﬁlﬁmlw tor

and a thregged ﬁ#éfihnaﬁegn&itﬁgscﬁﬁch@%ﬁdtﬁ”pri sing a blunt mal e connector;
pl ode

FIG 2 is an ex perspective view of the medical connector of FIG 1
showi ng t he t hr ethes® apdnrghésasphcishadwmiihaalges ofi fiee invenddn twillbeeotnedi ment ,
25 including an upper housing portion, a piston elenment, and a |ower

housi ng p@ppPRERt fFnsthe follpvaing detailed desaripEAR AN tBRACCHMPANGRE angl es to

each ot her ’drgx];vir}gg,ewhich illustrate by way of example the features of the invention.

15

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a side view of an assembled medical connector that
20  incorporates aspects of the present invention, showing a first port surrounded by
thread elements for receiving a blunt connector 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,
25  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;



pi ston el ement shown in FIG 2; 8 WD 03/047681 PCT/ US02/ 37064 FIG 5 is an
end view of the self-opening head of the piston elenent of FIG 3 show ng
i ts nor neWDy3op®RI1 nmar qui se- shaped bore and havi ng the sanmPCTarsoEsimoss i on as
the piston element of FIG 3; FIG 6 is a perspective viewin partial cross
section of the piston elenent of 5 FIG 2 with the section taken across

the line markedpfs6s iSAPBhAGidNES BRI §e1f-@p%ﬂﬂﬂ§ hBgd bPARY peRIMlefeh of FRG.
FIG 7

normal |y expanded conditi on; Is a sectional elevation of the nedical
connect or Bfshbiwing its nomallpgpenhramuisesiiaped boreamd havingebssamet ate with
the piston elenment in its first posifti&n in which the self-opening bore of
the pi st onOHEBEALOD 38 hedustop Sl¢meny ¢f (- By the 10 narrowed first port of

t he housi ng and e i SEGHLI . : i i rst
W dth by & narr St FopPoRDSr e R IR Ao RARE ol U RRERR CRnlert of
per speGt i vEIEi 2witd tHelecfibn sdkepoadrosyf the himeqaarkedt®s, sHowihk@he tel$howi ng t he

sel f-opening head of the piston element in the first position wth the
mar qui se sBEpRilingivnes wadyitis its nprmallysxpandedrendions a sectional vi ew of

h di cal f FIG.7, tak . the |i -9 .showi
the comprassi bl EEants Hieqtional Gexbhss Be B R8st Pl AT S ey "
sectional eheYMiRforoh 4 ASn ARt stafWaatiBE ptofefemédnt iBNARBpodiAcn

connector in an accessed state wth the piston el ement having been noved to
20 its secimwhidsilte seif-openihg bhre dictheqdiftongenidigclosed tofluidhBowibgtte head

has opened to flujd flow and, the self-expandi ng,.conduit of the
conpr d&si bParoued; %ﬁt Rad ‘&@Eéh@éﬁng@nid eﬁgm‘péps%lbjg_sggjr%ﬁas ¥ e, or

second w d ! i - Fl j . sectional view
oroehe modcdmptEied BELE RGCH B hthardRL4 FEsioh oPyhe foldins 9370 Onel M &
sel f - expandi ng ¢GORIid aEnkifged pemppesiieblien of che frstaort dSthervonnattor of

"as-nol ded" state, or second width for increased internal volume:; FIG 12

i s a det ai FI§i bshowingidepeHtapsaing headmf the pistenialement ianthadysidposidemi | t he
Interaction gf (lNGadle AP BEE ldled IS ARHPRSYE tube with the self-

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;



expanded inner conduit of the conpressible section, and the action of the
spring 30 section on the conpressible section; 9 WD 03/047681

PCT/ US02/ 8008447681 G. 13 is a cross-sectional view of the egrargssrodet ail s
of FIG 12 showi ng the self-expanding inner conduit at its second w dth,
the support tube, the slot in the support tube, and showing in particular
orifices existinggaisidg RAs8eQordd19jew BPEle ERRFLEA Adihi oPEIAT dHdwifg! | oW
fromall parts o t?le corcl:dui te?&ngto ?hee sFote of %che sup%ort tuzbe so1 %hat
there is caht selfrexpariding dnférawndaitatdts sebhen@mtidthe thengypore autslyithe slet B5. 14
and 15 are schematic depictions of an operational principle wutilized by a
medi cal corR@sERROL Kake, aRdoheurng 8% Pa IO1Hfceg ﬁ’@lsﬁpgﬁr‘i{‘e basg/ehieon; and

10 FIGS. 1 : i i i . i
2l tor nat | varbeh il B EBE AT bl ol ALBah of Ui Alrth B B BN 2
PREFERRED RMBORMMRNFELFRS dictitherenosohtinsiaisalidifo Heotehwhoestainderch |1 ke

nunerals refer to like 15 or corresponding el ements anong the several
figures, tlgenduits illustrated in FIG 1 a side external view of a nedical

connector that i udes ri ous aspects, of .the resent.invention. The
ot our e oo oGS i e S BRREHE APickbBS of Rh RErtiqr PRkl « or
illustrati Qp:; i i i fferent
confi gurat ?{glrlllggla %&Saﬁlglleﬁgal’g%%rﬂﬁgt i ?ﬁ]ﬁ%cg %%?es%ggér?ﬁggltgérjg?&gn?oops, 20
T- connect olisvertion; @adnect ors, PRN adapters, slip Luers, tubing engagenent

devi ces, access pins, vial adapters, blood tube f(;'ajtq%apt,er s, .bag access pins,
vent ed0 adapt er $1Gank6 shueaeh 1 REFERACHYE VigWs ¢igheinistos elemeishoyriBgses
only. FIG i j cal connector 20 having a
housi ng 22 e%a‘??@%@@ﬁ@%ﬁdﬂﬁﬁg% ﬁﬁﬁgﬁéﬁ\oﬁ{g portion 24 and a | ower
housi ng 25 portion 26. The upper housing portion 24 has a first port 28,
that in this case is a fenale Luer connector port with thread el enents 30
| ocat ed about the REEAIHD DESOGRIRII(E REGED EFMBODBVIENTDi nates in a
in this .cas rrai_lc? Luer connect or 3k4

ich i like

second port 32 that,. , ri.sesa
defining & | umeROISTE RSN ingECy] O BEATRAinEs i which fike Him&A Feferto

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
adaptgrs, 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 Luer 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
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FIG 1) and with a threaded | ocking collar 36 (threads not visible in FIG
1). 30 Together, the upper housing 24 and the | ower housing 26 formthe
connect orwO18/0M¥I803/ 047681 PCT/ US02/ 37064 housi ng 22. ThecCchaiss/smeL2 may
be nol ded of a material containing a phosphorescent colorant to render the
connector 20 visible in a darkened roomor may be fornmed of a transparent
and/ or Opa%asﬂigtzez | fhe hbUEiREDD MAWDbIIE of a RAtePHP E@H@%mﬁ%ﬁem at
perspectl ve view of the 5 connector 20 of FIG 1 is shown. The connector 20
conpri ses tphosshqrastent icolarfunsto remdedtheecannertos 20ovisibhgyin?? dagweaed iramiorf or

numer al 22) thﬁt cor’%’]%?es t he Pglgé housi ngéﬁortl n 24 and the | ower
housi ng por@§%he 2 JRRERATERL 9pd/ 0| WPIAHRP]I§EE a novabl e el enent or
i ston eI errent I des i t

Gl erent 38 1o adRed Shuie FR A PAGALd ot Hiftrecifc Bl B PO

t he Iower h@ﬁﬁeagr ROdfIFNG. R8s sHowenFhekbanedren0 cohprises ppee pattylie thQ
extends proximally fromthe center of the | ower housing portion 26 and has

an i nner |L¢mvdau1aeat<ttbﬁdiqugmg%2 (S@ﬁd’tl‘ﬁ bffot nemerAl22) 4hat ¢ompHEeshel 44 of
the tube, a |Onﬁl t udi nal

slfor d t.hat é dthelen%?h of
the ‘o, tener Rabae Mridn 2 10Rer RauERE ol 28, o sk
i ncludes a gl eRide3 3 Meeshié %Ientlé}ﬁ AYiaBa e‘l’éméﬂt.t %eAgfolﬁ'He ddseAb&d it 0 the

housi ng during novenent of the piston el enent . I'n anot her enbodi nent,
there may modrelatetail belen,. the ipéstbw et mentdis ishnommﬂ@dcbvneatsuppowwba 4p1test 1
and 2 includes details % at_aid |n manuf gct and t .l ower, the costs
of man® actsifsmegasparyof gigslopres b Oﬂlﬁ@g&&rélpp PR P ‘?-,nugt?er portion
48 of the | i t d

out or shol 1"2P R CREE 0%t SﬂfQ%gm?aﬁlﬂp%Pﬁfﬂh@%ﬂ% s e tasiitp

2, the intedaid kds dhenhavemeno!d easnddg the lémghuwdpke ulﬂm;amdgnnbe Wa,’oln 24 is
mol ded to include a conplenmentary shaped pattern to the crown-sha ed Iovver

housi ng porddi efrthe Thbe,cr longitydinsd slasdtogs fermed it gnest extend ithe lesEith pb Eh
o O ST B SRR oS4 ARl S
connecfor RRHEEDGsed fGNAR dstase SdintskebSlr ivph B es thehousing durmg
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 complementary 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 portion 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



t he | ower housing portion 26 and holds the upper housing portion 24 in

pl ace on the |ower housing portion 26 once the upper housing portion has
been forcw00304w8er the snap ring 51. The geonetry of thePcramwn2/3epes al so
prevents rotation 11 WO 03/047681 PCT/ US02/ 37064 of the upper housing
portion 24 with the | ower housing portion 26 when they are snapped

toget her. RgrRROBPEr BSSSAP b¥ritdn DA QViHPRRY 10RRY HoRSinRPdrtiBA 29 When Beey Arver
housi ng portion may al so be achi eved by neans such as ultrasonic weld

geomet ry, anapped wgedherb dretinagenbassembly bethemezpes housimgheortiontydidh tlent s.
This 5 desi.gn has heen fqound to result, in efficientl nuf act ur gd

housi ng o JGHET JOUSIAG POrSOmEaAY A5G 9aa%1§¥?£5w}eamépgh§¥aﬂﬁ?w wild
efficiently J ¥ : i ) id and 4
onl ar god. viESORRERSS solh e, 3kl ABRAIRLY melf B DR bl ts Srnid

presentxd. dEbnS@Etbdengband &b eaRilt in3th effickheWmanufactured HouvingwBsergblgh
rotated at right angles to each other. The piston el enent includes three

mai n sect i ¢hat isacpurstely assemabled, that dvacklyAns efficiently snapped b asecure
conpressi bl e se@ti on or spring section 58. The conpressible section is
| ocated béPHEBRYt he head and the spring. The piston el ement nay suitably

be nol ded as  ONGfEIALLNSWIDAGS €S aht @Nén]HRIRIVids OFG FedBesily HEPRRaBle
rubber. 15 The piston head 54 includes a top portion 60 that” is elliptical

in outer glistpe elanena3®atd presentede e sshwupiden demenod8a2shdven in boti r cul ar
in plan crogss-section. Referying now also to FIG 5, a r qui,se- shaped
bore 64 is ig¥fegchirgtat afe?lgﬁb@?&lﬁﬁ F%/@%Qildﬁber-t Blbe PEeeR Sganﬁg'%t 1%@83?%d
between th 4 he. . ) i i i,ptsi_cal - coni cal
section 61%%%?& %gls?e%p gnlg’nhaeelasﬁgs}?}r%ﬂﬁdé’ %gaﬁg?ec?gﬁ%éégegﬁgg?cﬁ ’g(@?ieacto tend to

remai n operonfpiessibletsbetiontlet gprisy SuttioRe 8. OPle¢ admpreseibld hertipndt irtabehd, see
U S. Patent No. 5,676,346 to Leinsi 2%1 which is incorporated herein by

ref erence. barveerughe head and e spring. GBhe Biston elgment majesuitabhpbe saalge@ as

seotien 58 GCliCR, SEhn g BRIV gL nihe 1o/ one of (he

cross-gectional mHeEMsRi hdifl 54 HEMESSH RipShcteieh!aNraid 8lipAeAIn ofitercan be
clearly seen, the conpressible
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 elliptical-conical section 61 that assists in causing the

20  marquise-shaped bore to tend to remain open. For further details on the
operation of the piston head, see U.S. Patent No. 5,676,346 to Leinsing, which is
incorporated herein by reference. Although not shown in FIGS. 3, 4, or 5, the
compressible section 56 includes a self-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 stiff 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



section includes an inner conduit 66 fornmed by two opposing relatively
stiff wall elenents 68 that are connected together by two opposing

rel ati velwofoBexiokl e menbrane el enents 70. The i nt er conne®Cirarsow7obhe wal |
el ements 68 results in 30 the inner conduit 66 with a width 72. It should
be noted that the term"w dth" is 12 WD 03/047681 PCT/ US02/37064 not used
herein in ok @3éd hefeiy th 89S BictivddnskSthat s, iSis ok 1de@ o iRlitaiditk@t e the
dimension in any particular direction wthin the inner conduit. It is used
i nstead i dimegsiopinlanygasiécular divedticat withirethierinaei conduivs i-is ased tnstegad
opening size of the inner _ conduit neasured at right angles, to_the,

| ongi t udi nal ABENETA) FSeRFRlNBRALRLE @a;n&rmpgs—s_ecﬁ&ﬁﬂ%@p&g%émgpéﬁ]éq]{rgle?o are
adapted to . ova i : i i pplied to

t he conpr escrs)ﬁ%ﬁlet Sechf%&'ﬂa%@@%@ﬁ%gﬂoﬁgﬁ?% g@@gﬁ%ggﬁ%@@% lféhe wal |

el enentss 6@lethég. | ength of the inner conduit 66 remains substantially
constant under such radially conpressive force. \Wen the radially_ 10

conpr essi ve for ddeimemdranedenented aeiadanied o frle inwaadywiss 7 sadially

sel f - expandin and tends to.,.expand until it.is e 0 in FlG 6,
nder tho. FoRGueRRGotas i 26 Pie Piharestibia SeRBR b TreREPRtdablsi o
section 56 .giftheSAdF the vAA! Bnidhes 68 NBeillBNah FPRE MderdaMitidh fnfain§ has an
unusual openi ng shape. However, t'he advantageous nature of this opening
shape wi || shbstafifialiyppenstant widsr shieh eadifilly ompressivedosreu s¢bdn bie¢ vadially

Referring now to FI 7, . the connector 20 of. FIG 1.i.s_sho in vertical
cr oss-Kect iCORHITESS ce jsremioued r i ethe inger F%d%ﬁﬁé%\é@f-em &d in
FIG 7 is t: h 1 0 t

Chserted i AP BGHRPEERIRETA B GnehD A shiun 80 ERG ) R RordBbr R0

connect or . BYhEhesiiepehatais of thedeithbersiBl edos&E. i ons of varying internal
di aneter. he internal section directly adjacent the first port 28

includes a st andagan pevgpted e theieer sondwis shawn inFae. b hesaporareal a very
R A i T
o L1, L0l AT B S PSR BF ol 25 Dot tom porton 106 of (1
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 portion 108. Thus, in relation to the bottom portion 106, the

center portion 102 represents a constricted region, and, in relation to the center

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

13



di aneter than the center portion 102 and is separated fromthe center
portion by a tapered ranp portion 108. Thus, in relation to the bottom
portion 1W6,030i®81 center portion 102 represents a constri eCeWSOBEI06H, and,
inrelation to the center portion 102, the Luer taper portion 100
represents a narrowed region. The 13 WD 03/047681 PCT/ US02/ 37064 bottom

portion 106oRas g&dd}ﬁm ﬂh@ﬁﬁﬁﬁﬂer‘cﬁéﬁ%t&ﬂﬁh%%ﬂdﬁgﬂ%gﬂémﬁf‘&eiiﬁﬂ@f condui t

66 to sel f-expan Referring now to both FlI 7 and the spring section
58 i s showeondulit 66itlol sefeexpiandussed in nore detail. In the enbodi nent shown,
the spring section 58 5 is configured to_include a plurality of relatively
stiff annul ar w&e€ erﬁ%ﬂi‘%@i’@&‘? V! 30&%&1%5&%0?#&1&&%‘@11@@ he

| 11Q,. . : ity ) _ N
purer ol 10 SRRSRCAEELREL Lt 6 (SHAAA0S) GRSl Sk 0 eagh gl et

secti o Thecaifipured tovaddlud®s pleasitl d0rethiedyp siff abnuldrevaepbatonsflithe
spring section have an hourglass shape 113 (see FIG 3) that 10 permts

t hei r bendi(aglyawo elewbicht ase ipdicated byhderuunetahdd 0dh apesesvel claniey il Higes

It i i ft i 8 | trolled el asti hi
hesune & GERPBIR SRECcRiNE ERh oB et B Rek By findafBiigs 132 orce.
as wll beg, ﬁérrfo'i)ﬁﬁ'n$ thd g&lxgﬁcg %B(}tibﬁ. FiHe antRnRelvan: ,om@nélgﬂgfaisgb@éaea@r of

the spring séction 58 to all ow positioning he spring
over the subpoeritet obehedsprangdsection diave andicamglaes shfpet HES &qeeiRig. 8k thatel ect ed

t |1 itioni f.th [ it hi he h [ 22. T [ [

et | Y105 | GRS BuRSF DERAINGLAS 3B COGBEOMS. (THEHETEID RS AT HWARBEY when
| ¢ Derdn g o 4 he

cpring. 1R BLAIg a3 h€ bty S8, Arbont MReE AN oL piERt B 1 7

bel | ows- t ypellgWssiarphapé in tdpotswaces agidllgicahpredsivdforenruesillde 20 as shown
in FIG 7, the spring section 58 of the piston el enent 38 urges the

conpr essi bideseyéedi iorrebgiamioddgh 10helowanp portion 108 of the upper housing
AL R R A AT SRS T W T i e
causes 5CONRE 5 kph P bvd e GAPPORTELEUS 2RIt YutéN@iahit@el HN@le 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.

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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conduit, as shown in FIG 9. Aradially conpressive force is applied to the
conpressi bl e section that causes the nenbrane elenents 70 to fold inwardly

and the woioBf47%8d | el ements 68 to nove toward each ot her pag/tshwswed n Fl G

9, thereby substantially reducing the width 72 of the inner conduit 66 to
a first conpressed 30 width, that is nmuch | ess than the second expanded

wi dth of thaolvinNarFIeoBdUldd fere %é_er\{\@nzir’l’@dl?r@%e Rabt L6 8 686HherP UM ik
FIG 6. Had there been any fluid in the inner conduit 66 when it had Its

second wi dtsheormbwididywas showh @ F&G. Grombst, iffnotall, af thatdiuid veduld Ibei expabled d be

expelled as the inner conduit gssuned the first widith showmn in FIG 9. The

cross- sect iaéﬁg? IW?%Woé’fiuﬁl%Sul?eaﬁﬁﬁﬁtﬁﬂg?e%ﬁ@%ﬂ?gﬂ of- t he three parts 5

of the connect OrTHéfchQst&gigﬂﬁl %Woﬁl@?'?ssﬁ%%s tﬂ@?nﬂéfﬁfonh&i{‘ﬁlﬂ?re%%at&son 24
re 28 t enmal e Luer 0

i ncludes the first po at conprises a connector “port with

t hread 5 el exfeht sodfedtocaf @ axbioedintene désctisseldorTheamshdrshaBBRig Rdrvioa@mect ed
to the lower _ housing portion 26. The | ower housing portion 26 includes the

second por tingdpdes the fixsopprt 2bthat kempaises 2 demaledites coanedor wortiviih threadded

| ocki I . he | | th d isible i . The |
housi g porteBRIS B o0eAed AehE MRS xhEoE kLB s el dsthastheiodhejordtmea |
Wi th the | qekindqysing ZE?rTlil@Ibwe_r'Hb&sﬁigsp&'ﬂﬁﬁdi@ﬁi&ludés'}ﬁe%’é&ﬂr%oﬁ gpe has a

|l ength that results in its location sonewhat within the first "housing
portion 24 thaeeompesesahpinadle Luensomupchars34 bédna dueaded batkimghealared ure i s

I t f G 2. 15 Furth th bl e el enent .or piston 38 is
Shown Thant s 1BUERel Heeads oAbl B Sing. SHEQRARRGORETEROTHoR 3b ARt 29 of
h . . T . _ . AR q
Luer T hper TBHBORAGEAR, dibe oifedipl Balebfiink ot RBindBoRML el

caused a caonphesibwlifreneahtgupporabé ds adgaithshad Reeuks i 9% lozatioporti on 60
of the piston head 54, thereby causing the 20 nmarqui se-shaped bore 64 to be

cl osed. ThissmeMBwsavitnithg firgihaningsporsioa 24 whenyghe shwmpbete MoRFiGg l@swher e
(1P, O 15 SRR TS0, B3RS, SRRABRRRA I RRcd bor e Lo elearly
e
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
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 It 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. It is 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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25 It should be noted that the fluid volunme within the connector 20 in this
unaccessed state is defined by the open portion in the piston head under
the cl oswo oBos®864, the inner conduit 66 through the conmpcedsobbmésecti on,
the lunmen 42 of the support tube and the second port 32. It is also
informative to note that the support tube and second port are rigid

struct ur es vangk ftehdrel g4 6f il piehurmda msy depdetio W RIG. Yhi i6elorest or
bei ng accessed, as will be di'scussed below 15 WO 03/ 047681 PCT/ US02/ 37064

Wi | e t he Hheeasdcdhr bhienpitonof the atbsyagctippiallQG. ¢ tesulbpentiermBrdBise?, it is

closed. The particular orientation of the cross,section in FIG_.7.results
in the mar éh?@f’é{%’@i‘? %?@n@g(?q’?glt% & us has the, appearapet PhRRNAas t he
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pi ston heaé’fﬁtg'uc &g%ve? ‘n%p e%sﬁgﬁﬁ’(;\),’\eﬁ%fan f‘—tl gé ?@?Sggﬁﬁ%ﬁt@‘gfgﬁd, {Sﬁgqt“ 1éltgﬁjeac?bor eis
cl oseds | nshowhlaFIGes cd@noasttaestiat the bbheissiissedyg i ncl udes a base 114 that
is nounted at the base 116 of the support tube 40. The spring nmay be held

in place at thénifaghenrefereace tppbrt7,ttheepmyg indledesonba thas is or ot her
. F | in t t _enbodi t,th bl | t.38 i

o aced i n FHEAEEaEss Bats C A G BB s oD Tt el Ay beifd R bl o7

the suppor t3¢ iibga 40 and sugggrttiﬁﬁce by liﬂcﬂ?&ﬁia‘dhiéﬁ@& &Sotffl@f)lgibanﬁn@oi he upper

housi ng portion 24 is pla over”the novabl e el ement 38 and secured to
the | ower leaamiphy ipohé poeseasembeodimérnietheamovable Btarnersie38 tsepldiateimsthens of

t he er housi jyortion and the . | ower housin ortj h th

thergpll%s céwgf@% 31,189% phm@mgmq% the spasa%%ﬁ@é%%%é@? gléﬁisf}&s 3 ‘é(S aﬁéced
th - ) . . . e

25 shown_ i Bafe, P BbeifBned A8 sHBvh M@ B hitfbr Htphif ol 21 blagddion) (1 O

Pat ent No. o9ePilfe Bbbatle di@hosi IQ andyehed €d eli¢ RaAvdrchdising portioaras det ail s.
Extending proxinmally fromthe center of the base 116 is the support tube

40. Ext endidescritesk aiave. fhesausedeslimensions o6 thaipperkeusingpertiosrmuthe 34
Vi, 20 . LATER 2% 0Bl 5SS M AR BB e e
et 5, S B oM oo s e
t he pi st on tehdsmerstay 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, fhe 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 is, the bore 64 is normally open and radial compressive forces must be

applied to the piston head to close the bore. The elliptical-conical portion 61 (see
30  FIGS. 3 and 4) of the piston element head 54 also uses the axial force from
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head and has noved the piston el enent so that the conpressible section 56
is 25 now partially over the support tube 40. The spring 58 is now

conpr essewO 08941681 descri bed in U. S. Patent No. 5,676,346 teTlSOnsiony, the
configuration of the piston head results in the bore 64 of the piston head
bei ng self-opening. That is, the bore 64 is normally open and radi al

conpr essi Ve, &0 Ge8f fEShalkerudPg @dfakmtét@%heggbﬁﬁlg*mﬁemr@b@:sefrﬁ@,e bore.
I ( 30 FIGS. 3 and 4)

The el liptical-conical portion 61 (see 4) of the piston
el ement heathendhalmale waaaulahE3 Gpresbesf the péstbn diead iGtoibe02/ges Ti8tior of the

PCT/ US02/ 37064 insertion of the male Luer 130 to faciljtate the ppening of
the bore 6BousiRgL2 aw%@dlalrr@mmewea m%@rfgenwsé%nﬁﬁ%%ﬁt%ﬁ E%Cﬂéﬁa into

the | arger .J i e : i@l i forces are
removed 1 Btk f SGFoBbn’ REngh R LRPngR A AR e RERRESILYS 0T oS g
flow tigrough thegimnaApCchercodthresilsie Retddn 56 if fenfinired es thad the3tdd on 56 is

configured so that the inner conduit 66 is self-expanding. That is, the

i nner condgpnd@ie 6pds selfeupandiag. Thet iss droinaencanduiafb is adimaplly ahiis essi ve
forces nust be applied to.the conpressible section.tq close the inner
condui t " opeaad bR S Bglal SoRBRSRETaries i por TS B FReRec  ne
mal e Cannulséctﬂognotopﬂes‘«fﬁé ihhér BbRiff) 0P 88 PorlcBiCro ifve ity SRAIIETHGF Wadth10 of the
housi ng 22, and radial conpressive forces are renoved fromthe

conpr essi biTauseshémohe triade cammarla dB0diresses hespisforehgmhihso the larged iareyéor

second wwdth that will now permt a larger fluid vol uge within the fluid
passadénay 0bthe heusing RReandFadipl COrRPLESSIEE UL Rl 1MOVEHdFOm:Egt | v

f in | b of ' .augh th
conhect or - opersitTe TRl ER TR bfher (BRHR o8 selrdipbhity b RERABEAUYn digHE" e
seen by rekgieptiendw petfait alRirgdf Beigivolurhb evithialthe Cand phesagefay of ehd he

connector 20 shortens the length of the fluid passageway through the
connect or fooneatde20 o Agihlargermvidth githerexastly ¢onteasaies éor thealesase éduce t he

ner conalfttst oF b MRl eRy Skt ok T4 Forped o SR ittt nde T «
' ELIGE A Riay OF OO b0 el AR @ridtiorsmin .0 10
now | ocat ethglachn@hlhyl 30/erto thecaumetort 2 shvetet. the hergthrof ahe it
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.
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
continuously flow into and out of the support tube lumen and into and out of the
inner conduit as shown in FIG. 10. Fluid that may reach the spring section will

also flow into or out of the slot of the support tube so that continuous flow occurs

throughout the connector when in the accessed state. No reservoirs or dead
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can be seen in greater detail in the enlarged diagramof FIG 12. The
support tube however includes a |lunen 42 through which fluid may fl ow and
a 25 | ongwowdiosmB1l sl ot 46 in the wall 44 of the tube throwrgh/ushz/zgtes | ui d
may continuously flow into and out of the support tube lunen and into and
out of the inner conduit as shown in FIG 10. Fluid that may reach the
Spring secthalk Wddy n@libOetisO% #ak @l RQHtonBe F0ed phehgOival NeaiRE@Fdr t ube
so that contlnuous “fl ow occurs throughout the connector en in the
accessed stahtnudis flesehsmighsitor dead 17 WO 03/ 047681 PCT/ US02/ 37064 space
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accessed state. ! In FIG 11, a possible orientation of the slot of the
support t ubeonneetor e thaeaeaessadnate: 'TndilG. i3, 8 posgible|arianiador ehtheygletadl on,

th | ot 46 of th t b i.d i f. th i f.f |1 68
e e Ot e Sl SR b B SRS AP SR Bl bbbyl o ¢
flow thr Ougig)t YRef tﬂ@%ﬁgé@:tfcﬁﬁ@ %sﬁd&%fgggﬁfgge;o{f&ﬁ@%if%%;’amr@s Bf Qi idagr at the

bottom of the inner cohduit to prov urd ow between the inner
condui t andohdeit.p Thid paaticplar tpositioning dees sqrpreversdtid dlow Treughlthe geter
diagramin FIG 13 shows the orifices 132 nore clearly. In the accessed
st at e,10; he cpRdwit becaussmriices da2se peevidedat g borgormfithe innesgondyititRe

conpr essi bl i . onfi: . i NI AR N 15

t hrough whPgﬁ‘ﬁggEélss)@%lgg}({wt%ﬁgge%ﬁ%r%# %ﬁg%%&lgﬁﬁg ?ﬁ% Iglacljijéi ai end of the
i nner  congpiiihig 8&tich. PTkE ahlatyeddiageds iRFIG! 15 bless H2onfyess Aelbiraed
between the piston elenent 38 and the support tube 40 which collectively

provi de a ftlearly. flhdhe pacdssedstaiidhe abintmd conpecsiasf betheenrthe spabadestiors6 and
th i mal i on 133 (. FIG_.12) of th i tion 58

whenpe T B8 Anihe e D ectoah sy Do sonfedRY BsHER b Brklss A32he

lot 4G T i i ' i t th

sl ot 4% @gl%iugh%ﬁﬁrfﬁé 9@@5@&@@% ngkﬁg@eg. STIﬁ%‘)%lt&Haréﬂteﬁ%n hathoketet he

connect or accessed unt a 130, urd may flow
cont'i nuouskynduit 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.

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 when the connector is in the accessed state, as shown in
FIG. 10, thus increasing the volume of the fluid passageway or keeping it the
same as the volume of the fluid passageway in the unaccessed state, as shown in

FIG. 7.
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through the entire inner conduit 66 without a reservoir being devel oped at
any point in which fluid may be trapped, held, or retained. The piston
el enent 380i0g/02B8configured to provide a |arger fluid paseagasay3mwsdt h at
the location of the conpressible section 56 when the connector is in the
accessed state, as shown in FIG 10, thus increasing the volune of the

fluid passageway il kReRiprecihied igt, Wi RSs164 0 Mf’fﬂé%ﬂfont fideflib iidnted
passageway in the unaccessed state, as shown in FIG 7. 18 WO 03/047681

PCT/ US02/ 3&0a4at it isfdding ene pp termenddané atemenie 70tihFIGI b1, AGdahay Aewsuppor t
tube is oriented, so that [t is faci ne of the nmenbrane elenmentsg 70 in
FIG 11, fl r%fﬂ.sféxftwreew%l%hr@%@ g A chowdse arﬁﬁthqm@ﬁr dondiit phaia iesland t he
i nner condy| i - Sl At i . b4 h fluid flow through
the orifi cgsé Rggﬁ@%ﬁ@%@e@%l? ﬂ;bg\(ﬁgpgglel?ﬂé ghbﬁées 3!'gl\éc':i(:'essed state as shown in

FIG 1G the inteybakfly kéivdrete)as slagavrysddutaiegls shoerciarnFiec 1or thlint&nahr ough
the bore of the piston elenent, through the head of the piston el enent,
t hrough t hdlwdtnassagenmartheaigiuihe copgecion 26ug thromah| thaberaof gfe pik@nsuppor t

be, d h d 32. il i d th f
bo r ever secnbh AP SRR s b sighicns BRalBBHACHANE P ordifl be
noted that 4q) tﬁfﬁﬁgﬁrﬂhéq{llﬂeﬂﬁ&‘th@su?ﬂ@rtitﬂb@,ré}ﬁi tHroHLH thPssagpmy 3of 1f! G

10 has been shortened by the anount at the blunt cannula 130 has entered
the first peiltb@8ppreciated thaflmvharayviseyrevetsed avtoamfluiolyis whthedratvinethrougier

duit 66 th t ot 40. However, the se]f-expansion of
o bR ar TS e ERS R PRad s SHSNH (bl 7 ShbEABRLIRY: ! e
15 d i t i ! th
ount . et @aeaeEor 88, 10 HeBh Mbrrk bt fiy PO SRR Mhor BBl Canue | 1O

fluid passkageh@yeritbreigie ilRepeRPee ok Ofutidothdrengy,he anfiintdly whithshee tine
the wwdth of the inner conduit wll ecrease. |If the decrease in width

decreases tipRexeMgvit 6oMOW ¢aviers et swpPPHt WA 0. fHoWEverahaspivenpasisionnel
comect o, Bhe S8 ATRAy 3o Eh S USSR b SRR GRS
t hroughs t heieReRBS RAHdih of fhd HtbhR fIded Bhdsagéhsy.| CBBVeSOPINE thebluhe be
di scussed. Referring to FIGS. 9
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
expelled by the connector 20 through the second port.
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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and 11, the nenbrane elenents 70 may be adapted to fold inwardly when a
radially conpressive force is applied to the conpressible section. Due to
the 25 rewetmwerest i ffness of the wall elements 68, the | emgTlusa8a706f t he
i nner conduit 66 renmains substantially constant under such radially
conpressive force. Wiere the radially conpressive force is renoved or

reduced, the i nrlgrreggﬂpgj the@Pring selfidn Sggﬂﬁrﬁgﬂgfg ?ﬁgeﬁ@gg%gﬂ@e and under

the force provided by the resilient nmateri al conpr essi bl’e section
56. 19 WO OBforTesl aPCrpeisi tixy etdulat portegerld 0 w dlternsaginglyglef@ehi on 58, the
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and 10 5 | Iconfigardtidisahownein FIGSt MeandlorU Wil k@tdabthat@fhdn & theQGonkikerayn ng
section 58 alsg contributes to the increased internal fluid passageway
t hrough t heofddant@+ Bie spaing) serien PBaka erswriblites tofthe increased intesnali fluid t he

cnti o opr iR Ayt fic doainBRtr Setitide AEE BReRiCH PR R bl Bty 10
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and the support tube 40 resulting fromthe action of t during
conpr essi orenifre spieng ety lepgth imntheRehéguratipnt af AGG107{luidmagpri ng section

58 is j t ended configuration when the eable element 38 is_in the
fi rlsts s??qﬂgﬁﬁﬁgugy,ﬂc%?é"l@lg%ay%%nﬂce%é9 %ﬁqug‘i\;ﬁfﬁenﬁgé@&@gé%tw |@9'd:a mal e
L . As . i i i t i .0se to the
suppor tt une 30PEiS b 18 rERILAE AR Rch o RRRERA T IFaBRE® (0, g

section hasompressidn bfitley spaingveletioR. \Wien the connector 20 has been
accessed and the noveabl e el enent 38 has been |located at its second

position as shdgieiringlodIGi [, thewpring jasion &6tis dm ap@xtemledecomfiguraiias sed.
O o PR pBALTe e A0 PR AR LS5 PR |,
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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 been 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
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away fromthe support tube 40, the spring section has a second internal
volunme, and that second internal volune is greater than the first internal
vol une 25wOasensed, or unconpressed, spring section). Beeawasows7othi s
configuration and the fact that the slot in the support tube extends into
the spring section, the spring section forns a part of the internal fluid

passageway 1y 249 Bs bBifig WRRMRGHD the bPrit &S RIBRAR MBI Lap36 P8 e é&ﬁl%ﬁ.ﬁiﬁgaﬂ

section contributes to"a net volune I ncrease of that internal f
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connector i.s un Cff}g sed; i.e., . when t:hge male 20 WO 03/ 047681
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include different configurations of the spring section 10 entirely, as
exenpl i f i edhicknédsGhd H€ghS .or Thay ichidef differers wppfigtratioms of @habsing sectimmot her

advant age. Because it takes up volune in the internal fluid passageway by
virtuel®f jensirelyzas exqrapliiedin 16ok&yme for fluid in that passageway when

the connector i Sl"h%q_rlsteaoctccﬁé §ﬁg%<§r%lﬂtgﬂﬂ;40 E[agsot agnan%herﬁ-%%]vtscxng g SaliBe ft STRI | er

fluid passageway 1 n the unaccesse ta erw se exist if

no support thkdeupeslenit BstRtintdBagiolisi@ paksdgewaydyivirtue dfdss dze, thereds Yesk ume
that will not change. FIGS. 14 and 15 are schematic draw ngs that present
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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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the single dashed line adjacent the first sport 142 is used to indicate the
cl osed bore of the piston head. Form ng part of the fluid passageway 138
is an i nnr@po3pemsiuit 146 having a first width 148. | n Fl GPCTAISoA3obaint
cannul a 150 has been 25 inserted into the first port 142 of the connector
136 and has shortened the internal fluid passageway 138 whi ch now has a

| engt h showeghyive BBRIsalffekbfould Heeesiheticdr reRedvR Of thd fhall @ Batidid 4800f the

internal fluid passageway in FIG 14 and the length 154 of the internal
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as shown in FIGp
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Luer taper ipatitindyin G0 undbeessdibsthetesr @3setbp@iitidinas phewanin Fe@d7 SFheont act s
the tapered | ock portion 104 of the upper housing portion 24 and controls

the positi grsibengyhef thespsmstsestion S8 the iston elemaens| 3 cayies the pinwndirpd of
poi nt ed ender 155 HeShE i B MepR B REPL Fud kB PonBELROD.. Py PHGugi B0,
T e g e e
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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Just prior to accessing the connector with a nmale Luer connector at the
first port 28, the top surface of the piston head 54 and the edge of the
first porwooamy’6Be cl eaned by, for exanpl e, passing a stePCTiusSIngroswab over
the smooth surface of the piston head |ying flush, slightly bel ow, or
slightly above the upper 25 surface of the first port. The connector is

then ready Hepwbéh BECHH8EsdYion 53 atfltHedsuppetubee0. CANTIRCIRIngMeloR 58
wi t hout a threaded | ocking collar. The tip of a nale Luer connector is

br ought i ntaxiallyntca¢tacs, tthe pistorphead Faimowegousioé the natrewedpANSdiviariaper of

t he piston head The applicati.on of ., suffici.ent ressure cau t he
spring sectﬂoéﬁo%gégf‘)fttﬁé “%BE’E AUHENE PRAOTS 41agdé;}‘pchﬂfe>pe@6qﬁpoggpn§gﬁa”€s to
conpress i | i i : i defi ned
22 10 03/ 0 HERTTRRLSY s I AL IoeR pRabaoaclid sl |2
suppor t5 t ukentdd.pofdon NO25 pitd lIggerdatdrnal di8meae ¢fl thy centdrpactisn atlows phet on

head 54 noves out of the narrowed ANSI Luer taper portion 100 of the_upper
housi ng portPp sActn @A @f ithe BistereheathtaseliemandAnchty tepd to@sEIBE #8APIABhd 54

C05 the | AVRRREF Spai Ap@ B e Ao iohE HTHRR ST s o sl o o "
section 60 REuhBesRicThRANy R hardfe sty dade @@inéﬂaﬁ@ﬁ@héﬁb?%%@ﬁﬁlgi as

normal elliptical shape and the sane action allows the bore totend to
sel f - open tfluid passagewiay thrmrghethieyconpectonand whe pisstrapeadbie confi gurati on

t her eby. openi n fluid passageway through the connector and t i Sfon
hooa o 06 o s dhertieraas HRATE A Setiet OB Ol tog i cuterast) Prrabre afheinale
ressure of . L i Walc i
Pheai st ar 4er SRR, b ubiphitioRecddiS E AIRESRPHTR dobtalicfopholibfe 0

housi ng 24 dont@ictdibcdrete portibirabE2 of thewiper mopsinigl 24int6 thelargaediappesr
housi ng, allowi ng the conpressible section to self-expand and to assune an
expanded cdotiogyparienl0as! theupperhasig REOWMNS e ¢URPEESIREAAESLIPRA te he

56, st he BirpRA ARG B Shhe b diednodt HonTRibERbay Meint REmasfiRgls o 20,
the coypregsridt %sﬁ@&ésq:ﬁ thel distais@ldetionperdsippobefdey ewipegdiend iatdahel dt h

of the inner conduit. Flow may now occur through the connector. The
i nternal flinnher 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. Additionally, 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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20 passageway through the connector has expanded in width to volunetrically
conpensate for the decrease in length, and fluid flows continuously through
every parwOaB/ostsel i nternal fluid passageway of the connectomr/usAalsiiosd onal |y,
fluid flows through the entire conpressible section 56 due to the slot 46
in the wall 44 of the support tube 40 and the orifices 132 that permt
fluid 1l owdflnoudtel Bidn HIBbhealfhedholififigi por@on 2aNHH thiRGnioie t he

proxi mal section 133 of the spring "section and into the slot 46. Wen the
bl unt cannebmpté&Bedconditivaraheref therimnérewsh¥@oafdhe 20n¢roccaduitvdectéases to
connector to returp to the non-accessed sfate, the.res o,ripgag force

gener at ed 1§yfirshwidihy psshavge i1 Bl.58 Daus, eBPTé%Ofe'T I PEESagENEYs t he

CotD the comaEf htodfulind PabGeHAAEARIANE TR it sPREed iR the On 109
cent er 5secicbaiprdfiblefsedtion BPpad ivdusemep it 6&.nN1f3b, andlaholfluidtthat was

conpressed condition where the_inner width 72 of the inner conduit
decr eases ®gthintthe inpeyrcopdyitivillze expoligdithraned the seqeREPoRtRL- vol une of the

sel ect od_atantrese P 1A RGP Bt TR L RE R Sion RS D% BEonaui «
66. If so, (Re bleWsd Mckldekiidn t10AtinWPghe ANSHLWErthSer 086N AQVANhéreVit I ofk@

expel l ed through the second port 32. Sinultaneously, the elliptical top
portion 60 aghirt tugediintooa nhemwvesdcirsilanshdpd tbyglose loéf thapeifes d4bakd secti on 104
into the ANSI er taper, section, 100 where |t | nce again.urged into a
nar r ol cir?%iy!?ﬂﬁhsﬁaﬁ%ﬂ‘t’%s‘?ﬂﬁ%émﬁ aumo‘e{rthq@%&%&e rEQest ablish a
positive seal agai | 1 r r]%qg has
been shown and ggfélgrsﬂh%lfeedﬁﬂ asq)nefee\%lv%gﬁg}ﬁu%}e%%?gc\ﬁgfgg ortaggeu% qurll-{;?rfél%if%gﬁg@
connect or s if haddigal @ondesoss tREprGted eolpbllshle bbhsteffdoepbegdémndingont the
expanded and conpressed wi dths selected for the inner conduit 66 of the
conpr essi blesparded and compeessed vrdihs selestegdlor ithgiinner 6andriteofihtance of the
pi ston 15 el enent ..38, a.positive-bolus, neutral-bolus, or ne Lve-bol us
effect can CBEIPIS%FP%E%%I e atk%wetilteoqpnﬁgu %693:19%{!% bﬁiaIlﬁ‘?ao_g?ég PR, ate
from gy acegsagst 36,3l ﬁositix'ré—b&‘!u's,' n&RrARRMEE B Heb2AVE-BElUs@TREPEADDE hat whil e
particul ar enbodi nents of the i1 nvention have been illustrated and
descri'bed, achieved as tbelcdnmartomiaplaced ihen 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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made wi thout departing fromthe spirit and scope of the invention.
Accordingly, 20 it is not intended that the invention be Iimted, except

as by theweppesded clains. 24 WO 03/047681 PCT/ US02/ 37062CTWHAY3706¢ CLAI MED
I'S: 1. A connector for controlling the flow of fluid, the connector having
an internal fluid passageway by which fluid may fl ow t hrough the connector,

the 5 CO”W‘I”WS“@W’HEI@ g a housing having a first port and a second
port, the por elng adapted to receive a blunt cannula and the
second port adapted for fluid comunication with a fluid conduit; and a

novabl e el enent positioned within the _hougi g, t npvabl e el enent . 10
having a first pesitiforPnaecigifoncemzolingthe 0w ehluid, Hroeqanactel RAERSw
through the. i . it d i v e t
bor i e 11 AP AR S RREY RRRILAGH iy MBS bIh BRI

head def i nicoinéctbOESMpALifieng a part of the fluid passageway through the
connector, the head being configured such that when the 15 novabl e el enent

is in the second hsusing baving adisopert sarfa sasend post, jbe firgt garubeingl ow, t he

head being further configured such.that when the veabl eLenent is in

the first BQE‘P?&B&H rpﬁeév%g;f)éu%%gmll%agé 5?%@%8@&#? ﬁﬁ?lgtﬁéﬂr hBﬁventi ng

fluid flow, 1% é@&?hﬂlﬁaﬁﬁ&l tQefdnal ng an inner conduit formng a part
ul r

of 20 thec? passageway through the connector, the inner conduit having
a w dt h npveablaenbeible eteraeriti positiodedt withindthe Iwesorg] the didvabiehaement

ComDr €51 D Sect o ben, Sonl gur et S0, Lt Mhe (e mpyEebl ¢ e 1
cont 1 gur od (0 PRTS SR EREA SoRhm A dPulcITE niRRRlY leRRPBertid BB,
i nner conddioty fARYESh tiee hbgsihg [ the Mbeble elhgimiconigitidd:r st width is smaller
than the second wdth. 2. The connector of claim1 wherein the first and
second wi dt hs of t he ahead defining a bore forming a part of the fluid passageway
through the connector, the head being configured such that when the
15 movable element is in the second position, the bore self-opens to permit
fluid flow, the head being further configured such that when the moveable
element is in the first position the bore moves to a closed configuration
preventing fluid flow;
a compressible section defining an inner conduit forming a part of
20 the fluid passageway through the connector, the inner conduit having a
width moveable between a first width and a second width, the
compressible section being configured 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, the inner conduit being further
25 configured so that when the moveable element is in the first position the

inner conduit moves to the first width, wherein the first width is smaller

than the second width.

2. The connector of claim 1 wherein the first and second widths of the

30 inner conduit of the compressible section are selected such that the fluid
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30 inner conduit of the conpressible section are selected such that the
fluid 25 WD 03/047681 PCT/ US02/ 37064 passageway has a first vol une when

t he novabWwe ogloewent is in the first position and a secone@cCraiSonsgroehen the
novabl e elenent is in the second position, the second volume being | arger
than the first volume. 5 3. The connector of claim1l wherein the first and
second wi dtﬂﬁ%sééfﬁwta asl Rk vERMW WheAfthé RfowdIPERARNR iLinsetirefp&igon

sel ected such that "the fluid passageway has a first volume when the

nmovabl e el emelra sdconidrvol e fwhest theasovihle eleanentds éetunsecont positione the he
novabl e elenent_is in the ieconoh ogition, the second volune being

appr oxi mat se§ORhlemebelng dyger fhan thefirsh¥olume- 4 The connector of claim 1
wherein the inner conduit of the conpressible section is configured such
that fluid may continuously flow through the entire inner conduit when the
movabl & el enment 3.s | oxtad @hredtdrivg chagohevhepeini thedirst difd Secohtieviddmefcther of
claim1 further conprising a support tube having opposing ends, the
support t ubisneredansivigofthie pespresailela geeiiobate eedected suchhdssshe fuichds, one end
being in fluid co nication wth the second,port and. the | n formng a
part of th@FHEEMR aﬁ@uﬁﬁ%ﬁ&%@@&ﬁ? tf‘ﬁr’%%vﬁk’?? ﬁlgn%egﬁﬁsel&%ﬁ.ﬁjrggﬁo t?onr he
connect or fndcd &icBhd WEMHE WhdrheSHBPBIE eldthentGo WP EhS & ofd piBiton, the wal |
defining a slot providing a fluid path between the exterior of the tube
and t he | ursecon@%ol@meTbeing appestiorately thé sime @s theErstivoluthe. support tube is
configured in relation to the noveabl e el enent such that, when the novable
element0is in the second position, the lunen and sl ot of the support tube
are positioned, at | i r te,~1.084-1 R j i t he
conpressi bl e sec'ioneg}ﬁeg%dwg fﬁfﬁégﬁngwe%%ﬁgwﬁgﬁﬁgﬁg t ett?frﬁllgr conduit of
t he conpr es®iniyressiisietseotion ishdoaighrécheud tiat fla61 may continuously flow through

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

position.
15
5. 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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WO 03/ 047681 PCT/ US02/ 37064 through the |unen of the support tube, and

t hrough the second port of the housing. 8 The connector of claim?7

wher ei n: Wwotohw4ieBner conduit of the conpressible section rae3/usppa®eng first
and second ends, the first end being adjacent the bore of the head; and

t he novabl e el enent defines an orifice |ocated at the second end of the

I nner  condyhtoughi®e HihdenCst the Sl P6Et Rékd, a9 BrdlghtRaebof heRtMHef rom the
bore, through the inner conduit, and out of the inner conduit through the
orifice. MHowingThe connector of claim8 wherein: the lunen and slot of the
support tube extend, at least in part, to a |ocation outside the inner
conduit of the conpressible section when the novable elenent is at the
second position;q and j t extends fromthe orifice,

t hrough the sl ot8,' an |n(?gin%tc{1derq1wt§rrenk%w{ekgﬁl ocation outside of the inner
condui t5 10. Thehe ommeradonduitfofahaicompredaitiebectionhieasnappeahigefist engdvecdnd t her
conprises a spring section conpnected to the 20 conpressible section; and
sai d flow pads therfimeendhemgasliacesinthnborgrofithedeadnend nt o the spring

section whereby,the spri sectd gn _provi.des,a _poytion of i [ pal

Fhul @ passagevayhe Ve SReRat deRlePar SHAEE IR B PR REobB e BT LT
Section i s ifxeaiRfhit s ofifiBe FIYAAE pared RO Hath ieRtddddnd Fosd thedsyef | on and
when extended, the spring section has a first ‘internal volune;, and the
spring sectthoughsthedanperessetiighed ditef ty zaler eordeittntotigh tha orificsesecond
position and when conpressed, the spring section has a second internal

vol unelO t he second internal volunme of the spring section being greater than
the 30 first igern VOl AR ostdle ' .section; 27 WO 03/047681

PCT/ US02/ 37064 rzjv'vhere%/e € |tnot9e0rfr$géﬂm\s/%%ir%gelgf the portion of the flow path

provi ded by 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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the spring section is greater when the spring section is conpressed. 12.
The connector of claim1l wherein the housing includes a narrowed 5 region
adj acent wbesfurest port, the head of the novabl e el enent Ipeirnigot/amed ed in
t he narrowed regi on when the novable elenent is in the first position, the
narrowed regi on being di mensioned so as to cause the bore of the head to

close. 13. The whevebgtihe irtermll #bNinde vheteepdrtohefithe SlongpathcprodrRedebyl O
constricted region, the conpressible section being located in the

const ri ct edhespgngredtimnisigieated vaisinahe spragsetion i qomepressest position, the
constricted region being dinmensioned so as to cause the width of inner
conduit of the conpressible section to nove to the first wdth. 15 14. The

connector of cl ajgn 131‘H$‘&frﬁie‘&%ortcﬂ@claﬁﬁﬁpmfe‘féih|tﬁe%ﬁ%in%ﬂnk&d%@ﬂﬁﬁ%&ﬁe& o the
head; and the noveabl e el enent further conprises a spring section connected

to the 5 conpgessidjaeens ¢be¢ fiost,port) ¢he head gf Hecmovablbelergerdbging dodavediirge t he
T o e, L SLoRES! L0, el e Sompr gl bl g, sect on
wherei n t he NEadaq Ao 'B‘e’ingﬁﬁg{eguﬁi%h‘%h%o a%@B%R%}%%rE%? t@@hb%@t@?@}%ﬁog are

nol ded as an 1 ntegr MOV E enent . € connector

wherein the conpressible section conprises a plurality of relatively

fl exi bl e menbrane el enents and a plurality of relatively stiff wall

el ements, the nelibr anBhetamestar of simect whgreinghe housingdnelsidas aedges of the

wal | e] ements. 2 03/ 047681 PCT/.US02/ 37064 7. . The connector of claim

16 wnei@ n %Oﬁétfﬁg%%\?%%n’e%@m%eﬁé} C St tog e Fufiefinytes rdly when
the inner GEBGM §hARehd M vhbleSebst # in 18e fifse GRAMRAL Bhic ESfsta@RHTREOhNY the
flow of fluid, the connector having 5 an intérnal fluid passageway by

whi ch fl ui deimy dithensidhedemhs toheause theetidih, oftihrer cothécobthecomypresdiblg: a

housi ng having a first pogt and a second port, the first port being
adapt ed to Seeden (e move taihe fastidth-and the second port adapted for fluid

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.
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communi cation with a fluid conduit; and 10 a novabl e el ement positioned
within the housing, the novable elenment having a first position at which
t he novabwe ogloemwent bl ocks fluid flow through the housi ngcansoas®econd
position at which the novable element permts fluid flow through the
housi ng, the novabl e el enent conprising: a head defining a bore formng a

part of the fluig paq\?\%%‘ﬂﬁﬁcto}%fEﬁﬁﬁ%‘wh@&iﬁ@ﬂ@ﬁﬁrﬂﬁnanb@erﬁ@@@ apei ng

configured such 't hat en the novable elenent is in the second position,
the bore selhpedapsoidragkaliy inwdrtllyi when the inres chaddit heks ige finstiviidih.
configured such that when the noveable elenent is in the first position
the bore noves to a closed configuration preventing fluid flow, 20 a

conpr essi bl e Sef}éi O“ﬁ\g%ﬂrﬂéc% £ap cb{fﬁ@ﬂ@%‘%ﬂg'ﬂo’w éPHH?dhr,‘Qh@c&%éct&T Iéa%\{l;ﬁg fluid

passageway through t connector, ner condurt having a w

moveablse bghwaginal fliidSsassdgidyaingwhideteiddnwy dohy thrbagh ceerpomssid, ehe
section being configured so that when the noveable elenent 1is in the
second posiconnectoheompnisingssi bl e section sel f-expands so that the 25 inner

duit has th nd width, the i dui.t bei f . fi d
o that when 1 nd TURLHEMBR G PP T 1 Heon o B RS RerE e ©
¢onduli t m\éﬁﬁaéeﬂl tto;i%&éigé%{%ﬁﬁgéa{hnﬂ@%ﬁﬁ Ithe E&%nfdisﬁoﬁ avhpied fosfiamal | er  than

the second W 03/ 047681 PCT/ US02/ 37064 wherein the inner
condui t i s coathingicatdn switha fluid cobhduid axey conti nuously flow t hrough the

entire inner conduit when the novable elenent. is.in the secon osition. 5
19. TH connect grmevakleflemant RpfatiQRed ‘.NHEHH OI%FHEE’SI;EEWQH%%F? Gf the
e Con ek B ST CASH B PR RBIGERIRS) BEIAd i hobt, {1 ui¢
position and hauSREeRM ¥ MRl pHiivr Mewhiehiahk enelableslementipermits flséd ond
position, the second volunme being larger than the first volume. 10
flow through the housing, the movable element comprising:
a head defining a bore forming a part of the fluid passageway
15 through the connector, the head being configured such that when the
movable element is in the second position, the bore self-opens to permit
fluid flow, the head being further configured such that when the moveable
element is in the first position the bore moves to a closed configuration
preventing fluid flow;
20 a compressible section defining an inner conduit forming a part of
the fluid passageway through the connector, the inner conduit having a
width moveable between a first width and a second width, the
compressible section being configured so that when the moveable element
is in the second position the compressible section self-expands so that the
25 inner conduit has the second width, the inner conduit being further
configured so that when the moveable element is in the first position the

inner conduit moves to the first width, wherein the first width is smaller

than the second width; and
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20. The connector of claim 18 wherein the first and second wi dths of the
i nner conduit of the conpressible section are selected such that the fluid
passagewaWyOhas4zmsf i rst vol une when the novabl e el ement i sPCR/UShE3Tb4 St
position and a second vol une when the novable elenent is in the second
position, the 15 second vol une being approximately the same as the first

volune. 21. The connaghgreidtheindlertdiidibist daifighpstPsuE Mt Busdipgrt tube
havi ng opposi ng ends, the support tube defining a | unen extendi ng between

the opposing ermdstinanaslyritbvbeinogghnhé eofice inosmoonduit whenvihemovedle econd

port and 20 the lunen fqQrmng a part . of the internal fluid passageway
t hrough the conrf‘é%‘inﬁ?'?lsni‘ghe%?@n@?ﬂﬂ?@%‘?rbr of claim 21 wherein the support

tube conprises a wall, the wall defining a slot providing a fluid path
bet ween the exterior of the tube and the lumen. 25 23. The connector of
claim 22 wher ei n4.he Bupgmirdectartsd dsinc 0® igweiadhe first eldsecondtvoidiieof
noveabl e el enent such that, when the novable elenent_is_in the _second

posi tion, tthe inpergensiét af the commrasitie seesian wgiselecied sidi thebhaifluigy | east

in part, within the inngr. copdui f th i bl egti hat
lui b mmy S5oHENDIR A ROk 2ok R FRB T RERk BrePeieh o
through t hey Hecodd WP/ WHb e METARISRBANEGS in e SacaRdtgagitionene of the
support tube, and through the second port of the housing. 24. The

connect or ckcohdivolud® beiagdarger Bharhthe fimsevolewordui t of the conpressible
section has opposing first and second ends, the first end being adjacent
the bot® of the head; and the novabl e el enent defines an orifice |ocated at

t he second end th ' E&ﬁ{ r}ﬂng]' : L ' 2 | ow
pat h ext endi ng groo'm ?ﬁéé or ee,cg&t r oédghigﬁve%lrr%l%et?l@cﬂgg{dﬁ C?,gecgﬁgt‘%@zch%?ﬁ t he
i nner conduht ithéroseglduiithst theicbigeessiile 2éctiotherecseivreat suchothac tiad finick
wherein: the |umen and sl ot of the support tube extend, at |east in part,
to a 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

15  second volume being approximately the same as the first volume.

21.  The connector of claim 18 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

20  the lumen forming a part of the internal fluid passageway through the connector.

22.  The connector of claim 21 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

23.  The connector of claim 22 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

30 flow through the inner conduit of the compressible section, through the slot,
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| ocation outside the inner conduit of the conpressible section when the
novable elenent is at the second position; and 15 said flow path further
ext ends fwomswiwsorifice, through the slot, and into thePCunsn2/3t64 he

| ocation outside of the inner conduit. 26. The connector of claim25
wherein: the noveable el enent further conprises a spring section connected

to the 20 gpopgksis Rikers oftHeNtppancuda) ghd ﬂﬁWugHTthle bedonldesorest gds from
the orifice, and into the spring section whereby the spring section

provi des a pousiign of the internal fluid passageway. 27. The connector of
claim 26 wherein: 25 the spring section is extended when the noveabl e
elenment is in the first position and when extended, the spring section has

a first internal 9yol Ufge c@ﬂﬁectélhgféﬁﬁﬁ ng vwieGkien is conpressed when the
noveabl e elenent is in the second position and when conpressed, the spring

secti on5has a setmitgnentendat of thel comepresdiblesection hanopposihg Viodtiamel sefonde
spring section being greater than the 30 first internal volune of the

spring sectF@ﬂﬁ: tlzqﬁmegé/m%ap@wtbs@@r%?bélﬁ h%ﬁiéra_él y the internal vol une
of the portion O{hetll[ﬂ vnlglgvglé?ﬁ%rr% cgegfsh\éhgﬁ%m’c?hlwfcea%rt ‘tl?éysect%%td'(ﬁ?fgll 6nf15t]f reater

when the spring Ssection I's conpr e e connector o

wher ei n t hejghey ebAduitGleudEeFotaingoyie of b loR@path @diadiaptirdmiehé bosd, port,
t he head of the novable el ement being |ocated 1n the narrowed regi on when

t he nmovabl etlebugle the inneir gondeit.fandeupefsiheiipner eansluitdrougtethe edfiemn bei ng
di nrensiQned so as to cause the bore of the head to close. 29. The connector
of clarm 18 wherein the housing includes a 10 constricted region, the

compressi bl € sech5on ek RephQGE! Glihiin bASVIEQGRRL! | cled  Tegion when the
novabl e elenment 1s in the ?lrst position, the constricted region being

di mensi oned so athe lonvaused slbe ofiildt suppbri tube rexoomt) ak teasf it paxrtcinpr essi bl e
section to nove to the first width.. 15 .30. The connector qf claim2
0

wher ei n:  t hioCcaBAP PEEIdS e Waet rordyis of Bieeunigssible; eetinp yeendthg 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.

26.  The connector of claim 25 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.

27.  The connector of claim 26 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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t he noveabl e el enment further conprises a spring section connected to the
conpressi bl e section, the spring section being adapted to urge the novabl e
el enent twotobe476Br st position at which the conpressibl e s@cmiusn2/s®epl aced
within 20 the constricted region. 31. The connector of claim 30 wherein

t he head, and the conpressible section, and the spring section are nol ded

as an integral npHNGRBY ehetRERM voRinSef theSorEieREThe floof %@ﬂhaﬁrﬁvﬁﬁdmwrei n

the conpressible section conprises a plurality of flexible nmenbrane

el enent s antleapphgsettidryisgreater athienahy spiinglsestiasl is ceapresiednent s, t he
menbrane el enments connecting together adjacent edges of the wall elenents.
32 WD 03/047681 PCT/ US02/ 37064 33. The connector of claim 32 wherein the

menbrane el erent gy ar er@@%@ﬁfe@%aﬁfk%ﬂl 18Rk thBWRuding inBRRes BSdriRRid

conduit has the Tirst connector tor controlling the flow of

fluid, §he regivnesdjatertalié figst forgnhé head oéthd movableademgetnbgingyosdtedin f | ui d
may flow through the connector, the connector conprising: a housing having
a first portheamaravesbragion phen, the rrovebleselepwnt i9g; thg firgbRotdent18er ecei ve a

bl unt cannul a and.,the second..port. adapted .for I C i Lth a
fluid condATOWe LFEIgY bl @5@%@6@&&%&8 r?é&g“'\lmﬁieg?onr%f‘ﬁ}iﬁ bedd lﬁ%’ ,Qlot e
novabl e el enent having a first position at which the novabl e el enent

bl ocks fluid flow through the housing and a second position at which the
movabl e el ement 2%r miTlse édnriedtorf dfabaitrhi ® wdtereinahi dwsising inchielesgvabl e

el ement conprising; a . head defining .a bore faormng a,part of the fluid
passagthay C%triqﬁ?%@oﬂ’hgeé@méﬁ le seefiot, %gﬂg&ﬁﬁdﬁbmqw Ciedeh t hat

when the N {]il%é?oﬂ @%?ﬁ?ﬁ%ﬂﬂogggléb&eﬁgﬁ R8AAE fi?é(;cﬁi;cdsitﬁihé éﬁ@%oﬁéifi@te%leﬂe tRPens to

permt elng further c I gur such t hat en the

noveabl e  eh@AEdimbssibied fead td duseaké Width dhienbocenduiv of tHeocampiessibhe
configuration preventing fluid flow, 20 a conpressible section defining an
i nner condulectipn teimayedoghe firgrwidth.

15 30. The connector of claim 29 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.

31. The connector of claim 30 wherein the head, and the compressible

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

25 32.  The connector of claim 18 wherein the compressible section
comprises a plurality of flexible membrane elements and a plurality of relatively
inflexible wall elements, the membrane elements connecting together adjacent

edges of the wall elements.
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the fluid passageway through the connector, the inner conduit having a
w dt h noveabl e between a first width and a second wdth, the conpressible
section bwprgoewsf i gured so that when the noveabl e el enentPCTIGS0Y/8706he
second position the conpressible section self-expands so that the 25 inner
conduit has the second width, the inner conduit being further configured

so that when thegmovepid EorBl RIS didini 92 WiRréin dik R@abtdnelbhents aeer
conduit noves to the first wwdth, wherein the first width is smaller than

the second adagtéd tot fodd radiatly comaidly wieinrthe domen epmdadr asahetfivst widthi d - may
continuously flow through the entire inner conduit when the novable 30
elenment is located in the second position; and 33 WO 03/047681

PCT/ US02/ 37064 23 pUPRRLbRE UG, RAVIAGoRid RAGH e Al Ane eeaReuiBAatingh  he

second end being’in communi cat1 o t he 'second port, the stpport

tube havi ngh stk Aufdpadsagerapdy twiath tlogd maydtovalthioughdhp gesne@onhe
t hrough the connector, the support tube having a wall that defines the
| umen and acoanleomlcoumrwmg slot fornmed through the wall and into

o e ouoh ¢ HbRopging relii RE SR adg H stedY pdi e AlsOpafity OF L he
support t Ub&iﬁ@d {&P&E% bl Ranh g dndn@ke seedrtiipbriaidabbal fphiiéssi bl e

section when e movable element is 10 in the second position whereby
fluid may fdoommiuhicatioh witk aiftuidrcondnifui t of the conpressible section,

Secondlort of thEIGBOL SlgmeaspoRHAnEOAULE She BRUdne: thegnoRIds S h the
| nner Condhﬁgémﬁg {}St fmsgas wléh SRGhbPMbID R Redt Hlﬁ&kseﬂﬂﬂd%% gand

end; and t enent al'so conprises an orifice |ocated at
second end e hddihg aMeh seedtilipdsitibatt pihdo thesmaviblewlqraeit Ihmrnmlsseﬁ“uldhe

inner conduit and a |ocation of the fluid passageway that is outside of
the i nner clerddhroughothe housing, the movable element comprising:
a head defining a bore forming a part of the fluid passageway
15 through the connector, the head being configured such that when the
movable element is in the second position, the bore self-opens to permit
fluid flow, the head being further configured such that when the moveable
element is in the first position the bore moves to a closed configuration
preventing fluid flow;
20 a compressible section defining an inner conduit forming a part of
the fluid passageway through the connector, the inner conduit having a
width moveable between a first width and a second width, the
compressible section being configured so that when the moveable element
is in the second position the compressible section self-expands so that the
25 inner conduit has the second width, the inner conduit being further
configured so that when the moveable element is in the first position the
inner conduit moves to the first width, wherein the first width is smaller
than the second width, the inner conduit being configured such that fluid

may continuously flow through the entire inner conduit when the movable

30 element is located in the second position; and

33



36. The connector of claim35 wherein: the |lunen and sl ot of the support
tube extend to a | ocation outside the inner conduit of the conpressible
secti on vwWen3bkmsnovabl e el ement is at the second positi @eT/snz37864 t he
orifice provides a flow path between the inner conduit and the slot and
the lunen of the support tube at the | ocation outside of the inner conduit.

37. The connector of £l@isBrBRuHIRIghS: firddetafBh RG] eRCWilISOR/ 3¢06d t he

nmoveabl e el ement further "conprises a spring section connected to the
conpr essi bl e secdridobeing lie flsipd commuetcitom Wobahe deennst petiethe swpnodrigbel ot of

th t tube that t dto the | i ide the i it
(P pupbort L Uhe Lhsl EXLENd Lo b Locatlon. o St e Lot sonl L
The connect o _of gl gk, vile'sEbPord 1B BRIHE% HERYhAdMAhendac ha ¢ he

noveabl e el enent 1's i I'rs position en extended, the spring

sectionshas a filoagitidinat slat forotadmiroagidthe wellspdiintp senhiwrcdt®ncwithr essed
when the noveable elenent is in the 10 second position

nd when c ressed,
the spring sect itbs lnmenavherchrdluichmayiew inte) %Ihje?u"twh@zﬂ%& tﬁFﬁ r%e

vol une of the spring section being greater than the first internal vol une
of the spring sglepggH:aH\ﬁﬁw@lP&by the internal volume of the portion of the

flow path provided byyhbRén SRS iuers 868 IR of ShAISIGRIRE rMeesretlbeate@iviftdn
section is conpressed. 15 39. The connector of c¢laim 34 further conprising

a narrowed regi othe indpmomntuit diethei costprpssibtle sectidgrewhensha gnemablthelemenhés head
of the novable elenent is_ |qgate en_t novabl e el e t.is in the first
posi ti 8%, the sizdhgmseeond Pasiieg Vf\?@@ﬂB @é}’i@%ﬁﬂek}gﬁﬂ? Hllrfélﬁggalﬂﬁe Ibore
of the head 1o Che dofhresNEiRlsedford ditdlishl Y i AltBlich e luriéd oP@isSagevay

of the connector. e connector ‘o r conprising a
narrowed regi on sigfioackibe, hhé through theséconfd pdre ofi cheshogsiag. whi ch t he

conpressi ble section is |ocated :
35.  The connector of claim 34 wherein:
15 the inner conduit of the compressible section has a first end and a second
end; and
the movable element also comprises an orifice located at the second end of
the inner conduit that provides a flow path between the inner conduit and a

location of the fluid passageway that is outside of the inner conduit.

20
36. The connector of claim 35 wherein:
the lumen and slot of the support tube extend to a location outside the
inner conduit of the compressible section when the movable element is at the
second position; and
25 the orifice provides a flow path between the inner conduit and the slot and

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

37. The connector of claim 36 wherein:
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when the novable elenent is in the first position, the size of the narrowed
region 25 selected so as to cause the inner conduit of the conpressible
section twOmeMeT6BD its second width. 41. The connector ofPCEltSB3A64
wherein: the conpressible section is connected to the head; and 35 WO

03/ 047681 PCT/ US02/ 37064 the noveable el enment further conprises a spring
section connect eghetrotdibl€ elepicas Sither #igH3,a $prngSepctiog coaateted tbehag
adapted to urge the novable elenment to the first position at_which the
conpr essi bl @mpiessible sestipn.abespingiseetion Iwamlr@mge hegerandslotof thee

f claim4 ' d .t h ib ion, d
e spri no. weBofbs f e B 108Rion B CRarBRBE FORL el et ™"
material. 10 43.ERpiff@I8cides el ﬂGWd%h%TdMgﬁrtﬁE@Rgfig &g essi bl e section

conprises a plurality of substantially inflexible el enents and a
plurali3y of substantially flexible nenbrane el enents, the nenbrane

el enents connectjng to%et her adéﬁacgent edges of the wall elenents. 15 44.
The connector of3&I ai TRASOWSEY; ¢f daim 32 HE8 el ements are adapted to
fold radially i rel: 3 %mﬁ i d 3 < MM 45. A
met hod for contro Isgklég\t@%gﬂ?rﬁ ci}\?\?}gct) du‘l%gglqtﬂhée met %%lgeeé%ﬁn%ﬁ?giﬂr{rgtﬂé h|rsr¥serti ng

a bl unt cangusitdon and whenséxtpddd, ehe sprioyisdéciigntiasesfigbintemdlvelidn@land
comuni cation with the housing; noving a novable el enent that is positioned

Wit hin the housithg SPring sgction sseomprepiadonhen the wevele gtanents in ke novabl e
el errenLOcogPri Si nﬂ 2 head, wth a bore ttglat i.s cl o,qs]ed to grev nt flujd flow
thr ough® t he RTINS PRETIRAANG WhesOmBressed BisRiiig S50 fas 2 Frmd iy Pibn and
i's sel f- opepjipgheMiRisdcbRd TREANI S 0Bl BEBR L SHridy Qe‘ztibh%eﬁ@ggf@té}%hhltﬁe to
permt fluid flow, a conpressible section with an i nner onduit, the inner

condui t haviirsgimefrial solume bhtheepningteection;abl e el ement is in the first

osition and sel f-expanding to a second width . that is larger th the first
P where ytﬂe ir?ternal vofume of the portion of the ?]ow pgﬁa prov1a ed by

the spring section is greater when the spring section is compressed.
15
39.  The connector of claim 34 further comprising a narrowed region
adjacent the first port of the housing at which the head of the movable element is
located when the movable element is in the first position, the size of the
narrowed region selected so as to cause the bore of the head to close to prevent

20  fluid flow through the fluid passageway of the connector.

40.  The connector of claim 34 further comprising a narrowed region
adjacent the first port of the housing at which the compressible section is located
when the movable element is in the first position, the size of the narrowed region

25  selected so as to cause the inner conduit of the compressible section to move to

its second width.

41.  The connector of claim 40 wherein:

the compressible section is connected to the head; and
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wi dt h when the novable elenent is at the second position; causing fluid to
fl ow continuously through the entire inner conduit when 30 the novable

el enent iwoOlosoateed at the second position; 36 WO 03/ 04768PCPATROBORS 37064
retracting the blunt cannula fromthe first port of the housing; noving the
novabl e el ement fromthe second position to the first position during the

step of retracti i hboedtie Blent@itTutder @é}ﬁpﬂ@éfs‘ @gpﬁﬁ@sédﬂiwlrcdiml&dwdttofth@m t he
second width to the first width during the step of retractin 46. The

met hod of cd:(anpreﬁﬁbiﬁhmcepn, thwmtrweomomrbemggadapéedrm/argeetheen@
conpri ses expandi t he sec t he

d
vol ume for ¢ me@t{t](? ﬁ#%&g‘rﬁmﬁ?& V@b‘ﬁhéﬁ? SQmpges,s %‘?Cutoﬁdﬁ%\iﬁf\éﬁ Vi”l’i % nhner

conduit  10icSp oWk réd 1F>ﬁ.t width. 47. The nethod of_ claim 45 wherein the
step of noving the nova el enent conpri ses expandi ng the inner conduit
to the second width at which the volume for fluid flow through the
connector is approximtely the sane as whe 15 the inner, conduit it
first width. 48.43he Whe ﬁ@aneﬁtorcp%irlmmélmwéuhthetI%'KQ ?CHW?’F@S'%

ube havi ng tPtnind A5 sFGE S GER AR el 48 an filEraity %#h*fgﬁéé%dﬁé@p o

t hrough thepgespgetor; and the step of causing fluid to flow through the
i nner conduit conprises causing fluid to flow through the |Iunmen of the
support tube also. 49. The nethod of claim45 further conprising urging the

nmovabl 25 ele the first sitign so that the bor |s cl osed and

the i ni@r condui ’nasgll he cenRpeqtat Oﬁﬁ 3%0@7{%%11{%5 %Breﬁ?l 1%35FHRR] ng t he

blunt cannulanbHoM & BRurhlifySdt Bbtantidily idifexiNeShd9eledtents and a plurality of
substantially flexible membrane elements, the membrane elements connecting

together adjacent edges of the wall elements.

15 44, The connector of claim 43 wherein the membrane elements are

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

45. A method for controlling the flow of fluid, the method comprising:
inserting a blunt cannula in a first port of a housing to establish fluid
20 communication with the housing;
moving a movable element that is positioned within the housing from a
first position to a second position, the movable element comprising a head with a
bore that is closed to prevent fluid flow through the housing when the movable
element is in the first position and is self-opening when the movable element is in
25  the second position to permit fluid flow, a compressible section with an inner
conduit, the inner conduit having a first width when the movable element is in
the first position and self-expanding to a second width that is larger than the first
width when the movable element is at the second position;
causing fluid to flow continuously through the entire inner conduit when

30 the movable element is located at the second position;
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retracting the blunt cannula from 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; and

moving the inner conduit from the second width to the first width during

the step of retracting.

46. The method of claim 45 wherein the step of moving the movable
element comprises expanding the inner conduit to the second width at which the
volume for fluid flow through the connector is larger than when the inner conduit

is at its first width.

47. The method of claim 45 wherein the step of moving the movable
element comprises expanding the inner conduit to the second width at which the
volume for fluid flow through the connector is approximately the same as when

the inner conduit is at its first width.

48. The method of claim 45 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.

49. The method of claim 45 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.

37



