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I'nvention This inventifon relates generally to 'a nmedical valve, and in
particul ar Q a val ve which, when connected between apcijyssiz@gdi cal

devi cWOUI°as a fluid source, and a second nedical deévice, such as a
catheter, facilitates fluid flow therebetween, and when the first nedical
device is disconnected therefrom induces a positive flow of fluid through
the valve in the direction of the second nedical device. Description of
the Related Art The npgpicRNARIEATH FOBITIVE EIOWTHARACTERISTIESt er al adninistration in
hospital s and medi cal settings routinely involves the use of connectors
and val ves for selectively facilitating the novenent of fluids between two
points. These valves are typggallvoPhar@siof! ong a fluid flow [ine Ieading
to a patient or other destinatron. For exafnple, the tube my lead to a

gat het Rad dgwhvagtion t S tip positioned within a patient. The valve is arranged
so that a fluid source or, other |ne ovi di ng
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centra\{ vl ih M actiontsf (VDR Fkdichliggie. OF sim | ar conponent whi ch |s adapted for
connection to the medical valve. Unfortunately, prior art valves suffer

10rom aﬂ@ﬂmlm_ﬂﬂﬂlﬂlﬂﬁg fromthe di sconnection of these nedical devices
from the Vta%.é’ﬁaniﬂ_ {i%‘r?u‘? ﬂt?(tﬁllfu\’@ﬁ?l?rﬁ\ allffstratioR ﬂ"ﬂﬁ%ﬁta}éﬂaﬁdhﬁeﬂlcat demsihieypRvhbhen a

fluid or o w fromthe device to the I|ine on which the
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fluid¥ e valve. A problemarises
when téaﬁetéf%ﬂihmhxpﬂﬁmmﬂemlur&patlemconnect ed fromthe val ve. Wien the device is

di sconnected, it, no ccu [~ al ve.
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syringe, IV set {both peripheral and central lines), piggyback fine, or similar component which is adapted for. eonnection to

" the medical valve. Unfortunately, prior art valves suffer. from a prehlem arising from the disconnection of these medical
20 devices from-the valve.
These valves define-a space within them through which a fluid or ether material may flow from the.device to the
‘. line on which-the valve is mounted. When the medical device:is connected to the valve, it typically occupies a portion of
this internal valve space, displacing.the-fluid (whether it be a liquid-or air} within the valve,
A prohlem arises when the medical device is disconnected from the valve. When the device is disconnected, it no
25 longer occupies a portion of the space in the valve. The increase.in space within the valve causes the fluid in the valve and
line to whinh-tﬁg valve is connegted, to move to fill the space. In effect, the remioval of the device creates a suction force
which draws fluid into the valve. ’
in the medical setting, this movement of fiuid is very undesirable. When the valve is connected to a fluid line
- leading to a patient, the movement of fluid through the line tovvards the space in the valve has thé effect of drawing blood
30 fram the patient in the direction of the valve. A serious preblem may result in that this blosd may clot and clog the
catheter near its tip, rendering it inoperable, and may even result in a clot of blood in the patient, which may prove fatal.
One attempt at overcoming this clagging problem has been to coat the inner surface of the catheter near its tip

in order to prevent blood from sticking te its interior surfaces. This method has generally been unsuccessful in preventing

clonging of the catheter.



In the nedical setting, this novenent of fluid is very undesirable. \Wen
the valve is connectedrto a fluid line |eading.to a patient, 3 nagﬁnﬁgﬁ
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passage Wa is! ascco(r:tglmle mh)tﬁ gn'othti.r preferred ‘embodiment there is provided @ valve seal for use in a medical valve
25 having ‘an interface for fluid communicatién with a first medical device: The ‘seal comprises a first end in fluid

communication with the interface, a second end suitable for receiving a second medical device, and at least one skt in

fluid communication with the first end and the second end. The slit defines a restricted fluid flow path and a relatiuely

small interior volume when in an undisturbed state, and defines an expanded fluid flow path and a larger interior

velume upon the introduction of the second medical device into the slit. The slit retracts to define a rEStri'cted fiowr
30 path and a relatively small interior volume upon the withdrawat of the second medical device from the seal.

In accordance with another preferred embodiment a method is provided for causing a positive flow in the
direction of a first medical device from a valve that connects the‘first medical device to a second medical device and
has an associated seal. The seal is adapted to receive at least a portion of the second medical device and provide fluid
commiication between the first and second medical devices. The method comprises the steps of withdrawing the

35 second medical device from the seal and
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I n accordance with another preferred enbodi ment there is provi de@ 7 YRNVE%
seal for use in a nedi.cal valve 25 having an interface for flui
cdmunication with a ffrst nedical device. The sé€al corrprl ses a first end
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2p| acerimeibr volomd dpnn tle mtrnductmn of the syringe into the. upstream end of the.passage. .The passage retracts to-

 define a restricted.flow path and a relatively small interior volume upon the withdrawal of the secand medical device

n:

from the seal (the upstream end initjally -being sealed as the syringe.is withdrawn), so that & fluid oecupying the
interior volume is forced toward the downstream end as the passage walls collapse. .
| o accordance with another preferred embodiment there is provided a method of making a medical valve seal
30 of the type having a body made of a flexible material and af least one slit formed within the body between adjacent
| first and second slit walls. The method comprises molding first and second preforms, each preform comprising one of
the first and second slit walls and a perimeter edge portien, and pressing the first and second preforms together so
that the first and second slit walls face each other. The method further comprises molding an add.itiunal amount of a
flexible material to at least part of the perimeter edge portions of the first and second preforms so that the first and

35 second preforms and the additional material form a unitary mass with the slit formed therein.
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comuni cation with the bl ood vessel, "and a syringe suitable for expelli ?@]
fluid into the catheter. The system further 20 conprises a val vd ﬁ'a\JANg 3
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and a nnrmally subStantially closed passage in fluid communication with the distal end and the prmumal end. The

)

passage has a relatively small interior volume when in an undistrhed state and a larger interior volurae upon the

introduction of the medical device into the ilroximal end of the passage. The passage retracts fo define a restricted

flow path and a relatively smal interior volume upon the withdrawal of the. medicat device from the seal. The proximal

30 end of the seal is initially sealed as the second medical device is withdrawn, so that any of the fluid occupying the
interior volume is forced toward the distal end as the passage walls collapse. |

In éccardance with still another preferred embodiment a method of facilitating replacement of a first

pierceable-seal connector which is in fluid communication with a cannula in fluid communication with a patient’s

vasculature, with a second pierceable-seal conneeter, comprises interposing a valve between the first pietceable-seal

35 connector and a preximal end of the cannula. The valve eomprises a housing, and a seal disposed within the housing.
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the cannul a.” ThHE"&pwe wcheiigeor ‘capabl e of retracting to define the
restricted flow pat FgweZinppragectivs iaméi thsdeous| y urging any fluid within the

enl arged fl ow path hﬁ}tgsatf.h,eehcﬂaﬁmk,@maw;[he met hod further conprises renoving
the fi rst |erceabl connect or vmom a proximal end of the valve so as
to perm the seal eo reerac’t o) (Hef‘ I'ne the restricted flow path, and
connecting t he secofiePtapreeibioed sedirugdin@et or to the valve, thereby
causi ng the val ve t auestRaneh dvariothd if hesed: he enl arged flow path.

Figur_e 6B s a front cress-sectional view of the seal;

Fgure 7A is a side elevation view of the seal;
30 Figure 78 is a side cross-sectional view of the seal;
Fgure 8A-8D is a front elovation view of the sea! with a series of cms_s‘sentinnal schematic views of the
insertion of a medical device into the seal; |
Figure 9 is a front cross-sectional view of a hnusihg for use in the valve;
Figure 10 is a side cross-sectional view of the valve and the syringe before insertion of the syringe into i

35 valvg
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For purposes of suing the invention and the advantages achi eved dvér JANeZGUE
prior art, certain objects and advantages of the I nvention have been
descri bed herein abdvei OF course, it is to he: un;derstood that not
necessarily all h objects or advantages may be ‘achi eved in accordance with
any pHMQ2¥M%r enbodi ment of the invention. Thus, for ROVERYMIPY, those
skilled in the art will recognize that the invention nmay be enbodi ed or
carried out in a manner that achieves or optim zes one advantage or group
of advant agBmreddise sidegtoss sergmelview ofithendewithdesyiaedillyingerteds hi evi ng ot her obj ect s

or advant ag HQPE | of these

enbodi nent sF%'{ngFEW“%“ séeﬁlﬂ%ﬂﬁew%ft[hﬁﬂn télﬁgyélghgguﬁ\} %Qr{gﬁle I nvention herein

di scl osed. deﬁﬂersaﬂdicmish&ﬁnnalaaiﬂﬁm:emmwﬂhMsyﬂnbﬂlan}ﬂv withgiatn; i nvention wil |
becone readijl rent to those skilled, in.t Wi ng

ot ai 1 ed 16F@edER BB podmaL e o5 oo Wl TR G SRR EPEPERJL AR The
attacheg figures, the invention not being limted to any particul ar
preferred enbodi ment (s) disclosed. Brief Description of the Draw ngs Havi ng
t hus summar fimed i hede gevation vew of an alteraativsremborfient ¢ dhe mlweewh £ gyringp partiy dnseglpd; | g
features an fradi gHed-1 cati ons
t hereof wil %gygﬁ%ﬁgg@fpgﬁ”‘?"oﬂ%@i&?@w@dgd I n tﬁﬂgw@??gﬂ?t ﬁi detail ed
20 descri ptlﬁmlheahmlebmmmgoﬂwvalvmww@ﬂﬁ\fﬂ@em\l@ml@glﬂsﬂﬁat fol | ow, of

which: Figute 1..iS. h val ve i d
W th e {riman @ oSTRE L i Sl D vflenla 5 " C0T 0 S0

10yringe: Fifgliese1 98- 19ESre Schipriisyias biia\pdeess obmaking the seel; val ve;  Figure 3 is a front
a, side elevation view of the

el evation view of the valve; Wﬁi‘\fl% re.4 It%:
) val ve; 5 |§'9%fe%(€?%&'f@&'?"!’ an Qypraupl Rlte used nmaangdisealis o i Tt he valve; Figure 6A is
a front el eygt bPR a\hbrfiVertds-sdeibRal GORbE a cathbteiUicapoRaing aSvalle of riiRptessat ingmios@@ bi onal
view of the seal; Figure 7Ais a side elevation view of the seal; 30
Fi gur BUe®irg s a si de cross-sectional view of the seal; Figure 8A-8Dis a
front el eva}@brgﬁh Wi ﬁ?éﬁeﬂfveﬁ%ﬁfﬁh@é*het@ﬁo? ﬁgur%ﬁﬂehﬁ%ﬂd%ﬁeaﬁﬁﬂ%ﬁaﬁ&ﬁ%ﬁd‘ onal schematic
views of th I'nsertion a medical device into the seal;  Figure 3 is a
15ront cros JigweRis apadisl crosssantions! view of e pierreahle-spabeonngetes conppctedie ﬂw'%fthemtw ‘e 10 is
a side cross-sectional view of the valve and the syringe before insertion

of the syringe into tip 35 valve; AMENDED SHEET O 7 JAN 2005 WD 02/ 0406-5
Detailed Description of the Preferred Embodiments

Figures 1-9 depict a valve 20 in accordance with a preferred embodiment of the invention. Figure 1
ilustrates a particular use of the valve 20 to which it is well suted. Of course, the valve 20 may be used in a variety
200 - of other manners.
As fliustrated in Figure 1, the valvé 20 may advantageously be used to selectively cantrol the flow of fuid to
a first .medic‘cii device {such as a catheter 22 shown here) from a second medical device {generally comprising a fluid
source such as an IS0 standard syringe 24). In this arrangement, the catheter 22 is connected to ene end of the valve
20.and has a tip 26 inserted into the arm of a patient. The syringe 24 has a cannula tip er Luer 28 that is inserted inte
25 the other end of the valve 20, which is designed to accept the Luer 28 of the syringe 24 without & needle instatled on
the Luer, - o
When se connected, the valve Zb permits fluid to flow from the syringe 24 to the catheter 22 and inte the
patient. The valve 20 is also arranged so that when the syringe 24 is disconnected, fluid flow through the valve 20 is
prevented. In addition, when the syringe 24 is disconnected, the valve 20 generates a “positive” fluid flow, i.e. flow of
30 fluid in the direction of the patient, thereby preventing blood from entering the catheter 22 and causing the associated
adverse effects.
Figures 2-4 depict one preferred embodiment of a valve 20 in accordance with the invention. The valve 20
comprises a relatively rigid housing 30 and a relatively flexible and resilient seal 32 disposed on or within the housing

30. The housing 30 has a Luer lock interface 34 at its lower end to facilitate connecting the valve 20 to a variety of
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;
R—_

PCT/ US01/ 21904 Fi gure 11 is a side cross-sectional view of the vafjve Jilt HUB3
the syringe fully inserted; Figure 12 is a front, cross-sectional view of
tHe valve with the syrignge fully inserted; Fi gNr)e 13 is a side
cross-sectional view of the valve with the syringe partl¥ wi t hdrawn; Fi gure

14 a SYQ&YP4%63s-sectional view of the valve with the sYrPHge 3 her
w thdrawn in conparison to Figure 10 15 20 25 30 13; Figure 15 is a side

el evation view of an alternative enbodi mrent of the valve, with the syringe
par t|y Medigsfevieas: One shillgdjp the arbwil epadly apprepiotedabg Bumpes pf affierdiiertore & FONCHR 1YReY '€/
enbodi gﬁmﬂe fusﬁﬂﬁlac\éﬂilﬂ{e%er bt sﬂéﬂ‘:a‘s 0¥ Silp Stinekdibh biva hhrﬂeﬂ‘ﬁﬁsﬁﬁfﬁn%aﬁ gure 17 is a

front el'evation View of the valve as used with a syringe having a Luer
| ock; Fi gureTha&ahiﬁhasa;slld@ezmigéﬁdhsst@wn i Figwee 3 which iszconfiguredate peymit tebesti2drefie  of

i o e 245 P, 11 R G Sp 2 e oGP vy el BRI B0 O
ngki ng thlbtent@@ﬁéht 38F(J|seﬁ Fifjuee .'ﬂforr:ies maheﬂﬁdri:m ofithe Sl s Witlethe syﬁngalLuevzaemusafserad am het <2a r2
i ncorporatin a val ve of e resen ure
is a Bé?%?fﬁ?f‘g fiujeiegtedpom e syringe 2@3‘[‘*\@&”@#‘% Btﬁh‘b‘u g%e ?“ﬁ%@ﬂ"ﬂ @amrcm% arm of

a pat i gRteathdd @ frbd! WldicsiAevicd atfhciRPd e Bler 16k @S- secti onal view of a
pi er ceabl e-seal connector connected to the valve of the catheter. Detailed

Descri pt i on figwrest58 simpwelieseat Etemopad o e hosno for gposes of rladty o Bigseet 32hasaoded00 i n
accor d%@@méﬁ"t&k@th@fcﬁ’r{ 0?% g%brhgﬂ,gﬂ%i%%ﬁﬁ'?& atfatsiiBe. LY HBbaiRfY-of iﬁb &H%@ tﬂﬂ body

illustrates a particu evave20 owhichit is sulted. O
thur se A0 isrpmfemuv foame2 6F nmobigd, Sibduwmetet siligeneorubbei ar. Btrlyrarnatﬂeiv (BUMrOf thﬁle P@VISW@E

illustrated Fi v t

sel oot P gD e 35, R o B ke CEMRNLBRER B o |
cat het @lie mkek 42hie\8huata bedveeh fisirand seoealolateralressehision] 43aeABh evhicli have sioaltidrsy 43coAGir i si ng
a fluid source sych SO st and arr an erren

Fhe o aeWBRes 155 pEog ol iiedra oS RECR 1t e 14h o it a0, il b Lind g ERG™ "

i nser.t @ brVhtGyrd MR, ididEdQhicRis Rivhed ﬂiailpreferhl? s@ytﬁmiﬁlﬂﬁlar@lﬁ} sii38. e Slﬂﬂmu&t@dstfroﬁh or

Luer 28 that Is_inserted into e val v

Hie! ot S cpeits I et s s i the o o i Fensommegimat et s ol OBRes a1 1 e

on t hene kitgdas. oG iBhbn 498 ﬁ:@t&’a@,dsubsiahtﬁ IndfiRal afa cmreﬂhﬂo& ah bofiéi thht fs Qubktbriianyf r om
the syringe 24 to the cathet 22 an nto
-paral!e to or collinear-with the lnngltudlnal axis of the seal The sllt 38 is preferahly substantfally planar and -of

. Luer 28 has not been msgrted inta th,e,seal 32} a hlghly restricted flyid flow path f,rurn,the slit opening 36 to the lead
20 lumen 46, As used herein in reference to a flow path, “restricted” means a flow path that.permits either no fluid, or 2
clinically negligible amount of fluid, to pass, T Ve EIE I
The preferred configuration of the siit 38 and lead fumen 46 is best seen in Flgures BA:7B, Theslit 38 has a
body portion 48:within the body 40 of the seal 32. . Advantageously, the body portion 48 is a region, of maximum
- width, preferably about .228";0f the slit-38. The slit 38 tapers to a point or region 50 of minimum.width, which is
25 .- preferably: located- within.the neck 42. Advantagecusly, at the region 50 of minimum: width the slit.38 is preferably
about ,120" wide. In other.words, the width of the slit-38 in the body portion 48 is almost twice that of the region 50
of minimum width. From.the region 50 of minimum width the slit 38 tapers outward te the slit opening 36, where it
attains a preferred width of about .200". This tapered configuration acts as lead-in for insertion of the syringe Luer
28 into the slit 38. The sfit 38 may also have beveled. corners 52 at its lower end, opposite the neck 42, At its lower
30 end the slit 38 connects to the lead fumen 46 to facilitate fluid communication betvwreen the slit 38 and the lead Jumen
46. The lead lumen 46 preferably has a lead-in chamier 54 and a beveled transition 56 to thé sfit 38. The preferred
inside diameter of the fead lumen 48 is about .040". '
In the side views of Figures 7A and 7B, it may be seen that the seal 32 has a T-shaped cross section before
installation in the housing 30, with the flange 44 forming the cross portion of the *T°. Viewed from the side, the slit

35 38 is uniformly thin, i.e. of no or virtually no thickness, as it runs from the top of the seal 32 to the lead lumen 46.
-7-



patient. The valve 20 is also arranged so that when the syri nge iﬁ Iﬁ 2005
di sconnected, fluid flow through the valve 20 is prevent ed. & M;n
when t he syri nge 24 §spd| sconnect ed, the valve 20 gener at es a p05|t|'ve ‘
fluid flow, i.e. flowof fluid in the direction (ij t he patient, thereby
preverPVHI6d0od from entering the catheter 22 and caushGifusmeiwdsoci at ed
adverse effects. Figures 2-4 depict one preferred enbodi nent of a valve 20
i n accordance with the invention. The valve 20 conprises a relatively

ri gi d hbansvengnod Ostalfationgn the lhausings &0, yhefthidwes$ bictheasht] 3¢ trbenl viewed frenetik sig2 wili wposed
on or within t housi n 0., .The housing 30 has a Luer lock interface 34
at its f“@ﬂ@?taéWﬁbe[eéﬁ?'ﬁ%ﬁprf*%?i#‘gm@elﬁ%ect| ng the valve 20 to a variety of 07
JAN 2005 WO KidreO8AlERChow (R 6T Jin RARQH sealiRgl pepfoimarle \of the Garyifgdditisd itlelsR @8 iantert he
art will readily appreciate that a nunber of other interface or connectlon

types aptesductiqict apnge fust 28 atg thefiitsi8q dtbe syringerlper 24,0l shen higureShdh ry@osss tuer
o351 P CUBRAY FaRashod tﬁw rREhefAQ fhe Sl B8 4o Sho R 1£28 ar e A 56or Hiim QAR N 36

( est seen In gure I's conf |gure ermt t Luer
Syri ngewheajth{ lsuaré'B msglenn éu"wsetteﬁ ietp the slit 88 eDug dgthe @)ﬁiva proawrepsof ithe slit B et thsf resmmder ate

pressu r@) IR%/ smt J&% C?HI? ﬁf :%gﬁlgs? Iﬁxﬁ?%n:i!%ﬂ@ ?I%O{n}r'iﬁ&mge%er oﬁh%%”ﬁjw{alt gr th‘}t I&Lttﬂh cégﬁé § ee 28

Fi gure or'me € sea e Syr 1

thus i naﬂi&mﬁﬂm pirimetersehbetymen the 4is3% dndrihellue Bﬁcheﬂierfmmmmhehmmtpmf ﬂlgmeﬁm 3utough
t he Lue %]? |f|ﬂig é]hrou h thz ngt 38 and Luer lock 34 and into the
cat heté‘”"é’?“ 15 15 HaT e %‘f’“’ Pelier % ¢ ached to the Luer |ock 34. Figures

$0 7B show t IrgurscaBlandéd mwmaedha‘rd @Bl B8 iseEs (.8 Gin iR hody poriiesaB<of @He sitlafd they. The
seal 32 has a body 40 which may take the form of a s|ab havi ncil a flat,
e

“y gener a|tlavmwa@fnawg{%a°a'ﬁﬂiéfnab@° 'ﬂnwk@"tﬁ%thw"ielv@wtew the guinge ugr 28 Jeaving ggps Bady 10
40 is Rh&k ﬁ‘rrha%aés 52 &H&% oPthe rﬁalz@eﬁl,uthe“r%ofw iR FEReer o$ the bife® i€in Ddawomame ik S

alternatively formed of synthetic | soprene. At one end of the body 4

i s for weEeerdhed theeircungeseyes o the yle?%ﬂet‘*aw@}@l? uaq@efkﬂrwr detdl balpw, tis @irangament 6f &-sfity | ar
transy gg.sea hdaPRdGy tﬂ’jl}g sht-ﬁggrgl'g \Aﬂﬁc%@?b@wﬁﬁn& W@ﬂmﬁbﬁ \9@&9 5§gﬁo§hh@sﬁﬁue$§e%9“d

| at er al ext ensl ons ave ders 43 conprising those
Ifor t i onwmads anhwv&fbwémwon exthevalye dhahenitheswiege Luehid !a‘wt&drg\w\ 44. The body 40, neck

42 and flan I f, d the
(pr of r ably "0 &, e ol oy ieh Shfifilfi g spushl 1 16 18 nsbfPflhr up s S22, |
slit ophemin. n@leBﬁls('@&&ts peaeeatly iformée &glmnHeda;nlvcarbnua’teeorfdltetmgmlwdmmbfrm éng aditableinen 46
forrredln of .t o] e fl l.e | umen 46
is pr efhé'f" 3&30'??8513% |Vxﬂﬁﬁqeh%f§@&q£§' the%%rdt{cggggh &'ima Ef%ﬁi’ﬂ?aﬁ%at is
subist aa,?:madal Mnflgggroﬁ,lﬁrebayt@mﬂig? Q‘W|shapél @agonsiudtion $uffiedtan gma thdlseaazkz @ar 0 mf t he
ea T It refera t ant nar i rtua no
o BRS frif Wi SReRIPLA R e TEA 4 ikl o s Bty Y pbgeticte
undi st yieded 38tad frst dnd @ecndd’@ﬂé‘ offehiftys BY4, IBADRhichLiR firs? &nmsonm b edd@CEBa, 635 @iat €d
into the seal 32) a hi‘ghly restricted fluid flow path fromthe slit opening

36 t o "Eufaisy tha gdossoet the R opsnings eaiasbte Al aqeping 60 rﬂe\ﬂféirféwe*é Bﬂ &esi step B\ figyg h,
' rest ré)fefuﬁ Grom %‘m@% l@k f3h Q&%aﬂ%@a)ﬁﬁ‘ @ﬂemﬁ;eﬁﬂnﬁ Sordirls Qﬁ 'fntdﬂﬂl fiithdd 168 whieh isan fluid

C|InIC y negli gl bl e anount of ass. The preferred configuration
of  t hetomminicativ wishha) lsmenc@$ i therduer mgc s Theled @m'@ln 6 i mfejabfvéghsmmlwgyhmlrh@ 05| it 38

2325 2 seRRUKiR hdod tha Heelth bl meéia@uhséﬂ.awpamﬁu Setinest vith AENRRIAAGAYS! V!

e body por IS a reg
of the housing 30, A pair of lugs 70 are ‘positioned on the end of the seal holder 58 near the axial apening 60, to

perriit a Luer lock or other threaded connection (not shown) to threadably engage the housing 30 at the axial opening
60. '
As best seen in Figures 3 and 4, most of the seal 32 is situated within the seal holder 58, with the first and
30 - second lateral extensions 43a, 43h of the seal 32 protiuding from the first and second side openings 62a, 62b. The
lead fumen 46 of the seal 32 is situated so that the lead cannula 64 extends at least partway inta the lead lumen,
facifitating fhid commumication between the seal 32 and the Luer lock 34. The flange 44 covers the axial opening 60
and contacts the adjacent edges of the epening. Preferably, the distance batween the axial opening B0 and the top
edges B3a, 63b of the side oper’nian 62a, 62b is slightly larger than the distance between the flange 44 and the

35 shoulders 43c, 43d of the jateral extensions A3a, 43b. This arrangement results in the appiication of a tensile force
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wi dth, preferably about .228",W,the slit 38. The slit 38 tapers [Lq qp‘moﬂ%&f)
or region 50 of mmm.;\mvmdth Wmch is 25 preterably located within the
néck 42. Advant ageousl,‘y at the region 50 of mni/mumwidth the slit 38 is
pr ef er abl about .120" wide. In other words, the w dt];}g[g{] P?Mﬁl it 38 in

t he b}}’&&,"%]d?ﬁ-ﬂ on 48 is al nost twice that of the region m ni num
width. Fromthe region 50 of mninumw dth the slit 38 tapers outward to
the slit opening 36, where it attains a preferred width of about .200"

Thi s t apgeied b ieali2ratiemtheing Jdsind halkiteiahexfensions 48ae43bi dbe repload priseseay rthenge

H "1 oot MTEE e i B ke et B S (RS G ety ©2
conneciss i prhibh cduSed the NbHIERY 19 Bsshnid afsﬁ’gﬁi!yl Hu\ﬁllaﬁ@edfnl' tbhﬂvmlﬁnmmmmtmemdgebﬁttween t he

slit 38 and the lead lunen 46. The lead | unmen ?IP %lﬁ as & | ead-in
chanf e ridh apeaing B0 beapasgiest the undpreiiedf the fh'ig‘%‘é {15 bpwfshaggd;tiange &t thepgerv ‘%P%ﬁ et indgy
si de di | the TR 2L Fi d teils olpRickSdloska théiskns  of
gureéhefgmkg{“}es%m&{]ﬁmﬁﬂﬁﬂ see@e@ﬁg’% ﬁ%s he seal%gaﬂas <s51 [s:ha ed cross
sect i ompehinf 3raal thisreaibakd the abiity of the seple32 troueyent Huiddisw. \Uhe irelophhaso PIEERRT ““'HE!Q flor ni ng
the cross rtj S
uni f or teye “F 'tsci?"g' d:n%]axl%aga-g?mt@ E‘Hf’ﬁ &mr%]h? ﬁ m%?(nﬁegpsngmgglﬁl? !ttﬂmrr ﬁrﬁg Iéﬁgtgm t he
top of Tﬁd}ﬁloﬁﬁﬁds prothotesOn relbigvel} ehinallitl belooe the ﬂ—:ﬁlge A47wiiich edhaidesD@ Saling yerigpinge ¢ ais:
PCT/ US01/ 21904 However, upon installation in the housing 30, the thickness

of thes¥p8t 38 (when viewed fromthe side) will vary ‘sonewhat as will be

)

gpl.ai ned i Bgets @@ Allustehdd B finclihloPiNé vaknd 14 @ﬁ;nﬁé\t@ﬂasﬂmmeﬂhmmmxmmmfmmn ternms
of sealing perfornance of the varying w

i nt r odthesitah Fiere 10 ghpws Hheyualve 2Rpriots mﬁ%tﬂ%“t‘!‘?é“ﬁ'ﬂ% lﬂ”ﬁg at ﬁ"ﬂ'?@"‘i&?r‘ﬁﬁé EEf'E‘?.?é"r 28 is
not s hg}ﬁﬁan'tllgﬂ&'ﬁbﬁﬁ 'Euehlgﬁi@‘ r&sﬂfme@ﬂﬂu@?ﬁﬁ%mﬂﬁh th@s@i 3 imba¥ed) byFd @M thin %dB seublemiEIlyt he

arrangenen 38 and the s rlng? Luer 28 at the region 50, of
m ni numnmsténthpath/mémess i, between slitguafisy &2ah2B Thig thin gr poneyisteptargth |"T‘Fﬁ"t‘fs% hrerrepis; 33

:?ée d'; QS@P Sadt eI Qbdh aIIEQLJfW@@E ft% §I|E98 Rlobrithe3 B laal s Eoﬁ'cﬁlim@ﬁstne'i@ﬂuldtfﬂﬂr slit

ga ns stan e entire perinmeter of th ﬁlneher
128 at thieagh uteoeaaaz soasmsaamtthmgthaer 22 ébecfigite &) oy other gmmlﬁe@w FREpegtpd fgé‘lﬁ eplagkneen

the sl 5‘{'#&%@3&0 b |b5ir ésn-ld at%l{] a1 Wi Doty VS, BB tfé?sref@ %tw&dﬂ%e%ﬂen slit

38 at e clrcu 8‘hce o} Luer 10
Fi gur egall§ R2aa7pd. A uﬁhmﬁntlmmerenm arae interie velrie of mﬁseﬂls “rejativebyrsmyliy. means a ‘fﬂlﬂmt thet body

portion 48 of ;the s|ljt an ._‘J lit no
| onger ' &itwrnapepistent ‘Hé““@ﬂ‘ﬁ' &8 'h[‘}é“rsfzﬁle{;‘g\’% "oF FleéIhé%gi]atz ﬂ%m{?eﬁ’hp%?@%dec{%{@% nea gaps
57  ONgefEat QhsthBkIR nﬁmﬁaﬁet@mehniuhmemﬂdsmﬁnmmwiier 28 I n ot her .words, thhe
erlneter of the open slit in rti.on 48 is r. e

2(% r cunf er enfigres 1 ?'ﬁéz ﬂ@‘l"“‘%"'“e;&éh“{ﬁ&?s '@B& 5@3@3 beep cfwleéeﬂélgﬁi of bt 'pgxlqlagbel ow,
]E Ihl sda mgﬁmbl an&eln éne‘idh?d?urfowﬁdh O}ruﬁ\ﬁh?d tm?el&rleaﬂ bvanulachd, a0 feast past ushuhmh par&tramﬂ a

ui d-occupi abl e volume fin the form of t i t-Luer
ol iiphei Shioele Pt 4sein tha I efos oot i PR vosdl b S ookt v
Syr | ng??a!‘% EJavggJ{éa& Hn‘@ %ﬂq{uﬁﬂ"f‘ IrieChedl 85 thed perhits AiiEko Aove Beddéemthp Syeifge rzned the

on

confi gurati ousi ng ;30 and the installation of t he seal
“catheter:22. In-addition, the slit-38 now defines:a larger or:maximum interior volume V.., Vg, compnises the entlre

25 space between the slit walls 72a, 72b less: the volume taken up-by the'cannifa (but not the internal-litmen) of the '
syringe Luer 28 and less that pertiont of the lead cannula 64 which has penetrated into the slit 38. Accordingly, under
| pressure exerted via the syringe 24 an amount of-fluid substantially equivalent to ¥, now fills the slit 38 between the
slit walls 72a, 72b. This.s also shown as gaps 57 in Figures 8C and 8D.
-Figures 13 and 14 show the function of the slit 38 as the syringe Luer 28 is withdrawn from the valve 20.
30 As the syringe Luer 28 and Jead cannula B4 exit the slit, the slit walls 72a, 72b retract to suhstantially their original
eonfiguration te once again define a narrow path width {approaching. Tr,,} between them. This retraction of the slit
walls 72a, 72b reduces the voiume betweeen the walls; that is, the internal volume within the siit 38 is decreasing from
V... Thus the amount of fluid within the slit must also decrease from V,,,,. Accordingly, the retracting slit walls 72a,

72b displace the fluid from the slit 38 as the syringe Luer 28 is withdravn.
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therein. The housing 30¢i preferabl y formed of nolded poI ycar bonét &, JAN 2005,
alternatlvely formed fré any suitable thernopl asti d. The housi ng 30 has a
seat hol 2 «pktached to the her lock 34; the seal hoI deggcPpisfishanl y has

a cylindric conflgur ation, but may conprise any shape or construction
sufficient to hold the seal 32 on or in the 20 housing 30 w thout

terf th t T
opent ng. 60°oppode s ety 4t Feafio GGy Rl 180 AaRlatil d
62a, 62b Wakaite R ehiB,She shH0S @mﬁmmt.@o@azemmhe&am ﬁabzstahae regmroﬁﬂpnf mipgunh e
edges of the side openi ngs nearest the axi dD g g e capny 64
(best seenwilth aﬁ\wﬁr@e bytpr Z8dsowithirensn. 1l 299iSiop s @dEPJ@F ffﬂé‘ﬂ‘ o3 oy {gtp 4 t,,eﬁ 'He gg(s\gﬁ‘ge
openi ng 60,2 ch R0 fodtafitto 78 et (E A 20, WaRIre MBbstibalulloths disphakethils must exit the it

connunlcatlon Luer 1o The | ead cannu) a 6

pr ef r abl-y38sttetugh tonteadedahnyla 64 bril e Innké'ﬂ re;ultmwnﬁaﬂmeﬁdw fomifecvalye 30,ypud pityleavaly the
centered about, an axis that is substantlally parallel. to.or gollinear wth
t he Iongltﬂﬂwﬁ&FQQX|é ‘of the housing 30. A pair of lugs 70 are positioned
on the.end of; tfigussapls thokdaiatidaSonbavalve medmmeahhmpwmhngna@@s mapbe deeitable yndey

Luer |l ock or other threade con ection_(not _s r t he
housi ng 30333@'“Qpﬂét'“é%w%l‘"’"&ﬂ:g?ﬁ"ﬂ@ By seend Fi "S';twg@gﬁﬂ%ﬂ égr"ggﬁidgﬂ ?ﬁ?ﬂﬁ]ﬂﬁg

of the sealgZdy hedwedh thb!BaLsheni biMknd oﬁehﬂmﬁn@ﬁdhehﬁhﬂﬁﬁ!}s B& szm Tiis htehidtﬂpermsstthaaed

30 second | ateral extensions 43a, 43b of the s & ot r ‘?’ﬁ" gm!; se§
fird® and widedher wreakonenssatysydn @Zﬁ“%%“’aﬁﬁ%"’% dh e "rﬂé (5sf'" 4l g o4
I's situategh %lhi"aﬁmg abon hﬁ%%n frRmy betdRftagBetl ANERy Mb valvE A Hithea i 28,1 a8 the vilvee

| ead’ | unen’ tatin ui d conmuni cation between the seal 32 and the(
Luer 1 ock Meco?ﬁbsémﬂ@mgl@qweww@ﬁ@lum%aanﬁ'Pseélﬁ%m Mg 60° and contacts the

dj t ed t I
ST (3905 S DR bR S e e
4

slightly | -amgsisontiérem: hithmj disuhteénlmm Wistivibie type ¢ diouingt e tyng: displesed: haveomay have an

h d 43 43d Q5 432 E
SIOURSST, i il e S TR by i

PCT/ USO1/ 24k andl &)mibRGheOthenigrobh e 20 dhat frevidescradonr@ioheithand dhe- sk shaia penetuing
and the lateral extens; on% 43a, 43h. The preload arises as the  shoul ders
43c, 43d heementsyshasaeediesppblydesy oqgés 63a,- 63b and the flange 44.bears

agai nst the Edgﬁ?néQﬁBII—ﬂQieﬁétla@}efeﬁﬂﬁlﬁthmgaf méhy thElael 3% Eshagaicetpeiansi2Azs, 202hage
44 to assune a s i ghtly bow -shaped, or fi S

of the.  axmafer e gt Y spaEh AT 0% 20 b e o B o Bl S Pl RO
bawhps hape%,,&%;gﬁgﬁr ,Mm.{ 38 3haf RF theQimyRted @eai mfdm*: RwhICHF th sfit tam(seerrmestandm di flatgae
syringe Lu Into the slit oenlngf best s&gﬂelan ;g, ? %E&%Qnds
to pinch chodisedlGingsdrtearaly piylehing goth eretarpei202, Tbe sidey ik fie fanog geion. 10 afe;prteraply seT .

seal 32 to,prevent fluid I f2laSPacdH emmsmbmak(umgmﬁ furthdne
seal afong a?l{ M"Mg”%’wéfg 1h9}§§<msda§iﬁgi@?rat?ﬁtq‘gl rilisgatnhe(l sides of ‘the s ﬁed (

cl ose. pr ox ietilbgovertodloy betivesn andesennct e Tlapge grtivns 219y Ehe ppldipg o He preigas ﬁqzdiﬁff“@@"s

relatively thin s cESatdinGite 2 civiig formed

per f or manc®™ g]cunﬁqkonal é?cﬁr{lq(agégaﬁwpgquifphrEPQEfer%}v h\?"ﬂbtﬁﬂl S MBRREERtr Vi@ forme
25 . . bitween themold pairs 204a;:204b and:208a; 206h-and heating the molds andfor material to the-setitemperature of

~the-specific material used.: Pressure may be applied as needed to prevent material from Jeaking between.the halves of

the mold. * : : .

After this initial molding step, the mold halves 204a,: 2063, with the preforms 202a, 202b still positioned in
thern, are pressed together with an-overmald plate 212 positioned between the mold. halves, as depicted m Figures

30 19B-19C. The overmold plate 212, best seen in Figure 20 {with the outline of the preforms 202 also shown in
phantom], comprises a generally planar plate body 214 with an overmald opening 216 cut into-the body 214. The
overmold opening 216 has a plan perimeter that conforms to the oufer edges of the completed seal 32 and may
include a mandrel 218 that projects from the lower purtmn of the opening 216 and forms. the Iead lumen 46 (see
Figures 6A-7B) during the overmold process, as will be discussed in greater detail below. The cuntactmg, faces of the_;

35 mold halves 204a, 206a and the overmold plate 212 are aduantageouély substantially planar. Thus the mold halves
-10-



10 Figures 10-14 illustrate the function of the valve 20 as a syri nge Aﬁe‘[ﬂﬂ
28 is inserted into and withdrawn from - the siist 38. Figure 10 Qh wé t he
valve 20 prior to |n§e tion of the syringe Luer 28; at this point the slit
38 defines a substantially closed or highly restri ctel; ,Iwégvi/éz? th through
the s&%PO¥MOTarked by a very thin (or substantially Mod&XI&&Ht) path

t hi ckness Tom between slit walls 72a, 72b. This thin or nonexi stent pat h
thickness Tmin prevails along .nost or substantiall |1 of thF gt h of
the sl |2fl4a3806mlwlt2h@d ﬁrpfemgéﬂm?ﬂ?bﬂ?ﬂ@ acdcfatity ah""?" g?(q @’—t‘%ﬂeﬁt fhg, s o g?ﬁ

t hroug (158 €of rheGhbliehaltas Or

ot her Qve? ﬁ@&@é%ﬁ?g&@%ﬂﬁe&g ?ﬁﬁ%prﬂ]}@s Ed}grzgﬁ)?ﬁtbﬁgﬁﬂ%%ﬁtf this point the slit
38 al saﬂ@ezwnes a relativel y srral | interior volunme Vim, within the seal

32, between g’llfilld %pﬂ%élt\@lgrlé halv.ef %Bﬂ%?&‘a arfdAﬁem‘I{)ﬁl ﬁtﬂr}ﬁ%gﬂrﬂgeh E'S S‘l Gl ﬁdﬂﬁqgé OI gn

interior vol ive snal a volune that

& t her nRpRKhShERimatfial § inediéderdd theynolilemiaiags {olfitb thi mnld;eama 2)20 ard fdrrh ihe remaindei of|
state, the seal 32 is situated upo Iedca t hat

subst atfess] 2y Prfertdy. e addfjenal matgipl '&ﬁ?ﬁﬁ"’ﬁ Fogn @351 345k s@'f? qﬁﬁr tge pfaﬁ aﬁ? ey gded 20

Fi gur e§ndjuﬁnle?tﬂé} atestiff Mk 8t ﬂlﬁﬁl'tﬁé@ﬂtt%ﬂnuﬁfnh eThe aitiRiombihdtéiigianjdeta Into 2 rvliscaiigen
conpletely inserted into the slit 38. The seal 32 has al soﬁ#g%\ﬂ thr et ched
or f or eZcheutiswnifmeddes shthopreferas 202 aef fermm e F@eselﬁthe it 38 dlecoppltad s P &ife

penetra t pRieably, i fdﬂﬁsfm]@es an
ex pandgggﬁ' fhg\gv%gg eH}t Eiéal ; &F‘P{%& gﬁg{he §§“ﬁw{m hﬁmgﬁmfmez sl |e !?Na i 72b -
fave sppaced mgmep\ﬁlﬁnuﬂmm rnrcmnng thiy bkermoldipd pr@gss tth nrs‘-feli!iéhﬂmd@l@ﬂﬂﬂl"mﬂﬂal tff@mf | ow
bet ween. the syringe 24 and E50nl 2 [ 8 now
def i neRioggting égletévé?n @? caﬂﬁalpwﬁ% tﬁ:ea&ré?%s ?02 Th\/ pﬂis&?ﬂg \9% pQEhc% Eﬂhﬁle §l|‘t 3 h%

erlor VO A oo i ses the

) ent i r eprdlontBPde nta@ihyVeRot the ﬁrefsrhm 202vvah bakding2@eachhftier diw ﬁ!e oteanold eiem me taken up by

)

the cannul a_(but not the internal n l | ess

t hat portioff e(ﬂ"*"f'Wé""Fe@é%“"’d%’Pﬁﬂ? ‘ﬂ"hé’ihj&ﬁq %WWWQE’%@&MS rlr"’a egt ﬁlfﬁ} saﬁﬁv it 38.
Accor diyBgdny 2024108 10 G S ﬁbld evigees mﬁdas\tk@rllﬁma}mymmmge tmpmpamﬂm me fluid
substantially equival ent tqo Vmax now fi gn % 5@ ? 2 e 1 I thesI It
Mal.| s - walyof t?wermwfﬁp@mfmg’w@ e ovtes pipes e “&ﬂ? mis-2072,, 202, Al elwegy-the 8 gDMFi gur es
13 andyddha @MJ Bbaf Hﬂ(é{rehﬂﬂ oﬂzﬁmutthl@ al5d Had a BBkn@S afpREimaHy eqog & that ef tha?(ﬁefnrﬁ
vvlthdravvn romthe valve . t he sy rlnge Lue nnula 64

exi t t foadvhi and lioneeady|all of ﬂmver@*d?@'ﬁ"ﬂ' inigogpd ftheteip Bangs “f"tb“’s‘ !!eéf?ftt\c‘j"aﬂ“i
Or i gi Naor, (&Y Lr%gl (faﬁlerﬁ @ ﬁﬁaidﬁﬂ:@m n%?ﬁdv@@tmn&@aaﬁﬂmiaﬁtihaprmmsmwmh

(approac i'ng ent his retraction of the slit walls 72a,
72b r euusawcem Hemaioe umolb elatn@mqbuftdﬂ@ewmmqi@awtv [t alpoginclugies @pen ypass 1aliis Gepted e

thin njﬁ& een ffie. Ol%ld dli%ﬁes'ﬁlla ﬁlﬁg ﬁﬁﬁ\bﬁ‘lﬁer Eomm-gg“;a:v rﬁom‘?he%mptﬂé coftfietfd sedndackd dien t he

I|t crease Accor d l'y, the retracting slit walls
72a, ﬁéfhmdﬂﬂ?p,lzaﬁe Thdrmldﬂwhlus 2045, 1286materpesfesshly gon reé@“‘tﬂﬂ@“@% Figgee chiegrels, 6218 | s

\év: tsgl a@‘é\l{} hgeatﬂ ﬁrazlte T“F'b °8 ufmgg IQMRﬁrg%i(: Oudxi%ﬁ@%gw ﬁ%{ﬁ %{'Efomei?gfdhﬂggrsréevgés?)z AS

det ai | pebeddisinghashdniold. MEgaingl, b tis Emtgmmsmmsram matml berids to bﬁBthnedgmaaﬂ tathea ti ght

seal against, the syr uer 28 N as the
syr i no@tef {7es obthe H’@"’éﬁ *Dﬂ%%y\ﬁm'“ otfieq way tlh'f F‘%H‘a“"??m" ““&QO“’ Ié{'colgg rh# ur \éwé}ﬂ%@t f1 ow
5nt 0 't BRerkiites ek cafy tHal\@rroudiE nfRY@ all of the preform sandwich, rather than overmolding to the enty the -

edges of the preforms.
h is preferred that the material added in the overmold step is similar to that utifized in molding the preforms
-202; however, in other embodiments the preform material and the overmold material may comprise different but
nonetheless suitable materials for manufacturing the seal, as discussed above. Ti\lerefore as used herein “a flexible
30 material” refers to any material selected from the class of suitable seal materials as disclosed.
After the overmolding is complete, the mold hatves 2044, 208a are removed from the seal plate 212, which
now contains a substantially completed seal 32, as seen in Figures 19D-18E. The completed seal 32 is easily removed

from the seal plate 212, and the seal thus formed comprises, as discussed above, a unitary mass of molded material

with the slit arranged within it.
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24 at all times relevant to the use of the valve 20. Therefore, 200!
substantially all of -tHe displaced fluid nust exit the slat 5 38 QJrJ&@%
the | ead cannula 64 and Luer |ock 34, resulting |p positive flow fromthe
val ve 20 upon withdrawal of the syringe Luer 28." Figures 15-18 show

vari aY@A¥M Y5 t he val ve 20 discl osed above, which vari R¢T854VHE0be
desirabl e under certain operating conditions. For exanple, as seen in
Figures 15 and 16 the housing 30 may,, have a break 74 running vertically
bet ween t he Refdriah todjowes Hansl2, aeatheterand walve pesenibly 3P0 s Hepicisil dhet raqydpisadyie dgiver, 62b.
The bre pe slip
28" (as. b el bfert oo L RS s S R il B ok 01
seal 3@“&ﬁhhﬁm@@ﬁ&aﬁb&gmﬁﬂﬁh@pmhﬁﬁmhedmmﬁammdemtbemmﬂh&ﬁ!&@mmnsaPmﬂ usi ng
t he valve 20 w as the

e P it FapoN T T oo B0 il e o MR ravg 20 Belog o ok Joy == |

akt er nagyé Wg%m HENaRE 302 haPle csnh@tehl&qm cBBuISEH2 vidh bdmatmﬁhuaosmte@@ny fofRRLance
in conparison to the housing disclosed above. Both this t%/ of : housi ng

or the thayae 3fds O cavesel otravres ofrpanpediien ayzhe emli*yeﬂes@@hélmdwt wb livited i By adhasiyer of  a
rel at! Vidntai%iibg, ttPeL:&sad?.Bf?r%ﬁ‘&fg{sbnﬁ'wem&%ﬂec% bt FRARta R kion S B BHE 308 ©
enhance 8 pera not e a valve 20 that

provi deso apanmﬁmmlama a yuiidewie308 mtvehe tispesed imhusﬂlahrmn shibecannlei 382 th@ﬂlmth!mgh such

e sodte sy ofdaps 304 o Sigy il g RS fles o Gieind Hd i Bl oo e 10
o %ﬁﬁggﬁﬁﬁingmﬁg“%ﬂfd%f sl R ahes s Sedll
D et % mal Yol sty o h 4B o B e S0 il i BB ot o

) 210 is palaﬁomeﬁ&f& Et@hd.déw#@desia@y He RebviovelPRAviRg BN Bnila382 @ Pidce .Jth@mms&m ®hilthe
fl ange portion 2 are preferably set back fromthehﬁger face of the

pl anar upgstedddy ﬂEEﬁB’f sklib"‘ et @EETB?“!EB&@E oyippire; 308 epeH pagny Mepe feitEested in
furthen ce&jﬁhﬁ* Jﬂmﬁﬁll ﬁlﬂhﬂf bllo%rgﬁ\%%ﬂen@ﬂ\q t&%ﬁb?% otk hARORmAEY L1 ons 210.
The nnla ng o pre orns I's acconplished using conventional
techni ques * firthe een llphibmathqulr @ﬁdﬂ%bwﬂcw ¢ither @ gvidevise lamentibarainots @n operigdY el i nt o
t he ca and
heat i n\é %'he o?fo S anc?? aﬁﬁ&{ﬁe %iﬁpﬁ?lb)tchteﬁg*{sse 2|9éh€n e%g'ﬂﬁrag@gfu ?gﬂ,?, ﬂg‘t@g’%@l fic
mat er i adedielweds fo Rese skskillan theyprt ey deppred mzltnfalducnded:etdettrmnwa@e@swmhimfwr iTht from

| eaki ng, bet ween th es o . Lhis 40t t ep,
t o roMCHe PRt mag s EShefln ok Rishoy ey 3 iy b Pl B0 70
i Nt hemulacBoe :smr@ab; @ldcetl aufjieh iistal endl thireairin thy Bloadwileain ofl ;gacen? 1mepa¢hater |am1mahie
et ween the as depi ct ed Figures 30 198- rnDId
2 at o oo 508 rew B2 iR i S Bt e erEMRRy itk g i B 4 b0

al so s {eMiktibnof RAtRERk D a pRINP UkeSE Sheaf@a Qndialvy ashdntiip 300 amaw irloitby mzﬂum i th an
overnol d opening 216 cut into the body 214 The overnold o ILng 216 has a
plan pwih PR i MESHABFIRD. (91 ﬂ@dﬁ'@ﬁﬂéa@w U5 WiHhE HEPLR2AE ) 32

) and Maygse b\l WGR 24 MBNdrel 218 that projects fronlthe | ower portion of the

opening 216 and forns the |ead-lunen 46 (see gures 6A-7B) dur'lﬁr;g_ t he
overnol d pr BM shua@ thcatheten 802qjp Huid possraipication Bt @F"“’G@feé'f P PagEL iR an fon

%ont aCif *ﬂ@ﬁreﬁgrlymbgmﬂaﬁlla iﬁ?eﬁloﬁ Gitbanay KeARA e :.Iam&er%ﬁ?rm&&ss% ate

are a v nt ageously substantially planar. Thus the nold hal ves
ahove, various insertion techniques may be used. For example, a conventional introducer sheath or needle (nut shown)

)

“may be first placed in the insertion site, and the catheter 302, with or without the guidewire 308 positioned therein,
advanced through the introducer sheath until the distal portion of the cannufa 302 lies within the patient’s vasculature.
Altematively, the guidewire 308 alone may be first inserted through the sheath and into the target vessel, and the
30 cannula 302 subsequently advanced over the guidewire, thmilgh the sheath and into the vessel. With any of these
insertion technigues, the introducer sheath may advantageously be of the peel-away type, so as to promete easy
removal of the sheath after the guidewire andjor cannula has been advanced through it and into the patient. As a
further alternative, the catheter 302 may be inserted without the assistance of an introducer needle or sheath. Where
the guidewire 308 is used, it is advantageously withdrawn after the assembly 300 has been inserted, freeing the

35 catheter 300 for use as a fiuid-delivery or fluid withdrawal device.
-12-



-10 7 JAN 20C WD 0210406 PCT/ US01/ 21904 204a, 206a, plate 212, Sﬂag preforms
202a, 202b define a po|d cavity or volume 220 hetween the wal | f JANe 2005
overnol d opening 216/ ahd the outer edges of t he p}reforms 202a, 202b, and

bet we aces of the nold halves 204a, 206a. Wth appar at us
_(rml daﬂ)a'fzg)g%&ZMa 206a and overnold plate 212) arrang%%ﬂggﬁ%om in Figure

| 5 additional thernopset material is injected into the nold apparatus
to f||| the nmol d cav

2 I, t L . 32.
Preferably, F‘l’ié‘s‘%{'di’df’{ %ﬁ‘?ﬁ?‘mm @PF"Q{‘E @ t%ﬁ%@a‘g %’g‘“’e @Bcg%“’fitpee"alsee@[i f"gé)m%seconds)

after tOe.neef b iachitfe @AntetitPindl® @xchaAbicht Whibls relifAPdéviets ® 1Bd dahrila S0 WEIMMIAKe,  hot
fromthe nitial nolding. The additional nmaterial injected into the nold

.cavi t y deligpof ﬂmdsds the gatien dhresgfyibascapilas A ofShess igactiens 2'@)‘:2*‘96{&4’@"?‘-’&“1‘?%9 e diges of
the sl 'c}v%n‘?’ages of gl Mécﬁeﬁ% E@ﬁll da ,hl,,el &Fl%lﬁ% ha%ﬂgrzs ﬁm:gﬁt%%grb‘il%fe of the

seal Prolfed ont o or s Preterably, the
@ ef or eamnuB0itc. 1O amexamples les e ydngetipiee Figures h 19{17)fma& beingertddntactbe v Agndtiive

bet woo AR PR i MELFFEE be abF 3Pt kRBaPA EREEL e Hsall Bhon

pat encyjiafawhl Bﬂh&iyhlfge B3thbyalve BraeN LS hgodnabend¢f ﬂﬁe&ﬂhmlﬂ@Zfaml&&Steqfosiﬁvbl&aWsef or ns
202 from bondi nqm;o each other duri n% t he overrgakI st%gm The overnold plate
212 magiscused dkoues Afipreatively. Hoqd may e withdrapyp frgygh the paonyl J0P andyalyedy o hat of the

"sandwi ch” Pt oz TRt #9 Sfteble’hbdital iicslRdyl 18 Qonflect¥® hckhe itk B0, AdVastinBgs, as

descri bed above, conprises the open space between the 15 wal | s-of the
16V er mobdditiang caminuias, €2cl, Gor Alreahrpases obiideianséan grdfer apyrothen desiiad SpSRs A e Fioye 3% 3 and

bet weep, LOS ahft t4h e QnndelE 1o TR i’ 4\6ﬁ'tlsplﬁ%@ﬂmd2t@1§|ﬁumc£mh ﬁv tpﬂﬂ@ﬁaﬂﬁlaq{l?ﬁ@ RleNg thus

al so ha%*4 ness approxi mately equal preform sandw ch,
) and al patient. Thsaminyenmﬂtlcarmmviimve(ai/dvmm lrrmua@w alhlch lmil bctheuﬁe PWW@WW%@F’FMS only

L0, o, Bl Sl B R P B BRSSPI

Kress gr e preform sandw ch.
Thi s t qahnaks 802 m&bﬁt%ﬁ;ﬂﬁfqith&&arﬁmehﬂﬁﬁ nhtlpit atraeculaiuemlﬂye oplepfair,pedregiaceiobit acimilart y t hat

| so i ncludes open space.t hat at ed b t A 204a,
1506a afHeeqiter 38[;?‘@‘{ merﬁcglémplemprgcﬂlsr{%ctgwgf,m\mu%ﬂpﬁ 't&s'iahﬁleﬁ ""@ MEZ}'& seal )
fac}s:s &ﬁbnltaﬂ}lﬁﬂﬂﬂ ;]?mﬁwm M'ﬁlﬁalso PaRIxs bﬂdﬂ@ruvﬁﬂhﬂnghﬁhmﬁ}atﬁﬁtlh&l uuﬂtﬂﬁmnxm&nd of .
preferably configured wt ecti e ann or the |ike
Py it 0. Wi e cortieor A0 s Theons TR he e B ab et S o s ng
the praf fdiBsstibefilstiay coﬁ\ﬁodm‘caihﬁmcan@e  ieClngili ¥l FiyGre DY) @neQiveR Ediik @r 40888k diengl v,

in this enbodi nent the overnold material bonds to bhoth the eg es and to the

out er GLAVEeeongertog y9ls by IGNMndiaal, ineo Bawevesapy congertorgr jtber mydipal) Ewlipmpntsor tcrewwattel ve
28"er g a5 ARy dumﬁﬁiﬁc},ltﬁyﬁ mktﬁ‘kh%%werm Hdﬂﬁtrda.\/ce FIGP keCthel patiBR oo i wikthdrdw bigdd Horeed

at surrounds nost or al preform sandw ch, rather than
over rrtﬂanhmlg:h!!m, hitenoipitgd tohmerceet@gwemrs tnwéielﬁis E¥BRCogs, mpdical; tebing, WINGSE OBBNYL hat

the MRS hdlial %g,gﬁ\gn b ebigh® gﬁ.\é%ﬂﬂn‘a&uﬁﬁ% chifiote 1072 bt volfoCB0h BiBimbl 8 Lkl ol 1
nmol di ng epr 02; "however, in other enbodi nents preform
) mat er i ciobed asvbbibleccativter hb| whiceresantsaationt jnies B eis adurtentclpss rof bbﬁft ameng ether
advantages.

25 The valve 304 may also be used with a standard hub of a catheter. Thus, the valve 304 and catheter 302
may be an integral unit or removably secured by luer threads as shown in Figure 23 or other attachment mechanisms
known to those of skill in the art. In Figure 23, the catheter 302 includes an integral hub 303 at the proximal end
thereof. A distal end of valve 364 is threadably engaged with the hub 303 to place the valve 304 in fluid
communication with the catheter 302 without Jeakage. Upon replacement of a connector 400 in this embediment, the

30 withdrawal of the connecter 400 causes the valve 304 to create a positive displacement and prevents the distal end of
the catheter 302 from occluding. The seal 32 of the valve 304 may be cleaned as discussed herein and a new
connector of the same type nr-a different type may be placed in fluid communication with the valve 304 causing the

seal 32 to open and establish fluid flow between the connector 400 and the patient through valve 304 and catheter

302

13-



nonet hel ess suitable materials for manufacturing the seal, as qj7cgﬁ§ea]
above. Therefore as used herein "a flexible 3Q-material” refers’td dn 05
materi al sel ected frionfthe class of suitable seal; materials as disclosed.
After the overnolding is conplete, the nold hal ves 204a 528 3 gre renmoved
from MR OYBHIES p| ate 212, which now contains a subst anf¥ P'@l@' | eted sea

"32, as seen in Figures 190-19E. The conpleted seal 32 is easily renoved

)

fromthe seal plate 212, and the seal thus formed conprises, as dls% ssed

above, a uniAitaugh thisisentiofhayhedndisapsatintierconignt of it preferied eglpqdi{“%"raf‘%‘?’fﬂ@hs'%i“{ init.
-11°0 éﬁé@'}'ﬁﬁgﬁ’y\}%@éﬂe k g@%ﬁ?.f}tpt%%%ﬁg&@ﬁ&%ﬂéﬁds@@\foﬁrtﬁe'sﬁégfideﬂ ifdideRdiRdtand 22,

a cath picted that may be used to deliver
f1 Ui ds « qnet ANGmAGRSAbINIMEAL 8d/op bsescof henertion and dkiess wetifisations pnd apvivalents| thewofa Sw b y 300

i | ongat ed 'a 302 and. | . .
‘Cannul & Bk g g eofaEn prpheed il o IR LB LR sl

R |CC %lgdﬁghlén&-daskﬁhed aBove, Bifc SHakALE deiriited dnfy @y ait reating® the @tmaiiagdoloy. 1 esenbl es t he
val ve

Isclosed in detail above; however, as 5 shown in Figure 21 the
val ve 304 may he connected to the cannula 302 via a barbed fitting 306
integrally formed with the valve 304. O course, other types of connection
may be enpl oyed, including, but not limted to, an adhesive, chem cal
bondi ng, threads, and/or an ultrasoni c-wel ded connection. In order to
facilitate insertion of the catheter 302 into a patient's vasculature a
gui dewire 308 may be di sposed within the |unen of the cannula 302,
extendi ng through the seal 32 of the valve 304. In the event that the
cannul a 302 includes an opening at the distal end thereof, the 10 guidewre
can be threaded into the bl oodstream of a patient and, thereafter, the
cannul a 302 and val ve 304 assenbly nay be slid distally on the guidewre
308 until the distal end of the cannula 302 is also wthin the bl oodstream
of a patient. Thereafter, the guidewire 308 may be renoved | eaving the
cannula 302 in place in the bl oodstreamas will he understood by those of
skill in the art. Alternatively, the guidewire 308 and cannula 302 may he
simultaneously placed in fluid conmmunication with the bl oodstream of a
patient and, thereafter, the guidewire may be renoved. 15 In the event that
the catheter 302 does not include either a guidewire lunmen therein or an
opening in the distal-end of the cannula 302, a guidewire 308 may not he
necessary. |If such a cannula 302 is used, an introducer needle known to
those of skill in the art may be used to introduce the catheter and val ve.
assenbly 300. The introducer needle may be a split type needle so that the
i ntroducer needle may be withdrawn fromthe patient once the cannula 302
is properly placed with a distal end thereof in the bl oodstream of a
patient. The catheter and val ve 20 assenbly 300 may be introduced into the
bl oodstream of a patient using nmany net hods known in the art for

‘introduction of catheters into a patient. Use of the catheter and val ve

assenbly 300.with any insertion nethod is wthin the scope of the present
i nvention. Moreover, the valve 304 may be used with any catheter 302 known
to those of skill in the art.

-14-



Figure 22 shows the catheter 302 in fluid comunication with the 7 JAN 2005
vascul ature of 'a patient, via an insertion 25 site in the patient's arm
However, any other suitable insertion site may be used for the catheter

302. As discussed above, various insertion techniques may be used. For
exanpl e, a conventional introducer shgath or needle (not shown) my be
first placed in the insertion site, and the catheter 302, wth or wthout
the g I .tioned therein, advanced through the introducer
sheatﬁwﬂn?YFgehgﬂﬁlsta portion of the cannula 302 lies within the

patient's \PaS\taN@t sea. forAuser imatad vakgicat hal\gmihawm earsOidtenfamee fomyfiuick fir st

i nserted thr.ou EIE E ghﬁ}:@ q[di?nto ihe t et vessel, and the 30 cannul a
302 s&ﬁ%‘d@ﬁ? Ealiy Ga é(m&u nﬂqﬂsﬂﬂﬂgh the sheath and into

the vessel g fist Bnany fI@de bbmnldzétﬁﬂ\ﬁlltﬁﬂhé ‘ﬁﬁbﬁa@é'eéseb@‘ﬁ:l bRl rRIEST t¢heat h
may advantageously be of the peel -away type, so as to pronote easy renoval

of t hée@i&ars@pndrmeﬁ@ab@e\d@w gl ahl@aat S Aiin I ich OB ICRTipA W theh ough

it an ht%g% further alternative, the catheter 302 may be
mseriﬂ %1@& éec’ed;’tsds?'ﬁfance of an introducer needle or sheath. Were

t he gw devvrthi@ sBOid arS ungdsturbet stateat@blaglts&getaushw planiaer definired haestrivted
asse @?00 ha%‘r n in%erted [eel n% ? 35 catheter, 300 for, use_as a
f1 ui ditdidl 7lowy pa u’i‘de Vel Mgl iptarios volumg, @nd 9goRPEsngE eaierobes
PCT/ U drd o) r rdsi h into
t he pﬁ? lﬁ{ent gﬁl\?ggcﬁlrggﬁﬁeé,)f ﬁ% v‘gﬁ}e %4 ﬁ%cﬁfltggs@bgg gf @g@ﬂg]trgrvagﬁh
faci | rempte tronnt#netsltbmp@nmgorandm regigre obtaparingowisitmbelwesn theysldexpening he
cannul ad t&? 0&1 the del ﬁer of fluids to the patient through the
cannuPg* Ire%'fmt é%'B'“?‘r.'mc"t"P y be perforned while preserving the

advant ages g sﬁthﬁP&SﬁHMG ilfodlictionssiabe Fecbrd GhddisdIQkssicd into aRaspdnivg#f | ow
characteristics l uid tltg@i sealing of the 5 cannula, etc. As an exanple,

a Luethe §life defipinggrn expan flnidgm\waih 20015 Jarggy INBromlumed anstéramhe
val Ve84, SUIHOMARS! Ueikel PolniHeOBHERNG il | AU G Ve,

304 an annul Into atrent’s vascurature
of theattyai leget pamallyhetraeﬂin@pto%éﬁmeaaseatrmtemﬂowrpmh reand amellabffelwmna:lhnnul a

302 and creates positive flow as . djscu a AIternatlver, bl ood may
be wi trn@rﬂ%rm!vweda@m%@e@aa%%e Hgid fﬁwa Ievfﬁr%‘-‘é'ﬁn 9 the RatRMt enpl at ed t hat
any suitable nedical device may be connected to the valve 304, such as IV
bags, 10 additional cannulae, etc., for the purposes of fluid transfer or
for aBy othbe Miofeelaﬁnr b,owheAs:CSwiﬁimgm fhistyand gegoral Iatma:h@o,(tensimm) may

h I 4 and d fluid h
cannu o5 o ishEor B el Beniitn i PRtbihoni ale BB ERhERy 1 tne 11
advanfe"gg@,ﬁ,;offhes]hémtl ons which call for t he use of a uni que connector For

exanpl €, when it is necessary to replace the connector 400, it may be
renoved fromfluid conmunication with the cannula 302 w thout exposing the

SThTET §9ThGBaRRS Cain 1, YARGhIhY seh P adaie R Tofth 2 s@iabilivofing- W 11
previ nglﬁlbarnéhbemé\aﬁd%mfbrrmsa&@msfthewmduhed&aEdwwée the connect or 400

i s being replaced, which also prevents blood fromflow ng fromthe patient
and out the proxi rral end of

4, The seal of Claim 1, wherein the region of minimum width is adapted to
maintain substantially fluid-tight contact against substantially the entire perimeter of
the second medical device at an area near the second end of the seal upon
introduction of the second medical device therein.

5. The seal of Claim 1, further comprising a body with:
a lead lumen formed in the first end in fluid communication with the fluid flow
path; and



the cannul a 302 when the connector 400 is absent. Thus, the catheflef 389 2005
advant ageodusl y prevents both infection and blood | oss when used in common
clinical applications. As shown in Figure 23, one such connector 400 nay be
the CLAVE(r) connector sold by ICU Medical, Inc. However, any connector or
ot her nedical inplenent or device mayghe 20 placed in fluid conmuni cation
with the valve 304 to introduce fluid to the patient or to w thdraw bl ood
fromthe j i LG, 4T o] I n rs,
neodl of ass Sobiered ReHgh b D GecBl Srd thE ooking I E1EPER B Penserd

i mpl enent  enddeingdispdbed in salddlanggeously the catheter 302 and val ve 304
assenbly 300 creates a closed, swababl e catheter hub which prevents
patient infections and inadvertent |oss of blood anong other advantages.

25 The, val Yhe 34l BRCIANE P, Rethes @8miristhgta 3 Aansh Bukhofirst epat iRt Rad Thus,
the valve 304 and catheter 302 may he an integral unit or renovably

secur kiNgy beieg eenterris o ahdwis | substajiliedy 2pa@lebttrepr Aalingaremith a
”EChaBin?;ﬂﬁgiggpg)\fYQ Otfﬂﬂé Q‘leg_ of skill in the -art. In Figure 23, the

cat het'e rncludes an integral hub 303 at the proxinmal end thereof. A
distal end of valve 304 is threadably engaged with the hub 303 to place the

val ve_304 in fluid 0 ication with the catheter 302 w thout |eakage.
Upon Fepl abBRwieal &f oo madierpits SAek Fepeses a SHARANYaN re6tanatialy anal

of t hgapANBRLRS S iAaRan e RKYS LYSIaRB WA 15 8819 positive displacenent
and prevents the distal end of the catheter 302 ffom occl udi ng. The seal

32 of the valve 304 may be cl eaned as di scussed herein and a new connector

i th e vEnoSo8 CRir i TieREh YRBaES dSe BLAER I Sl r T T 0 T ow

bet ween the connector 400 and the patient through valve 304 and cat heter
302. -13 0_WD 02104065, PCT/ U001/ 21904 JAN 2005 Although this invention has
been %i scl bRedaah afnelad®dni exthesgincthe: seal [§r adapteddta ggpandrdurtben wgon

exanp, i i b rgt I leed . Lg e . e
pr eseél ‘.’”r‘?\?tgﬁméé‘lrﬁ Oéxﬁ%ﬁﬂgﬁb%yﬁ}%g ﬁ%ﬁﬁgﬁ? f5§|8 caéltﬁyd ]?hs%::éoégéﬁ\éér!ggéf@nt s to
ot herintgrioe rvodume eareivhb ase pastialiydetractssiesdefing herelativeht smallanflowipathus

nodi fications,. and equi val.ents therepf. Thus, it s intended that, the scope
of t HNGREEHIVENM FRRIPLHMREPE YAUME ENBSERe HAQR Hist CResatioR ‘Pfte‘iﬁ‘ebEVJ'ghe

partifgdy ar disclosed enbodinents described above, but shoul d he determ ned
only by a fair reading of the clains that follow D 7 JAN 211]5 15 WHAT IS
CLAIMED IS: 1. A valve seal for use in a nedical valve having an interface

for 41l d The seal of Claim 5, wherein the seal is further adapted to be disposed within
a relatively rigid housing, the lead lumen in the first end of the seal being adapted to
slidably move along a lead cannula in said housing.

11.  The seatl of Claim 10, wherein the lead lumen is in fluid communication with a
Luer lock interface.

12.  The seal of Claim 10, wherein the seal further comprises at least first and
second lateral extensions adapted to be disposed within first and second side
openings in the relatively rigid housing.

13. The seal of Claim 1, wherein the seal is adapted to expand within a housing
comprising at least one substantially vertical break.



communi cation with a first nedical device, the seal conprising: a0 { r AN R
in fluid conmiuni cation with the interface, a second end adapted to receive
a second nedi cal device, and at least one slit in fluid communication with
the first end and the second end; the slit in an undisturbed state being
substantially planar, defining a restFicted fluid flow path and a
relatively small interior volune, and conprising a region of mninmm

Wi dthyga T a0hRuid ViaRedRi smé&.be@rpafnﬁmﬁg fm"d tdfohaskidReR 2 RidiimbdLy dth
renote fromthe slit openin a regi tapering w dth between the

slit opeérpmpd &ﬁ@ccﬁmrémeé@amemcenthﬁvamwpmuansmgnd the slit, upon the

o o kB RE AR BIA 55 SPAPUR aREBR O Wy e pon

wi t hdfimtpateditalidevicsgapad nedi cal device fromthe opening in the slit, the
fluid flow %ath at Ieast partially retracting to define a restrlcted fl ow
path and aar¥aaaimads ¢f §nf£ﬂxl'b'e|rﬂ@’@l‘"ﬁbrthQ(ﬂe@hJéaY'ngfbﬁ@YVQﬂEGQmp@%d in {leidf | ui d

{1 ow bomMmitiFEMRING intbREcH U BBLredm REsEfMie fir SbahHgnel dBddREr

conprising: first secon ater ext ensi ons wherei
seal bediestdeavioe, exdem mioomally sugstaatlahly tloaed tdassageiurlnﬂum cd)mmumcgatnn of the
neck. ﬁf‘ tThe sea e| n the seal is adapted to forma

subst ¥ E\?R?Wﬂshﬁam ?nﬁﬁpd%@ﬁ PPE S and after insertion of the second

medi cal demecgea|4nc|Thmgssaiod?fméljeldmﬂéxubwﬁfeftereltém h&@h?rh AbwRLHEAMM Wi dt h
Is adapted to mmintain substantially fluid-tight contact against

subst @nd padian upsresm iend qpRosietike d@wnstrﬁ@m s>nd nedi cal device at an area

near the SEEONhdmgh, [SRE B owh AL UGha O, B, 1Oy o551, iR o2

device therein he sea er conpri sing a |lead
| umencdronmueicationt aigh thie passage; i n fI Ui d cormunl cation with the fluid flow
pat h; and nge at the second end, the

0 7 AN 20 6 a transver,s
openi ng i n? k& §‘Pr|ni’quf"t&!‘? RelteaRy end Bﬂ 'di sposed in said flange. 6.
T 4 sy S s sy i
col | i fiange hding at least one opening in fluid communication with the passage; and
the passage having a relatively small interior volume when in an undisturbed
state and a larger interior volume upon the introduction of the second medical device
into the upstream end of the passage, the passage retracting to define a restricted
flow path and a relatively small interior volume upon the withdrawal of the second
medical device from the seal, the upstream end initially being sealed as the second
medical device is withdrawn, so that a fluid occupying the interior volume is forced

toward the downstream end as the passage walls collapse.

15. The medical valve defined in Claim 14, wherein the lead lumen is centered on
an axis substantially parallel to or collinear with a longitudinal axis of the seal.

16. The medical valve defined in Claim 14, wherein the seal body comprises a
substantially rectangular slab of flexible material and the neck is coplanar with the
body.

17.  The medical valve defined in Claim 14, wherein the passage comprises a slit
and the passage opening comprises a slit opening.



| ongi tudinal axis of the seal. 7. The seal of Claimb5, wherein th8 %edaN 200
conprises a substantially rectangular slab of flexible material and the
neck is coplanar with the body. The seal of Claim1l, wherein the seal is
made of a flexible material. The seal of Caim1l, wherein the seal is
adapted to expand further upon commet@enent of transfer of fluid through
the seal to define a relatively larger interior volune and at |east
partially retracts to define a relatively smaller flow path and a
relatively_smaller interior volunme i mediately upon the cessation of the
fluidl8f] omhemedmrabvag@demed:iramws 17méresein theslikeemprisesurt her adapt ed

ret ena groenglbdhP sphEntatyatet tRdhd R H haRd SR ead Cannul a
in said hoasepion o‘tlmn’Fh&mswmh adndCl ai m 10, wherein the lead lumen is in
fluid communi catio Luer | ock i nterface, 12. The seal of CI aim 10,

a
wher ei n t h@ regign qf []ﬁEQ%rW'QW iBstide o tn‘%&%'o'ﬁ iof Spinigpm WL FRING1g: e
exte eQﬂ og?ﬁp&@d to be disposed within first and second side openings in
the r e ativ i gid housing. 13. The seal of Claim1l, wherein the seal is
adapt ed towbgrmlmdhw width ef theuslintapets fpom sthegslédt operrisg tonthes tdgiomndfi al | y
vertical. break. 0 1 JAN ?005 17 14. A nedical valve for selectively
pern1?W?ﬁH MUﬁH to flow between a first nmedical device and a second
medi cal device, the valve conprising: a housing having an interface
suitable for receiving a connector portion of the first nedical device;
and al%eal Thedeedicakvalve dafinedniat €leairal 14,1 Waerwimthe sephgoay d@ariyst @ach end i n

flui dsec%%%%r%@%rﬂgn%hg tﬁg%g%‘ﬁgéﬁﬁ%‘ﬁ Hgéé ream end suitable for

rece|V|ng nornally substantially cl osed
passage i raféeai dlomrn_rmtact@tjl tmnthemrtérfadm ttevees! ratderecsinprising hsehurb@h/r eam

clown <IN BAREAIRAMDRG (34} AT KATENG IOI5HE68 At s HOAHE PBRRNGHPRASIE | ead
| umenhbQRiER@ck Nahd fird ANISISRRR Filopénihgs; body and in fluid
a lead cannula attached to and in fluid communication with the interface and
extending from the interface toward the axial opening, the lead cannula being
centered on an axis substantially parallel to or collinear with a longitudinal axis of the
housing;
wherein the seal is disposed within the seal holder such that the lead cannula
extends at least partially into the lead lumen, the flange extends across the axial
opening, and the first and second lateral portions of the seal body extend into the first
and second side openings.

20. The medical valve defined in Claim 19, wherein the first and second side
openings have top edges that define the portions of the side openings nearest the
axial opening, and the first and second lateral portions of the seal body have
shoulders that define the extent of the lateral portions nearest the transverse flange,
and the top edges of the side openings are sufficiently remote from the axial opening
to impart a tensile force to the seal between the transverse flange and the shoulders,
thereby causing the perimeter of the transverse flange to bear against the edges of
the axial opening and the transverse flange to take on a concave configuration with

the slit opening near the deepest portion of the concavity.



communi cation wWith the passage; a neck forned at the upstream endfof ]Aw:gmﬁ
body, a transverse flange at an end of the neck opposite of the body, the
transverse flange having at | east one opening in fluid conmnication with

t he passage; and the passage having a relatively small interior volunme when
In an undi sturbed state and a |argef@interior volune upon the introduction
of the second nedical device into the upstreamend of the passage, the
passage retracting to define a restricted flow path and a relatively snall

interior volunme upon the withdrawal of the second nedical device fromthe
seal , 2ihe Upstmedicabnalverdafingd in Glaimdl S evherginagt lenst 8 qustien ofrdleg &ad devi ce

t owar GRS, ARl winiy tie \eRE RS b e 268L I T R B el HERY .o
val veadefdat hesbt ianpdrtion f e [ostieciruld betdre stk fagiem of thecsitthetesht dne leal axi s

substantially parallel to or collinear with a |longitudinal axis of the
seal . lugen ¢REN Al CRMRFgFsian ¢k e egak eraaringnvign taﬁéPQPrr\gW\%r ? SVH&dy

conpr SR $HBSH bal Iy rectangul ar slab of flexible material and the
neck !S? g%g?%narg V\néltgﬁ the body. 17. The nedical valve defined in Caim 14,

wherein the passage conprises a slit and the passage opening conprises a
slit eni al valyve

) 7, JAN HT 18 18..Th di defi in.dajml7,
wher 28t namethod B Salilingta pasiETAR H] % Aot BERLMES mddeaRleiiee
channgbrmawange thatajonnestsMhé ficst nfediedli svicd taThnidbeftdWnedieal 8svice dregi on of
| arger width on a side of the region of mninumw dth renote fromthe slit

openi h@s afhassnaiatedsadldine sgaltbring ([gdaptethta seaaivamat irast |8 podigenehtiet o t he

the. seasonpUbatphee sl prb B ot Gl O AR e L ol

f ur t hevedicaipevizes; the methodhadrdprising tlee bispstaf: t he i nterface, the seal hol der
conprising a hollow cylindrical mnmenber that extends fromthe interface and

has an axi withgrawing dhe speand medi¢al dexicerfropdne 88al Nfst and second si de
Openi Ngs, permitting the seal to retract from a large interior volume to a relatively small

interior volume so as to displace any fluid within the seal in the direction of the first
medical device.

23. A method of preventing blood from flowing out of a patient into a catheter
when a syringe is withdrawn from a valve between the syringe and the catheter, the
method comprising the steps of:

connecting the downstream end of the valve to the catheter;

inserting the end of the syringe into a slit forming the upstream end of a
normally substantially closed seal passage that is located in a resilient seal and is in
fluid communication with the downstream end of the valve, thereby causing the seal
passage to open while providing sealing contact between the syringe and the
upstream end of the seal passage;

injecting fluid from the syringe through the seal passage to the catheter and
into the patient; and

withdrawing the syringe, aliowing the walls of the seal passage to return to
their substantially closed paosition while initially maintaining sealing contact between
the upstream end and the syringe to thereby provide a force urging fluid in the

passage toward the catheter.



a lead cannula attached to and in fluid commnication with the i@tﬁy%@pqmﬁ
and extending fromthe interface toward the axial opening, the

cannul a being centered on an axis substantially parallel to or collinear
with a longitudinal axis of the housing; wherein the seal is disposed

wi thin the seal holder such that the20ead cannula extends at | east
partially into the | ead |unen, the flange extends across the axi al

opening, and the first and second | ateral portions of the seal body extend
into the first and second side openings. 20. The nedical valve defined in
C ai me49, \iRermeihacthdefingdin &rimsddonbietiniéhe siggndhigseringethresgndafthe t hat

the 1 oiRGe R R APUbES aRE BREReSERoTRESER, * boay have “Shoul ders that

define the extent of the lateral portions nearest the transverse flange,

and the to ed%fs of the side openings are sufficiently rempte fromthe

axi al “8penfniedic! VA& or SOIRANYPIVePArBEBa TBiid fie Tiguabetviaene firsteedicahsver se
flanggepid hhE %h%beﬁasweoq r@BViFEaHﬁbﬂgh.tQﬁ BESAdIRLE" sgél e Vapsverse
flange to bear agalnst the edges o the axi al opening and the transverse

f | angeomprisidiige on a concave configuration with the slit opening near the

deepest portio f the.concavity..7 JA A 20 Q5 19 21, di cal val ve
dof | ned | noby Bferfacs SERERE R icteind &, SpBRectdn Rorfidh ol \Beliok dRRgiE | <

di spogedicei afdn the | ead |unen when the seal is in an undisturbed state
and at least a portion of the |ead cannula enters the region of the slit
nearest tha Se@égomll?ﬂiﬂeﬂwdpﬁﬂmfﬂ%r’@ﬂtl@'@r\fﬁﬁhéﬁgi"ﬂiﬁf’f@ﬁet he seal occurring when
the second nedical device is inserted into the seal. 22. A nethod of
causing a positive flowin the direction of a first nedical device froma

val ve2@ hat Acsysiect fort ddrmiriistetingefilid ab aléNoark vessal sfeg qatientdineabystem ce and
has an _associ ated seal, the seal being adapted to receive at |east a
porti &MBf'S'He second nedi cal device and provide fluid communication

L L b O e
per nmi placemenhin Bwdlconmupication withahedloed yessalt eri or volune to a rel atively
smal | i nterd o oY Ql e 38: B%difng'hi!iAB e Ml didh df thi N the seal in the
a valve having a fitting suitable for connection to the upstream end of the
catheter and providing selective fluid communication between the syringe and the
catheter, the valve further comprising:;
a seal made of a flexible material, the seal having a downstream end in fluid
communication with the fitting, an upstream end suitable for receiving the syringe,
and a normally substantially closed passage in fluid communication with the
downstream end and the upstream end, the passage having a relatively small interior
volume when in an undisturbed state and a larger interior volume upon the
introduction of the syringe into the upstream end of the passage, the passage
retracting to define a restricted flow path and a relatively small interior volume upon
the withdrawal of the second medical device from the seal, the upstream end initially
being sealed as the syringe is withdrawn, so that a fluid occupying the interior volume
is forced toward the downstream end as the passage walls collapse.



n i
medi cal device. 23. A nethod of preventing blood fromfl ow ng outﬂcjf N 2003
patient into a catheter when a syringe is withdrawn froma val ve between
the syringe and the catheter, the nmethod conprising the steps of:
connecting the downstreamend of the valve to the catheter; inserting the
end of the syringe into a slit form®ay the upstreamend of a normally
substantially closed seal passage that is located in a resilient seal and

i's in27f | uadmeeiBRGi Baking YAddicd VAN tof 4BRth&find R&dHY Mde ey eby

causing the seal passagé€ to open while providing sealTng contact between

t he silexiblgematrrial ed a 58t fosmedanithiofthe hedy heatwpas sjanent firss andngedandgi d fr om
the sygi q] passage to the catheter and into the patient;
and nglith rgwﬁ%%ﬂoigﬁri@g@!ngal lowing the walls of the seal passage to
return to nididing frsbsinanseednd prefosed, RRSht taAprbing condidfi §did ViirgRianai ni ng
seal i ng copt act get ween the u&'jstream end and the syringe to thereby

pr ovi SECANG B Meailgrad g Perimeden #dgaroNi9Rssage toward the catheter. U 7 !:aft

20 3 20 24 i i i j 4t f od rting
the end of PERaYABTASR SBEOAT oferBirT FoboEes M Bt BB ceckhl
seal . slitsvalls faselicagh oiaryantlor sel ectively permitting fluid to flow between

a first nedical devigce and a second di.cal devij t hrough a soci at ed
Seal | “the TR0 &b ERMoRRG P ilen (Taeie el To it BESCPAME Sa0 -
connesg@heRDr &d@ pitidie of idesd fisdhAal secdpidl pRsforRsl s 8nl s41Q! I8 ahg fluid
communi cation wth the interface. 26. A systemfor admnistering fluid to a
bl oodseaesskepreforms piitd said addidionat raateriabipim & ngitaty crassewdth baidi 8l an
upst rgam, qﬁe@i}g a downstreamend that is suitable for placenent in fluid
conmmunii cation Wth the blood vessel; a syringe suitable for expelling fluid
into the catheter; and a valve having a fitting suitable for connection to
t he u:gstre m end of the . ,
8. e method of Claim 27, wherein:
said first and second preforms further comprise outer face portions; and
the step of molding an additional amount of a flexible material further
comprises molding said additional amount of flexible material to said outer face

portions.

29.  The method of Claim 27, wherein:

the steps of pressing said first and second preforms together comprises
moving first and second mold halves containing said first and second preforms
together so that said first and second slit walls contact one another: and

the step of molding an additional amount of a flexible material comprises
interposing an overmold plate between said first and second mold halves to define a
mold cavity between (I) said mold halves, (i) said perimeter edge portion of said
preforms and (jii) an inner edge of an overmold opening in said overmold plate, and
injecting said additional amount of a flexible material into said mold cavity.

30.  The method of Claim 27, wherein each of said preforms further comprises a

flange portion connected to a respective one of said slit walls.



catheter and providing selective fluid commnication between the{syrignges
and the cathéter, the valve further conprising: a seal nmade of a flexible
material, the seal havi ng a downstreamend in fluid comunication with the
fitting, an upstreamend suitable for receiving the syringe, and a

normal Iy substantially closed passag22in fluid communication with the
downstream end and t he upstream end, the passage having a relatively snall

interBar VHeUMBHHMRESS Clhm'ﬂnZQ}' ﬂﬂhéﬁeﬁﬁ bsid fPhRd 3BEoRd ln%a@fawési §rﬁdi Qhigvol ume

upon the introduction of ringe into the upstreamend of the passage,
t he paYeupRld plalerhave wta@ifrweasu &@tha%@rreu gthstantiadypianat. and a rel ativel y
smal |l interior volunme upon the wthdrawal of the second nedi cal device

fromthe seal, the upstreamend initially being sealed as the syringe is
Wi t hdBawn, The triedihod dfl Glalmo@9upyhargirt lsaid vermold yEtenkas iz feast erhat owar d

t he downstream.end as the |1's coll apse. O?JAN2005 21 27. A net hod
of ralingrel ARG Taim sebE finedredds. of AP IHBT3IChoBBNpIRaE stangrel

flexi ?Hrﬁurggih%é@iurﬁé‘mrﬁsélh'éeai %Eﬁ%a‘fﬂ éBblﬂoﬁﬁ'learHQﬁ?ﬁét el \;J\Qﬁﬁle%h%?iﬁms first
and secon slit walls, the met conprising: nolding first and second

pr ef oinfRctedivn seahpraldcagtone of said first and second slit walls and a

perineter edge portion; pressing said first and second preforns together so
that said first and second slit walls face each other; and nol ding an

addi t §gnal Tﬁwu@thodfoffﬂ!blrﬁﬂgpkf\e\elmh%ar@ladﬁﬂloabl hewsiht BRATIERToIS Midlerial
peri rreter e portions of said first and second preforns so that said

firstfoamg th§g€6§@wqﬁ’é¥§?ﬁ?’s3%ﬁ4d said additional material forma unitary nass
with said slit forned therein. 28. The nethod of Caim 27, wherein: said
first and second preforns further conprise outer face portions; and the
step 4. rmTIde rlgemndamdetaimnaT \aheuain thd sted bEprddsingrehierfirat ahdrddoend
conpris qu sai d additio rr&nt of flexible material to said outer
face P r{'?% ICHer CHMpriags ﬁ’t?@ g SUHIGRMB PregpideeionPravaet saidpadgiionrlessi ng
sai d Ambaht 8N4l fIERIBRNhabsrRd Hoi nii@@ehh Hetw8BR ShREM st and second preforms.

35. A catheter for establishing fluid communication between a medical device and
the vasculature of a patient, said catheter comprising:

an elongated cannula having a proximal end, a distal end, and at least one
axial lumen extending through said cannula; and

a valve for selectively opening and closing said proximal end of said cannula,
said valve comprising:

a housing having an interface suitable for connection to said proximal end of
said cannula; and

a seal made of a flexible material, the seal having a distal end in fluid
communication with said interface, a proximal end suitable for receiving the medical
device, and a normally substantially closed passage in fluid communication with the
distal end and the proximal end, the passage having a relatively small interior volume
when in an undisturbed state and a larger interior volume upon the introduction of the
medical device into the proximal end of the passage, the passage retracting to define
a restricted flow path and a relatively small interior volume upon the withdrawal of the
medical device from the seal, the proximal end initially being sealed as the second



moving first and second nold halves containing said first and secprd JAN 2005
preforms togéther so that said first and second slit walls contact one
anot her; and the step of nolding an additional amount of a flexible

materi al conprises interposing an overnold plate between said first and
second nold halves to define a nold28avity between (1) said nold hal ves,
(ii1) said perineter edge portion of said preforns and (iii) an inner edge

of annmdicaraleliceRNivitediawrs adod theit &f fgiddoduplyivg ﬂiéduntérIUr&fdlumg i8abfbed
addi tional anount of a flexible material into said nold cavity, 30. The

met hotPWArddhg distalendas thg Rassaae wellseellenseef or ms furt her conprises a
fl ange portion connected to a respective one of said slit walls. 0 7 JAN

200 22 31. The nethod of Cdaim?29, wherein said first and second nold

hal ve86andThai cathetezr defirbcp irat@aima\3s, cwhé@in i gz spa’stageShashat régien of

subst ant.i allz‘{.gthgﬁa{). 2[ The thoﬂ g Cl,a}ifm 29, wherein said_overnold

pl at eTHAEUR apmaintaing fubstantigfiy duidy t@m%ia&aln%éiﬂ'b@é@@alb’fth@al d
over nphitteQRA &y oﬁméjm%ft(é'l @bvrcé%’t ﬁhﬂﬂfénbﬁﬁfhé Hl'&gwaélrbrﬁ?‘bﬁhé a| V‘ge“ sai d

addi ti onal” anpbunt of a flexible materia I nject into salrd nol
cavity. 33 The nethod of C aim 29, wherein sai d addi ti onal anount of a

flexi ; i-N 0 eal 34. The nethod of
Claim 7 V\hergﬁ-lr?t? @éfﬁe&@ﬂ&légﬁg ﬁ(ﬁ egétfieﬂsge? qon%résessecond pr ef or s
t oget her cammdysaadapﬁlfwxrmem&enalm hawegsal idisthDed @Wend peatithap@adt i onal
anount of a flexible material frommgrating between said first and second

pr ef o‘PPROS'@StheAd'éE'EH R8s the slistak aag inreRime) endsi of Wenbedy batndoerigdedden a
Tod CalnaneRoIng cihBeadSRMAk S R0hr fiogblent | sai d catheter corpr i ng

an el ongated cannul'a having a proxina d di st al end, and at |east one
axi al | unes lead kmoem formrec ingthesdistal eadmuﬂthe ody and &l fleidf comsehetionel v
openln nd cI05|ng said proxi mal end of said cannula, said valve

corrpr ﬂbe |ng having an interface suitable for connection to said

pr oxi Wﬁ' %‘ﬂe@ﬁ forficfatheridednd @nd of 18eBbdyBaley of a flexible material, the
seal having a distal end in fluid conmunication with said interface, a

proxi mal ehdangverssl karras at aseend atjthehseae @ppaskite the body, the transverse
flange having at least one passage opening in fluid communication with the passage.

38. The catheter defined in Claim 37, wherein the lead lumen is centered on an
axis substantially parallel to or coliinear with a longitudinal axis of the seal.

39. The catheter defined in Claim 37, wherein the seal body comprises a
substantially rectangular slab of flexible material and the neck is coplanar with the
body.

40.  The catheter defined in Claim 37, wherein the passage comprises a slit and
the passage opening comprises a slit opening.

41.  The catheter defined in Claim 40, wherein the slit comprises:

a relatively thin, substantially planar channel having a varying width;

a region of minimum width; and

a region of larger width on a side of the region of minimum width remote from
the slit opening;



device, and a normally substantially closed passage in fluid confruhijgat 208
with the distal end and the proximal end, the passage having a relatively
smal | interior volume when in an undisturbed state and a | arger interior
vol ume upon the introduction of the medical device into the proximl end
of the passage, the passage retractifag to define a restricted flow path
and a relatively small interior volunme upon the wthdrawal of the nedical
device fromHdiginse# widtheoPtaxisiBltassrd froint trad leht Bﬁbﬁﬂ S&ﬁlneéi ré@ohhsfsecond
01 JANf O5 23 nedical device is wthdrawn, so t cupyi ng the
i nt er MIRINBNIMEtH.s forced toward the distal end as the passage wal | s
col l apse. 36. The catheter defined in Caim 35, wherein said passage has a
region of mninmumw dth that maintains substantially fluid-tight contact
agai ng2. subscacathetdrydefired #nClaien 361 iforter comptibiagnedjdéwilevdisgostd an
area ngﬁr thg proxi mal end of the seal. 37. The catheter defined in Caim
35, 5 $RIg fgmen An PP8es: a body made of flexible material and having
a distal end and a proximal end opposite the distal end, the distal and
proxi mal ends of the body being oriented to correspond to the distal and
proxi 8 emble csthetaedstingd iraCladmdds, durtherf comptising a ¢anraictaradonmedtanf tat he
body %ﬂgd'b | uid communication wth the passage; a neck forned at the
secon §'6t the body; and a transverse flange at an end of the neck
opposite the body, the transverse flange having at |east one passage
opening in fluid communication with the passage. 38. The catheter defined
in d&m %cm%mmmsm@ad lunen is centered on an axis substantially

parallel tg egl I t he

cat het er de :)énnelg%étbal %m%@e%? #Mhﬁ?egﬂx al E‘ﬁg’i gﬁ %qgme‘ﬁ
substMEndinlgybeMemgalcalpr@haial aind bedi fdig diatatrerﬁl @‘i@l distal ek beihg

copl an catheter defined in Caim37, wherein the

passafd a{ap%r '@%@T'Qné%tthﬁr‘@%&ﬁ re 2 aRAtiegbefIthg conprises a slit opening.
41. The cajhahey co8hddied tbrbaﬁ %‘rcﬁﬂlﬁﬁi \é(ﬁ%feé tBRnSl tsaEPUQI%S'r?a?nraq"‘ﬁ

relatively thin, substantially planar anne having a varying wi
r egi @e%wwmﬂﬂmmaeatr|GMTlow path in its undisturbed state and which is capable

of expanding to define an enlarged flow path to permit fluid communication through

a

said proximal end of said cannula, said seal being further capable of retracting fo
define said restricted flow path, said seal simultaneously urging any fluid within said
enlarged flow path into said cannula.

45, A method of introducing a fluid into the vasculature of a patient, the method
comprising:

inserting a distal end of a cannula into the vasculature of the patient, said
cannula having a valve connected to its proximal end, said valve comprising a
housing and a seal;

placing a medical device into fluid communication with said seal;

operating said medical device so as to transfer said fluid through said cannula
and the vasculature of the patient; and

withdrawing said medical device from said seal;

wherein said seal is made of a flexible material, and has a distal end in fluid
communication with said cannula, a proximal end suitable for receiving said medical
device, and a normally substantially closed passage in fluid communication with the



a region of larger width on a side of the region of mninumw dth [Fqnqw'm 2005
from the slit opening; J 7 JAN 2005 24 wherein the width of the slit

tapers fromthe slit opening to the region mninmumw dth. 42. The catheter
defined in daim35, further conprising a guidewire disposed wthin said

| umen and said seal. 43. The cat heteg5defined in Caim35, further
conprising a connector connected to said valve. 44. A catheter,

conpr igsdtapendang th ' ' iy ¥ i , and
o | NG ana e E?&'@?'né”;‘%”“&b‘?ﬁ%%? Shadinkf 2168 eIf Bhalfinférel SRR,

| stal end,
di st awhandingan wpdiskuibedistasefand a lasger intariar vobuino@é ependeelinttasiustion chtheat i ent ;

and a : : | Al f,sal n .sald val ve

navi ng 8 SRREEFAE il BrdheL B! R AR e e BBl Sesielc

st at e aaregtrished Howpatiapmbl 2 relafivety paraliingribe velemeepem trnvingedvdl lobwepat h to
permt fchui d conmfni cation thlg‘ou h said proximal end of said cannula, said
seal PMHERIIRMIGR froRh B PEAL NS SPMRA! BGdt Btk eing sarigdrasihe geeend | ow
pat h, bi i neSia u | j AN g flow
Pat b [T e A RAGR! Spa eSS i bl aifictior ¥R
vascufeced éowardtheadistahend @sshepiaissage safipcodapse. i nserting a distal end of
a cannula into the vascul ature of the patient, said cannula having a valve
connected to its proximal end, said valve conprising a housing and a seal;

pl aci ng. a Meei aRlthe®\detmednird dlhiw s ORABRIS adi@padshheShas £ eafionoBer ati ng
said nedical device so as to transfer said fluid through said cannula and
t he vEYRIMIWEDYridthothat maipainsesibstamialivifiuiditiali eantact agairslisthstandially thef r om
sai d ' ' | .S, 0, | | al as a

o st a PRy B et deb ST Bt el st o kipdReLend br e dng
suitable for receiving said nedical device, and a normally substantially

cl Osegipas?ﬁgem(iat o];jlcyeifﬂe%cfnmagljn? 3%5 \%Relygirtm tt]-uet anl comprises:

a body made of flexible material and having a distal end and a proximal end
opposite the distal end, the distal and proximal ends of the body being oriented to
correspond to the distal and proximal ends of the seal;

a lead lumen formed in the distal end. of the body and in fluid communication
with the passage;

a neck formed at the second end of the body; and

a transverse flange at an end of the neck opposite the body, the transverse
flange having at least one passage opening in fluid communication with the passage.

48. The method defined in Claim 45, wherein the step of inserting said distal end
of said cannuia into the vasculature of the patient comprises:

inserting an introducer sheath into the vasculature;

inserting a distal portion of a guidewire through said introducer sheath and into
the vasculature;

placing said cannula over said guidewire;

advancing said cannula along said guidewire until said distal end enters the
vasculature;

withdrawing said guidewire from said cannula; and

removing said introducer sheath.



0 7 JAN 2005 25 distal end and the proximal end, the passage havidg ajaN 2005
relatively small interior volume when in an undisturbed state and a | arger
interior volume upon the introduction of the nmedical device into the
proxi mal end of the passage, the passage retracting to define a restricted
flow path and a relatively snmall int26ior volunme upon the wthdrawal of the
nmedi cal device fromthe seal, the proxinmal end initially being seal ed as
the second nedical device is withdrawn, so that any of said fluid
occupying the interior volune is forced toward the distal end as the

passa88 wailhe resihogidefinessn Gipim 4 mhereisithasten af (arm\nmgsaidmvnduaersau d

Pru aomeafeis Tt fabfet, hor B s bhadaho0 salF c By I GHT SRRl bl el
medi cahtildaid distalteraherteesthreasculmuy. oxi mal end of the seal. 47. The net hod

defined in C aim45, wherein the seal conprises: a body nmade of flexible
mat eri al and having a distal end and a proximal end opposite the distal

end, §he dirRbaheitod cRéfEWé'd”iﬁ'Clg OTNh?eP&nl?Hé'létéif %n%hﬁ‘i%ﬁﬂi IH? dGg&y espond

tothe di stal and proximal en the seal ormed |nth
di st afheait tafpeu’ﬂ%msdd;efamﬁhaqstepmfdadyanmmm szad icannulai albng Isaichgsislagére a neck

forme t C f the dy; and a transverse flange at an end of
t he ng% S &lggﬁee?}%ﬁ%rﬁ%gsd@'e \fq?gu%?‘é’#sver.se. fl ange having at | east one
passage opening in fluid communication with the passage. 48. The nethod
defined in_C aim45, wherein the step of inserting said distal end of said

cann®h i nT'Ebe trﬂ%thQQsQQflnﬁng@@fm 4% Vﬂﬁrﬁ@n@ gekslRyYires issdispased within aaid

|ntro(ggmﬁﬂa fy 5840 the vasculature; inserting a distal portion of a
gui dew re t l?Eh sai d introducer sheath and into the vasculature; placing

sai d cannul a over said gui dew re advanci ng said cannul a al ong said
i st al vascul ature; w thdraw ng said

guid ntil said ters the
gui Gt o TG metpy 'Hﬁeua‘ﬁ 51 r SRR Sitep Oh ST PaighbBeh end 7 3 AN
2005 of said cannula into the vasculature of the patient comprises:

inserting an introducer sheath into the vasculature; and

inserting a distal portion of said cannula through said introducer sheath and

into the vasculature.

53. A method of facilitating replacement of a first connector which is in fluid
communication with a cannula implanted into a patient’s vasculature, with a second
connector, said method comprising:

interposing a vaive between said first connector and a proximal end of said
cannula, said valve comprising:

a housing; and

a seal disposed within said housing, wherein said seal defines a restricted flow
path in its undisturbed state and is capable of expanding to define an enlarged flow
path to permit fluid communication past said proximal end of said cannula, said seal
being further capable of retracting to define said restricted flow path, said seal
simultaneously urging any fluid within said enlarged flow path into said cannula;

removing said first connector from a proximal end of said valve so as to permit
said seal to retract to define said restricted flow path; and



26 49. The nethod defined in C aim48, wherein the step of renDV|Qg sé@% 200
i ntroducer sheath is performed after the step of advancing said cannul a
along said guidewire wuntil said distal end enters the vasculature. 50. The
nmet hod defined in Claim48, wherein the step of renoving said introducer
sheath is perforned before the step & advanci ng said cannul a al ong said
guidewire wuntil said distal end enters the vascul ature. 51. The net hod
defined i ncéhmédtingbsaiMetenhd canBEEBeYs 5&idi i nnul a
and sai d seal 55@58The met hod defi ned |ﬁ!dé@é\fgmq§?%ghdgygl r?n%eﬁg@{vggﬁof

i nser EXPRNG I definessaid anrrgediiovapathcannul a i nto the vascul ature of the
patient conprises: inserting an introducer sheath into the vascul ature; and
inserting a distal portion of said cannula through said introducer sheath
and into the vasculature. 53. A nmethod of facilitating replacenent of a
first connector which is in fluid communication wth a cannula inplanted
into a patient's vasculature, with a second connector, said nethod
conprising: interposing a valve between said first connector and a proxi mal
end of said cannula, said valve conprising: a housing; and a seal disposed
wi thin said housing, wherein said seal defines a restricted flow path in
its undisturbed state and is capabl e of expanding to define an enl arged
flow path to permt fluid communication past said proxi nal end of said
cannula. said seai being further capable of retracting to define said
restricted flow path, said seal sinultaneously urging any fluid within
said enlarged flow path into said cannula; renoving said first connector
froma proxinmal end of said valve so as to permt said seal to retract to
define said restricted flow path; and 0 7 JAN 2005 27 connecting said
second connector to said valve, thereby causing said valve to expand to
define said enlarged fl ow path.



MEDI CAL VALVE W TH PCSI TI VE FLON CHARACTERI STICS Abstract of the 200
Di sclosure A valve for selectively permtting a fluid flow between ¥|1U'¥¥
and second nedical inplenents is disclosed. no valve has a housing with an
interface suitable for receiving a connector portion of a first medical
device such as a catheter, and a seal nmade of a flexible material. The sea
has a first end in fluid comunication with the interface, a second end
suitabl e for’réceiving the second nedical device, and at |east one slit in
fluid to5MeRcation with the. first end and the second end. The WHO121904

defines a-restricted fluid flow path and a relatively small interior

vol unme when in an undi sturbed state, defines an expanded fluid flow path
and a larger interior volune upon the introductd:dn df il Hestsgepehd nedi cal
instrument into the slit, and retracts to define a restricted flow path and

o he mog] O VO URRERE VAR Gk R AR R eV @
_ Abstract of the Disclosure : ) .

A valve for sclectively permitting a fluid flow between first and second medical
implements is disclosed. The valve has a housing with an interfuce suitable for receiving 2
5 commnector portion of a fivst medical device such as a catheter, and a seal made of a flexible
material. The seal has a first end in flnid comummication with the interface, a second end

suitable for receiving the second medical device, and at least one sht in fhuid -
commmunication with the furst end and the second end. The slit defines a restricted flaid
flow path and a relatively small interior volume when in an nndisturbed state, defines an
10 - expanded fluid flow path and a Jarger interior volume upon the introduction of the
- sécopd tnedical instrument into the slit, and retracts to define a restricted flow path and
2 staall interior votume upon the withdrawal of the second medical device from the seal,
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