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NEEDLE, FREE MEDI CAL CONNECTOR W TH EXPANDED VALVE
MECHANI SM AND METHOD OF FLUI D FLOW CONTROL BACKGROUND
The invention relates generally to nedical connectors
of the type used in the handling and adm nistration
of parenteral fluids, and nore particularly, to a
needl e free connector enploying a valve nechani sm

L e
Sébnnector retur ‘Aﬁf [é) 0 13 from
accessed state. ﬁﬁT 8%1 ﬁu@ﬂﬁﬁﬁﬁi’ggﬂﬁ@ﬂ on tﬁg
terms, "negative-bolus effect,"” "positive-bol us

effect,” and "no-bolus effect” are used to describe
t he:operating charact er i BACKGROUNRRdi cal connectors

as the connector returns to.its unacce st -
an acbus BRgnErardn e §ebuls R RSP ThEh S riledBed in
Eﬂbehé}ﬁ?ﬁ?tdnﬂrhcﬂﬁhis@ﬁti\éfﬂ'_dic'i)afféﬂtbfhi HOids, gh@wbre Paetiddiarly, to a
connector as the connector returns to its unaccessed
stadle fifee aomaectacempbyinga aake mebsnism/diapepmpersatecior

descri bhes,t.he.conditi.on duri.ng wich fluid j

B red e GERTB ol bt ST ko chiinedyor, as the
ESAMARS: fefurhb fo HPARGERSRA ShR!fPorh AMEcasssad sessed

state. "No-bolus effect" describes the condition :

dur i ngVigthn chis spedifcatispibadermnt npgatvediolad ¢ffecy” apasitive-bolus
fluid is, neither drawn into nor 15expel | ed out .of . :
Elsttio el TRbdIRE et Ad B Bl B rE P Bl Blsties of
%ﬁ%ﬁé&ﬁ@@&s%‘%ﬁ@ e65h &t Rturns to ithleagt@sdedagate from an

connectors for injecting fluid into or
nermwidgatel (NtghrivabalusT effeciviesaibes the vondifipyidgring which fluid

adm ni strati on set [l Kk d w del .
B PEA Loy pe SR SUBHI dSAEE Lol 1A EHEd spre from
hQustade D3t PHRGRANRSL] Sfed?0abskriBls BRtddnais: dhey which

connection port nmay conprise a femal e Luer )
fluid is expelled out of the connector as the connector refurns 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
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
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 biit in some cases is located
at a ninety degree o;'other angle to the first port, and comprises a male Luer |
fitting. In many cases the second port of the connector is permanently connected
to 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
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port sized to receive a blunt male cannula, such as a
mal e Luer taper. The other connection port may be

| ocat ed opposite the first port but in some cases is
| ocated at a ninety degree or other angle to the
first port, and conprises a male Luer fitting. In
many cases the second port of the connector is

eti ngnently connected, 25t.0. 1.V _tuhi [ '
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beomddsiies of the connector housing; in other
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connector 10housi ng, the val ve nmechanismis engaged.
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Set it s e el B R R Mt R om
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Subsequent ]y, when the blunt cannula is renoved from
increase in the volumetric capacity may create a partial vacuum of pressure

reduction in the fluid flow path that may draw fluid into the connector from the

- 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 1s
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.
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t he connector, the volunetric capacity of the fluid
flow path increases. This increase in the volunetric
capacity may create a partial vacuum or pressure
reduction in the fluid flow path that may draw fluid
into the connector fromthe 20second or downstream
end of the connector. As previ ously nmenti oned, the

ol fect of ot ng 1L L8 AR OSEOmES Rl A B Syminced
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bagkef | ow of fluid through the IV

@ﬁéﬁgﬁe}%% I nt g { he connector. However this is an
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2 50 undes) tabl e L0 LhAL IDSLCAE 6 PROY F1S] S48 G aShY e
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to patients rat
of a partlal vacuum and thus the likelihood of a negative bolus forming in the

fluid flow path. However, this approach is aiso undesirable in that not only does
it add a step but may require some skill in successfully carrying out the
procedure.

The negative-bolus effect may also be reduced by the design of the medical
connector. As previously mentioned, some medic‘al‘ connectors include an
interhal cannula or holiow spike housed inside the connector body. The internal
cannula or spike is positioned to force open a septum upon depression of the
septum onto the internal cannula or spike by a blunt cannula. The internal
cannula or spike has an orifice at the top-and, upon depression of the septum
over the internal cannula or sp1ke the internal cannua or spike i is put directly
into fluid communication with the blunt cannula. The internal cannula or spike

provides a generally fixed-volume fluid-flow path through the connector. Thus,
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than i ncrease the nunber. In another approach, one
t hat di sadvant ageously al so i ncreases the nunber of
steps in the adm nistration of medical fluids, the
operator continually injects fluid into the connector
fromthe mal e device while the male device is 15being
dlsengaged fromthe connector. By continuously addi ng

dth t i er e
116 pepBin Anrs e oGP Rt bl mar gl Vel AR B within the
&ﬁﬂ@&%l’ Qf 31?5 it RS A8 ?gé—é’s&he' lvﬁGudmtfbﬂﬁ@dMn a connector
ereby redu

cing the Tikelihood of a partial vacuum
leavihg dosre heldméwbalboma@ﬂe mtmghﬂmd@%&gwaﬁfo Philifgivantage

(iéfn L h%@%@g@g avi a%% ‘Jﬂte Verrl‘mlg %oég'iggg ? %\J fuid-flow rate
SLER BYthdBMall RAHEN B SRMnkklal dr spikes u&&ﬁﬂﬁxﬁaﬂﬂ ¥ has been

carryl’hg out the procedure. The negatlve bol us effect
meyd ahatovidie treechinedtopyesign hawskiggniierdly-mounser Byprnal spike and

& Biratiegr iR R o PR RL O RE Sy pPE ATRE R, puch pierced
s‘eghhﬁ ﬂ%’}“ﬁ@ Qaﬂnﬁ§é&| @ithhBukPIess chd@lféﬁkmﬁh.ennedtsr maly result.

cannula or sprke is positioned to force open_a
sept um@ﬁhenc@wmsnrowd@ﬁ a vile segshamisBhihgt ingkades a flexible

L A SR, 2L, AR 80P, sl o e

@&ﬂyecit&(?ﬂdg@&* S5 /t&Maltarddi@a 8P UPGH A¥prestibe of dicefleable body
cannul a or spike, the internal cannula or spike is

bjathedmneaduttyon of @ biunticanewlmihraughta prrtvine Antereal wpppgla forces
o T B P e RO BB e e
£08N854rPhnd bBES a slit contained therein. The opening of the slit establishes
fluid communication between the accessing blunt cannula and the lumen of the
internal cannula. The expanding leaf spring also creates a reservoir-type area
between 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
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 mechanismis -
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;
i.c., 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

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



as the septumreturns to its closed position the
partial vacuum forned wthin the connector, if any,
is not as large as the partial vacuumfornmed in a
connector having a nmore volunetrically variable
internal fluid passageway. A di sadvantage of typica
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iti : .
oSOt e OBGhE b SRR pstion, s sih
motableC FUSRNEXRENTL sﬂmd lﬂlosie thrawghu ikte diopsing. e thef Mmaveblie nelement

t he heal th e in t oda
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continuous flow through the enti
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tO I'ts unaccessed state.
a closed conﬁguratlon preventing fluid flow; a compressible section defining an inner

conduit forming a part of the fluid passageway through the connector, the inner conduit
having a 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 configured so that when the moveable element is in the first



Hence, those concerned with the devel opnent of

nmedi cal connectors have recogni zed the need for a
nmedi cal connector having a val ve nechani smt hat

avoi ds the negative-bol us effect by producing either
a positive-bolus effect or a no-bolus effect. The
need for a nedical connector that provides these

effects withouyt sacrific flow rate.
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menbrane el enents adapted to fold radially inwards
when the inner conduit has the first wdth; and
wherein the inner conduit it configured such that
fluid may continuously flow through the entire inner
conduit when the novable element is in the second
posi tion. In a second aspect of the invention
there is provided a connector for controlling the
flow of fluid, the connector having an internal fluid
passageway by which fluid may flow t hrough the
connector, the connector conprising: a housing having



of the inner conduit, the orifice formng part of a
flow path extending fromthe 5bore, through the inner
conduit, and out of the inner conduit through the
orifice. Further, the lunen and slot of the support
tube extend, at least in part, to a |l ocation outside
the inner conduit of the conpressible section when
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conpressi bl e section, and said flow path further
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¢ n@%ﬁ@u{b%&%ﬂé\&}iﬁem@i imne}ﬁmge flié prsshgenay ihas 4 Fiest selomedvhen
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- Furihat, ébanfitst v ﬁﬁtrenfbffvldthﬁef)fpfbﬁ finnsh cerfdutird the empsesiple section are
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on | sse eat ures
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port, the head of the novabl e, el enent
posPiing e PR GREE TGP G Eha PEOUALT O DS oG - e
inndrR@ndiif 8t the@Shpiedible sh@ionag E@i&@drefdfsgt}oﬂlabﬂmﬂgnay contmuously
25di nensi oned so as to cause the hore of t?
flove fraeueeh thelgntire drr cgudugtijghen the movable element is ocateg n 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 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. Theé support tube is conﬁgufed in relation to the moveable element such that,
when the movable element is in the second position, the lumen and slot of the support
tube are positioned, at least in part, within the inner conduit of the compressible section
such that fluid may flow through the inner conduit of the compressible section, through

the slot, through the lumen of the support tube, and through the second port of the

housing.
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housi ng i ncl udes a constricted region, the
conpressi ble section being located in the constricted
regi on when the novable elenent is in the first
position, the constricted region being dinmensioned so
as to cause the width of inner conduit of the
conpressi ble section to nove to the first w dth.

Yet further, the conpressible section is conngcted to .
the Heats oied nt0Te AREVISAGIECRP RO FOPRBF Ol dfip £ GRLessible

SRR REMETATIISE 0 I SOTERERERS Mo o

ng Section ng apted t ge the

Hotaead eAReRtmbeatldelehiont defined 4n orified loshtechattthe second end
conpr essi bl e section_ is placed mﬁ%hin t he const,ichgd _
efodiednner| qenduitpihe arificsi fpEmingpst of a figw pathgxtelipg fem the

onpr,essibl.e .section, . t | N £ : .
RARGUEORET LR RRELUAR 30N of B AdcPESU BPURLR the orifice
Bighe! Bey luaskesidsiansf didsappagasbotxtbhe, arleastin gart, to a
wi || becone apparent fromthe follow pg detail.e

d
Westen puisiste thadnaerecondbBRf ARG FAFPERSSRTFSaoORT R the movable

il lustrate.,b of ..exa f

FE o D B SR B ARt rom he
GHfREhdbugh the Siofeand ievo tie Amassteib lodtivediusitle of the inner
connector that incorporates aspects of the present

ferdititi on, showing a first port surrounded by thread

el ement aQr. recej vi: (o1 ¢t ;
Chr calbimi PioiE et Bpliet Moc FRORERIOLCREH: Ryer comprises
H&bfng Q8RREL @ninected to thd Compréssiblyscetiph onetisaid flow path further

- perspective view of the nedical connector of FlI

ne. G.1 .
ehienidn fomheeranifice. andivadhe SPBRE S¢rEORSIPEEPY ComtREmgfection

of this enbodi ' ] ; iy A
Bifitisoe PAUGRLTTNC s Al HhE BaBl HIRE RO UIDsection i
RRfchidediwhen the nfidvedbleZla@ndntisan ehefisv positnaland when extended,

at right angles to each other, of tﬁzgggi ston el.enent
shosprngsection has a first interpplyolymes ang PIALRFCBP the

sel f - openi ng_ I.SL0Q :£ - i h
SR PR dhE el St A LR poftion ahd when
kReMipiessédahs 3pEn@Eé@ivhaidsanseasnd retepizd vohine, elre mecafd internal

FIG 3; FIG 6 i, ‘ ' I.ew i
st eregssiogsecu b st DEa MR e of he
Spilhh Bed i PEGEDY Tl BEERASERRR bite oof Bt KR SwBarn

e se expa ng itnner conduit inits
RR6WERd By edpaniiadsadantiis greater when #ieGpring sscgon is compressed.
secti onar el evation of the rrl_ggi al connector .of

ne | G

1, shOHTHPRIVER K RIS ARAEREEY g @dgCERF the first
the. Rhehot &t @@HEW%HT? hfeﬁéﬂtrbéﬁn BehfkliGR thdn¥hbeRdibgion
égﬁ%-openlng ore o e piston head is closed to .
fhdrdiHel ravwdbe tleenent is in the first position, the narrowed region being
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 regioﬁ being dimensioned so as to cause the width of inner conduit of

the compressible section to move to the first width.



10narrowed first port of the housing and the
conpressi bl e section has been conpressed to its first
wi dth by a narrowed regi on of the housing; FI G
8 is an enl arged perspective view of the first port
of the connector of FIG ‘1 show ng the self-opening
head of the piston el ement in the first position with

t he mar sha ore .cl osed t d fI E
o el PP RO S1eRE Sroar g EDRheet Hho B hesbl
elen'lzén@fur?her tc@ﬁ@ﬂsé@,c&[ Osiigt fetidd BennFeEk edl tlQ:- &)rﬁ}bt@s}mh‘h@ sdiduen the
conpressi ble sectionin its conpressedéﬁo ft ur.at

~ sprifg Gction beingadapied fowar e mexthloRlepet i gpition &l Which
the %8191@1%%1 S%Etl(ﬁ‘l ?%ceds@ﬁmnnglet éb%stﬁ@ﬂ%ﬂ er@%l@ﬁ hf‘a@ﬁore detailed

sse state with the piston el enent having been
aspevnuiae htal, 204 the ®epoessibpoitidnoand thewiprion Stxﬁ@ﬂ are molded as an

n re of the piston head has opened to
‘nwg@LW8V$$Eﬁ7%Wﬁgthe sel f - expandi ng conduit of the

COMpiesS ﬁicbbtﬁetsmbcbt@ and agvaaxigan de thet iovértion naillt heabme apparent
"as- mol ded" égﬁwor,sec nd wdth, for,incre

from meépﬂgwln@&e@% ription and t @Coﬁhﬂ“@n%d%lgéffgsa Ellch illustrate

by N@Weggm?ll@%é%gﬂu&@ofﬁﬁﬁﬂ@‘ﬁf@ﬁ of FIG 7 taken across
ne 11-11 showi ng the self expandlng conduit of

the conpressible section at its normal "as-nol ded"
state, or s [ sels wWikiegsnal  vol une;
FIG 12 is g ﬁ[{‘[ﬁ[ﬁﬁN d}efﬁgor ron of FIG 10
shzﬂGﬁI@E h iealsafegedwdﬁtaau assetrnided ntedicak ednppcter thah mcorporates
sl ot | umen | SUPPOFt

ot ariar et R bfSuthbigd BF 3Ed elaments for

rece®flg bNRum WohMett@f antl hethsqared guilOaicd seond pott hDemprlsmg a blunt

conpressi bl e section;
male connector;

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

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

clement shown in FIG. 2;
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FIG 13 is a cross-sectional view of the enlarged
details of FIG 12 show ng the self-expanding inner
conduit at its second width, the support tube, the
slot in the support tube, and showing in particul ar
orifices existing at the base of the inner conduit
that permt fluid flowfromall parts of the conduit

into the slot of 5the support tube so that there,is
cont i Figo8ds angng O £ 4HRs Bead ?géﬁermséf’n element of FIG.

ondui t ;. F . '
GepPeig gl Gearpfiisehapbe pBEETEAfing the jame
pEEhE@Ebn 60 AResistn dlb@akni GCRIGNGE at es aspects of the

present invention; and 10FI GS., I16 through ga} ar.e’ 1 ¢
per spBl&t ifvis anesspscEve YiSY 15 RArHAl @PENERTOR AbiiTigston element o

nap.i fi j fi i 1 ORe self.
Bl b e R bRt e B B L e sl
Bﬁﬁaﬁfdh:xg‘lﬂm@]?\ﬂbﬂlduidiﬁi f_e hcixgmltmmded ng@diﬁnn;l/\hi ch like
numerals refer to like 15or corresponding ele s :
amongFithe is@sertdenaliclfyrEgn of fas Bleﬁgapﬁ’rﬂ%ﬁ@aﬁ(gsﬂénl’ showing
E]#%onllllﬁ%oﬁgrg% L &RRkd YW Wath theBsbA ¥lert@tNR S SHrst position

S various aspects of the present
MWt @B selfvpepmigtioze o thepistechad is olvked ty Htidofow by the
exenplified in the fi gureg%'i for illustration b
parpweadirspart of e e SPIBI eSS GPERPT} as been

diffe CQNE| At ' RETe [ aTer thBQbubihpi t ed
o PGSR BrE ViG] GE8 SoRGh el Sen Y GpSPousihe |
tri - commesisirsenl AigNdadagpicetise viel ¢f thadirst, parubf g connector of

engagenent ) .
Flg. %showing the self-opening head of the piston element in the first position

with the marquise shaped bore closed to fluid flow;
FIG. 9 is a sectional view of the medical connector of FIG. 7, taken across

the line marked 9-9 showing the co.mpressible 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
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
line 11-11 showing the self-expanding conduit of the compressible section at its
norma! "as-molded" state, or second width for increased internal volume;

FIG. 12 is a detail view of the portion of FIG. 10 showing‘ in enlarged
detail the interaction of the slot and lumen in the support tube with the self-
expanded inner conduit of the compressible section, and the action of the spring

section on the compressible section;
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devi ces, access pins, vial adapters, blood tube

adapters, bag access pins, vented adapters, and

others. The drawings are for illustration purposes

only. FIG 1 presents an enbodi nent of a nedica
connector 20 having a housing 22 that is forned of an
upper housing portion 24 and a | ower housi ng

25portion 26.- The upper housing portion 24 has_a X
firstFiGos i98 crosysectional Niesv @%3@ gndarged dptpils OE gL 12 showing

onnector port wth thread el O :
irselardnt infl S Raner iR iRl HegEBpER BbEhe sloc in
e RppBAANHe RAIH shdvihfad pattltuldtiosifivas existonr thedmsaof the
mal e " Luer connector 34 defini ngi a lumen 35 él_ur_nsn BOt
ininer pbrduintirr @ermit fund faiv fiom alhpasteldhe soRfwG g thgslot of

S I05n L s B MBS At e o

cgngetor  housing 22. The housing 22 may be nol ded

of a material containing a phosphorescent colorant to
r endeFIGhd 4oz avsr schemptisidspistipns Al dh PREABANERIRdple

Haer oy 8 oo P Bl dapBREd e present

SRERWBAL amer specti ve view of the 5connector 20 of
FIG 1 1s shown. The connector 20 conprises three .
par t SFIGE.t16i rengiotd anperspeiveaiayne B9 Her clarggnt phowing

for numeral .22) .that gonpri : upper housi ng
ﬁ&?ﬂaﬁlﬁefﬁnf% Ras P%@E)é‘{gjpﬁ%‘ ?%ﬁ%&gorti on 26. The
connector 20 al so includes a novabl e el enent or
pi ston elenent 38. As will be degcri be}gl in re
detai | bEERAILEROESGRIBEIQN ST RREFRRED BMBORIMEBYL 5

support .tube 40 that 10is fQr 1.k lik
housi hﬁfﬁ{&%i%ﬁ“ %.etflﬁ %ﬁ%ﬁ @??oraglgfgsan%n , cbhgesupp%ljﬁg%&r to ke

o REré i SN R nitnexamBht Yhé serrdl igucantiesre &f illubeated in FIG. 1
| ower housing portion 26 and has an_inner |unmen 42

extdndiamal veew ehgnredieal caaneqipethas infludesRBOWS pFPesss of the

of the.tub a.l.ongi t.udin ' : _ ; ‘
iR s Sne T gE AR PRl SO SraR TREadp A d in the

. isFOeileMBH oM PUBHIEs PAKL Ik Rbnatteo maydleeabodied in
15vent 53 used for the escape or intake of air frgﬁrﬂ)ops

aliffexsnt henfigsustinns merudigg.riawt Kmisd PnE-gPeegats,
elL-ggr?rpetctosrg; ﬂé‘a&%‘é&@?fpﬁﬁ?ﬂ%ﬂ@?@ Giip LRSSt BRgagdeteit

devices, access pins, vial adapters, blood tube adapters, bag access pins, vented

adapters, and others. The drawings are for illustration purposes only.

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

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

10
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vent. The housi ng of the enbodi mrent shown in FIGS. 1
and 2 includes details that aid in manufacturing and
that |ower the costs of manufacture. As an 20exanpl e,
the exterior surface of the upper portion 48 of the
| ower housing portion 26 is nolded to include a crown
shaped outer shell that has several crown points 50.

- Al'though not shown in FIG 2 %{;e interj

housieg 2201 FricdroBnmA2 My Rppeldahelst At %Pﬁ‘%ift%ﬁge fs
Pﬁ!@? edS%ﬁ%?é ﬂ@%ﬁ%%lt{i‘ r&?dq%ltﬁgﬁgﬁﬁéc}foﬁﬁ@?ﬁﬂ)l@ﬁi 4 8hfkeh@d room or

OWer housing portion. The crown

SRAPE forRfe dAif of tenspakawemdionspaguenmateriah 26 mat e

cl'osely with the COEI ementary, crown shapes (.not.

ShowTyrmgTes pBr. Jenswaipossh E7ALi ReTaRsHyC view of the
acilitati nap-fit f ed . .

‘CBAREEt 2@ Oﬁgb(gl ﬁ& ﬁﬂ@ﬁaﬁ??@%&&izg 2l S0 1 Eglﬁ%g&ﬁs rlln this

dof¥odiReBE: the B&uglﬁgmf(tsé@m@ﬁl forchumdras 22 hehau ppmprises the

housi ng portion 24 in place on the |ower hoysin

et honsing poren 2hand %ROVH%@W&)B?IHOB% 2Dhqchapector 20
orced 30over 1 [ 0 \ ; .

AR RSO D AR ok DGt lHu SR TR 1 dfsefbed in

OKSHdEi] BRI, QRe 2Astin tlenidie Jsovenodmed bug psupipoontude 40 that

when they are snapped together. Permanent

is iﬂ@?wb@rpm Qlét opes¥ tOYRINGIRALPRE: dome 3%%%,%3% e
ortian al so, he ' . .
Bpebudah a0, SRl oBi 6" En e FEARE o HTIgRRs howsing portion
2% B8 hEBaAsnhdr lahfars pahediimgrthe ledfih sf adebe gandiasthe wall

been found to result in an efficientl f
Foatiheg e se hiayadinal s10s 46 G Jraa SeBHBIGH HErlgbeh of the
IS quickl ng. i ¢l ent ' .
eyt R LI AR, ol SRPRERLR rdoRogn mcute
St a0RRAMbEWE &kape bebithkeof hly frbed or mblech@isingnduring

g e presented, The Sae. BhRLom S Ent 38 nobe
9&%[ es to each other. The piston el enent includes

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
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 éomplemen_tary shaped
pattern to the crown-shaped lower housing p_ortién. The crown shapes 50 of the
lower hoﬁsing portion 26 mate closely with the complementary crown shapes
(not shown) of the upper housing portion 24 thereby facilitating a snap-fit
assembly of the medical connector housing. A snap ring 51 is also included in
the lower housing portion 26 and holds the upper housing portion 24 in place on
the lower housing pbrtion 26 once the upper housing portion has been forced

over the snap ring 51. The geometry of the crown shapes also prevents rotation
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three main sections; a piston head 54, a conpressible
section 56, and a conpressible section or spring
section 58. The conpressible section is |ocated

bet ween the head and the spring. The piston el enent
may suitably be nol ded as one piece froma resilient
materi al such as silicone or rubber. 15The piston
head 54 includes a top portion 60 that is elli tiﬁa
ofithe wpper khsing pemtivnLboithdhe QWP pot@s 26 when they are

B D ol e | ¢ o
Feperd Fiegthrsu, ereiniy by o B BBptt BONBEEL A wich the
lggveir $0li8hi bthi fayhesoebd hdiiéwal by mebapadht apleetioweld

. Locat éd between the head 54 and the shoul der- )
sEnnéton aePin wekh bonding ot by oghsti meanssaqthereghodimgnts. This
SsSists ,in usi.ng _t he .20margui sg-.S .
IeTs-ohs brtaBinear U darsn i TR BB embly
afac ihRcRiati9Rsheasled S@Qt 1 quiciiptaateffiMently Sippddtntoa secure

Lei nsing, which is incorporated herein by reference.
Adsemblygh not shown in FIGS. 3, 4, or 5, the

i bl tid i ncl i ;
e KEHRR powacrerand e kel ot o0y BRIROEY deformable
féﬁ&ﬂ‘éiéﬁ@nt_ 25 Red praskmed N aWetsandel fstof, elémper 3pBGhowa in both

ross-sectional view of the conpressible section 56
visws heaeh. roled anright angley tojeasheriher. nEhe pisjsmeigmgpeincludes

tion includ i i w _.
e Sty SRacRes ¢ aryor PR S FlbeiBnlctegRon B6, by
g@ﬂﬁf&éﬁﬂz de0@6h Besp iy sMioR M STIY cabaiskibRI section is located
eXx

I bl'e menbrane el ements 70, The interconnection of
betevesalthe dradrent she gpting uThe PistorBeleRENt MY SUsgRYUIG molded as

66 wWith i dth..72. | d . the t
ORf éviqqe f’l%§r\‘M aﬁSflllﬁ%ter&ag?&%E?%&} %bbsgh&r}g{sete(?ri C'BIB{% s:ns:;r "

that irfe pistord BedlPb4 #9@Gddst topdp&reioa Gthehadisliptiicdd in outer
any particular direction wthin the inner condujt. It
skanes edd jaretean, taperedgbaulder seipned? Bratiyrisgtiar prdan

interior cr -secti onal i By, Sl ) ' '64 is formed
B dTr B ate g O35 SEe Pl fnRbhafd AlEog is forme
X bise Afiptifglytvueadhksp SRIGOREIN. . Located Bdierearihe hasl 54 and the

el enents 70 are adapted to fold inwardly when a .
sholildpt seciombds smadliptisakeonisakispiipd & 1ithat ggists in causing the
conpressj bl e, sectian tQ. th j - th
SHRFRESLRR e harre l emidn el ohdthb feuails on phe
opBRIHORATdHE bihén heaRises UBSIBitent Na) 3.$76 Bastmariteinsimp which is
such radially conpressive force, Wen the radi a?! |y
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.

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 rel_atitrely flexible
membrane elements 70. The interconnection of the wall elements-68 results in

the inner conduit 66 with a width 72. 1t should be noted that the term “widt ” is

12
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10conpressive force is renoved or reduced, the inner
conduit 66 is self-expanding and tends to expand

until it is open, as shown in FIG 6, under the force
provided by the resilient material of the
conpressi bl e section 56. It can be noted that

the inner conduit shown in FIG 6 has an unusua

openi ng shape. However, the advantageous nature of

nbi ssedfenéingn shrageictive berse; tBajpiriepet Wshio ingisate the

LS, e ea B it o OB it e it

%ﬁ'ﬁﬁ %Ex?ﬁlal &S s ﬁﬁﬁéd&@ﬁf’é inkQidatrossldecabiodl et gsiecst the inner
a e connector depicted in FIG 7 is in an

voebdessesirsd at eighThagles © thedongittinadlaxinniahn asovsable:

inserted into its first port 28 for fluid

5 Utyi cation t hrough the connector. 20The upper
housi g 90 ¢fbnhians 96 Gtd Qispted t Al i@aldly @hedla radially
di aneter. e Internal section directly adjacent the

tomptespive for28id appliedas the sompriasiblennsion 6 Rugpierthe relative
portion 100 that incorporates v .slight .i.nwar .
ﬁﬁg@?sﬁ of Hee Wéﬂ teiﬁm%? pgoﬁlefﬁﬁgtﬁa@iég FHrg (%Pnﬁhﬁ]_tt r nr%nams
gﬁl?ﬁff?ﬁlﬂllgt#&ﬂgtahlﬂ ﬁnh&%uch%@&faﬂ? Qbﬁitp@@ssﬂv@%ﬁ:@d WEen the radially

separate romthe Luer taper porfion 100 by a )
caperedivk dodce pordmavedl@aedTied, 2Ebionenaondiit 66 is sedBexprnding

th T | 1 i
AP R v HOUL Bt BRe P aNe 103 ity it ShERipe grovided
%@{%ﬂé %—%ﬁis&%?l%ﬁréréiﬁp&t&@Qoﬁ%r&sﬂﬂ@@é&@n%ﬂp portion

ation to the bottomportion 106, the
cent eiit qorltd noted@Rat thpriesenmondaitsbawnrin diedo hagpe mnusual

ORGINESRDT-oHOTGYeR 4F BSEtas e R Brsas (P gpsfienifbe will be
?gi:%%‘t Rfeh 19{&%@14&3& AsclfRarethamet er | arge enough

ermt the | r conduit 66 to self-expand. . .
Ref er RefigringwavotdBith 7-Ki@Scormegind 29, oftifie. 4 g% slgyvn in vertical

section_.58_.is sho an il |l be.discussed |n . :
dEp Al ﬁmgﬁﬁmﬂw&?&ﬁ thp PRt BBl igyric- 7
3hS Qﬁﬁfc&&géc?&ah? TRE! i3 dR Blubl Bidluld Viaobedelmbitv@lnto its first
stitf annular wall portions 110 (only two of which

greet 28 drcftid dobymuhicanomtraligh e enge®@ser ve clarity

g B SRS 1 6 2 D g ciameer
fl i} J@F%B%l';%gﬁg{l Q38 alijaesnt thEgira b 38 in@hdesnostahdas ANSI
Luer taper portion 100 that incorporates a very slight inward taper. The center
portion 102 has a larger internal diameter than the Luer taper portion 100 and is
separated from the Luer taper portion 100 by a tapered lock portion 104. The
bottom portion 106 of the upper housing portion 24 has a larger internal
diameter than the center portion 102 and is separated from the center portion by
a tapered ramp i)brtion 108. Thus, in relation to the bottom portion 106, the
center portion 162 represents a constricted region, and, in relation to the center

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

13



10

15

20

25

30

the center of the spring section have an hourgl ass
shape 113 (see FIG 3) that 10permts their bending

at the center point. The hourglass shape and the

hi nges result in conpression of the spring 58 in a
controlled elastic fashion to assune a bell ows-1ike
shape in response to an axially conpressive force, as
will be described in relation to FIG 10 bel ow._ The

i boneim goeivet BI6 bés aherpdiametsebargo Anoeh © papEEthednner

to al|ow posjtioning 15 of the spring over the
ﬁ?ﬁgé}l{t%tﬂ%bg@ifz%pﬁﬂ@' the outer dianeter of the spring
I'S Sel}?é?éﬁﬂlgtrﬁ)v@!tr(%] BYHPRSIS, 7OHIE tBE spiifg SditioRds8Nstshbwn and

t he housing 22. e spring is easily slidable over i
t il sugisarssed tbmot@ devailt Ha thersododunentshown, Bif spiigrsection 58

SRR R o O e REPAL BB SR gh fgpons 10

g{g:l?llilfﬁﬁo bGP 4B GndiRa@dafNthikelunedaC BN @eple@erde clarity in the

r
ows-type 20shape. I'n the unaccessed state
ofravhessd promeeted RGaghk othaviy tetatvely fexible anylaribigges 112,

tion 58 of the piston element 3 { ,
Soctygng el Ahe pLoten ol L 2B, ULaeR IR 11 s
oﬂ‘hetctéﬁtéf%@g‘iecm 8QiBAHake ﬁn%u'_lllr_%lh@) dtape nebakeé«/EiGY 3) that

constricte portion 102. e location of the .
cpeprissheislbendig dtahe §6nien pohits Th8 dwusglrssothepe and the hinges

| ocati.on causes c ression_of the c ressi . .
Ll g Comarron A B: SogRa P in Agenup iR Rt Mo o pssume a
r gaiAld- ! OF& 8n hgia@pRbinpledsretfbfee, as will b
C%@tﬁ%ﬁ?@gg@?#%ﬁn&hat rcl:auéaeg t he mgrrt?rang ae i be
ellesreibed iV Gelatorf o) HIG. lalpeldy. and the stiff wall

Ell gﬁeg’ SF{ ﬁ’g’retg ?WIE%/FEE E’g%{ S%r}el‘%cﬁlg 8@% s% ésa%s*%é&%fvg? hﬁh/"é positioning
géﬁ/\n&%t% Rhﬁg el ARMppoPGHibe 4B ddd Gl fRaNdiasRed of the spring is -

hat is much | ess than the second expande o
wialedtedto alewiposigiongundifhe spengshigun the hprgng @2. Haw spring is

t here any fluid in the inn ' 6 '

S DO St istippoRs O dintithe B0 she S pld when a
n%rgﬁ_ dssiv@Fork B afpiidddowas |s§riﬁ% B¥REPP&E ralSe pROeRBNBE spring
conduit assuned the first wmdth showmn in FIG 9., The

c frogsbeekting omal asvisevihefspANGin 7 conwled Reangs erabelayys-type
of _the three parts 5of the connector of the

e "ment di scussed. The upper housing portion 24

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
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

width, that is much less than the second expanded width of the inner conduit 66
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includes the first port 28 that conprises a female

Luer connector port with thread el enents 30 | ocated

about the exterior, and is securely connected to the

| ower housing portion 26. The | ower housing portion

26 includes the second port 32 that conprises the

mal e Luer connector 34 with a threaded | ocking collar

36. 10The internal threads are visible in EIG._7.. The }

shwwer inHBiGs B dlagdhereheencans Geidindhe ner AR §hgihen 1t had its
t ube.40.i nt eqral | it I '

ssgped gty o Bt B Sh Bt by e AR bg expelled

bemgtifndhahdiR Sebited the fist Woddt shownsia®IGhat wi t hin
the first housing portion 24 when the co

) . nmpl et e
housi e trass-sssepnalsaewiol §4G- TRNQWS BigigiE ahiompihe three parts
t f | L1 t '
SP BRI S bo0 G dmifihsh isiiecd,| e EPYEOhEUEIERPRon 24

aefhdRy tendishpoit@d thar tomptisgod fen2fe @liet benngoperport with thread
housi ng portion 24. The piston head 54i is within the1
elarmepised) lagavediaboar thesgiterion @adds seqygely icpRReqied LG iy lower

ortion and [ I | NQ: : j
Bl Pate 48, FrC R B PR p AU RSP e 32
HatlcBRppissd @ thalad ubd coretain edthsd thgeddeel locking collar 36.
20mar qui se-shaped bore 64 to be_closed, This dose

Tbatingmakthrends areasibledadiity 7 s HERAOY R hpgsingp 6 also

the top, of the piston. b ﬁ[gh[?egj My 1£8885brton.
Hbcﬁé&eégh? SURROLE ﬁiyp%s‘gglﬁl tﬂé?%q- g Ili ou gﬁggh %e n%ljtlg)d t hat on
1R t8s 6RBbiRMA! ebupsbititibe basy leigrh nigataksulwingisioortion
head before use. This closed bore 64 bl ocks fhe fluid

somawhae witghn edivahosinnpemion Ahyberdiegouplee hovsapg has

houl d b d hed ) tid vl Lihin the
Sehereapigh it it R e Er R IR MG B hed by

t he opgrheQfiid advhbletdi@nphstopistvadts sstewnttheuniedswdr the
bore 64, the inner, condui} 66 throug&the_ _ . ction 24
suppaTe sdtenng ederdior o theliFsiPoR: 42001 P fiptipg poruon 24

R AR HETR R sl e g adnomr e
Ho@kiglg okt b shiamelriodhg huntausedla comhpressvesfiaee obe exerted
change with the connector bein o %%%%?e%hm%g %%L&nbte
dizeings thepliptigahportion 60 of the pist 4, \4 g
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. '
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

do not change with the connector being accessed, as will be discussed below.
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Wiile the bore 64 of the piston head nay appear to be
open in FIG 7, it is closed. The particular

orientation of the cross section in FIG 7 results in

t he mar qui se-shaped bore being shown along its

| ength, and thus has the appearance of bei ng open.

However, a perspective view of the top of the piston

head, such as that 5shown in FIG 8, denpnstrates . .

While thboredrdeol hegiveriiead may appepiia Propemgfitn deitipclosed.

|G 7, the. ' i-ngcl . i .
e
SHRPEABofEbeiRg sREWA aldhelitrlefg ahdehialses the apbearance of being

support tube by friction, adhesive, or ot hgr%eans.
e, dlewpies, a pArspheivysraew ol tespriBA Pistom Bea \paph s that

| t_38.i s pl i i ti
6w e SnrRg e P AR BT F st L pport t ube
40 ang fihecbagerchid (PRl 7, eieshras; isbiides adnase 1he that is

upper housing portion 24 is placed over the rmvab}é% .
wonedtat3Be hask Lk of 8y woperdupotr ThegBTIRG Myt ps Beld in place

as.descri ped above. Beca - 1 j [ e

PR C e e o RE B AL S Qer e por
SEnFHCH thh§redeReERboEinG@RSthRNhovatl¢ bleugint 38115 phded in the
axi al 15conpressive pressure placed on the novabl e ‘
Teiveardiousiag portien 2prwinly theetpringrsesiéon af @yex Besiugportfube 40 and

B3 HE T T Gt
8v&@the 3dfabR dieiRft BY aRBYelfed €b €id thel hohising fportitre bs

details. Extending proximally fromthe center of .the
Besseibed eboee.t Becayap fir dimansiona of thsupnegilogsimgdrogtipy and the

rom,t he. base..i s the Le- . i -
oAt Sio% e 505 wS] HES i ARFtart ARARERATmifed, pyial
ebmpRRsiv pRALtrd plhcedfh the movdble eleigem®8, tiee $irfag dtion 58
t he connector 20 in an accessed st at?f'éITS shown

bAngi3to SERVrDIRPSIEE, asghiowt. | Ehia My be e edc%%ﬁ?e%%”ﬁoﬁﬁ force.

his ca een, i RS ' -he £ _
PSR PRI S AR Rtk Bor furter
gk ien Exf&@ﬂ;%?ﬁbxﬁﬁﬁllﬁﬁ%ﬁdtlﬁ@np&rsfm bhseriert issbe siggiort tube
the compressible section 56 is 25now partially over

#fe Extgsbng distlly Fom tip basgpisithe mse-LUCHBRRE Eofies il ot having
a lumen 35 that is coaxial with the lumen 42 of the support tube 40.

Turning now to FIG. 10, the connector 20 in an accessed siate is shown. A
blunt cahnulé. 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
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 pistoﬁ 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

FIGS. 3 and 4) of the piston element head 54 also uses the axial force from
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As is described in U S. Patent No. 5,676,346 to

Lei nsing, the configuration of the piston head

results in the bore 64 of the piston head being

sel f-opening That is, the bore 64 is normally open

and radial conpressive forces nust be applied to the

pi ston head to close the bore. The elliptical-conica
portion -61 (see 30FIGS. 3 and 4) of the piston
iedceriBn bf HeacakLsdr IB0usdacititee dxd eperfing ebtherkare 64. Thus,

b ool S s AE L Bkl pegoro e
%oﬁlgitn%g?{ﬁcﬁ 38l @@%@%i@@ﬁﬂcésrﬁr@ réfRBveRfBAY theHigtth Bead, the

ousi ng 22 radi al conpressive forces are
HoeeBvedlfopens tdeow sirovt fredd]ow Heobph ehegomgerctarddens
to now permt fluid fl Wthroug%thefcon Sct%%\ gh%‘inn '
5Si mSBIEY, RCOOsT RS SHIIPT R 15 CRIBRM S SRt FEUPEE

c%?ldh{ﬁ% ERErl RS dineNaRhLE isOthd SinefbdnRIPEOH mgmallpat its

I's, the irnner conduf't 66 is nornmally at its second .
stcelfichwaditith araitiaalial compressiieordes meess bmapplied gt qoagpressible
to the conpressi ble section go.cLos the in

seeHieR @ 105} e nSF CRAGHIL(a3 QS @ v s ey fst width
gl theﬁte}gg A ecﬂm?}tgl%llg@ % SR Pistthdadantethetlbfer interior

pi st on Into t r interior 100f the housi ng
S2the adsingP2g andantiiab ssnpeessive fersenars regayee drom 8m
t he conpressible, section, [ 0

) the i nner conpdui 6 .
cRmPresSiba FaGHeT the Sk COBAULSOST CPART {8 s B seqong width
) - fil SHTBmM i At f th

BEE Wil o) FLRRE kel MRl HITRD bRl paageway of the
&rireetore0acTiy lagapendthteithef exadtlyeogmensaies fonihp degepse in
of the flujd passageway, t hrough the conneciqr .

Gaatn vomative Pavecesns toven i somiad it i A aRls il otume
e n I : It8FIGhe), Eksing th
B e o e B et h T e he
afald fenrfulail 80 passihgenapedthr 30 ghotters thenersthef the Brd

the length in FIG 7 and ul d, ot herw s -
PRUAESVThEOBER e s?mt%‘?f%ftﬁl ?ﬁ%\%“_})}ﬁ % pg%‘f‘ﬂj("m‘d otherwise
ﬁ%‘?@%@fcdu‘:@ ‘??é DEILERSSChFEL N I8ty pAIR dlsdneowendUite increased
volumetrically counteracts this decrease_in |ength. :
width of the inner conduit volumetrically counteracts this decrease in length.
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
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

17



10

15

20

25

20This is discussed in nore detail belowin regard to
FIGS. 14 and 15. In FIG 10, it is shown that

the conpressible section 56 and the inner conduit 66

are now |l ocated partially over the support tube 40.

Thi s arrangenent can be seen in greater detail in the

enl arged diagram of FIG 12. The support tube however
includes a | umen 42 through which fluid may flow and
125bag fatdid@listsloahadéadhrparh of the fluid pasrageway iy aapted for
hr ough which fluid may continuously flow into and

aontingpug few suewEhtit-t ube | umen and into and out of the

| nnerr., &l %uﬂotw oS, 4 Didk l:(ﬁ\juﬁéﬁorﬁx&ﬂtﬁ_ll}h ab, the)nteraction of

reach 1 spring section wll "also flow into or out

@k stpgort e 40, itsensupBrand itbdostt whtt the dnreriesdyit 66 may

fl ow occurs throughout the ,connector.v\hg‘r}ieiwnoft € 10 which is

bresesSeam gpather angler ddr ¢4l & S GEFPIAS PEe®of Tany”

nat ur e exi C -t 19f 3 bbeitlé btidntadon of the slot of

HEH eﬁé%?ﬁ%,gg%g%%%g%bpn?gﬁt ilg’u%gs flow through it,

&iérgabﬁgrtrt@w wﬁ@lqhtadnfe;r(&or?ﬁﬁiti wialt rshomes  1rthis coplippiation, the

10, the interaction of ,the support .tube. 40, .i

s} 46 At pEPGRE raidss AT NRE ot LT ok g tHE Thner

seen . fr.om an \revéhtGhig Slosetirb@stathe inner

Wrb(%itofﬂﬁf E‘H}fgj?&v{ﬁl} %L&P%é:g&z:soﬁe%rﬁ or in the acceggsﬁeld .

sé Rl bdcausd &Gifides1l32paeqesiiied ao theboemof the innes conduit to

slot of the support tube wth the .inner, condui B

Dol ich o, 3R B PARET SRR ARG o DA gp! Bon of the

support tube.resi D5t X ORs sid bfifidl 132 more

6%‘%83 SGRE ﬁ“rt}leer%%?:%gg%?l?ﬁ% |1gq?)§r ??CSEI ar positioning )

dRAgYNOA iy Ricestiedfstatedtifel mint dir augkctiorebetreen the spring section

B oreaea e pson voa P DO G ¥ i 192
B e P e B dg e
$BREG: bbea phirhiiges dapR ormrifices 832 may bmdqfn@dé&fygglé ghe piston
ke P emiihe TIROEORDF GOSV DD GUETTN R fia fow path

%%é&uﬁl?go}t%ng efrineitiie Bhithit ©8SantB®e proximal section 133 (see
FIG. 12) of the spring section 58, from whence fluid may flow into the lumen 42
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
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 unacceéSed state, as shown in

FIG. 7.

18



10

15

20

25

15t hr ough which the support tube 40 protrudes. Thus,
at the distal end of the inner conduit 66, a
plurality of gaps or orifices 132 may be defi ned

bet ween the piston el enent 38 and the support tube 40
whi ch collectively provide a fluid flow path between

-all portions of the inner conduit 66 and the proxinmal

from Igquél% be ar(:ﬁqeﬁ%@';@ﬁfgha%f ufn Hiooh 6 b Spbbgup s griented
utﬁ;% 1t is a%?% MHePod {ig nz 3 Rbrah- elements Fous FiGhel, fluid may flow

essl section I's configured so that when
dibe tegrneediothedlnicn cm:cbﬁme:dbebyné the imer cemdiit &6 vpthe slot

fluid may_flow con |nuo li%&t&jro Eg entire inner
o a8in parghelyith Syt go it§° detel oped at any
poi Nt-pd gngﬁbhﬁhte%ﬂé' & yac@@ss&di %@@Qﬁ stebdlin PIG. 10 the internal

ret ai ne e piston e enent 38 i s 25configured t
pridvpadeagawlagnysrughl the dopa&gaxgéﬁ)\@/thm)@mtt@tbqrﬁ of the piston

éﬁ%%ég&&oﬁggttﬂg 107 8ol e egggggto AT ——
ég I {h@‘i 3514 e sﬁ?ﬂﬁ ¥, ahfighfdughdhe second port 32. It.
'S5

eepln It e sane as the vol une of
Wilebe bppfécxm&sd%ﬁ@e\ﬁbw maytueeremaeds e@)@edluscﬂ i withdetwn through

wm:qgtog |I gtsh@gldobe Pﬂ@dsﬁhﬁbﬁ‘r o be.& OB 3’{1‘? ﬁ? gqgge'rnal fluid
EF%Bgéﬂa)} ?ﬁ IEI%C '16%39 'B%eﬂfsg&ﬂgnéfﬁﬁ@ ﬁf@"ﬁn@h@ﬁ'@lﬁt ghe/Bluhfcannula

flow directl bet ween the | unen 42
afi0 thae ehtebad an:CﬁﬂSh poitreor qmncamomewvam, ahe p@oynpby zvénch the

bt AR 4 e o
e H@xeh Q?IEA& ol reta[E@r W18 hadkofuntkittcHIBsEREEMRYed for the

fou e conn ctor 20 I's through the bore of the
I@lesﬁe@ﬁ: iel lengitof thaimteginl tfhed basdgeiay. heopyessaly, as the blunt -

%fggﬁgl%%ergtt&rzlo 1stVﬁxgh g%lblfr t@ﬁzrrs con 9#%,{ th%qﬂtettrﬂﬁl%{gﬁ
Ver gﬁgr Vﬁh tﬁ% cWhddchevAPRL eGieal Ber dthak sﬁﬂn@\nﬁrﬁﬁyhe width

lurd 1's wthdrawn through 10t he
ln}meemmr conduiswillilecribesenoff el €bereaserin Apggpses ghe volume

FIG 7, the int f1 ui d |
O WARUTREETERI T
]tﬁgn B?eﬁm@fgagé ﬁfjleﬁi 91 Eét[s%& aRGhdrea inGlolurfe a Bokis e fluid may be

e anount which the inner conduit 66 now
caiqzse]ﬁai bﬁmmmmmmtormttbrmgh&h@mm Petie

i dt h ARG Gl HEanTS Conianant b PefsfcReRiring to FIGS. 9
and 11, the membrane elements 70 may be adapted to fold inwardly when a
radially compressive force is applied to the compressible section. Due to the
relative stiffness of the wall elements 68, the length 134 of the inner conduit 66
remains substantially constant under such radially compressive force. Where the
radially c_orﬁpressive 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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15decrease in length of the internal fluid
passageway. Conversely, as the blunt mal e connector
130 is withdrawn fromthe first port 28, the interna
fluid passageway through the connector will |engthen,
but at the sanme tine the width of the inner conduit

W Il decrease. If the decrease in width decreases the

volune of fluid in the internal f]uid passa Was)ﬁioftl
the domegatdo rb@zsmn@mﬁﬂ%@&wmz’cﬁlglgﬁmi resiliently

lncrease in length cau y i

PSS St PR oS P bE L SRS e gt
tha?&lgrbnﬁrtﬁltﬁﬁﬁle,dwﬁﬂé hllowing rotatior tor ddeer noénlgiat the hinges
i nner “conduit wll be discussed. 1Ii}géxerri ng to FIGS. 53
By as erempbifiedirbFidnd Oe| A RRBPINTY HalPelWOSHEPESAC Y
fold i nward whe radp al i ] ' ration
et R B e s T NP ASE R e donfiguratio
25116l abi ¥R sphinkfseessen 68 alsoeonaiibutes emirtincie8sed ingernal fluid
l ength 134 of the inner conduit 66 rennins le Luer i
passageavayi thkoyghc iestoanectonarstlting Fomggseipy of the male Luer into

[ f . i.al i
B BEnF ot o REVARE e | gkl PRE b8 @ TREAARGAR along the

 sRlife-PrRandine RAdH BN coafigupaiod affiér 18,Huid onage

provi ded by the resilient material.  of the . . :
conjressiyficy vadin she smces 59 formed,betugan fhe sprimpgsection and

' i gn 58.:..t ' il
e b 0 8t B SRR pih s Gt ¥
{BFadbh @ tNe sieior sackionar dly and outwardly, while

allow ng rotation to occur mainly at the hin ea 11 s
as exBafehing e FlG Fitee spang ae@@@ﬁ&&%%ﬁn&ﬁqrﬁ@ qpiiguration.

Spring sectipn 58 5Sconfigurat i - LN ¢tor 20 has
e R 260 LHLRL PSR Do Bty 0 s
EbChedPacckRRdHir 4 AGISEGEI B &B: I3 senctmrtspringtsestiomis located
the increased internal fluid passageway thro

h th
auitaetsoro tesinmongtubedtt 21ABg I FieBRT O EHE Aot fogdion, the

i nt.o the. cqnnec [} j :
R B oS T 2L SR SR RS eab e e Bren
l.eRatdn i temeordtile uleaidm3adiasfieen 1d@ited huitsiserapd position as

10continuously flow within the spaces 59 forméd .
bbowedn FiGel &she sprisgeeston hBas heensepmpeesseuds cggpression,

&%ﬁ%lroiglg&?a@fﬁr?ﬁr@ tcﬁgnggﬁaﬁgdgé% E(:P%lﬁz L PE6R rhbe 48 4rkiROother 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
(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

accessed. Conversely, when the connector is unaccessed; i.e., when the male
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Referring to FIG 7, the spring section 58 is in an

ext ended configuration when the noveabl e el enent 38

isin the first position; i.e., the connector 20 has

15not been accessed by a male Luer. As can be seen,

the spring section is located quite close to the

support .tube 40 along its entire length. At this

| ocation, the spring section has a first interna

YobT60 isWNeiry withdconmabe spring sepsionyudl collepsssodhie sapfiguration

t he noveabl e _el enment 3 has beegn | oca: t
seeenen Blsi ﬁhaﬁe Caltfe oy aterpathifle Bt Lotfme of the
SSEH QR Pﬁﬁ? ﬁmnebtﬁrcorrpressi on, 20

e sprlng s

parts o ion remain close to the
s uppoittwﬂldtfeamﬁewhtdddhet mediffearions ibthe sbaponpidbe spring section

Ia‘ﬁ%%%t R e N e A

d%%uﬁxt}%t@ Foliind QBffeRAdal PelupRI Betwhak t:d)‘tﬁpreayilan and
romt e suppdrt tube 40, the spring section has

Sﬁmnbnl mnﬁgnmnmJ seating apstonhatensieBonrd pRRCREISEE of blunt

\?icgl{lg& én 1 %ﬁl%fgﬁ %@bqee@?é@hﬁi e rﬁigrﬁlééelﬁc%f a‘ﬁ%hiﬂ?%ecaons wall
%ﬁfcﬁﬂé&@ et} eﬁ%ﬁt Gpﬁfa geadé aiffaatt ddnighattonsdthd figing section

I'n the ppor t ube extends into the spring
setirélpngs ddeenpdifteidrip @8t 1®m8f orns a part of the

e enBsaishathE RaARTLE fn ALHES BRS RnEr AEE e, fedause it
LOk& \g?%lﬁﬁieliﬁethb RelefRs lusd pﬁﬁﬁge\h@} BY ﬂﬁhlef dfltstkize, there is less

passa when the connector is 30accessed.
Gohwvee $el ﬁuld\mh ahait zbwsztgmwefcwmn the (RREEIOE derpt gecgssed (shown

when _th 130

SIBE Pﬁgie'g 6ﬁsq|Ms|e1fr1 acsélilafﬁ;ﬁ glém# ggses %é‘p‘%?]ﬁ‘ G l?rJa %cessed state than |

tszﬁgﬂ‘ﬂ r,/:vfs@ estttlf‘l% eRYpdrPAiel Wekel figsdr®. @e@&feeﬂﬁmgmh, it has a
ne

ume of the internal fluid passageway
tﬂixadugﬂumhehmnﬁhc@tmhange will be appreciated that

nmodi fi ions i he s A

posst HIES. hangas e rac i ghEs PR FeaE i, fRcescor me
?@?&fﬂeﬁg of &{ecﬁoluﬁﬁrdf RHe SR6tI0AulEparsagdadethrvogluaeonnector
d erential vol unme between conpression and extension

coaxkil gorexphosion asdaiontrgetign of apartcrfdhal passagengy- nFIG 14, a
aﬁ‘glﬁg‘qaﬁn %Sﬂgé‘ﬁgﬁggé - %g\ﬁj:,] ag IMISI(IIE{ 'a%aﬁtn'té}ﬂﬁ Iihﬂﬁlﬁég&\geway 138

r sections,

t Héxﬁh%%%& Gl4@eﬁxﬂaﬁg aGfestBitt 11AB hdttea @ecfd‘ner;mt 144. InFIG. 14,

configurations of the spring section
the single dashed line adjacent the first sport 142 is used to indicate the closed
bore of the piston head. Forming part of the fluid passageway 138 is an inner
conduit 146 having a first width 148. In FIG. 15, a blunt cannula 150 has been
inserted into the first port 142 of the connector 136 and has shortened the
internal fluid passageway 138 which now has a length shown by numeral 154.
The difference between the length 140 of the internal fluid passageway in FIG. 14
and the length 154 of the internal fluid passageway in FIG. 15 is shown by
numeral 156. If nothing eise were to change, the volume of the internal fluid

passageway 138 of FIG. 15 would now be less than that of FIG. 14, and a

21



10 -

15

20

25

30

10entirely, as exenplified in FIGS. 16-18. The

use of the support tube 40 al so has anot her

advant age. Because it takes up volunme in the interna

fluid passageway by virtue of its size, there is |ess

volune for fluid in that passageway when the

connector is not accessed (shown in FIG 7). This

results in a smaller fluid aassagemaz iQQﬁhegﬂ {

negasivedobes effest couldde aBRFIGAIUPOPHERRVRIOIRF fpalp cappyla 150.
ort tub it £ @ '

FABREe (AL AR SY FERter (RREHR0 R 118, 16 BhSpetd expanded

idbaRekald MRe the hedit 148 of theiimys dohdtitmf #@nt4.t hevill be
concept of the adjustnent of the vol une of tEe 4
npprecyased thagi by apnyeRyatRsplacHPy @3 FeeERAEE ABF BHPEEFSe
on,expansi on t i

SREEEERR, PR O ERE (R 8 0 (RAT bal 130%n b gade o
iScredieiay it sdmne drdbsraie iwttearablunt tarirdilp swage wagccess the
138 having a length 140 |i nKki nsg a first 80@%?%%2 W th d
goreesiordl 3Hor Whene the vplpng ingrgasesna PEFIHYE 89 gt ¥icHete

adj acent ] ' Fnd & R€mains the
isAieah AR iihoRRmhE chingfiee, Whel R}k tem
fshisleda PassalIRMAY effa ik sreared, andy wheredhietvolate Hactieagssaa
first width 148. In FIG 15, a blunt cannula 150 has
megaivsbelss effed if gregtethe first port 142 of the

conne élé]\?\éxl}% %,g,é\?{v‘&ﬂg%ﬁép&!ﬂ?@ 6hed &Qﬁcﬁ@gﬁggﬁbg %b,uﬂﬁ connector

passa now has a | engt
nyRfialy kb uldeesbcll fsefce e eldsed pedtion he shemgtim FKAX.oThe

the internal fluid passageway in FI 14 and the .
Iresiency §4he spEng SRR FER! HeRiFdop& %@y@lﬁe?ﬂ’é‘ piston head
i BYo BUIE N PP T Ider 62

e SRR e RO wRE NG LRElBEF PR ELOE, Tt Sguider
1633h@pistdGiedbs auhithcahe hepdred fodkhamtiom A04 off te¢ @pper housing
14, and a negative bolus effect cogl d be eéfe%:id lation &
eation @ftrnsl coptralhienRasEiapii 401 8 VIS hign relation (o

hd! Qf | i ' h&agith, Th
ARG BB Bl PP A et Tyt e
i ShAES peinnstletdsadf the Garkdiscishaped bodedd4afapilisetieat dght seal upon

LDt oBR OB oL 1 220 O D6y RIS e o
Ofeclilg b ofiche PRtdh RfH AR iFPEG ok 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
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 caﬁses the spring section 58 of the piston element 38 to axially contract

and to compress in a bellows-like configuration so that orifices 132 are defined
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i ncrease, stay the same, or decrease when a bl unt
cannula is made to access the connector 136. Were
the vol une increases, a positive bolus-effect is
created when the cannula is renoved fromthe
connector. \Were the volume renmains the sane, a
neutral -bolus effect is created, and, where the

vol ume decreases, a_lOnegati ve- bol f | Sy . :
berwearede SPHPRISREHHRS EERS Sﬁﬁ%?@ﬁ%n%f Had Shrine section 58
a%i,])zgp ec%‘h?r%aéoghet él?toﬁ%ﬁ@@ﬁioivés_ b itk Inriofveld{ ANSI Luer taper
cessed State or closed position as shown in FIG
phrtidi @00 @$ithd eppar fefustigepapoinrif swtinte theeener persion 102. As

\be aisten P o8 RisaRucRBErANGFY PORIOn Ncr g br PPectTipgp the
Erﬁger%)%gﬁ%)rg 292 G&ejlégﬁar therplItifnehead (RdceRat patisntaliews the

apere porti 104 of the upper housing portion
{3f saribreOMbf diespittoa sl toi seH-axpané @nd ¢ tesrd tq%@?gw@ti@rpomal

head 54 in relation to th d f. th '
S oy e SRR B Bl P
i .
PELARTE Fafan kTR atpobaRecimteatih thorcy opcring
%%igt@twdg%wggﬁhif‘o@ﬁ the antnegtor end tespisthm kR He t op
ection of the pist, d 54 4 '
i & Furtheryas e Rg Y0198 SBCOrg OB L ARELP LS e the mate
e ' ' )
By FORAPEIM Rt Lt ont R oo e
&%ﬂs&!i?tp@ ?énmpoigﬁ)mn@zmé theoyppdrdrouaingrit Bto Puslargry dameter
sterilizing swab over the snooth f :
B Chrncnuad 1Dty Pt FarTae el B Shol My ryton o
%eﬁﬁ%}g) e PR ssareYn AGRinakd cBAfifitaibn P Rkstthe Eh@pressible
Ctor 1s then ready ‘'to be accessed by a standard
sadtenlsemoveninethialistal diteaionyithéeunpoat tbecktwil extend into the

| ocki ng collar.
inner conduit 66.

As the blunt cannula 130 becomes fully inserted in the connector 20, the
compressible section fully self-expands, thereby expanding the width of the inner
conduit. Flow may now occur through the connector. The internal fluid
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 tuibe 40 and the orifices 132 that permit fluid flow through the
distal end of the inner conduit 66 into the proximal section 133 of the spring
section and into the slot 46.

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

56 to be urged proximally past the ramp section 108 into the constricted confines
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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 30and to
conpress in a bellows-|ike configuration so that

Sshsenier s-ctiop o o b g Pret SALS TR goRi R aBd FEG S
%e&]n g%épgc\%ggft%‘ﬁs&hiﬁe%e RdrQRi e ad o2 4hd MRS cOduiplecreases to

uer taper portion 100 of the upper
ioBst Badihoas siwwiRin Bi 7. nTloug, hbe velnmer ofgbe fluishpasageway

th t head .54 cl t
(o Hn e GBI Y 8o H5e ASRBHISF ODORE PR TGS RERIbRof the
%(ﬁﬁelgt%gs1blﬁts@5ﬁ@'l 56808 8hn&f cdrﬁﬁnmt Blso PR bbl@f @uld vt was

section 60 of the piston head to sel f-expand

- aidlirt ﬂl&tlﬁﬁﬁ‘ tomdasiswitiebd expetled thtoughl thpseeoald AR and

L ST S S e b & B LR A s s o
&%&%ﬁ%ﬂﬁh&%&%ﬁ flohhﬁfcﬁgﬁétmsmﬁ& t8pdi debdop 266 agaMBYL is once

€ connector an he pi ston head 54.
Agfin rutrgrai inta.a rialteveqr mr{gﬂ&eshalpe o &Bse offt tha erifica fdeind

I f th |
Skt obage sealcpaet AgibHoT i dehte hRferteL201 on
from *fﬁs e ggg %&dﬁrﬁ%\m Shd BRELIRA 2184y ahd BEFURRIRE for use

hou3|ng arger di aneter bottom portion
ﬁﬂﬁmdﬁzlhﬁan&&sﬂhnqsnwgﬁsakbn%pﬂ@ﬂﬁW@hﬁvﬁﬁﬁésBBB@EhngOnthe

cariIdsd s SmpraS e B de s eted B A st BEa0 b
eg?gp%sﬁjﬂefge%%lﬁﬂ § fALEOR o H@c&ﬁ%‘@@ﬁﬁoﬁ @p&eﬂlﬂdg" of the piston

i nner conduit | unt
et 28] 3Qobieivestmius nkiiyral-heles eundgativerbobismiest ean be

BREER] SIRATREOT ROOAFHL . BF PP RGP RO, accessed state
Fl ow Tﬁf(r };’? Hﬁt frBi0ue qof(étgﬁui?g)ﬂﬁ@ Gigle paFhi€ular embodiments
na

i nter 20passageway rough the connector has
ef penideedniion mm hedmlllwetlraﬂt@tEtﬂ(fc@‘tslcyb@fi)rﬁ?@ﬁé‘éf@qﬂ@?aﬁons can be -

e A i e
? is T3¢ 1 RRA&E bRk th@‘ﬁ@'ehh@ﬁ Mol ¥mickd lﬂxdelfﬂ Qs therpyghded claims.

e entire conpressible section 56 due to the slot 46
|n the wall 44 of the support tube 40 and the
ori.fices 132 that permt fluid flow through the
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25di stal end of the inner conduit 66 into the

proxi mal section 133 of the spring section and into.

the sl ot 46. When the blunt cannufa 130 is

wi t hdrawn fromthe 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 el ement 38 causes the conpressible section
CLAU§$56 to be urged proxinmally past the ranp section 108

to the constricted confines of the center section
102 of the upper housing portion 24 and thus into the

conpressed conditign et dnper wwdth.72 of t .

mgroraea o comestBete Ty o4 By P ol nédulpfine mid
passagblasTthyGvhiéh NiifaURay I ek dhitBe Bdnnkhier, illeotingrag Sagerayy:

t hroudgh the conduit nay decrease, depending on th

seloasing Havingre disstovest A atsaeong Ropp e SHFHI0E Reig %daﬂtegéo receive a

a0 &3 NS | | RS a fibidiclinduit; and
o B R ERE BT Etoldr A0 PROB s p et o

tahfoudhe ¢lbesgraitidnpdithB2the Sonsing, dheowsible efement baving a first

elliptical to ortion .60 . of.t i ston ' -

posiio e eon e bR, St ) SRR il g o soond

positiok YEWHIAPRE B&abictdletéfl pahgitefliid fiew dncegtageivusingetie movable
into a narrowed circular shape to close off the

clemenpeoprhpeen®4 and 10reestablish a positive seal agai nst

fluid.fiow &e%gﬁ% bggbg ci:' ot i i dﬁt bt 8Pthe fluid paI%ﬁ%%%ﬁ“ﬂ{r&lgh the

has been shown new and useful valve
conneck@r theskeat! roeimedéardiigued ekt thot svhehdhe provetleletement is in the second

..controll abl e bolus effgect., Dependi
posiiof 3 S AR B G50 qoPERRHLOBER, e ARG s v
when 86 nffveitle iRl @SB thk Eirg gokition thabsrelmdviesno baldshe configuration

configuration of the balance of the piston 15el enent
preveng@g flaiddlsy;t i ve- bol us, neutral - bol us, or

negat iaVEdnﬁgkééfbllc?fs&%ﬁh £fRink SardfhRbeYSRuASoi8g a part of the fluid
connector 1s placed In an unac.cessed st_at e from an
passagaegetiseghshat@mector, the innwi dondbié bayipaa avidthimeyephlp detween a first

... foregoing.th w@jle articul ar. W% %ﬁ f 4 BByt when th
i 55 S5 . 5 SRR R TRl o i v
movea¥RI Ikt @i fhiGatdndn@siian the coraptessitil¢ batibn delffaxpandg so that the

fromthe spirit and scope of th.in%?q}ion.
inner copdt s vcond 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;

wherein the compressible section comprises a plurality of flexible membrane elements
and a plurality of substantially inflexible wall elements, the membrane elements connecting

together adjacent edges of the wall clements, and the membrane elements adapted to fold

radially inwards when the inner conduit has the first width; and
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20it is not intended that the invention be |limted,
except as by the appended clains. CLAIM 1. A
connector for controlling the flow of fluid, the
connector having an internal fluid passageway by
which fluid may flow through the connector, the
wherneinethe gmer @cmgliutsq: pepfigured such the fsidganeantngously flpwt
port and a second port, the first port being adapted
throtigh the eaiitednizer lebnidhtit whemtheana@vatilct dhemee ¢oimdhsacbnd position.
adapted for fluid communication with a fluid conduit;

2. BRconnector & JANADIAcRIEINS FHrstRag sédoad &ddihs bhihe itke conduit
housi ng, the novabl e el enent having a first position

of ﬂﬁtcoﬂ@'r&%glbgb%ﬁﬁ'&i’ 2RIsElcEl 83 OBH thiY RE ﬁﬁldfﬂa'ééa%e{vbﬁﬂﬁs a first

ousi ng ana a SECOﬂd positio

volu%eu\gg%gt%e P}?ge?}&?’vg et i rlm%%%{lrs 1c§n| é)nvd at sréE:gﬁJ IEIII;]LE when
a head defining a bore form art of the fluid

the pawableelamentyin bihg otRe P@é‘ﬁ‘ﬁ%c‘?’% FCCOPﬂ golyggpong Jagger than
configured such that when the novable elenent is in

the filsevademwond position, the bore self-opens to pernmit
fluid flow, the head being further configured such

3. Tlkadommb&or ¢fhdainbl ehblen thk dirdnind isscond wilhs b thetinner conduit
position the bore noves to a closed configuration

of tHA@UPMskiBE: Jebtibitlark ls@kted such that the fluidpEQIFBNES Bad Brst
section defining an inner conduit formng a part of

voluhni fléﬂtjﬂhg nﬂ)@ﬁﬁ’l@% t Lﬁﬁ%@ﬁ SF E@sb SARRG Q& n& \p(ﬁullng

COI’]dU aving a novea etween a |rst W

eco ssi bl ction belng
the gl regas it ﬁs@éw@motsﬁ 6 Seepd valmeeng s i n
t he second position the conpressible section
approginately thawgiess thhitst yAMenner conduit has the second
wi dth, the inner conduit being further configured so
4. Theatormbaor ¢fredaimpl fathiee cahpnsing a seppiort tubehdvingepposing ends,
position the inner conduit noves to the first w dth,

the é&bﬁél@ Mbetd&ﬁnfng raSltiméh Sk fendisig Yevddea thd Sipasingends ona énd
wherei n the conpressible section

belng 2@%1%%?{:&)/&0%}&1&%‘%&53%@?&4 &d@m@oﬁﬁﬁ?‘%ﬁa& of

[Ty 1nflexible wa

ele ts, the ne e connecting together

ﬂ“”ﬁk?%ﬁ@ﬁf3@56@?“3?99335%3 fgﬁﬁ%ﬁgnts and the nenbrane
el enent s adapt.ed t fol radlall |nmards t he

5. ThRMDEGAGRA dai ks VR (e SHPRGTH eceﬁaﬂsqmavaif the wadl
i nner conduit is confl ured such that fluid ma

definiog wishu pusliding hdlyid path bgtweeh dheenteriar of ﬁrf:etﬂbemfﬁf@ﬁﬁumen
when the novable element is in the second position.

6. Phe Mipeconsitdinr 5 aheimihmshppdrenbe is dondghied $i redatibn to the
second wi dths of the inner conduit of the

moveReRARPHLRhIRAL IR BeenGRAbRE GRert W thdddcohdBoditisH, the
passageway has a first volume when the novabl e

| r 0 l;
tom SRR b8 i 2k pBAbAKC 88 @aﬁ% 9’3@%} i
he cond vol.unme bein r. than th |rs ne. , .
condytCorBS EmPRECYH Seatop sk bee fhidn o duphi et Biduie
second wi dths of the jnner conduit of th
of thecneproessibly sectiens tthnongh the slef) dreugh thehwmmftthq HPPPTL GiRe,
passageway has a first volune when the novabl e
and eiranghthe isscond poltefthe lsduspp@si ti on and a second vol une
when the novable elenent is in the second position,
t he second vol une bei ng approxi mately the sane as the
first vol une.
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4. The connector of claim1 further conprising a
support tube having opposing ends, the support tube
defining a | unen extendi ng between the opposing ends,
one end being in fluid conmmunication with the second
port and the lumen formng a part of the interna
fluid passageway through the connector. 5. The
connector of claim4 wherein the support tube

7. Thewmneder ef alaitn ¢ whessinvial | defining a sl ot providing
a fluid path between the exterior of the tube and the
| usleNinnerGcondlieo £ ReaIpedssible sebtdimhas opheding first hed second
support tube is configured in relation to the

endSTIEERB GdefiIBAMacsHC e bBRof tNIBRAL AR RB YRRhBle ] ditnnt

I's in the second position, the lunmen and slot of the

deﬁr?%(%ﬂ%rn{ﬁcg 1RGte g ttl%os%lw(gri]tp&ﬁdof i in.lllgrka)t[%'ild{liﬂ tﬁé‘Bﬁﬁcé"foﬁﬂ'{r{g

nner condu 0 e conpressible section suc
that, flui.d may..fl ow through .t he.inner conduit of th
part ob o Bt pEetine R AP oo e BE Figet S oo F me
. lumen_of the support tube, and through the second
UHWE@Wﬂm@ﬂmwﬁéhﬁEU§ﬁH§: 7. The connector of claim®6
wher ei n: the inner conduit of the conpressible
8. 'Bleotonoecttwast dpposivhgretd:r st and second ends, the first
end bei ng adj acent the bore of the head; and the
movidlumet hedsiot ofigitistgsoratibe extbhd; at leastdh gartab atlbeation
second end of the inner conduit, the orifice form ng
outsRR"the Rhefednli®ioP fleboRir&IMI NG fib® Whtd ticiRsRibld HeRet s at
the 1 nner conduit, and out of the inner conduit

t hr h..the orifice. 8. The connector of claim?7
the%ﬁﬁ§é§ﬁ¥uon’m“{the | umen and slot of the support tube

ext e at ast in part, to a.locgtion outside.the

e s frgre eheh Bk e Pt QepttRe st o te

nmovabl e el enent is at the second position; and
lumespatdhd logeliqreaiisifie pf e inmex ceBEl. f r om t he orifi ce,

t hrough the slot, and into the lunen at the | ocation
9. The cindectof oftdkém $imdereaonduit. 9. The connector of

clai m 8 wherein: “the noveabl e el ement further
CORRY hSCEbR dRhéMTuiBsG icoRPrie@§Ring dedtibntddBnected to the
conpressi bl e section; and said flow path further

cmngﬁ%ﬁ %w%ﬁﬁpkﬁ$? orifice, and into the spring section
er eby

€’Spring section provides a portion of the
internal flui.d.passa . 0. .The connector .of cl.aim
o e derypart irelef BEREE Rty el b€ fisRhaf sfcufe
t he noveable elenent is in the first position and
wheyghy thespriogseetion prevides 7 pertio of thsrintearal fupd pagpageway.
internal vol une; and
10. The connector of claim 9 wherein:
the spring section is extended when the moveable element is in the first
position and when extended, the spring section has a first internal volume; and
the spring section is compressed when the moveable element is in the second
position and when compressed, the spring section has a second internal volume, the

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

volume of the spring section;
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the spring section is conpressed when the noveabl e

element is in the second position and when

conpressed, the spring section has a second interna

vol unme, the second internal volume of the spring

section being greater than the first internal volune

of the spring section; wher eby the interna

vol une of the portion of the flow path provided by

t Bfe2BY 0gi ﬁgﬁﬁl'v%'i'unlxec‘ ofRAhGHioNMAe thd NEwSREH PvRRAHYOMe spring

I S conpressed. 11. The connector of claim1
sectiontiegreiter wina thossinggedtivolisicesprassadr r oned r egi on

adj acent the first port, the head of the novable

el ement being | ocated in the narrowed regi on when the

MY afeCcofh &M@ claSmi INwhd€infthé BbushnsSintluddy, a kdi®wed region adjacent

narrowed regi on being di nensi gned so, as.to cau

se the
the TiSOPRSCRS b5a 0F CamOVAIL] lement bemE el ITHe MGG Tegion when the
movaBik efechfthfstn WG5S SbsltlR. MeYSiBEed RGIIARMAIIFRAGENIGLEE to cause
region, the conpressible section being located in the
the bocooiSthe headdd closggi on when t he novable el enent is in the
first position, the constricted region being
di mensi oned so as to cause the width of inner conduit
ofi2t Mie CORRYCERS SIfRI#mSESheem the Honvieg tiecltdes af donstticted region, the
wdth., . 13. The .connector of claim 12 mﬂgrgin: is in th
comprepble s¢abioa beipg lesatsd & thgsopErieted FRelanadhandhg mavahlg glement is in the
first pRfion, the cdnBficlFRVEEHRh Bt LiRRnsToHEd B8 Mas @0MHANeS®® WRidth of inner
spring section connected to the conpressible section,
condutithd theproimpgessiblet seafpnige inraye< del thstiast widthur ge t he novabl e
el enment to the first position at which the
conpressible section is placed within the constricted
I €8 Ohe connector ofthimTiRexieeeinect or of claim 13 wherein
t he head, and the_conpreg;ib%e section, and the
sPricegpressiblcspctionds rngead sthg Readnthr al  moveabl e
ehRMEMcable LRnfinf AMMECLMpiset a GHMtd Rbtlid&ninb&@ed loohe @bmpressible
fluid, the connector having an internal fluid .
sectiopaths agemmyectiyn Whing ndapted ¢ Beeg the swvelle slgent ethe first position at
. .connect or ..t he.. . i.Si e . a housing
whicn BN ELe1¢ SRGPNIREESwARIRE L fMlucd rogion. £, 1OV 08,
bei ng: adapted to receive a blunt cannula and the -

second port adapted for fl.ui 0 njcation w.t.h a .
£ Vi1 HhecBmargror e onhrgiisfe FEotL e shEPier U gBetion, and the
sprin%‘ﬂe&tlmﬂ"'aré he1deaus bR thtedrilansRYBIR leRnhement having a
Irst position at which the novabl e el ement bl ocks
fluid flow through the housing and a second position
at which the novable el ement permts fluid flow
t hrough the housing, the novable el ement conpri sing:
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a head defining a bore formng a part of the fluid
passageway through the connector, the head being
configured such that when the novable elenment is in
the second position, the bore self-opens to permt
fluid flow, the head being further configured such
that when the noveable elenent is in the first
position the bore noves to a closed configuration

p1r5everH l:t%]’g'lfe foHikst drn@Wiing the flow of fluid, th@ dbﬁﬁ&ft&SﬁéVHQGan internal
section Ining an i nner conduit fornming a part of

fluid pasisagewayi by vﬂu@sfagémy flow topigth the BONNGRIRE é'ﬂ%?OnnFﬁtér FHPREfsing:
Cé)HQ}éﬁ grégrrét Brdidy MRA0 bert iRé HRE Pord bbihg Sddapledtid receive

and a secon , the conpreSS|bIe sectiQ
a blunf@@ﬁﬂu!g@ﬁ@wess@C@mfbﬁor&\mtﬁqf@f i emmnenieat '@Hé‘ﬁtp alb@ OF %’“d”'t
tPRoSHGL BQW%%S bééliﬂfheﬂ Rath@ OB rh@ﬁ&h@ |tRe sewhblerelawdft having a first

expands so t hat e inner co s the second
positon, oo e TRREIS SBHEG bowss: i o EREYST By GPEnde second
positioh R twHidheRe trhey BTy ekt sdraiteitidi fiowi thrdtyh the hetising, the movable
&ﬁéltlon the inner conduit nopbves to the first w dth,
elemerheomplifnghe first width is snaller than the second
vvi dt h ,a héel defmg eohsuﬂelifbm’mg agpaciooff thguhuidl pgsrsigewvathrough the
Contln r i k d
comobyih S5 MBI s R B Ui oco
posﬁmﬂﬁheﬁ&br@s@i—d)pena ‘to zpadmt ﬂu;d flowathe lhepd being fughe speniigyres such that
Lr Sy=Yejola]e %ntqoéé@'daﬁf tion
wnen b oS A0 AT ATARHEL o D55, 9
prevergingfladflovube having a lunmen fornming a part of the

' nt er r}iat?rfl%ﬂégﬂblgas%%ﬁ'&?%%lﬁdl‘Eﬁ’mrtcﬁﬁdlﬁpwﬁrﬂﬁl 04 ,pahrtﬁ the fluid
or

avin hat defines th unen and
. passa@ewwﬁ@rovmuthﬁaaongm@r therinRed COPHUEgMINg Revidia movsARIe briwpen a first

width SH&T@J Qéééﬁﬁ' Mathw' tﬁ@ éoh‘%rée.'éﬂ‘ﬁ%1 sédigh edding b@rhf@uf&iy sd |t|ﬁ13N when the

Into and out of [ unen throu?h t he | ongi tudi na

moveablegglement is in the secondmélpgn heioqmPressiele seate s,s {)qanpﬁ go that the
inner c%H@tlﬂPrﬁats thé! Bscofll YidtA CiRk BtheW\bdridui beihg furiheecortigirédist treft when the

conpressi bl e sectio en the novab elene
movesbly GIHBR L BriEe B¢ PO AR tﬁﬁ&ﬂ&ba}m\dvﬁm‘fﬁ%& e Syt J@}?fem the
first wfﬁﬂ\ﬁs lsﬁf&ﬂér tﬁ@rﬂﬂiél decohd tvaith, Cthmmnelseorhhle belagtcnnﬁgured such that fluid

throu t he f

may oo o e Hiasdiing AR Bt b FRgh PehOReR e ocated in

the seddid peeificgcindr of claim 15 wherein: the inner condU|t
of the conpressible section has a first end and a
second end; and the novable el enent al so conprises 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 t hat
is outside of the inner conduit. 17. The connector of
claim 16 wherein: the lunmen and slot of the
support tube extend to a | ocation outside the inner
conduit of the conpressible section when the novable
elenment is at the second position; and the orifice
provides a flow path between the inner conduit and
the slot and the | unen of the support tube at the
| ocati on outside of the inner conduit. 18. The
connector of claim17 wherein: the noveable el enent
further conprises a spring section connected to the
conpressi bl e section, the spring section |ocated over
the lunen and slot of the §pport tube that extend to
the | ocation outside the irfMer conduit; and



the orifice provides the flow path through the spring
secti on. 19. The connector of claim18
wherein: the spring section is extended when the
noveabl e element is in the first position and when
extended, the spring section has a first interna

vol une; and the spring section is conpressed
when the noveabl e elenent is in the second position
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lumenSiterdly fRRhaPiow § fﬁtcﬁ%&&ﬁtﬁé Jumen through i1 Ioﬂ'gﬁimdmai slot;

connect or of claim 15 rther co a,harro
. r egi on"VRRIFA dBR{UTER: 2pY ISE’F OES i SB‘? @bﬁ%h |k?1°§ W?h'n the inner
conduithif Ghe tcbﬁ‘thé%@tﬁleoéedtahe whavatbk enelabiee aleniest Isomathedsashith position

is in the fir
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throughhiee luated o thetduppdrembe andthosigh the gecevbmrt ofitiae bousingw

through the fluid passageway of the connector.

21. The connector of claim 15 further conprising a

n6.r owEtk copgedor Edjairodhtwheren:f i rst port of the

h . .
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Its second w
is outsiderefdieg Bnergiondyihi m 21 mhereln. t he conpreSS|bIe
section is connected to the head; and the noveabl e
el enent further conprlses a.spring section connected
t /-t heThecenmpeeassiamJBMNEEHY: t he spring section
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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.

18. The connector of ¢claim 17 wherein:
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23. The connector of claim 22 wherein the head, and
the conpressible section, and the spring section are
nol ded as an integral elenent froma resilient
material. 24. The connector of claim15
wherei n the conpressi ble section conprises a
plurality of substantially inflexible wall elenents
and a plurality of substantially flexible nenbrane
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as the second wi dth. NEEDLE FREE NMEDI CAL

Nﬂmowwhgﬂmma@tﬁhwaWWMMW AND METHOD OF
FLU D FLOW CONTROL ABSTRACT A needl e free nedical

connector includes a housing with a first port and a
st ondTorannedtpeol RMd8MEreM so i ncl udes a pi st on

the s;ﬁh& RBtonds feix2hBdd WhEh tmbasahhg erempnbietimeienfitshpoditionsand when
second ports. The | st%ggﬁl emenc} i s novabl e

eXte"‘E‘f"é’t g W*aﬁaa%ﬁr# oA The piston
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[ nner W|dth art of
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B o, o DR BT B MRt by e o
sectioh isegreatanebérothe splireg sohipy sseimplassedct i on has a

configuration permtting the continuous flow of fluid

through its entirety. Figure 7
20. The connector of claim 15 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 fluid flow through the fluid passagewaybf the connector.

21.  The connector of claim 15 furthér comprising a narrowed region” adjacent the
first port of the housing at which the compressible section is located when the movable
element is in the first position, the size of the narrowed region selected so as to cause the

inner conduit of the compressible section to move to its second width.
22. The connector of claim 21 wherein:

the corhpressible section is connected to the head; and

the moveable element further comprises a spring section connected to the
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compressible section, the spring section being adapted to urge the movable element to the

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

23. The connector of claim 22 wherein the head, and the compressible section, and

the spring section are molded as an integral element from a resilient material.

24. The connector of claim 15 wherein the con‘ipressible section comprises a
plurality of substantially inflexible wall elements and a plurality of substantially flexible
membrane elements, the membrane elements connecting together adjacent edges of the wall

elements.

25, The connector of claim 24 wherein rthe membrane elements are adapted to fold

radially inwardly when the inner conduit has the second width.
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NEEDLE FREE MEDICAL CONNECTOR WITH EXPANDED VALVE

MECHANISM AND METHOD OF FLUID FLOW CONTROL

ABSTRACT

A needle free medical connector includes a housing with a first port and a second
port. The comnector also includes a piston element defining a fluid passageway
between the first and second ports. The piston clement is movable between flow and
non-flow positions. The piston element has a compressible section having a variable
inner width that forms a part of the flow path through the connector. As the piston is
compressed to the flow position, the compressible section self-expands in width
thereby maintaining or increasing the volume of the fluid passageway through the
connector. The compressible section has a configuration permitting the continuous

flow of fluid through s entirety.

Figure 7
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