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CHARACTERI STI CS Background of the Invention 5 .Field of the Invention This
|"nvent|on rel ates geneérally to a nedical valve, and in particular to a

val ve ﬁ’h when connected between a first nedical gdeyiGe286ch as a

f 1 ui dWoG é‘g and a second medi cal device, such as a catheter, facilitates
fluid flow therebetween,: and when the first nedical device is

di sconnect ed therefrom i nduces a positive flow of fluid through the valve
in the direction of the second nedical device. 10 Description of the

Rel ated Art The mani ppdpgi yaveadiT HosiTis FIOWCHPRACPERISTICE] admi ni stration 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
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and C%ﬁé;@ﬁwdurédudﬂwesecaidgﬁﬁﬁﬂﬂﬁﬁ] ine, or simlar conponent which is adapted

for connection the medi cal valve. Unfortunately, prior art valves
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the device is dlsconnec he
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tine 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 connected, to move to fill the space. In effect, the remiovai of the device createsa 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 towards 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 hlood 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.
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One attenpt at overcomi ng this clogging problemhas been to coat the inner
surface of the catheter near its tip in order to prevent blood f? nA 2005
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in occupying the interior volume is forced toward the downstream end as the passage walls collapse.

fn accordance with another preferred embodiment there is provided a 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 relatively
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 restricted fiow

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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fluid comunication with the first end and the second end. The S|Ul 9%
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25 interior volime upon the introduction 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 second medical device
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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fluid conmuni cati on between the syringe and the catheter. The val ve furgﬁﬁ
conprises a seal made:-~of a flexible material. The seal has a dbvind
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i nterior volune upon the wthdrawal of .the ne Hﬁ“ﬁi‘{”ﬁe fromthe seal,
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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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15 insertion into the vasculature of a patient. The catheter furtfh@r JAN 2005

* conprises a valve connected to the proximal and of the cannula. The valve
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to 5 permt the seahw,ggsarf,@wea%v@mrd@fvd ne the restricted fl ow path and
connectln%sthe seco PI erce: bl e!? ,econnector to t he val ve, thereby

e ne

causing t val ve t expaa'Ple 0 Q& %t he enl ar ged flow path. For purposes

of summerizing the ﬁm@mpﬂwv‘a*ﬁdﬂfﬂwéfﬂfaﬂ!?&n‘?‘!fges achi eved over the prior
art, certain obj ect suaghe a front elevation view of the seal;

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 hnusfrig 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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advant ages of the invention have been described herein above. O [t@ugAl, 2006
is to be understood that not necessarily all such obj ects or advant ages
may be achi eved in dcchrdance with any partlcul ar; enbodi nent of the”
invention. This. for 10 exanple, those skilled in the art will recognize

t hat W%t i on nay be enbodied or carried out in aPQEHSYHEPO4 achi eves
or optim zes one advantage or group of advantages as taught herein w thout
necessarily achioft other objects or advantages as may be taught or
suggest ed hElumnm:saAﬂelcrn@fsectiwdslewefﬁi!?dﬂlﬂmdéhﬂ%sva'ﬂ%m'Imﬁ@ﬂbled to he within the
scope of th | her enbodi nents of

t he present ﬁ?"ﬁ%ﬁf’fm" R %lﬂ% a@éeg'ﬁiﬁ%‘égﬁg‘ht@%gﬁfm% g those skilled in the
art from t hegfeadis deemlgssd&.tlml biewlof tiibSahe edticthé syingecpartipiittitiaen; pr ef er r ed

enbodi nents_having reference to the atta hed f t he invention not

bei ng. |1 m ¢ Bee1da SRFossatp L WP RLF MU SRl copEac e o
Rescripjion of the Drawings Having thus summarized the general nature of

fhe invention and its essential features and advant ages, certain preferred

embodi ment sFizmedS i eHetlpgtion vieynef o slterpabisrembimpnt of dhe saie With fha Fveinge Pt e e ski | | ed
in the art _ f ¥ huffigkRfce to the
figures tha{‘uh?g?%%ﬁegﬁﬁmﬁgﬁ%tgﬁaﬁﬁwhlﬁggmggﬂg%t'?lﬁlc ‘J\i/]@gvl\l/ﬁyf)f r'tﬁﬂe use of a
val ve in ackpoe 6zine onidevdtiontvive of thamelvetas wsed with aisyinos havomanlaerdockat at heter with a

Fi gure o 1 s Henig NayR Tt | felgfspeloinfy RBGRERGGE, U P2 01, 17 (P 0®

16l evati on Vrigere 1@1\195hﬁs¢h&kaﬁ@ﬁm§bf@lpfo&sﬁfmunmthmalspect ive view of a seal for
use in the valve; &Jre 6A | llis,qla front ellieevaFlon view of the seal; Figure

9 66 is a frJﬂi’?’egqiﬁ%’ga’ g gf i pyermold plae yseg g ol ¢ Figure 7A is a side

el evati on Vg&waPk alhitial &6s8-bection ik B @thetB iricGpomatisy AN df QiR GreSelCibvertitednd Wi ew of

t he seal ; F| gure BA-BD is a front elevation view of the seal with a series
of crdméews®cti onal schematic views of tie insertion of a medical device
into the S%Lr 2fi§Qﬁééﬁctae\heﬁm@thuaﬂt@lﬁroﬂfdﬂﬁ% AR R amy 4 8 Metibtk; sl hOUSi ng for
use in the va Figure 10 1s a side cross-sectional view of the valve and
15he syri ngé-“ngmezhraesantmsreqssamwl wew of | aierepphle: sl eonregier gonpegiad 19 the yaliip gidhe cathptenDED
SHEET ' S=.2QA2 0 7 JAN 2005 WD 02/ 04065 PCT/ US01/21904 Figure 11'is a side

cross-sectional view of the valve with the syringe fully inserted;
Detailed Description of the Preferred Emsbediments

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.
When se connected, the valve 20 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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Figure 12 is a front cross-sectional view of the valve with the sfri ng! 2003
fully inserted; Figure 13 is a side cross-sectJ* al view of the valve with
t He syringe partly thdrawn; Figure 14 a side {cross-sectional view of the
val ve with the syringe further wthdrawn in conparison Fiqure 5 13;

Fi gur ¥982PY63 side el evation view of an alternative e’ﬁé@& Wgﬂ? bf the
valve, with the syringe partly inserted; Figure 16 is a side elevation
view of an alterpative enbodjment of the val ve, with the syri n e fully

i nser t etpdical gevigps e silled in tha arf wil eadipappreeipte; thohe W%Pf&hertlﬁé‘faﬁ%‘f’\‘i L G@%%Ff% th a
syring Pie i p LR fSek 3] sBHH BEn 1héF silp Sanfectith 619 b&hARVAE fi@ih, Vi ew of an

al terngﬁujlif@%he%% dl:adérrg'rnmEJ gét; f he sva l've (S)Ss?"ng 10 Fi guresﬁb19A- 19E are
schemat i ¢ . viTevsealdi2 has ipsilbopelmg 36 fbestmien indriovre @) \d‘@his cpifiguedeto pemit the duepPRof &/i ew of

an over nol | at.e ed i i.nq. th |
cross- ssérﬁ'ﬁqd?dgsﬁ‘faﬁwga}" ger Q'e g%ﬁ%gﬁg pPRy Fcﬁ og ?fp')ﬁ ety ﬁgpﬁeéﬁée%\% ahF ﬁse?o@éﬂ VL@@ Lurerezsae nt
I ivent it edda it 380tk Figivd 3) BrmelFingheniiterigrdf the seal 32 Witlpthe syringe Lost m/\thu:fmserhe, theat het er

of Figure 21 inserted into the arm o ur.e IS a
P | s e Dl 26 gyt 2 ot W O i et B b et el ¢ o
the valiafiio b1 o tiAiico MBbIA o9 LIRS . PLI ON of the Preferr ed

Enbodi nents Figures 1- ﬁbf;')ll ct a valve 20 in accordance with a preferred

enbodi ment 6mur@sr’a‘e78|sweth¢ts rengopeg fypra the housing oy irnoses efclagty.p Hie sgab3s hay @ l9dietlof ¢ he
val ve sed in
e it Byt okt ot » 8ok Mt B Bl (e ihARDE e AEonly\ P Lol Dtn iy 00
by ad\#al:tpﬂagaauw ﬁltn;ed hiennl!lelbﬁﬂ duomete|siiewnd ruhb¢r,yur isoltarnatilely fmaedfof syoihesie pdlyisaprenet o a

f t d d

rech ¢l 00 QR A K S 08 e ol SR e bl 6 RREAR

st andagﬁb ?&M{ ANig eumi%ﬂ betdvn%n ﬁlhtd mrc:aemmlﬂ?ammsmmma ,Olb h'd!tc? hav2 2hoirlderc&dundit ed t o
one end o e val ve as a o, the . arm a

pat i enfomprsng1 rl?i?r"f"ﬂ‘&é “ffﬁ’qﬁ%[ extensians H"(?Teﬁqke%'gngﬁf}f e@%ﬁuq‘éédlpﬁlélgf e ‘ﬁmq%@f %4 into
25 t hetoh aﬁﬁtegwnquﬁsma BYavhicRis Yomed She (irdferabip subsamtais pl@raadutm He ek P8 edidnds ftoer 28

f the t hout dl t
B e i o e 6 e ey i e ey e 4167 i B ot 0 BRS¢ e

cat het @f figge @nﬁ)e'legﬁ iBneh b@ss praafﬁmy%mstanﬁhﬁrlmica a:dZé;\mres a:ﬁbts@amrtnaam@@@kar&myt hat
when the syringe 24 1's disconnected | ow t hrough the valve 20 is

pr evenpasliel tq of caltingar mith he lopgifudinat pris °§W pealy fhe it B8 is prefesably; ﬁ@’éia@tﬂ"y R aphtfve 20
gener aLlﬁl]%{anﬂ tfﬂﬂﬁéstuhlé@%lugrl Mﬂﬂ&&éﬂ O¥fhe: sllt 3§thusffbrﬂ¥\(m(?t§ urﬁ@tufbﬁd’s‘taﬁ‘e I enwﬁelﬂ ﬁ:e dhingeCt i on

of the ent her'e revent i n od fromentering the catheter 22 and

causi nlg,let%daamslvm llaertsdlmtﬂaht\ﬁ@,ﬂl & a big yé@trgted Tinidglaw gagh fromtheilipprening 3 éo e leder r ed
Z%Hb odi Ihis, Ohs \ﬁQ'Llﬁ/ ﬁ re?egenée dﬂﬁlﬁ@ﬁtﬂ a’ﬂ.ﬁg hd3nd 5w it S deifls elt-m‘ﬁ%f( ?/r% 20

conprises’a rer rgi si'ng arelatlvelyerX| l'e and
resili Elmallsueaibnhleanedmﬂdbdﬂdpm or within. the housi ng:: ©:30. . The- housi ng 30 has

Sa:‘\lj g r Zl)otc ETI'EHJ\[; ved égcrﬁ gugafmn% the El? 38 andfedd Iu?ngr%ﬁtl?be;t@&h ln ngms%ﬁ\% nﬁﬁ%ﬁt 3B thshne

body portion 48: wuthm the hody 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 Jead lumen 46 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-



-6 0 7 JAN 2005 WO 02/ 04065 PCT/ USQL/ 21904 nedi cal devi ces. :]I ljﬁﬁ 2%5
the art will readily appreciate that a nunber of other |nterface

connection types ar e; 9,U|tabl e for use in place: “of the Luer |ock 34, #suchs
as a Luer slip connection or a barbed hose fittin The seal 32 has a slit
openi YOI {H&st seen in Figure 2) which is conflgured RGY/{e91121904t he Luer
28 of a syringe 24 (see Figure 1) to enter the seal 32 upon application of
noderate pressure by the user. The syringe Luer 28 5 thus enters a slit 38
(see Fi Yuweer, B)on finstelistion in the thiveing B, dheitiicknasé oft theeslis hiwh@oviewdl trém thiasided will vage Luer
28 thus_inserte tsflwd ejected fromthe syringe 24
through‘){n Ty “?%H?%g'f'%wpﬁﬁ?' &‘?‘f the slit 38 and Luer lock 34 and into

t he cat het erFigdids 8A-8D0hdvethe BRGts diternfQY iedlig pdrforaeiee A the varya widdeor theQitkag Itter
Fi gures 5-78 show the seal 32 rem)ved fromthe, housing for purposes of

cl ari t yintrofyggion $ba,syrings Tyen 28 info gy plit o (ThgmiriRgs Lies 98 fs ARtsheva FigiveAAJPT mrpaspsg «
hgvi ng aani‘yb @igme &E‘sﬁﬁis%e' rarfp&ehin e Elﬁha ﬁﬂ%%¥nngelm@zs mneerajioh s@sm.m.mtuh(ﬁn seal

32, the b is preferably forned duroneter silicone
ru bber w?@m th¢ lsuera"B wrhamtfu"w inteytediingp the it 38 Dug yorihevelptive "ﬁb'eW'}BF-‘?s!thﬁlB &lit 88 atake reino end -

of the
gener al S/tg%/ﬁmf@l.? Iaﬁ;s L‘f&%ﬁ?\%@?@"&%’ I’thég%ﬁtg dzfirh Jt&?{fﬁec{‘fﬁr@gwﬁ'?sl ag &gth a{"ggglgigfq ween

first aﬂiiwmﬂmh:adlmbta‘tseﬁl wweetxmmwm&;thMa 284 B otheviviondl) tiegerineteiod thk opes €it 332, 43d
conpri s nr% Hﬁ |ons of tZeilLU raI extensions nearest the flange 44.

The bod¥e een SHEleR ﬂ %\‘f'fﬂ""ﬁ’eﬂﬁg“ thy Jye .., forman integral unit, inside

o6 Which i s Fig@ésrBBGnd SN ehok aE fudiédhb Wit sauhmampmh lehe b&lvambmsdf itfe s@Gnd thee sl it
38 extends from 15 the slit openi n 6 (best seen in deeure 2) in the

3
“yflange. tgusitipndfrog thedagion 593 the slit b lopgsy 9% the ep¥ire @efipetsis of the avringedder 4% *BB‘HE(S@FP'E t he

f1ange ot ghe or bR sideal tﬂeu.mmhélﬁem Rlobrafors) Ime pEritRe! A B h,ﬁh biin 8 boagbrtiof 8 is and
centered about an axis is substantially parallel to or collinear with

‘the | ongterdan thwmaﬁwcm ths h@r He 4 will-piy discegsqdtit quegter dptal pakus i girapgement of a slit
' subst aptded HF%ﬂle :94 R0 Hnltji%fﬁ i xecapﬁa?@wmﬁe fPind @enﬁ'f s 41 hemsth@snﬂu& 5%! S

connect ed, orns In1ts undi sturbed state,
Byri ng@mmd_a;epnsm}fhu@ncmn fobthevalve 2bwhen’ t!;ielswmaebm%esmtbdrhwrsm a hi ghl y

1St CL20 Ftls 410 St D Lot BB GRS U Ao G2 by TE

46. As used el in rererence s a flow
path t khnlhin pﬁmmnlsmg 80 isipeaferably férined o molded m!vcad:hnatel mailthryatimvgﬂoungl fodmeanqgitabie  Of

fluid, he. erre n t d | unen
46 is B‘E’g'f' gehﬂmq '}‘?“sﬁgaﬁﬁg éaihg}@ gdr%‘é 15 oqp%@erﬂ%gg%(%e %3‘%@?’%@& 7%% wi t hi n
t he bodﬂlndﬁfﬁl @ﬁflgirhtﬁn Sﬁahay?c’hmpnsd\?iwam%)agleammgﬂpn tdﬁmeha]gyohﬁmn Etiamﬂ ehSr iirstha .

r egi on maxi.my refera (o} . 228" ~of the s|i e slit
285" oS 28 WAoo, i i © ogive o T A S P PLoG BRSPS bl y

| ocat egemibck 134, Nbnd fast MA@ Sdeord Bide Mmagatsa:gewahw haddtfirdt R Seludlil @0 cfs 636, AFD WafrUM
width the slit 38, is‘preferably about .12C'" wide. In other;wrds, the

wi dt h epmprish e gdops; of Al sidp ogepiags 19eRIRS 1he XAl aneningetl. oA E‘P"rﬁﬁ%"!“a @Mhe% step 3y Fitie 9 he
) €9l ONeepfs ffh Lﬂérmmswt%h thé B el 058 Qehtonid ammdmanmmd 56 Winidh R if i S1 1 €

38 tapers outward e slit opening 36, where it attains a preferred
Wi dt h esmenisesion Wtﬂ)za)@merrrﬁﬁ is the dyse foekiB4c Ihe leefLnapnulp Gt isaneafesably sulistantiglly; cyfindrisa! or

2'5 nsert fnﬂﬁ-cﬂcaﬁﬂﬁap& b1 'céﬁﬁ?ed Lﬂﬂﬁran axis that is substantially parallel to or collinear with the longitudinal axis
of the housing 30. A pair of lugs 70 are-positioned on the end of the seal holder 58 near the axia! epening B0, to

ﬁ

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
-8-



28 into the slit 38. The slit 38 may al so have bevel ed corners 527 gt jfyﬁNsZﬂ%
| ower end, opposite the neck 42. At its lower 30%end the slit 38 connects
td the lead |umen 46 tp facilitate fluid comuni dati on betvveen the slit 38
and the lead |lumen 46. The lead |unmen 46 preferably % in chanfer
54 anW RS ed transition 56 to the slit 38. The preferreé i nsi de

di aneter of the lead |lunen 46 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

bef or e or jrélisall & m:aiealoaz betwedntthe #aogesti4rag) BOlateral dxtensiohsed 3a) 48hg dheqelopbpriggsray thene

uni for ‘%ﬁo&t%%@ﬁ%d v it i obSIOS P OB O T ot o e ey

t op of gaeeh candes 1R fihr3€44 18 auhela SRty bow!-shafed@r andaﬂl‘daﬂﬁ@ﬁmﬂ 2s\YD efi2d G465
PCT/ US /21 However, upon installation in the hou

k
of t he agdl prenrg 0 peanasainsy the vidersiderohthe fange 44i H@)hﬂ‘v!ﬁ*raped@éﬂﬁs/ﬁ @‘gﬁ%%ﬁa*‘t“ '&P'fl ”ﬁZS
oi( Pl ai Rl glrtgsﬁkéﬁe Q6 ]gdtotﬁg Ilpﬂﬁ(emnEBQfHé’sﬁﬁelﬁﬁ\F ﬁ Qﬁ‘d’%eﬁd@ﬁ gﬂﬁﬁtﬂh@éd?ehe sih terns

seallng perf vary width o he slit 38 after
i nt r odwymhihgcas amfthus euiyscesrt@ahLu@f ih@@ﬁh%ﬂ@'&‘fmﬂl!ﬂ flﬂt‘“ 583 prefophalso gipyents Jeskdipg gk 28 i s

not shown |n FJ BA for lgk i t he
A r ang vl stos R o BRERRYE B o B ot 8 e el v P Mt ¢
m ni ”Um:evureliﬁd‘lhuswfamﬁtei drelativele thindfR bhmthbﬂm& 44, 1whigh ephasrey ttlestal"nmltedﬂrmme ef|thet 38.

Due to the relative narrowness of the slit 38 at the region 50, the slit
38 dra®¥3%p against substantially the entire perineter of the syringe Luer

ﬁﬁ at that koo M iluskdEnd fftGondf the Vakediay yling Lief U8 isheeriet it and vithdbwridetmve en

)

e slit 38 and the Luer 28. In other words, the open slit
38 at - the Nt 39. figire 10 Sows the yalyg 20 prigifp inperfian of; PEéwwa*’eH"% e“lespE'ﬂé"eL{}é’b r‘]"eé%es 210

Fi gur e?t:h%%nﬁi? glo%tp orSIPgm[O’ rhdi@ted WEE b&th ki@ghSthé bealB8d, imrked 1€ velyl thif {or sibStadtaNy body

portion and the transition fromthe region 50&? the slit no
| onger naexisteatipath thitiwese s betevesaestit wally &, b. Tiigethig pp 'i'“ﬁ‘ij@“’?fb?é‘lh thicknesy b UPAY gaps

[5)(73r i gg?lglg%gg rnE %Qsttantla?lhgﬁﬁ t@quw}l Qﬁth@-ﬁfifi alu&uh& flahb% r442$hls dokitd ReFictyMMichw t he

€ ope y portion 48 is greater than the
165 1 cunfhoginieaeabi2 strla:etn keabuff tRBuathiter 284k Fighre 1)chr etben mesicall dpvice gineeptedste thadyeplogk pel ow,

this a ement . of. I|t nd a

1 uid- 5%?88‘?“&’8%‘“%‘? def‘ nes Ehl%l ivel‘? &l ]m&ﬁtﬂ%im @%ﬂqﬁ)e&%\?\? t%lﬁlg&eg %f%tSWtLuer
seal , walf 7B Imé:gme 8sad mmﬁagrt nefemncb tocnn/mietm mguma Zf thasealt mtwﬁhlsmdl" mepnydesiime that
syringe Luer i s r es

cont | gapEER & ol i st o i e 1 3 s SRR P P il oo

t Ihter ei gi,{;h ﬂ,’h%mh}gmswﬁgmgﬁhdt@d mﬁfamtabdg?e uftmtﬂshwsof rmlt ded pol ycar bonat eO (r)]r
alternatively formed froma it e as as a
29eal hol der Figiss 3t and d2haw the v T‘ﬁéﬁ %ﬂ"é&e f"ﬂ'@ﬁhﬁﬁiﬂgﬁ]@m 05'5[1 EterY 'F%tgm%rﬁ% grsgbl y has
a  cyl yadeal £3ks 40 bbeh Sttichbd P Forcedélmidid/on ARl Sanuiirey, 8 leax gertaif whichBretratest | on
sufficient to hold the seal 32 on or in

i nt er f biojtheglit A Esaif- o} dispeipighe sﬁtfaatdﬁ@es\f"éi’"?@daég“w ﬂﬂ’i‘btn@‘@ Fheg%ﬁgé'whﬂg@ éfﬂ"aléfm al
0penl n%% a&ﬁ. 236 widtv € TRckal BfhusaRehit ficsto f6v0 etk BB Shringe 46 amipNi NgS

62a 6 ave first and second top_ edges. 63a, 63b t hat
‘eatheter: 22 ln addition, the. skt.38: nnw defines:a larger or-maximum interior volume V. Voo cnmpnses the entire
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 heﬁmeen the walls; that is, the internal volume within the stit 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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conprise the edges of thesside openings nearest the axial openingl6d.JAN 2005.
| ead cannul a 64 (best séed in Fi gure 9) extends ftorhthe Luer |ock 34

t owar d two ¢s0Pening 60 and contains an internal Iunerl,c@ﬁUg\hyﬁgw sin
fluid co ation with a lunen 68 in the Luer |ock 34. The |ead cannul a

64 is preferably substantially cylindrical or 25 frusto-conical-in shape

and cent ered abgut .an i s that |aI r 0 r
o h e he: | ong ¢ g kb et el of S8 RO Bl g et s AUyl ol
posi ti.onedephy  Rguraed: Bthhetsﬁ]ﬁ&&ﬁﬁﬁ\iamh@h@ﬁfaal5§’aln§t€tmswﬁnbﬂuer>@8&t theyegion Eﬂglf Gﬁlimlltﬂo
permt a Luer lock or other threaded _connecti dnﬂeénot hown) t‘rﬁen éﬁ‘?g@

engage t hewkdasthasyrimeLugt 28iivithdraymg in 39, theglisplsed ““é g e
and 4, rmsﬁ%aggll fnidE re \féﬁij ST e%f e GaH@Q@%eWUPemuﬁktaF\tﬂﬁ\r Moethe hplaste ﬂulrﬁﬁust avdt tea slithe

first and secon tera ext ensi ons 43a, 43b of the seal rotr drle
fronsthe-f 3mnugmm leareoamiel 64 and bueblpk 34, e witing inpositaiisw fmﬁéhervwc?ﬂwemﬂﬁ ‘?

seal 32 is sit d so that the lead cannula 64 extends at,|east partway .
into the" f%’ﬁ'@ef "“facilitating fluid communi'cati on between the seal 32
and the Luer. loﬁéﬁreB% 18 hﬁwfuhrﬁfngennMe \mmu?ﬂr dlsclnhdaalmm uhucrnpmmrngraﬁua deginglele under

contacts the adjacent edge he op

bot ween t hErta PRI ST el S '8%"% a4y AL 'Xg’éﬁt"ﬂgﬁ’“q% iﬁ’&ﬂ%‘m’““g
openi ngs G%ﬁ.cau%’éaméem@bﬁag Edmu 60 &K @Rfor Bolh@nthé 6iR oﬂm@& azncmbatemammbrmﬁwm@e
44 and the 35 shoul ders 4 43d of the late Thi,s

arr dfige rre nikoldgr8 ta spesad agenan @ '—'&b&!i! 1&laxqpegppd fxa '-&"’E 3?1 i '@’"f“j'l g&frésm '38"35”33 gy’ the sepl
2005 .. ﬁ?%{’%ﬁ@%e ! gﬂ_ s WRrdurdi O 4 dfitagdus toPREly hBvalvi 20 Bidha Ludd: Aipl2Btavehe mahizhe

fl ange 44 an extensions 43a, 43b. The preload arises as the
shoul ders Zlaleqommsmmusmgaewguﬁhﬁh?éﬂe!@p’“@él@ésea'@%a “63b" and the flange 44

bears against t ﬁ‘ rFeeﬁ %{a{ﬂﬁw w}‘l’mﬁpﬁ}q cfnﬂusmﬁh witlEcuR b SRamRalAfR Sralcin

flange 44 to as¥ ape concave configuration as the
edges . of.: t-Gumparieogit@the mmm ﬂ@luﬁw aﬁomrBoﬁlghﬁ tyset of thbusing. 7 ctker tgnecdisclesed: bpye, PavdREn 44,

Th W -sh d f) 4 f
e I8yri B eRageacoRot i o pto S ol i s e B vk LA ol |

tends t 0 pioeoft afd QSPkhote thdmetof-a eghe 2D Mgt ﬂﬁ:dwmjcuunhwsﬂ withiowt rtkecsse eftsbart BNCiRy  of -
the seal 32 to prevent fluid flow The preload also prevents. ‘buckl i-ng of

t he seal aﬂ%@f‘?"ﬁ'basl“%?ﬂ@ﬁ"fﬂﬁlﬂ%al axis and maintains the sides of the slit 38
in close proxi Nijes abociehifl SipfefeRaimethed df ey the seall32e Figst, @l painef ntefoons 2p2e0 Pifb e a -

relatively thin slit belowthefla hanc
per f or mancwaldgd between fiest and sepgad Mol W‘gﬂﬁ%éﬂdf@v@@%f‘ |2§ srfstp‘é"?gewt %gmﬁ) %ﬁj@* ?%Znhag
tslhlet MggveFﬁeﬂaﬁﬁ&aﬁM ib 88 tilat! Wthe%&ndle‘@ed isdal0R/ foritil a Wik ob tha st 38\iste! Figures,0A-7B) drflange he

urelOs ows the valve 20 prior to.in I on_of
Luer 28:. aportmrnw ipasorintenrafiemalleq into Jegh- Erefﬁrr"h%@ dhe @ﬁﬁiﬁﬁhiﬂﬁ%ﬂ"ﬂw %@&agé eﬁaﬁgﬂ |
hi ghl.y res fER bRl iterl: tuﬁameed hlftﬁlh'( or
subst anti a f{c“; non{eldfm%c%“ﬂ Bg%‘ﬁdd?& %ﬂgﬁggtgad'lg a:%ﬁac% t ween sl. |et l r
72b. -This udmﬂheluw) torflow bativesti andiconpest the ﬂame@ms%wﬂhe@ﬂlﬂ'wrfw'apfﬁgm m@dﬁj"%’é‘?"dor( _,

(S:(L)IEZ;[ ?Inglna’lf lgrﬁtcweg{wgngl t%cprﬁtgéseaiﬂg Vdﬂiprﬂécnt tpﬂﬁaraﬁ* W mjghﬁngbﬂhéﬁﬁﬁsﬁthﬁatécnhla:ﬁﬂﬁm %mf Tokthed
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 feaking between.the halves of
themold.© . S . |

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
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15 through the seal 32 so as to seal off the catheter 22 (see fig:ﬁr? ?E%No‘[ﬂﬂ
ot her nedi cal device_connected to the Luer Iock'\34 At thIS poi it "t

sl'it 38 al so defines'{;}rel atively small interior ol ume V, " W|th|n t he
seal 32, between the slit walls 72a, 72b. (As used h erence to
an i ntWR PHM3| ume of the seal, "relatively small" r@l"gs'i}@ll{? that is
ei ther nonexi stent or cllnlcally negligible in size ) In this initial

state, the seal 32 is situated u

gtﬁnthelead caﬂ)gI 2 ug} 'Pé%h
subst aff42a P06y, nimal 2o prefams @ig 20dndelinecs il cayly ofplump %Uobf*f"vf f wpls g theo
Fi gureg, ld&ﬁéﬁl %zmlseﬁffa}oﬂe I(iutf]bgedgf:.‘loyﬁe grgnrﬁﬁ bk, 200 arid Wbt Shel ALY of 2R idRIhHal@EN

conpl et'e It 3 The seal 32 has al so been stretched or
forcedzdft:y\zmimrd onto the | ead cannul a 64, at |east part of which penetrates

into thesli eIf 0 | d flow
pat h througfwtﬁﬁ@ Q’Par%'f ‘m“fd:lfg‘feﬁza@ ?@bte aid{&?e{rﬁ 01'/[\'/3% az %ﬁe@%&ﬁ%aﬁéﬂ%?}?iad to a
pat h WaghttionallthermobEtenateeis mﬁﬁedﬁﬂwﬁe Aidrappatatis fotﬁmthelmnimamtycm d fove ghe rembiaessfr | nge
24 and the catheter22. addi tion,

|
e Pt 2 ket i g matoia s oo uof o e mRonls RS AR t? BB 01 o

the slify Mﬁ({ﬁ% a?e%ﬂﬂ sn%&ﬂlatl h@tsfﬁlmttﬁ'é%ﬂéﬂhdlh‘iﬁﬁ i ls®RionaPmAdrialtidjeeted Mtartht muld(cdauity not
the interna i me of ringe Luer 28 and | ess that gga(rlj %aﬂ’tﬁf t he

| ead c2aHrhahdg tothe ms‘@hthhl&@ﬂ ta'i*dd@'@ﬁ‘hP prioes of e sit B8 o theceompieted ‘under
Pr eSS UL B g &\)ﬂq,ewf%e%gﬁf ?X'F"%“ﬁ’g f(;k% %%g@: P o Yretérhs idzu 'PQfeﬁh!P sﬁeqa&tm! doy

equi val'e now between the slit wal 72a; 72b.
fthi s i sre plessed myedmnwmlssu@aﬂs fu&i' diring the guame@msemcamdo wenmhega#@@almteaﬂdmm show
the function of t Lt 3 faaq t he
- val ve Bfgratingighween Jéwq g ﬂe‘ir;‘l’ %%%naﬁl ea (F:eglgn‘;r%ﬁ pé%cg%r ﬁ'x\?l fie g]m t, the
) slit \A@;b\le:&m(?@@conﬁﬁbg facs$ ¢f &8 hreforms 202kaih bandingad dagh olliarahmngd‘temgmmwstell confi gur ation

to once agaln define a_narrow dt h hin en them
Thi's r et ractierepyd Hafps 1may e m "é’%&“s Wégpnﬁ)@ﬁﬁ@esgm Rg&éf%n%%mﬁen t he
wal |'s; nkibak 2028, 20008 definb 3ma&éamwcztzwma v dedaiibed dbbwe, ainprtsesaﬁh dps sgime bmaesn thg from
F1 t he amount of fluid within. the Elﬁﬁb dece omV.,
1/§ccor dWﬂ'@P‘y‘hﬂ QvpEolf aneping 20§ # the ovter edaay ‘?féhef’?g’"“s 2952[1; 'saﬂi g(%ee? ﬂ'@ ﬂmfsd’l il' Bt rom

the sl es¥Bad. SYiislotbaila lopbfig tHUS Ihﬂl ¥4 ﬂmiﬂldés@mmxlm&elﬂeqial ANt 30HEprefdi®
05 00/l RflesYBad, M S WicloRffidoftif (28 olha dheplaced, cangol f) owout ol the

slit 3sndwinhcndsl of neeryrabhpf thefovermld n@*@%ﬂ mlsfiﬂd thegein oo reloms 2003, 4 ¢ o
Figure M, ?,ﬁﬂeram gﬁ,l,d,;@&n% Q?erm}nmd Phatd §12§n3§ h@m thﬁ:@@ds g:@ﬁélltﬂ’éﬁ ihe prbfonh seidiwicm ges

Luer 2 ere | rum w d as the syringe Luer 28 is
Wi t hdr Bmhxcldelm almam imempld plpte theiebyspfiescamail ltav*u that, pispcRCiufgs Gpen s et Ot § or

Zﬁlet helg?,,y M) {f{g.ﬁm[l (éﬁ%sl ?a[aénlaa %nP HE ?uterr ﬁl} eféﬁ'@tawﬁychoh% sm%ﬁhé’tfnmﬁiﬁﬁi s¥ah! ke of the

r ef | spl aced must exit the slit 5 38
t hr oughefarineznze,ezdzm dlnmdddlalﬁﬂﬂimdﬂﬂgu@mmfe(ﬂélk copfigured with Argiactings: F"i’ﬂ%é@i’"ﬁF WS | ow

L e
) desi r ajabded duAshake ovepdald, Atcordingyein this mlgdimnnﬂie dverovismaifFolhondx iph the edaes andto thei n
kg u_r eosute:rl'fSace% gfdthelp?efgn?nsemgg gﬂgzlb.nl%otﬁer wmﬁé’ this glyeﬁ"zatﬁre Q.rrér%ahlf _st?Zp indolves r'ﬁe&ﬂlg the overmoid
25 * materialinto a mold cavity that surrounds most or alt of the preform sandwich, rather than overmolding to the anly 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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vertically between the axial opening 60 and one or both of the si %
openi ngs 62a, 62b. Tpe\ break 74.pernmts the seal- 10 hol ddr58 to s@realé\Nog%
as a Luer slip 28 (as appi sed to a Luer lock 76 ,shovvn in Figure 17)
inserted into the seal 32. This spreading action has been found to be
advant498y¥63 or using the valve..20with at.uer slip 28CTASOVHA04 3] ve 20
becones less likely to squeeze or pinch the luer 28 out of the seal 31 c
Figure 18 shows an alternative confil?uratlon of the bousingi 80, with a.
curved or st iRekexing torfiadres 24 pp2ly amh@ten'aﬂ valve pysebly SBhis depicten thatvpay e vhed idideigtros ed:

above @,‘lﬁj Qﬁﬁer‘l’la%”g{“i(&"?a all’lenP()(}’ll i dvafvp%ae%lﬂglﬁ’@qﬁ%@?% ??l?eqnn%%m{'ﬁnuﬁa anigve an

ext are Ive ertal- such
as a-. {Resrrupined itethe mmms pﬁnﬁmaﬂe eidane meapl%ﬂmmrthe cmrmfa(mz campiibes @ PICPr onot e

t he thenme of a valve 20.that provides C nn ctlon w.thout fhe use of
sharp; et G 'ﬁﬁ"ie‘iéﬁ'aéﬁ’é 398%“’?9& reﬁﬁ"@lﬂ‘f& "Bkgg‘é“é““dli'? g‘iﬁ" Ve BOWEYSY, e ct

as pr ef ediufith A PPl vaRE 300RkKY R YorhdiRd &R cardda 302ivie 8 barbed fitliRy J06 Dilegrlly infid Wi, 2024,
202b are nolded between first and second nold pairs 204a, 204b and 206a,

206b r ethipvatye 304e|0f coursatEr tunes plerrecioDmayhe e@plnv@@mgi@ﬁ@»rbat noy fipjted a0 34bsIve, on 208
t hat, 'cﬂg&'ﬁ P%urﬁﬂ@ﬂreﬁ %?!&%ﬁ@t{%auc e d%nn?ntiwlhl o { t;} tfzﬁ@ﬁ %e éértlmﬁ?fo é‘i’%ﬁ'ﬁt@ Jphir €s

6A—78) Rt 'S aso I ntegra pref orns
202. Thmo spatimés wécuistive a filidanigS0Hoat ke (hspu@l@mhm he pmwfobthatainlaS82, extérdingdhrougn t he

. f.th 208 i.d
ot or | A1 P e A Pk g !0 B & Soefn B il MR B e
the fl yHgindanbd t@:fih‘ied&ik&ﬂne Efdadytraand aga peggiertt fandy ihaeaﬂéreﬁ\manmlamw Sahaamhhifﬁ h ed
t { t
N  er o9t el o i A0k e e e e B0.58 A% i i P 02,
204b angibg Oﬁﬁfeaﬂ%%l@ pidafird ¥AG inby ¥ refrd fRvng ehe adnil302 Rplhid taé bldo&trﬁahﬂs whbe

tenperature of the specific material used;:: Pressure maybe applied as

needed teigstprdy dhse chalitin ithe|arty Aernatiesyi the GuivswiRRA8 e sranufa 107 aay Eﬁrs' EOURY | d:
After k@ée@ggﬂd &@@&%{mh 91“’{}99 bibdEReambo aﬁé?l't Q\d I?I%}e‘.ﬂ?e? iR QBB ORA be Mhdubl. t he
st po

pr ef or sitione hem are pressed together with an
Iver nol d pl &t the eare thabwe catletqe&ilztﬁeqsmtewluﬂmhm \oeidepyisg pmen thesgin o @pepening dn the

Fi gur e??&ne 05 {%&ta :irﬁg,f O@M%.rggg@mﬂq Sng{tbgrt]l%:%%arf Q?%th:?&%la'apz B! 'uEbH' ﬁmﬁ&u&w th

t he ou rises
gener ahéegle krlowm & thsk at dtrtlbrotlny a@ Indy é tsd snintoodese tho | cathesgseand pedye zismlﬂmfiﬂm r'ﬂlm t he

body 214.. Th
the out et Ref et vBHE e il bl BB RS kR Frgh Dbt eI | °
that pemuRCDS isf gropery plaeed Im.ﬁh\/ﬁ!ilslploanl theraof af the limdnnpamofmgpaﬂmﬁ Hhectatheber ngl wahe

| ead, | unen see . Figures 6A-7 durjing t ocess,. as w ||
20 o s S5, H0B I Fe paiihE o PR al B et G o PO E e B
hal vesingdson @ QitReteryifto b htiey B ltid cpth@tiran bRy sskenbin ACA witlRg® tisétioy method is
substantially planar. Thus the nold halve -10 0 1 JAN 20 Vga 22/ 04065 .
PCT/ UsHitiimthesisape st e, prespes anyentipn. Mogeousr, she "sﬁrﬁﬁsﬂﬁ gy b used Wity agy © &ML 3 1ol d
) cavi ty qode ol IW¥R 2620 between the walls of the overnold opening 216 and the

outer edges of the preforms 202a, 202b, and_between the faces of the nold
hal ves Figure 22 shows the catheter 302 in fluid communication with the vasculature of a patient, via an insertion

25 site in thie patient’s arm. However, any other suitable insertion site may be used for the catheter 302. As discussed
ahove, various insertion techniques may be used. For example, a conventional introducer sheath or needle (nqt shown)
“may be first placed in the insertion site, and the catheter 302, with or without the guidewire 368 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.
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204a, 206a. Wth the nold apparatus (nold halves 204a, 206a angq) ver nol d
plate 212) arranged ;acs\ shown in Figure 19C, 5 adﬂitional t her etJAN 2005
material is injected ipto the nold apparatus to fAll the nold cavity 220
and f e .remai nder” of the seal 32. Pref erably, al material
S inwgﬁz@g&%on (i.e., a few seconds) after the pref olrg(ﬁ@ggwlgdge nol ded
and while they are still sonewhat, hot fromthe initial nolding. The

o o renn ol b il o i e i e 0

seal 3% 5 bathe S o fackEiteiBnnedsibtant]@ @ﬁ:hzﬁ!?tﬁdi‘ vadbus tnfaficaPddibes koStheaminak dechsQlitt 0 t he
"sandwi ch” of preforns 202. Preferab the preforns 202 10 are pressed

.t oget heafivexjof ﬂm@ao thie aatien threugly heecapnyled ﬁ@ ﬂfitwée favé?nwnberpgrfweé@@@swwmp ey ent
the addt#v%nlla na}% @E%ﬁﬂmc&s&gg Ielgﬁ thie, 1%9?ngﬁ\ye‘fﬁﬁFha?a@@nsﬁfgniltﬁﬂg@ht%%hﬁ% fyces of

t he prg reserv atency of the's preventing
tshe coednmdal étidhs hmmleaf luer#we qgnmé tiprises F@Ge 1,114 lm helinyegediingo theaive 3811 mg khedur i ng

t he overnold ste he ov e \M ess
appr ox e e e b e e B Eent BTz A 5 98 s el st 8950,

t o def iradal G0h&syfimyif, dhe %&QSMhﬁeals e prokideband heid cﬂbﬂa/m amiarepies @eiwe fidveasopen
space between the 15 walls :of the over%d ?{{)sﬁgl’gg 2;’*9 and the outer
edges #ifcussad @bopg. éﬁtﬁﬂ%'?m%mv?@!ﬁ‘dmﬂﬁ@m@f o #€3%¢ the nol d hal ves
204a, 206a. y Higeshiael Wt Qw QRSN Midicd! BetRe MbyIR chifded 1 e GluD 8IS sRIPRNPKigeRL el y
equal to that of the preform sandw ch, and aII or nearly all of the

16v er nosdditiowaitcannulag] et rigr dhspuepstsiobiultiansiy prcler apsritr dlesired pwrmesa g Rsseqnfin Rowe 23 def or s
202a, 8400 Ra e %%&H Rahd Miffe m&cﬁélmm ik Ifme fomltlﬂthpt ufe 3321%d gRY have

a thi cRNESS gre an the prefo sandw ch. alternative

) over rm.badenpl Bils erdngeneiogn mheilé el alvantsped incstiationy whitfezalft 50 A umv@gorw@n space

)

t haF Cr e%f \?(?}BM% FH%%L;W{% repfaee?lh @nﬂ&topﬁdﬂvfﬁay ;kﬁgve‘fgsﬁrﬁluﬁ Q?ﬂn&uﬁ&ﬂﬁ?\%ﬁﬁ he( .

faci ng e conplete aces o or m;
202a, ﬁﬁhﬁb 302Nachokpdsidgakecersml Drithe paﬂﬁﬁaumuhtummftlemmlay ambnarﬁacgimﬁ)d similarh

proj ect’ions, ridge channel s a or. the |jk ce

1qur i ngtopegel ocgny %t? 5‘?4’“@'@“%’}'&'}1@‘% Lgfegﬂmw'ﬁ"l E' Barjv(fjgg‘f rﬁaea[s E}' i L@?#Egt Bget her
as WBYcoﬁ}@qmr ﬂﬂtﬁﬁ‘ﬁtﬂmiﬁ'ﬂlﬁde&]@h%n@l‘éﬁﬁwﬁbdﬂ Sro\tlanigtiomaie\patientrand dilt me mmmm nt the
overnold material bonds to, hoth thgths es angﬂho t he ut er face

pr ef ortiicapip 402 whsp Hie compectst 4{ps sty “aﬁ'PtF 3‘!"?'\7"@9"8 ‘f’fmtsob"@t"\ieﬁ"q"nvol ves

i nj eCtdnﬂ‘ﬂooﬁ fﬂ% VRS ST dmidon cliﬁ:%i%ﬁﬂh@hmh NAsGhoiun MFigthe 23 Wielsiych bdRktos400 M@bedR NDSt
or all of pref orm sandwi ch, rather than overnol ding to the. onlyq%t he

edges GAVE pmnepﬁn@rotsrhwtcu Megicgl, dncp) Hewexory 2oy coppestor 4 ifier megica) imalpment gy deyice e
ﬁver ”ngaQedﬁ ﬁ:m:?n'ic%oh fa\fnh ki1 vm%ﬁm W drdddc® Huil B MOpAEARGr {oWRIPIVEBIRE WBm the. 202;

er enbodi nent s e preformmaterial and the overnold
nat er mtnenhm}udnm thygrriotsksmitgd fof w@phﬂe qgunectory gppdlelpss (cpnaagtosy medics) | tebingepsyingss A1 &Y+ or

rmanuf aq(fl'}e}’lrrn@tsﬂ ms{)ﬁlﬁ\en? 'l?xladpvlceasf el AGHERGRy %Q:Xtﬁeter-ﬁbférﬁ eSS0 FesthtRBON SRR " @

flexib refers to any nmaterial sel ected fromthe class of
sui t alroseds seshablentatheterahub which dreseptsosationt infctiony andhigadyayientplpss f blgod amopn pheret e,

t he nol d haI ves 204a, 206a are renoved fromthe seal plate 212, which now
cont ai @M% \hst antial |y conpl eted seal 32, as seen in Figures 19D 19E. The
2sonpl et ed swetbaivd 304 rﬁayeasbelugedmimmnﬂardmm tattiestes e, e adive 30N 4 cathatdr 30Be seal

gy g iean s S v Py R yeBlR Y Fpwofin el 2o o ocfihent e ichs
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.
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-11 0 7 JAN 200! WD 02/ 04065 PCT/ US01/ 21904 Referring to Figurqf Zééﬂ agéz
a catheter and val ve,assenbly 300 is depicted that nay be used g i
fluids to the vasculiatpre of a patient. The catheter and val ve assenbly 300
conpri ses an el ongated cannula 302 and a valve 304 connﬁﬁgﬁg %g t he
cannuMi0 8204068 proxi nal end. In one enbodinent, the cahh Y2 onmpri ses a
"P1CC cannula. It is intended that the valve 304 generally resenbl es the
val ve 20 disclosed in detail above; however, as 5 shown i $ gﬂ %é t he
val ve 304 rreAjthdogh tigciversiort hechean iscloped indherseipria estin Nﬁfeﬁeda“mbrlg'fnﬁf@cf" Palen § Wihe
|ntegr f or, , effodi@enyIeCt i on
may be 5 ‘f%‘i}’ggﬁﬁ!’f%f‘ tﬁegﬁ ﬂ%ﬁ{'e\ﬁﬁseﬁ qﬁemﬁﬂeg&'%%y%ﬁgﬁ%aegﬁ%lg %@ﬁﬁ chem cal

bondi ngp otkePileraatie, em&dﬂrdnérﬂ?srammnuyad df thamemtioganhebiicls todificatione endiewivalentsiherserc Ehustity

oLl G B o B R BN 5 © =
et endigne it B Qbsaied hdd€ bift §RM b Betefinell 44y by Stbivreadidf b the datmsttiaefolpwent t hat t he

cannul a 302 1 ncludes an opening at the distal end thereof, the 10 guidewire
can be threaded into the bl oodstream of a patient and, thereafter t he
cannul a 302 and val ve 304 assenbly nmay be slid distally on the guidemﬁre
308 until the distal end of the cannula 302 is also within the bl oodstream
of a patient. Thereafter, the guidewire 308 nmay be renoved | eaving the
cannula 302 in place in the bloodstreamas will he understood by those of
skill in the art. Alternatively, the guidewre 308 and cannula 302 may be
si mul taneously placed in fluid conmunication with thebl 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 |unen therein or an

', opening in. the distal-end of the cannula 302; a guidewi re 308 may not he

necessary. |If such acannula 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 valve 20 assenbly 300 nmay he introduced into the

bl oodstream of a patient using many net hods known in the an for

i ntroduction 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. ' Figure 22 shows the catheter 302 in fluid
comuni cation with the vasculature 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

techni ques may be used. For exanple,. a conventional introducer sheath or
‘needl e (not shown) may be first placed in the insertion site, and the
catheter 302, with or without the guidewire 308 positioned therein,

/ advanced t hrough the introducer sheath until the distal portion of the
cannula 302 lies within the patient's vasculature. Alternatively, the
guidewire 308 alone may be first inserted through the sheath and into the
target vessel, and the
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30 cannul a 302 subsequently advanced over the guidewi re, through thhé ghRapiss
and into the véssel. Wth any of these insertion techniques, the

i ntroducer sheath nay advantageously be of the peel-away type, so as to
pronote easy renoval of the sheath after the guidewi re and/or cannul a has
been advanced through it and into thespatient. As a further alternative,
the catheter 302 nay be inserted w thout the assistance of an introducer
needl r I the guidewire 308 is used, it is advantageously
V\Athd?\aflm@%%}hmgbggenbly 300 has been inserted, freeing the 35

cat hetler 300 Valve usealaforaukbuird-alehedieal \alve [Thawingyv amdinteskdceddon dliid - 12 0
7 JAN 2005 V&Dgg/ 04 65,Png Lésgaﬁ{dzwowllégon Ii nsertion of a distal portion of
the c&RANNUNISAYOR Wi g Hir H?ﬁ ! CYICEA PR FPBIPE val ve 304 functions as

a cat heter gt bAdfiAGiuld ESFPAACARA WRR 1RO HHteFatX Cd 8BEEN® bnd aldaptsd fRdi cal
devices to the cannula, as well as the delivery of fluids to the patient

t hr ougécaive acsgaendanedical deviep,cd aligast one sliteip Tiwid pemnyiniealiophwviti the
preservi d .of the valve 20 discussed at |ength above, i.e.
posi t?'yéet%dt)%}v?dcﬁgér%%ger@“ﬁfq’cs, fluid-tight sealing of the 5 cannula, etc.
As an examphe slitinLare untlishabsy rsta@ebding sUbsanbialy pemat, d&iining amegtricted
inserted into the val ve %0,4 and tne_ s%/ring?e operated tq introduce fluid
throuéH'dt FlewyBRe 28842 JREIYENNIME! BErToR NPTRE o BNACYRPIIBRE" @ APk ur e.
Upon b o} SHT | i ; % mal
end OPWP he cmtrf’aégsgﬁgn%f Ig'nggrt %Vgoq%oir!]tg i é\ﬁ/gé}éffc}ﬁvggrse@%gfgfghggle ag’g@g’!

Al t er rempteefrom thicoslid openirge anidta degiom of tapering witkh batwegrattsogditapening ve
304. It iﬁ conterg?l at ed tha.ttan ui tabl e nedi cal device may be connected
t'o th@ngé ¢ £e98Y O THRINYD W'9 rbé"égs 10 additional cannul ae, etc., for the

pur poses othd bkt Gpbhans fitfoduictibArofany setbrd niedicaletbvicy PRS@n diserd®gih in
Figure 23, a connector 400 may be connected to the valve 304 and placed in

, C y ne v
f1 ui dthepshitusPERINGEN GxpANder flushiiow patin 2ngra) larger INatoreyRluMen BHdayRGMgement
can p I e I i It I NS el or ; f a
oo b SREIRARIER (A RIRS By ! B BBEY i b I e
connegpattr atlR@st partiatly rowactingpicedefime e rebtricted Gowpath atridoa rekativellyrsenaltannul a

302 wi thout exposing the cannul.a (or, the patient's vascul ature) to the open
ot ey dRe o e atedt RPRHve Y8iadlaih kb Fitotgn,t G pRIoRIG: cal
i npl enent. As discussed previously, the valve 304 reseals the cannula 302

while the connector 400 is being replaced, which also prevents bl ood from
f1 owi Bg fr dhet$ealpeft Claim anturther cameprisingi fist amddsesond faterahexidnsi®tR? when

bot h PHPGaR o Wi HPgor bbb i SeRbins ok aterte AR AR Il one.
As shgé/gpo,i, of fHeOndsk. 23, one such connector 400 may be the CLAW connect or

sold by I CU Medical, Inc. However, any connector or other nedical inplenent
or device may be 20 placed in fluid conmunication with the valve 304 to

el il g, TBRScAL B AT 3 FRteifnp 3 < e B30 < BhotEnu. g At

connetigistrisarricedefoné andhiftey insrtiomgetheosecomd metiinar dewdé.cal i npl ement or
devi ce. Thus, advantageously the catheter 302 and val ve 304 assenbly 300
creates a closed, swabable catheter hub which prevents patient infections

and i padveffgniad| 06 CMinP10Ph &R IEBElon 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



advantages. 25 The valve 304 may al so be used with a standard hub Bof 3AN 2005
catheter. 'Thus, the valve 304 and catheter 302 nmay be an integral unit or
renovabl y secur ed by luer threads as shown in Figure 23 or other attachnent
mechani sms known to those of skill in the-art. In Figure 23, the

cat heter-302 includes an integral hupg303 at the proximl end thereof. A
distal end of valve 304 is threadably engaged with the hub 303 to place the

val ve 304 ' [ t t

Upon repl aggﬁ%iétveg?e ﬂgﬁgﬁn@égf}%rﬁf}ﬁﬂl%c{’ Eﬁ%%ﬂcﬂe In ﬁfézsméeth@g Sé“%ﬁga awal
of the conerdteingidBposen ssaitidlangbve 304 to create a positive displacenent
and prevents the distal end of the catheter 302 from occludi ng. The seal
32 of the valve 304 may be cl eaned as di scussed herein and a new connector
of the sanghe)seal 6f Chaifi 1 RirgeY cb}ﬁpﬁ:usriﬁ?/a head |Lreed at thd fiksk @neIOtABIRIGAt | ON
with the valve 304 causing the seal 37 to open and establish fluid flow
bet wekiNgmebaig netisrediom Y axie weﬁt@rﬁtalwhp@ta@ﬁl Vel o Slinegaidwitht Bet er

302. 02/ 04065 PCT/ US01/ 21904 Al t hough this invention
has b@éﬁ'tgﬁj@gfé%ﬂgg’?i e'cont ext of certain preferred enbodi nents and
exanples, it will be understood by those skilled in the art that the

pr esept in ntlon end be ond the specifically disclaos d enbodlnents to
ot her /al te %tsle\% Ogr?g i Sﬁge%mBP”%q’ﬁeal sHRSRAHY Segtansasus

modi félﬁBHf@lBilb@é‘ﬁwa‘?&#ﬁl‘@ﬂdQHb%écmé eefnanahw&h thé botlg intended that the scope
of the present i1nvention herein disclosed should not he limted by the

partlcular di scl osed 5 enbodi nents descri bed above, but shoul d be

St eSS bR g I e B BSpRALER B B 7 O 2005

|nterface for fluid communication with a first nedical device, the seal

conprisin a first end in fluid comunication with the interface, a second
end adapt ebhe Feal é&e@laéma1s@df@ﬁ@nnm sadl iSearaptedatty expan@ fudthehepenit in

flui g? f ed Sﬁ%{ngocg Wahdret NG ﬂua ?lgd'Fglt%dsetah oSESRY aerl]g\at&é]?clgeq#r in an

undi el ng substan anar efrning ares fluid
f | ow iptdrivramiUrae rarichat mlsy pam’ellﬂy neltraets tr defiriel aerelativelyc smarlestlog athegi on

mn a region of larger width on a side of the n  of
i ni (AT # @AV spRuer Ryffiehuolie Tomeniigy S the Gareation of BBl i dt h
bet wegyyt he slit opening and the region of m ni numw dth; and

10.  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.



the slit, upon the introduction of the second nedi cal device int anL JAN 2003
opening in the slit, defining an expanded fluid flow path and a | arger
interior volune, and upon withdrawal of the second nedi cal device fromthe
opening in the slit, the fluid flow path at |east partially retracting to
define a restricted flow path and a t2Blatively small interior volune to
generate a positive fluid flowin the direction of the patient. 2. The seal

of O ahm 1A MéidifvakRMr iseldigively pﬁesr?nil@iﬂg fRES B Aol &hdleneX HR Thedtal
wherein the width of the seal befween thé extensions is greater than the

wi dt hdpyicerand @ sgeend gredicad dewicr, the valve cemwrisiy: G ai m 1, wherein the seal

msert | on 8o hRyRH WL AR Kyiarté for fobHling: & copfbedT pBibrr iR 1 ¢ ne
r egi ofirstimeditalirdeviod; @ihd i s adapted to mmintain substantially fluid-tight

contact against substantially the entire perineter of the second nedical

device at &SR EBAGRAL acfiRxidieanigriahdnesephBayeaia dpwnstream ediét fled of the
secon mﬁm : g ; SHYi sing a
body g\no t h: ﬁ@%ﬂed;ﬁ%,tﬁﬁr%%mﬁgﬁﬁg% %]n Ugﬁeﬁﬁq&%wgﬁﬂrﬁfé%ﬁ ﬁl.'renl cat |don W th
t he f mgidical Idewicepaink; a adnally sibsiaptally tesed tpassage s duid eomgenumicativa second

d, ' ' h Li d d bei di d i id
F1 angt 1 4FE FRl e e g UobBaRE onpr 1 i ng a1 cad | unen At the

first end, tHehgedlgaduding®modgiridde entiexpib AutéalarchaviRgtanbivabirdamar al | el
to or collinear with a  longitudinal axis of the seal. 7. The seal of Caim

5, wheh@pRd@afeupEan ergrappesitg the gewastreamignd;ect angul ar sl ab of flexible

mat eri al ‘ [ I | o ) al. of. im 1,
wher ei n tﬂ@%sla ?@ﬁ%d@rgﬁ(‘é@a Iqré?d é\xe)nér}a%enﬁ:fi%?@ % tlﬁgjoéga%n@fmg@bm 1,
wher ecambrumicatiain wish doapasshgep expand further upon commencenent of

transfer of flkid t hrough the seal to cﬁaf'hn&‘_a relatively larger interior
vol ume and®&€ckfammed, gt ieynsjrean eadof thePe@Yi ne a relatively smaller flow

path and & yzblsablseangt drPbndi 1tk 8ié Abck BpHBE1d BRI BU, Yhe' BafistéiRe
flange having 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.



10. The seal of Caimb5, wherein the seal is further adapted to b @i $hidsid
within a'relatively rigid housing, the lead lumen in the first end of the
seal being adapted to slidably nove along a | ead cannula in said housing.
11. The seal of Caim 10, wherein the lead lumen is in fluid conmunication
with a Luer lock interface. 12. Thei&eal of C aim 10, wherein the seal
further conprises at least first and second |ateral extensions adapted to
be di sposed within first and second side openings in the relatively rigid

housi ng 13. The seal of Claim 1, wherein the seal is adapted to expand
wi t hi h8a h6h§m@dlcalo\radve definedin Clairst 7Tomheseinghasili comprises:ti cal break. 0 7
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bet ween a ré@{wé gﬁ F"%%té& %@ éﬁha?&i@ﬁ‘f%ﬁ%k@g%&%ﬁd]ﬂ@%ﬂ, t he val ve

conpri si nga ragibausfimigirhami widtgraridit er f ace suitable for receiving a

connector portjon cif the first medical device; and a seal nade of a

flexi bl e mategiog of larger wadih en g ﬂ@eﬁfMIP@%”@Htﬂmﬂrﬁ width eemetsn¥@mi cati on

W th e, an upstreamend suitable for receiving the second

medi cﬂéeﬂhg o r@aﬁnd a normal ly substantially closed passage in fluid

conmmuni cat Wbarenwthb witkh defwiinet skitatapensl feord theeslitpgperdagn tenthe tégiors el

i ncl udl.n a bo%}q made of flexible material and having a downstream end and

an up R &K opposite the downstreamend; the lead lumen forned in the

dovvnstream end of the body and in fluid conmunication with the passage; a

neck formed at the upstream end of the bod%; a transverse flange at an end
@

of tht9. nec'Eh%pﬁ'@%iC@bV@lﬁetdﬁinﬁédiyl Claira 14,awke @i éhe seaghfedywdasnifshanteast
one o, i age; and the passage havi ng
arela |\p@ﬁ?{ég?m¢¢“ g{mﬁé®§Pbﬁ@ f%ﬁgr éé}ﬁ%ﬁg%'lsﬂdl sturbed state and a

| ar ger i ntarseat hmu:lenrmttaqmu tohthe mﬁeme;tthersaﬁl Hortersearnpdsingdi allowevi ce

into the upstreame of .th ass e passage retracting to define a
st 1IUGHEAIME A TR EEIS EPay PedMe@RaIand SRR G GPaRBORAPSL A
Wi t hdth@‘ﬁﬁﬂer@ket B8d %F‘s‘?t sdRAUSE e gﬁgh,ﬁesf romthe seal, the upstream end
initially being sealed as the second
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.



medi cal device is withdrawn, so that a fluid occupying the interigry v‘gjwr@@gg
is forced toward the downst ream end as the passage walls coll apse. The
medi cal valve defined in Claim 14, wherein the lead lunen is centered on

an axis substantially parallel to or collinear with a | ongitudi nal axis of
the seal. 16. The nedical valve defim@d in Caim 14, wherein the seal body
conprises a substantially rectangular slab of flexible material and the
neck is coplanar with the body. 17. The nedi cal valve defined in Caim 14,

wherein the passage conprises a slit and the passage openi ng conprises a
slit 8peni e medicahralreaief®edsn Glaim isivdreinagl/ieageaipuston of theigadl7,

channer s, B ip G b Ring, Rab Ly Phstn 35 Reaf I &F bR RB e on of

| ar geandiadidasta porsiod®f the tdael cartiutn enfersiting ragionbtitHe sitmeteest tioeredde sl i t
openi ng; wherein the width of the slit tapers frogmthe slit enjng to the
regi o " URPRIGNAHCAMRASSIPB Of Hid SRBLAGSHIING IpEN Jap iseeand medisalriey e
vvhere|sqn%gﬁe @db thed¥apas first and second |ateral portions and the

housi ng urt er conprises: a seal holder attached to the interface, the
seal holder conprising a hollow cylindrical nenber that extends fromthe

I nterface and has axi.al open osi,te .the injerface n I rst and
secontls: b Ditih gt oats .4 BERNE RRT hish dubtiori Al &l 8 Findl sl cat on
with frhm aruawé igts cﬁ?ﬂec@(ﬂ@ﬂﬂsﬂ%ém@éﬂ dd\fcd B arderofdtravaicdl bgicedr

openi ng, the |lead cannul a bei ng?encent ered on an axi s substanti al I]yt par al | el

t o orhagan assacigtedrsasal hegsealdvsiag aghaptedio rereiveralideasn;a pagios; of thee seal

| east BT PP RekeR Ao tie il SRl PachT Boby 2R RBRN dh G

openi mgdicatldevivesf thesthetd @cﬂnpnsingah@swpspﬁrtlons of the seal body ext end
into the first and second side. o enln The glcal val ve defined in

daim 19, WHBA@BWng ke speand giRdi sfof@ the S681; 31
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.



openi ngs have top edges that define the portions of the side opepingan 2005
nearest the axial opening, and the first and second |ateral portions of

t he seal body have shoulders that define the extent of the |ateral
portions nearest the transverse flange, and the top edges of the side
openings are sufficiently renote fro@0the axial opening to inpart a
tensile force to the seal between the transverse flange and the shoul ders,
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

conf i gdr at iIT6@ Wethrd defined in CGiglen2dgvhesin the ste@egie?seﬂgngtﬁh@grw of the
wher oriige (hid e iiiHacs aaﬂa"v%ﬁdl%%é'ﬁ@iﬁ%%'e. S dl sposed wi thin the I ead

| umen when the seal is in an undisturbed state and at |east a portion of

t he Iead c nnula nters the region of the slit nearest the |lead | unen upon
axi al 2 dﬁlwen@rssséﬁctiaeb’mmﬁm@ﬁw tp dovecbeimeancaficd madigate | s

'“Serﬁéﬁcbn%ﬁgt?es%%hd Ao .&:}]\”eémee rof Sangegscgzﬁétbal \Y&af ! \gl\}él\}ﬁblrst

direction o i rst nedlc evi ce rontra val at connéc t he
medi cabm@eiginge to a second nedi cal device and has an associ ated seal, the

seal being ada ted tq recei east a portion of segond_nedi cal

dovi ce- andapr DYnaPe RIS ROl Moehfitin BeRiRen® hedion i nEniRL apdiiige

medi cgevidevas®s, the nmethod conprising the steps of: withdrawi ng the second
medi cal device fromthe seal; and ermtting the seal to retract froma

| ar ge i nt efiSea! beldgrin flwda:qn@namoagwmgwethe INterfesei or vol ume so as to

di splace any fluid within the seal in the direction of the first nmedical
device. 23. A nmethod of preventing blood fromflow ng out of a patient into
a catbeter A systemaforyadmiesteangi fiuiditaven bloarinvessell ofea hedtiseg nthieheystgm nge
and the catheter, the nethod conprising the steps of: connecting the
downstQWRAFIBEY of the val ve to the catheter; inserting the end of the

syringe i ”f.x%a%étbf haf/iﬂ %ﬂﬂ@aﬁ%é\%’?d éﬁ@ae@&v §tr@amrlé?f 'a't §MP£SI@‘F<?H ally

cl osed seal passage th ocat In a resi |ent sea |s I'n
commuplacamienh inwilwid anmdowaﬁom et teadlodd vessalal ve, ther eby causing t he

seal | passaqeif o QBRABILT! SR Hiibdnf AL AhGGRIRG Dot ween the syringe

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.



upstream end of the seal passage; injecting fluid fromthe syri ng@ 7t Mﬁd\hgﬁﬂﬂ
the seal passage to the catheter and into the patient; and w thdraw ng the
syringe, allowng the walls of the seal passage to return to their
substantially closed position while initially maintaining sealing contact
between the upstreamend and the syBinge to thereby provide a force urging
fluid in the passage toward the catheter. 0 7 JAN 2005 20 24. The net hod

defingd. i NAGhBtHBRSH makPigea fddical Vel Sdalioh e Wﬂé%é\hrg‘%‘é%osr/;mhﬁé of YIinge
into the slit includes axially conpressing the 'seal. . A nedi cal valve
for sHexble metsrigd@nd a slihiprmedi withio the dedydraiwean adidgent firstdindasecaneli ce

and aslﬁ%&[%dﬂﬁ@megﬁéq g@)ﬁipgiginighrough an associ ated seal, the valve
' er e

conprising.’an in abl e for receiving a connector portion of the

first medi padidindefirst eindagdcend gabfondlsdesachncdrpiising oome dfCedit Ofrsiviaind t he
i nterface. éﬁ. A]ﬁa/ﬂStem for admnistering fluid to a bl ood vessel of a
pat i epRcoOnh @it wallsnd 3 gpmealenedoaPedioRet er havi ng an upstream end and a

downst rea i i i i i '%@ﬁi%&% n wth
t he bl pod%gﬁﬁ%dgﬁ?ﬁsﬁigggﬁ% feéo%? gj}p@%rl %ﬁnéﬁ*fgtﬁi‘%ﬁ. ntoiat e ggt het er;
and asliavalls faaeieagh@ifién ahdg suitabl e for connection to the upstream end of

the catheter .and providing selective fluid co ni,cat.i on bet ween the
syringe ando{4igd adglaﬁgit@n? @ﬁ%"l{iﬁ Q/feafflﬁ’éb{%rm@ itgiﬂgleaﬁtbgégfoﬂﬁ%'g of a
Fl exi béemariresd@d pdritehs Rl sdidVirsid afd dedenkr BrsToRs! dontHditUsdld Mefmamai cation
with the fitting, an upstreamend suitable for receiving the syringe, and
a norsRaAng piafetraatand |spict agddipnehsealgsal fom @ dindamnimaAssawitbnsaidt Blitt he
dov‘“%?ﬁ%ﬁ‘tﬁ@%ir‘?‘nd t he upstream end, the passage having a relatively small
interior ~volume when in an undi sturbed state and a larger interior volune
upon the introduction of the syringe into the upstream end of the passage,

t he passag_f retracti to define a restricted flow path and a relatively
smal 1%9nt e W%WQ;B‘P@%%HW?’ 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.



the withdrawal of the second medical device fromthe seal, the ufs]r gamaos
initially being sealed as the syringe is withdrawn, so that a fluid
occupying the interior volunme is forced toward the downstream end as the
passage walls collapse. 0 7 JAN 2005 21 27. A nmethod of nmaking a nedi cal

val ve seal of the type having a body2Zade of a flexible material and a
slit formed within the body between adjacent first and second slit walls,

t he ngthod Thenpetfoidef cmhdzglgufﬁérreﬁ sélﬂdflréﬁﬁﬁd‘%e%ﬁé PHAZ hefEak@RId Si N9
one of said first and second slit walls and a perimeter edge portion;

pr essPHMmM@lidPlaterkavessantaetiunsurfacssdhatarcogdistantiadly planar. said first and
second slit walls face each other; and nolding an additional anount of a
flexible material to at |east part of said perineter edge portions of said
first3and Feeonetipoefafr Claiso 20havhereird shid siveandld petonidapraaf lRagE oped said

addi tion material forma, ynitary, nas h said slit fornmed therein. 28.
The nﬁ'ﬁ?(aslﬂelo? rotecing 59m RAkt Liner 4499 of ﬁaﬁ oyREMSlEk BRANPE e SR ENaNGAeher

conpr fo?ﬁm‘?%h%atﬂ AiReRH 5a.er§éa| enidfy §a&.ﬂoﬁ{u damb@mw d@ﬁfbﬁﬁ'@' thafd isamount
of afle e material further conprises nolding sai tional armunt of
fl exi biectedhirdpisaid mwld advityout er face portions. 29. The nethod of O aim 27,

wherein: the steps of pressing said first and second preforns together
conprises noving first and second nold hal ves containing said first and

secong3pr efhe Methbaasitiaim 29, Wreinadadd bidtiRlonangdm®efo bla Sleikibldvdisrigont act
one another; and the step of nolding an additional anmount of a flexible

naterfoé'lnséﬁﬁﬁiam&deﬁq}ﬁtséfdpﬁﬁa ng an overnol d plate between said first and
second nold halves to define a nold cavity between (1) said nold hal ves,
(ii) said perinmeter edge portion of said prefornms and (iii) an inner edge
of an34ver Tbé dneihedi mfgCIaimszﬁ' dwbheinmthel sl:épabé pr@sﬁhg saidefirst agdssdodnd
additio aI a Qé of a flexible mate é‘ into said nold cavjt 30. The
et hoRr A RtDe CQRBrERs ABRBANG S Eiet R e Bs0r BReVREH SEbhisidaaela

fl ang&neehf 610 fIEQBREFHaSti 0P hGRERE DEWEBR safd /781 Snd sbéorptetorms.

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



0 7 JAN 2005 22 31. The nmethod of Caim29, wherein said first anfl segand{s
nmol d hal ves and said overnold plate have contacting surfaces that are
substantially planar. 32. The nethod of C aim 29, wherein said overnold

pl ate has at | east one mandrel projecting fromsaid inner edge of said
overnol d opening, said mandrel forn23g a lead lunen in said seal when said
addi tional anount of a flexible material is injected into said nold

cavi t ynedichl devicaTrt WiHdRiwr(] S8 thad % fIM\fﬂetbcftj'u'ﬁny[ﬁgi the2AdrORMIMBNEYBFceRf 2
flexible materjal fornms the remainder of said seal. 34. The nethod of

d ai mowardifedistal enas thg passage-walingollansg. first and second preforns

t oget her conprises applying sufficient pressure to prevent said additional
anount of a flexible material frommgrating between said first and second
pref oBés. 3be catbatenedefinecoin el 35 hiwhegrein Wald qassage dedd en rdidmesn a

el BT afipL ARG SbBlaianan riiht sopli 2delnsdubsiantalv Gost one
axi al ehti@eiorRustRPoF e ﬁql@amaga_eﬁe%a%é ggraggé %éagﬂﬁa aro&ﬁhaleeﬁo%f Jﬁgg]‘”e\%' vel'y

opening and cl osing said proxim sald cannula, sal
conprising: a housing having an interface suitable for connection to said

proxi gml e i Wl a: . | of a flexible miterial, the
seal havi ngH%% Fhseﬁ%ll S%W'ﬁ @Fl’fﬁ Qg @“@ﬁ?{jﬂiﬂﬁgg%'ncwrﬁﬂﬁeéai d interface, a
proxi mal eadaoslyi mate effflexibie ceateriagatd &avedi & distadend ed @pfodmareral |y
substantial ly closed passage in fluid communication with the distal end
and t PRPGHEKINFadistal end; fbe shigtahgad neoximel £nds| ot thechgdys haing ergredde vol ume
when i I i-nt.eri or volume upon the

int ro%ﬂgﬁbgﬁﬂgpqﬁﬁg&%eﬁ%gﬁxﬁg% %éd&?élﬁgétg}?g"pr oxi mal end of the passage,

t he passage least tmen foymed ohethiendistah endsafrthe thediyf drmdvirptid cordmanicatiahi vel y
smal | _interior volunme upon the withdrawal of the nedical device fromthe
seal W'm epP%?ﬁar%' end initially being sealed as the second 0 7 JAN 2005 23

_rred; cal g&yh@ek fermidd akhaacoR@ dnbiadt the bbllydatecupyi ng the interior volune
is force
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.

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;



toward the distal end as the passage walls collapse. 36. The catbet ejAN 2005
defined in daim35, wherein said passage has a region of mnimumwi dth
that mai ntains substantially fluid-tight contact against substantially the
entire perineter of the nedical device at an area near the proxi mal end of
the seal. 37. The catheter defined i84C ai m 35, wherein the seal conprises:
a body made of flexible material and having a distal end and a proximl end

opposi te t pgheiéipt e Midth bhendliskt adpaRdremoMaTalit %Bgﬁln@f t6 e b@@iﬁbnb@f ng
oriented to correspond to the distal and proxinal endS of the Seal; a |ead

| umenNHBFMEE Widthhe di stal end of the body and in fluid comunication with
t he passage; a neck forned at the second end of the body; and a transverse
flange at an end of the neck opposite the body, the transverse flange

havi ng2at H'aeseatbaterpasmwgielm@mhngsi, fufther dosprisingi & aguidewine tdispdeed
passaglg he cat het er dell ned in Caim37, wherein the lead lunen is
cente B'rb"f'?'g umgn;andsAd S§aki al Iy parallel to or collinear with a

| ongi tudi nal axis of the seal. 39. The catheter defined in C aim 37,
wherein the seal body conprises a substantially rectangular slab of

fl exi BBe miherdadhetandetimed imeClaims35 dpitb@racomptising lrecornedyor cthnetted at het er
defi ng%di%ai m 37, wherein the passage conprises a slit and the passage
openi ‘ises a slit opening. 41. The catheter defined in C aim40,
wherein the slit conprises: a relatively thin, substantially planar channel
havi n a vary| ng wdth; a region of mni rrumvmdth and a region of |arger
vm'dth bn aAdiade CtQﬁ‘éPrﬂFé@ﬁlon of mMmnimumw dth renbte from the slit

openi o t o2 el Mongen et g B oty T, 06 ksl ehBPEED, 2 00Meh"S, 5
35, fextehdingcbepveea rsglda pooNichaivienel dhdpseid ddistall ténid) sead distah®mdabdingai d

seal. 43. The .cat heter fined in Caim 35, further conpri sing a connector
4‘@@@ g)r inse on?nto tﬁe vasculature o?a patient; and P g

conne
a valve connected to said proximal end of said cannula, said valve having a

seal which defines a restricted flow path in its undisturbed state and which is capable

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

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



said valve. 44. A catheter, conprising: an enlongated cannul a havipg AN 2005
proxi mal- end, 'a distal end, and a lunen extending between said proxia

end and said distal end, said distal end being suitable for insertion into
t he vascul ature of a patient; and a val ve connected to said proxinml end of
said cannul a, said valve having a se@al which defines a restricted fl ow

path in its undisturbed state and which is capable of expanding to define

an enldagtgeéhd bﬁmmbrbmap@ﬁm ﬂ-lefdéé}sggé GREVIHY £ PSIERELY lamanahtenaak/9|um&x' mal

end of said cannula, said seal bein urt her” capabl e’ of retracti n?
defi névfwiIaaregﬂdlsbtrbadﬁtaiwmmlargar interisdivolime upandoe introductiongf tey 1 ui d

't r ofing AL the BRNEE St B efastaptati frssibe BdBlrffp e
conpr laseeulctemﬁewtpallg andd sdlalivedmed| iatecianvoluend open tewithgeweabate of the
pati ent (g?\ﬂcannul havi pgha val ve connected to its proximl end, said

val ve“?%#‘ﬁﬁ e o e eRgl dhe oAl eng) indiafy b&'%é?@'&ﬁ aethesesend f1 uid
Crano et e B fiidrathtiso RS bEfa L SRAIGHA BRI Yo &

pat i efﬂrpedfﬁwaﬁdMﬂ@r(baiahgndasdhew@ﬁsage M@Ms@ellapm said seal ; wherein said
seal is made of a flexible material, and has a distal end in fluid

comuni cation with said cannula, a proxinmal end suitable for receiving said

nedi cab. dgviecmetiodd defimetiT® |Olapy b, aRhe/dih Yodid aBaskhade ir8gibhubd
comunication with the 0 7 JAN 2005 25 di stal end and t he Brom rral end, the

passafgniFm vgdd that araintaing syhgtantialy duidtighioraniact againstisy éh'inlt!ﬁﬁﬁl’ #heur bed
St cgftit BerPERRior b Riddia) WR IR RO cllloel P BN End by [Hisedl™ ) °!

devi ce i'Nto t he proxi rra the passage, ass rac ing to
define a restricted flow path and a relatively smal | interior volunme upon

the w thdr deV|c fromthe seal, the proximl end
initi 5{71 y ggaﬁ'@eé‘é’glc%émﬁg "E'ﬁﬂa'é%éénw T&%@%‘&ﬂ"@%'ﬁ% wi t hdrawn, so that
any of sai d Hddyl aeciitd e figterial BhtHavie) Y iista enbiUricPd Jrodftdl dite
di stal end as the passage walls col ['apse
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.



46. The nethod defined in Oaim45, wherein said passage has a re@ijpngf 2005
m ni mum wi dt h"t hat mai ntai ns substantially fluid-tight contact against
substantially the entire perineter of the nedical device at an area near
the proximal end of the seal. 47. The nmethod defined in C aim45, wherein
the seal conprises: a body nmade of fRé&xible material and having a distal

end and a proximal end opposite the distal end, the distal and proxinal
ends of the body being oriented to correspond to the distal and proxi mal
ends of the seal; a lead |unen forned in the distal end. of the body and in

f1 ui d4@ormmihedaethed definad inHelajia 48a yérerainrbe istem phtamening Iseicsistroddcend gf
he beayaira . k ite the body,
the ¢ Peah RO TRE KRESthe sR061 v SaRL B i SRR hfsis "o

comuuntiledsivdisialtdnd detepatiwagesculflureThe net hod defined in O ai m 45, wherein

the step of inserting said distal end of said cannula into the vascul ature
of the patient conprises: inserting an introducer sheath into the

vascub@! ur ¢heifi&@bhi d&ln%dghs('%lﬁim Rar Whl%?eiﬁfthé‘ 39#1 Gﬁ‘@‘,’éﬁcﬁ/iﬁ %degihtrﬁabéer

i ntroducer sheath and I nt e vascul ature; placing said cannul'a over said
gui dedheath iagesioened beiow tensiepafaddvagcingi shigcadewer alongtsaid gaidéwdtiest al
end entars. V. ure; W thdrawi ng said guidewire fromsaid cannul a;
and Lr’@rﬁ&v|'an§%E%Jie@c%{tgésd{ﬂ‘%e‘@%HE’g&”ﬁ: 0.7 JAN 2005 26 49. The net hod

defined in Caim48, wherein the step of renoving said introducer sheath
is perforned after the step of advancing said cannula along said guidewre
unt i 1 °%ai dTee spethodiefiarddnClaira 4paydiarainua guidsovirerisedigposeat within aaid i n

G ai mAhuINBRRESS! gg% step of renoving said introducer sheath is perforned
before the step of advancing said cannula along said guidewire wuntil said
distal end enters the vasculature. 51. The nethod defined in C aim45,

wherein a guidewire js. dis e i,t hin sai cannul a and saj d seal.
52 2 Phe mt\e%og de?lned |R0(f'la%1 \g'l, wherein tﬁe step of inserting said distal end
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



52. The nethod defined in daimb51, wherein the step of inserting sgléAN 200
distal end of said cannula into the vascul ature of the patient conpri ses:
inserting an introducer sheath into the vasculature; and inserting a distal
portion of said cannula through said introducer sheath and into the

vascul ature. 53. A nethod of facilitafing replacenent of a first connector
which is in fluid conmunication with a cannula inplanted into a patient's
vascul at ur goniédtihgas=i€ eeBend e8ARB&HP Yo séz@hﬁélﬁ@&ﬁ@r‘éb?%ﬂ@:‘slr@' $4ld vaRieBoPosi ng
a valve between said first connector and a proximl “end sald cannul a,
sai d QWP KoApinassaig-enlamgeddionypatind a seal disposed within said housing,
wherein said seal defines a restricted flow path in its undisturbed state
and is capabl e of expanding to define an enlarged flow path to permt
fluid conmmuni cati on past said proxinmal end of said cannula, said seal

bei ng further capable of retracting to define said restricted flow path,
said seal simultaneously urging any fluid within said enlarged flow path
into said cannula; renoving said first connector froma proximal end of
said valve so as to permit said seal to retract to define said restricted
flow path; and 0 7 JAN 20( 27 connecting said second connector to said

val ve, thereby causing said valve to expand to define said enlarged flow
pat h.





