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A medical valve device for use in selectively establishing a fluid flow between first and second medical implements is disclosed. The
valve has a body defining a passage from a first port to a second port. The valve defines a fist fluid volume when both medical implements
are connected thereto, and a second, smaller volume when one of the implements is disconnected, thereby causing a positive flow of fluid
from the valve to the second medical implement when the first implement is disconnected.
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the medical valve. Unfortunately, prior art valves suffer from a problem arising from the disconnection of these medical
implements from the vaive.

These valves define a space within them through which a fluid or other material may flow from the implement to
the line on which the valve is mounted. When the medical implement is connected to the valve, it typically occupies a

20 portion of this internal vaive space, displacing the fluid (whether it be a liquid or air) within the valve. .

A problem arises when the medical implement is disconnected from the valve. When the implement is
disconnected, it no longer occupies a portion of the space in the valve. The increase in space within the vaive results in the
fluid in the valve and line to which the valve is connected moving to fill the space. In effect, the removal of the implement
creates a suction force which draws fluid into the valve.

25 In the medical setting, this movement of fluid 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 the effect of drawing blood

- from the patient in the direction of the valve. A serious problem may result in that this blood may ciot 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 clogging problem has been to coat the inner surface of the catheter near its tip in

30 order to prevent biood from sticking to its interior surfaces. This method has generally been unsuccessful in preventing
clogging of the catheter.

The risk of blood clogging of the catheter is significantly heightened where the inner diameter of the catheter is
small {e.g., 27 gauge). These small catheters have the advantage, however, that they reduce the trauma and discomfort

caused by insertion into a patient. Because these catheters have a very small passage therethrough, even a small suction
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The valve of the present invention is particularly suited to use in an

appl i cat i on Maficak¥mplempngs. Jhe valypot thig pyeptign has several features, o sipgleppcoh Whichdsaigly fespensiblefor its
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medi cal i nplti@rthayeive ipatanreliable.and eapabla ofbejng waep reeeatedycis sireple 30 raamyfasturecpd use, and is suitable for
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wel | . 20 implement comprises a fluid source having a connector for connection to the valve. : .

The valve of the present invention has a fluid space which expands upon connection of the second medical
implement and ‘contracts upon disconnection of the medical implement. When the valve is connected to a catheter,
disconnection of the second medical implement creates a positive flow from the valve to the catheter tip upon
disconnection of the medical implement to aveid the potential prablems of blood-clogging. The vaive is particularly suited

25 for applications with a catheter where it is desirable to avoid negative flow, but may be used for other applications as well.

Preferably, the valve includes a housing adapted for connection to a first medical implement and a second
medical implement. The valve defines a fluid space therein, and includes means for increasing the fluid space when the
second medical implement is connected, and for decreasing the fluid space when the second medical implement is
disconnected. Means are alsa preferably provided for defining a fluid path through the valve when both medical implements

30 are connected thereto, and for closing the fiuid path when the second madical implement is disconnected.
Further objections, features and advantages of the present invention aver the prior art will become apparent from

the detailed description of the drawings which foliows, when considered with the attached figures.

Brief Description of the Drawings
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Preferably, the valve includes a housing adapted for connection to a first

medi cal i nplement and a second nmedi cal i npl enent. glel‘ "
defines a fM@ 93’5§1§30e t her ei#it: and i ncl udes neans for increasing %h)é&flﬁui d
space when the second nedi cal inplenment is connected, and for

decreasing the fluid space when the second nedical inplenment is
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advant ages of the present 1nvention over the prior art wll becone apparent
from t heFIGRE s d topciiewl efsharhbysing illystrated in figvts 2dr awi ngs whi ch fol | ows, when
considergd with t ac ' -— C o
Bri ef Deicri pti onr}@flﬁéﬁ% %?g%“f"?lggu&% thustrated in Figure 2
- 2- RABOREES dn Srili8iéw of the housing illustrated in Figure 2;
PCT/ US99/ 10713 . L | i 1. I in. .
accordance with t FIBYREBIsaspsspetons)side view °§E h%gﬁ""%lgws"éﬁ@%tz ?‘s}’gﬁif/“ B}r{“gibﬁ 'ed"ﬁ"‘ui d
froma _ ~ HBURE Tis eyerspeciiee vew of Hixvbieedh dccordance with thelfiritiembodimepttafl the grestnd iveention;
catheter which is ﬁéﬂﬁf&g a? tgp v%eg%ﬂhe%ala%slﬂgtgt} i Figure 7;

10 FIGURE 9 is a first end view of the valve illustrated in Figure 7;

FIGURE 10 is an opposite end view of the valve illustrated in Figure 9;
FIGURE 11 is a cross-sectional view of the vaive illustrated in Figure 7, taken along line 11-11 therein, illustrating
a piston of the valve in an uncompressed position;
FIGURE 12 is a cross-sectional view of the valve as illustrated in Figure 11, with the piston in a second or
15 compressed position utilizing the tip of a medical implement;
FIGURE 13 is a perspective view of the piston of the valve of the first embodiment of the present invention;
FIGURE 14 is a top view of the piston illustrated in Figure 13;
FIGURE 15 is a side view of the piston illustrated in Figure 13;
FIGURE 16 is a cross-sectional side view of the piston illustrated in Figure 14, taken along line 16-16 therein;
20 FIGURE 17 is an end view of the piston illustrated in Figure 14;
FIGURE 18 is a cross-sectional side view of a valva in accordance with a second embodiment of the present
invention, illustrating a piston of the valve in a first position;
FIGURE 19 is a cross-sectional side view of the valve as illustrated in Figure 18, with the piston in a second
position;
25 FIGURE 20 is a cross-sectional side view of a valve in accordance with a third embodiment of the present
invention, illustrating a piston of the valve in a first position;
FIGURE 21 is a cross-sectional side view of the valve as illustrated in Figure 20, with the piston in a second
position;
FIGURE 22 is a cross-sectional side view of a valve in accordance with a fourth embodiment of the present
30 invention, illustrating a piston of the valve in a first position;
FIGURE 23 is a cross-sectional side view of the valve as illustrated in Figure 22, with the piston in a second
position;
FIBURE 24 is a cross-sectional side view of a valve in accordance with a fifth embodiment of the present

invention, illustrating a pair of pistons of the valve in a first position;
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FIGURE 2 is a plan view of a housing of the valve in accordance with a
first embodi ment of the present invention; IS—],@E 31is
a top vi eWBrP$8 & housing illustrated in Figure 2; 5 PCT/USSS

FIGURE 4 is a side view of the housing |IIustrated in Figure 2;

FIGURE 5 i-s an end view of the housing illustrated in Figure 2;
FIGURE 6 is a cCr QBGReDS GlalcfofiAdctiondl S view 81V heDiaivel 99 RustiRedSH Figiire 124, Iwith thé ﬁixﬁdm lal3econd
Figure 2 and taken along line 6-6 therein; FIGURE 7 is

a per spectlvvlﬂw ew of the valve in accordance with the first embodi ment of

the present invepgirpg is a crosssectional side view of a vaive it ﬁcﬁfﬂﬁe WRithh & sidh éntDidiméit QO presedt ©
val ve |IIustrated In Figure 7; 10 FIGURE 9 is a first end view

of the val v évention,ilustrating &xistop pf tevalwa jna first pusition; FIGURE 10 is an
opposi tg end Vi eyeilr RS e stchonbi suhmroﬂhgﬂlvé 5!: ||ﬁhﬁidﬁ ﬁ Fighire 26, with the piston in a second

FIGURE 11 is a cross-sectional view of the valve illustrated in Fi gure 7,
t aken al ongpesiene 11- 11 t herein, |IIustrat| ng - a piston of the

valve in an unco PBOHE 28 fiqtcﬁ%ﬁ\!/cgninﬁ ‘Yde view 01 T valve in accongnce with 2 sevelith ehtiotiment2of the {)%ent

cross-sectional Vview o0 ve as illustrated in Fi gure 11, with
pi ston i n .ainsestivoillostrating diston of the valve imp firstpesitign; posi ti on utili zi ng the ti p of a

medi cal i npl enemFlGURE 29isa gross; sﬁctlon?l slde vew oml)\e dalvgﬁﬁstl;gd iﬂ?nlﬁ! ﬁe&l&ﬁﬁqﬁw i a‘éécﬁ'dﬂ’ of

the piston of the Vval've o ment o he present '| nventi on;
FI GURELQL4 i posgiont op Vi ew of the pi ston illustrated in Fi gure 13;

FI GURE 15 ' S a S:ﬂg@isgvagzw c?nss- g{&&aﬂi Jlegrnuf. vil@%t{]&ﬂlﬁge Wil afa H\'Erﬁud?n%m of the present

FIGURE 16 is a C |on eV|ewo stonl ustrated I n
Fi gure 14, -invdition, illstrating)a resilianeeleingnt diGhe vdive in @ finst; position; FI GURE 17

is an end yi ew O}'B@'@%g g'(’afi[o% mln!%u tvure\%ﬁﬁje valPa aﬂlh\gg{m@én]l‘-lﬁﬁm 30, with the element in.a ‘ﬂ"‘“g

FIGURE 18 is a c I'ew 0 n accordance Wit
second enbogiswent of the present : I nvention, illustrating a

t f the val first t | Q
piston o1 1he valufie o bt St ars e s e it e e, |
the piston iinvention,diestratngla seal of the valve mafmssmbn, on; 25 - FI GURE 20
'S a Cross- sect| g@@#eiélésﬁf cro\és s%l\:lt\fonglfsldg we\ﬁaif\ﬁ% le agﬁlﬁ\s%tfhlpﬁ@rre\gg}%h z?htztsm ﬂlq second

enbodi ment of th I Avent a pl ston of
t he val ve i mpositiorfi r St position; Fl GURE 21 iIs a

Cross-sect | -Onal zfgﬂi%r?\éllseaw m?sI sett:tlonal 18" Lle\(veufaasvaﬂel illi éé%o%&& ﬁﬁs 4 ﬂntﬂrﬂbﬁnﬁm?o? the Westum

the piston in a
20 invention, illustrating a diaphragm of the valve in a first position;

FIGURE 35 is a cross-sectional side view of the valve as illustrated in Figure 34, with the diaphragm in a second
position; .
FIGURE 36 is a perspactive view of a valve in accordance with an eleventh embodiment of the present invention;
FIGURE 37 is a top view of the valve illustrated in Figure 36;
25 FIGURE 38 is a cross-sectional view of the valve illustrated in Figure 37 taken along line 38-38 therein and
illustrating a piston of the valve in a first position;
FIGURE 39 is a cross-sectional view of the valve illustrated in Figure 37 taken along line 38-39 therein and
illustrating the piston of the valve in a second position;
FIGURE 40 is a perspective view of a housing of the valve illustrated in Figure 36;
30 FIGURE 41 is a top view of the housing illustrated in Figure 40;
FIBURE 42 is a cross-sectional view of the housing illustrated in Figure 41 taken along line 42-42 therein;
FIGURE 43 is a cross-sectional view of the housing illustrated in Figure 41 taken along line 43-43 therein;
. FIGURE 44 is a perspective view of the piston of the valve;
FIGURE 45 is a top view of the piston illustrated in Figure 44;
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posi tion; FIGURE 22 is a cross-sectional side view of
a valve in accord ce with a fourth enbodi nent of the presen

i nventi on, ‘r"P|93’§P'%gu ng a pi'ston of the valve in a“first posf‘"{cﬁs:hs”mm:s
FIGURE 23 is a cross-sectional side view of the valve as illustrated in
Figure 22, with the piston in a second posi tion;

FIGURE 24 is a cr @iGUYREAG Rasideviaw ofafiedistoniliusatedif Figredsl ve in accordance with a
fifth enmbodi nent n, illustrating a pair
of pistons of t-he%‘éﬁ‘%“?ﬁ*%s?' P"%"f°f5'8§"'t"f""|5sﬁat°£"ﬁmw

- 3- WGUREAS 83 2:898-sectional view of the piston tllustrated in Flgure 46 taken along line 48-48 therein;

PCT/ US99/ 10713 a.cross-sectional side
view of the val ve FIBURE; 49 i 2 sosysestipnd H""f:?fgqﬂc';g 'Elfmwnfeh Ty ftW 'ﬁ% F@ﬂ@%n"?é"as’&’%d
posi tior mvemmn,musuatedwnhasealtneEbfﬁdlﬂE:paﬁms a cross-sectional side view of a
val ve in accordance with a th enbodi nent of

i nvention, illustFEYRERGisa "'ﬂﬁsﬁ"t‘:’@l‘ﬁl‘(‘ﬂ""f thevalye fluggrateq 'ﬁp%!m% Y"z'[m"ﬁﬁg'f’c’r"‘iﬂw positian;
FIGURE 27 is a Cr ReRESAGE  eHbsebectibhalfowvdt 8\WahRfin dctbRianéaividea thifteehth Iema-meai ¢f Ghel prbsent

Figure 26, with the piston in a second
invention, illustrated with a seal thereof in a first position; and
FIGURE 52 is a cross-sectional view of the valve illustrated in Figure 51 with the seal in a second position.
10 Detailed Description of the Prefemed Embodiments
Figures 1-17 illustrate a valve 20 in accordance with a first embodiment of the present invention. Figure 1
ilustrates a particular use of the valve 20 to which the valve 20 is well suited. Of course, the vaive 20 may be used in a
variety of other manners.
As illustrated in Figure 1, the valve 20 may advantageously be used to selectively control the flow of fluid to a

15 catheter 22 from a fluid source 24 such as an LV. bag. In this arrangement, a first medical implement 21 is connected to
the valve 20. The first medical implement 21 comprises a tube 23 leading to a catheter 22. One end of the tube 23 is
connected to the valve 20, and the catheter 22 has its tip positioned in a patient.

A second medical implement 26 is also connected to the valve 20. The second medical implement 26 comprises
a connecting member 27 positioned at one end of a tube 29 which leads to the L.V. bag 24.

20 When so connected, the valve 20 permits fluid to flow from the LV. bag 24 or other medical fluid source to the
catheter 22 and into the patient. The valve 20 is also arranged so that when the second medical implement 26 is
disconnected, fluid flow through the valve 20 is prevented. In addition, when the second medical implement 26 is
disconnected, the valve 20 generates a "positive” fluid flow, i.e. flow of fluid in the direction of the patient, thereby
preventing biood clogging of the catheter 22, _

25 The first embodiment of the valve 20 of the present invention will now be described in more detail. As illustrated
in Figures 2-8, the valve 20 includes a housing 28. The housing 28 is generally "T"-shaped, having a main portion with a
first end 30 defining a first port 31 and having an opposing closed second end 32.

A branch 33 extends outwardly from the main portion of the housing 28. The branch 33 has a third end 34
defining a second or branch port 35. {See Figure 7.)

30 Referring to Figure B, a main passage 36 is defined by an inner surface of a wall of the housing 28, and extends
from the first end 30 to the second end 32 thereof. In addition, a branch passage 38 extends from the main passage 36
through the branch port to the third end 34.

As stated above, the second end 32 of the housing 28 is closed. Preferably, an end cap 40 is positioned in the
second end 32 of the housing 28.



posi tion; FIGURE 28 is a cross-sectional side view of a
val ve in accordance with a seventh enbodi nent of the present
i nventi on,WOPYEIBE ating a piston of the valve in a first pdGHYPRINS

FIGURE 29 is a cross-sectional side view of the valve as illustrated in
Figure 28, with the piston in a second 10 posi tion;

FIGURE 30 is a c ,ﬂﬁﬂg |
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resilient eBlafthebousing 28 undamdltwewenheaanmlarm or npsd 37 of proANS! standard syringe, as ullustrated in Figure

FI GURE 31 i I ;

Figure 30, %Z?ﬁgl{lﬁﬁﬁgssgﬁtgb &Y' i6e r{"’gé“gg’é Xh@iéieﬁimd 4 tl\é%sl(?f tﬁsslyde of éi@her i€ hhwhver,

FI GURE 32 i .nmpiatewmlsdmamonfane passage3G wandyenof @y size tvu:lcomodan tm@wmunwewnmma

ni nt h gnbodi nen the present : invention, illustrating a seal of
t he vaI%ve |%”'?f’?’?’§;st position; FIGURE 33 is a
cross-secti onal Brefeiablymeow_aroﬁroﬁdbﬂor\mﬁnq the matlical jmiplersentr 28 ttacthe first enidhi30)of the vad@ 20.\ih thin
the seal in second. = .

cross-sect i Uﬁﬂiefgq(aﬁddg“'{}1 tyeads 34 are "&gﬁ'{\fﬁehﬁ% outer surfacp of the housing 28 at 1 eefﬁ{ k'gedﬁg%gé“

of the presenpdgenidht with threads enheeonbectore? of thd-mﬂdmmﬂualngplemend!ﬁaptherdngtm okang Hnmumxaihase | n
a first posi FIGURE 35 is a cross-sectional side

vi ew of the® "f'}%ﬁ"\}@355'“*"?1"%“%‘5"?"??“ﬁ4gure 34,- with the diaphragmin a
second( As theQaintpissagd 36 is generally cylindrical, the end cap 40 |sl-ih|@alREitcﬂIEr Tke cap {Dengpgeethe | ve

Yln\?\(,avn? T oﬁ, Valll o?the pnusmg %) gtdt%nsgcennd\’\eﬁn%&gg g\p(q?%&eh (P £ap ngﬁfﬁ[\' P@B‘o@safn\r@%%}ﬁy

i |1 ust r at edextefdingtafl 48 o itRripherdbedge for engaging the inside surface Efltl@hﬁ&l% initi® passage 36 for locking the

cross-sectional view of the valve illustrated in Figure 37 taken along |ine
38-38 t her et tag AYn place. illustrating a piston of the valve in a first
position; - For reasons described in more detal-Bokole, tﬁ%aﬁﬁerﬂttﬁbﬁﬁﬁﬂﬁ@ﬂhéfmath Snldfmmiingﬂhe

vl ve | 1 TR 5 e 5 B, 1 5 A i 5 ko Hom e scnd
FI GURE 40 | ﬁwausnﬁrr&ma:amm« Wiy thafbrath huasagelaa extonds fromiithe i udssage bs. uusanmp,ad mbifn
::: |gﬂ ; ? r 2? edpqssﬁger_ap wpxg; agﬁgl beyond the hranc?‘éssage% near théahrst erﬁ Sh/ I? tirct erelmaﬁed ﬂstsl ftr:]rﬂed at
that point where the main passage 36 narrows near the first end 2
As illustrated in Figures 11 and 12, a piston 42 is slidably positioned within the main passage 36. Referring to
20 Figures 13-17, the piston 42 is generally cylindrical, having a maximum outer diameter which is just slightly smaller than
the maximum diameter of the passage 36. The piston 42 has a first end 50 and a second end 52 and a length from end to
end which is less than the distance from the first end 30 to the second end 32 of the housing 28.
The piston 42 has a head 54 at its first end 50. As illustrated, the head 54 is circular in outer shape, but has 2
slanted end surface 56. A neck 58 extends from the head 54 to a body 60. The neck 58 preferably has a reduced
25  diameter as compared to the head 54. An "0"-ring 67 or similar seal is positioned around the reduced diameter neck 58 for
engagementt with the adjacent wall of the housing 28.
A first portion of the body 60 adjacent the neck 58 has a smaller diameter than a second portion of the body 60
positioned nearer the second end 52. The transition between these two sections creates a shoulder 62. The shoulder 62
is arranged to engage the ledge 48 in the passage 36 of the:housing, preventing removal of the piston 42 from the first end
30 30 of the housing 28.° )
A pair of elongate cut-outs or depressions 64 are formed on opposite sides (i.c. 180 degrees from one another) in
the second portion of the body 60 of the piston 42. The cut-outs 64 are trough shaped, and extend inwardly to a radial
depth which is equal to the height of the shoulder 62 (so that the bottom of the cut-out is at the same level as the exterior

of the housing at the first portion of the body).



FIGURE 42 is a cross-sectional view of the housing illustrated in Figure 41

taken along line 42-42 therein; FI GURE 43 3
cross-sect i WPAYSBI8y of t hestidusing illustrated i niFigure 41 KW ??anolﬁg

| ine 43-43 therein; FIGURE 44 is a perspective view of
the piston of the valve FIGURE 45 is a top view of.

tZe pi ston illust rﬁﬁrﬁ‘tﬁe 66'?5 fErinﬂllHtﬁa piktbn 42 near its second end 52. Preferably, a seal 68 (see Figures 11 and 12} is
PCT/ US99/ 1071@smomd in thns groove 86 The seal 68:is preferablyap- "0y gns; camarjsed pf fubber.op,a similar tesifignt, sealing
pi ston |IIust|rn;,ﬁd in Figure 44; . FIGURE 47 is a second
si de vi ew of eplstonlllustratedln Fi. gure

FIGURE 48 is a cr olp&he greferet Weﬁm% thﬂ/ﬂ“@!“ﬁ'ﬂ@““ﬂq 'E‘!!"@Pu’e?"F‘F‘U?P phagpin, s flisstratpdy, e recestey

taken algng |} orfinisesH ﬁbfmte g5‘72 extending mwardg from the secnnd end 5 tnbrbdREThé Gbrei 72 préferably has three
Cr oss- sectlona VI ew O a ve I n accordance with a twelfth enbodi nent of

the present  @ameters, tha laygestiof whish is near the speandiend B2, oy tomeriag iniagpter it i &1gAs 1q o gther diameters
posi tion; which are ess tLan the first. JBGF %ﬁgmiamluﬁc (witiPthepass il Qﬁ Within |the‘ﬁ6uﬁw 2f Tielbe 72

valve illustr® he se I'n a second position;
FIGURE 51 is mfuamyshmhaehreem@nmssamwmau af thechpusing 28 fras 3 generpliy aniform thigkneps, which faciltates

thirteenth enpagdi L nﬁnﬁta nf(r?ngl{ ih %%’s | |lfa§ﬁmat§ that the bore 72 maj F3VeHIOle ordés thin'virdd Sikibrabk Githetéfs D

a seal thereof™
10 The assembied valve 20, wherein the piston 42 is positioned in the housing 28, is iflustrated in Figures 7-12. As

illustrated, the seal 68 divides the main passage 36 into a first cavity or chamber 39 and a second cavity or chamber 41.
The first chamber 39 comprises the space between the end cap 40 and the second end 52 of the piston 42, as well as the
space defined within the pistan 42 by the bore 72. The second chamber 41 is that space from the seal 68 to the first end
30 of the housing 28 not occupied by the piston 42.

15 As illustrated in Figures 11 and 12, the piston 42 is moveable from a first or "uncompressed” position in which
the shoulder 62 engages the ledge 48 and the first end 50 of the piston 42 extends outwardly of the first end 30 of the
housing 28, to a second or "compressed” position in which the piston 42 is moved in the direction of the second end 32 of

-the housing 28.
Means are provided for biasing the piston 42 into its first position. Preferably, this means comprises a spring 70.

20 The spring 70 is of the helical variety, and has its first end engaging the cap 40 and its second end engaging the piston 42,
preferably inside the bore 72 at a ledge created at a change in diameters thereof.

* The first chamber 38 is air filled. in order to accommodate the movement of the piston 42 towards the second
end 32 of the housing 28, an air vent 75 is preferably provided through the end cap 40 (see also Figure 5). The air vent 75
is a passage through the cap 40 from the chamber 39 to the exterior of the valve 20 which allows air to flow into and out

25 of the chamber 39.

The branch 33 extends generally perpendicularly from the remainder of the housing 28 between its first and
second ends 30,32. The branch 33 is generally defined by a cylindrical wall 76 extending outwardly from the wall which
defines the main portion of the housing 28. The wall 76 defines the branch passage 38.

As best illustrated in Figures 7 and 11-12, a threaded sieeve 78 preferably extends about the branch of the

30 housing 28. The sieeve 78 has an inner diameter which is larger than the outer diameter of the wall 76. In fact, the inner
diameter is |arge enough to define a space between the wall 76 and sleeve 78 in which the end of a tube or other member
may be inserted.

The sleeve 78 is preferably connected to the wall 76. As illustrated in Figure 7 and 9-12, the outer surface of

the sleeve 78 has a number of recesses 80 therein for aiding in gripping by a user.

-7-



FIGURE 52 is a cross-sectional view of the valve illustrated in.Figure 51
with the seal in a second position. 10

Det ai | ed [¥QOPS#B6on of the Preferred Enbodi nents PCT/US99/10713
Figures 1-17 illustrate a valve 20 in accordance with a first enbodi nent of
the present invention. Figure 1 illustrates a particul ar use of

the valve 20 to mhlﬁﬁtm'h FtheVﬂJe‘l@wnm\nlhﬁde%ﬁﬂad in detdil withJeferdnke oW figeres, A Usarcfirsy Eonacts 20
may be used in ety of ot

Y Lot St o st e Tepement 7410 0 GO0 65 440 APt T et gl peppn, 23 is f the

sel ecti vel YiygQididsdlabobe 4h ehd oPifie Qtfe 28 ilablﬁg@ cénfecr therebn is quided oveEhd Wl 7ENetwieh tﬁernﬁ!ﬁieaf
fluid source 24 such as an |.V. ba In this arrangenent, a fi hﬁ%ﬂme 8t
ge: o

i npl ement  2the wall apdsha-jeside ef she;sigeve 78. ThtgJ connectqy j§ prefsrahly thread mtemgag«merp it
i mpl eg§nt Z&SQngde‘ses a tube 23 leading to a catheter 22. One end of the

t ube connected to the valve 20, and the catheter 22 has its
tip positioned iTheusertheniergppes the second medical implement 26 to the flygt pgg @bﬁdheﬂgﬂlzgafrefptm Beent

26 is also ganh ﬁ.ﬁ]&ﬁﬂl thés idiEcanhia ﬁfﬁﬂ %«Qmonylﬁthoﬁ & Ednfdtor PP fivingPd maiAGHcAgRNcrur2Go the

conpri ses connecti ng p03|t|oned at one end of a tube
29 whi ch Ie&mmrnﬂe‘nd«ﬂmea'bugmzdm!20‘0"8'"923 ‘ Wien so connect ed,

the valve 20 per ﬁ‘éﬁl afd\‘a|‘|‘:lvasql'uatt:‘.ihm&Ja t@‘a@ &ﬂu%gﬂ?thé eanuer@% (ﬁﬂ% PiftonQb. N the e Furtiet

fluid source to tient. The val ve
20 i s 18l so sivanasthcioplepent theaistond2dspressprdn thediresting ofmmpndﬁmt*@ hesping 28, Gompegssing the

di sconnect ® Qi fi sz uAll‘&\Mi’llL ff\!vfatsa et %Jm{}@s e\{ﬂaf/ 55 APthd pistan gf%ﬁ’ Whfahe hl:rE‘ 724 Qhe Tpn&tﬂﬂs

when the set I sconnected, the valve
20 gener at efmdnﬂmmmtthe\mﬂﬁﬁdmﬁewcm"@vv i ce. flowof fluid in the direction

of the patient, §ASk& cm{leuphﬂ of the mglenmngéléamd&%% ﬁfﬁ%ﬁbgﬂﬁ'hﬂgﬂﬁctﬁ{lﬁ% Rk gt er

22. 25 _ I'ment of the valve pr esent
i nventio n W\éohriecton @¥tolthe hebsiny(28 nd:pmldel arsecorocognechion. $p éngagstisthe implement 2Gis copnected to the valve |

Fi gur e vaI des a housing 28. The housing 28 is
genergsl %“‘"'Eﬁf&sﬂ)%'i("’tﬁievmﬁrl'?egarral n portion with a first end 30
defining a firstWieoth pisdh 42isil thsassitimp fisid flopprhis pstabfishe toumcthp second perital Enplemep 26 (and

Ab h 33 LV, L[
AR IR Ggﬁ{éﬁﬂ%? @“%o‘ﬁ@ﬁ%ﬂ)’ha& bR Wb Qﬁn@@#ﬂ?%@tﬁa&eﬁ %@m&’fn ti(iJKh@- Jﬂ%r i F%)@rftrsng
(See Fi gur emedica) implément 21 {and thus through the cathétle 22 fortherpetieaty Figid Howsahr@gh the timd7 of thecosnsely e

36 is defi nggnq Réw% Q?{;thgtgui pﬁsﬂm Eﬁgtgthgiecn d&@l&b 43, fiz, ttlnf SPQ:? gﬁ"’" 'l E‘é I“Fap ds

fromthe fi second t1on, ranch
passa@® 38 sMicesta® hiusin28,tinoiading the aamaﬂm@eutﬁﬂsm The total vnlumgﬂmm;gihm thhgplvb?lh\mgh
port to the_ thi

end 32 of t W%seﬁaﬂ?ﬁ'%ﬁm%bqt I atfaphed and fuid s the seco é'E)'fhan,ﬁ% gi&ﬁlg%%ozg i ts h;e)o: |etC ?gged
in the : Fluid is prevented from travelling beyond the second end 52 of the piston 42 into the first chamber 39 by the seal
68. As a result, the fluid flowing from the second medical implement 26 towards the vaive 20 is forced to flow into the
. branch passage 38 and thereon into the tube 23 to the patient.

25 Most importantly, when the second medical implement 26 is disconnected from the vaive 20, the valve 20
causes fiuid to flow in the direction of the first medical implement through the branch passage 38. As the second medical
implement 26 is disconnected, the spring 70 forces the piston 42 towards the first end 30 of the housing 28. As the
piston 42 moves in this direction, the piston 42 slides through the narrowest portion of the passage 36 near the first end
30 of the housing 28. This movement causes the total volume or fluid space in the second chamber 41 between the piston

30 42 and the housing 28 to reduce. Once the shoulder 62 of the piston 42 hits the ledge 48, the piston stops moving, and
the fluid volume within the vaive 20 is at-a minimum amount V2.

Because the fluid volume in the valve 20 decreases as the second medical implement 26 is disconnected, some

fluid within the housing 28 must be displaced. This fiuid moves along the troughs 64 and into the branch passage 38 in the



second end 32 .of the housing 28. WO 99/ 58186

PCT/ US99/ 10713 Excepting the branch p ' 432t NE
housi ng 28 W?ﬁ’éﬁ’féqﬁal ly cylindrical, as is the nmifi*passage g‘xéﬁﬁ%gﬁﬁlﬁst

end 30 of the housing 28 is adapted to receive the cannula tip or
nose 37 of an ANSI standard syringe, as illustrated i'n Figure 12.

As such, the detdmatike pentoths thtlleolink ofSlvid fizwig i the "pasitisle” alrestion V, (Volamerylisplacedhiming dgirbto the
nose of this pype of syringe. It i oweyver cont enpl at ed t hat
t he di amet er 'l'f%‘e'f':ﬁ@"ﬁﬂééﬂ'&g”%dwx?ﬁ%n’5?"m5mm§’f'ezvézto accomodat e t he
attachnent of ot heghceQRpRRA 42iias resvated, the vaive 20prevente futet ool fiull from the first medical implement 21
Preferably, nmeans are proyided far |ocki t he di cal .1 npl 26. t g the
1Tt end’ 30 T g o e P . soes ofthe bessnd Ched e Jor B o oo 5. TS
threads 44 argwd@Sirletamplé; the Bisdd hridsure@f thepatiehtiod faeing iod Babicto thealvé 20GndDt tha first pr€31.
first end 30 for mating .. . engaﬂgﬁﬁai w th threads on the, connector
27 of the second rﬁﬁq"%m‘"‘mﬁbl’%ﬁ‘l‘"’ﬂ' ¥ fthe pesgent; 'W@“??Z'é’r&“ﬁm\ﬁﬂ"f"ﬁ' Ygtages.
skilled in thgaatit offthYhe e thitSiddidal Vailes Adle Hhluidtchiitainink) BrSuvithin 4itém inMhich the fluid may stagnate.
As the main passage 36 is generally cylindrical, the end cap 40 is

general |y ci rRuidistagnationis undesicable, 3%t Ak fysys ipacteripgrowth and similar probless.. of  he housi ng 28

at the second end geydve 264t FresehtGviniion SAGS fiuid coRairiig dres Gobvesihdisfoh 87 M1 th¥ wall of the
i ncl udes an outwardly extending tab 46 on its ergpheral edge for
g@g@ m

engagi nd0t he fovsioy Zavhishygefings the reain paspage Fo Thisiopnerally annylys spapsds flysh effyid s dyectpdSeom tha
Ijggcr I bed in tﬁ?ﬂﬁ@?ﬁkﬂn%ﬂl gl/v?c'?he di aneter of the pasgggrjer ggsg?st he first
end 30 of the housAnpther gsgect of the present invention is that the end surface 56 of the first end 50 of the piston 42 is smaoth.
" This allows a user of the valve 20 to swab the cannula engaging surface before connecting the medical implement to the
first port 31 of the valve. The swabbing may be with alcohol or a similar disinfectant which serves to prevent the entry of
15 bacteria and the like into the fluid system through the vaive 20.

It may now be understood that the vaive 20 includes both means for reducing the fluid volume or space therein
when the second medical implement 28 is disconnected (i.e., in this case, a reduction in the valume of chamber or cavity
41), and means for establishing a flow path through the valve 20 when the second medical implement 26 is connected and
for closing this fluid path when the implement is disconnected. In this first embodiment, these means are provided by, the

20 single piston 42.

A second embodiment vaive 120 in accordance with the present invention is llustrated in Figures 18 and 19. As
illustrated, this valve 120 includes a housing 128 which is similar to the housing of the valve 20 described above, except
that this housing is shorter in length between a first end 128 and a second end 130, as a piston 142 of the valve 120 is
also shorter.

25 As illustrated, the first end 130 defines a first port 131, and the opposing second end 132 is closed. A branch
133 extends to a third end 134 defining a branch port 135.

A main passage 136 extends from the first end 130 towards the second end 132 of the housing. The main
passage 136 is defined by an inner surface of a wall of the housing 128. The main passage 136 is generally cylindrical in
shape, in this embodiment having no ledges or steps.

30 A branch passage 138 extends perpendicularly from the main passage 138 between the first and second ends
130,132 of the housing 128. The branch passage 138 is preferably defined by a wall 176. The branch passage 138 is
generally cylindrical in shape.

The piston 142 is movably positioned within the passage 136 of the housing 128. The piston 142 has a body

160 which is generally cylindrical in shape, and has a first end 150 and a second end 152. The first end 150 defines a
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15 Is smaller than that at the second end 32. As illustrated, the
passage 36 narrows (noving in a direction fromthe second owar ds
the first WO/S860) near where the branch passage 38 exteﬁgg’qﬁs’altlr?’t‘%e mai n
passage 36. In addition, the main passage 36 narrows again beyond
t he branch passage 38 near the first end 30. A circunferential |edge 48 is
formed at  head 154 having alslaéd sipfaten tn thidembodiménk) che piston 14Dia swilarse thadt hefirstemwdmet exceph e

first end 3 il l.us Fi 11 d 12,

pi ston 42 i °%’F°FHQH’P§‘“§°6§'”“F%@H"WA? iiseing dad “n&?’% :ogss:aggrgg Re?grrl ng ?o
20 Fi gur eﬁgr&?rmﬁmoﬁhﬁnmmvau uaﬂumascysmmdnu gndsdy'n 152 OAsiiligsaviated, mmmeags a
maxi mum out er di anet er V\/m G §t é1

maxi mum di cf%Hvopad indhe gropye 1580t é ‘g{bbtd'\éﬁs %gpaﬁsﬁ%e lé\ Tt eh'f"sm@nl B Baand a

3e§?2d5eng M“"f’ﬂ*?"m{w‘ma“ﬁ%gm end to . .end which is |l ess than the
[ nce fromthe first en d.end,.32 of .th

The piston 42 hakrewssypiaeg 122 Q{'“e‘{'t‘g" ?ﬁ@ﬁ chf"gh 22@““’?’]9 If'ffg &"f"gie"ghéﬁﬁ'{as&d
54 is cirCUpgs a's&nﬂ?ﬁﬁ'ﬁnsﬁﬁmﬁm faddss 17Bdnd Sktends therefrom to theskoaratemicl 32 sfdheSousifigrd28 fob 6.
A neck 58 extend omthe head 54 to a bod¥q 60. The neck 58 preferably has

a reduced Zﬂasmﬂthel"m"H'?&H’E’@‘é\“"&&""ﬂ:mﬁféﬁ‘e@ﬂ""fﬂd he head 54. An "O'-ring 67 or
simlar seal is pgy f75 ﬂ'}?ﬂ%eﬁhﬂbqﬁ(ihets&&dreﬂﬂl&Qﬂhﬂh@iﬁitmf Theavert 17555pedkmas air to flow

engagenent with the adjacent of the housing 28 A
first lﬁort|Weellﬂhetf'ﬁbchm;}w@eﬂtwpﬂ@émem%@W@ck 58 has a snaller dianeter

than a second pogfelieh gfsitlsf18R R Mvuﬁ@near the first end 130 dP 6 hduding 28] TRESE Q82 i beerall
second end 52. The trap%tsltlon bgt ween these two secti odfa]s creates. a g?ou‘l' der

62. The shotitupedor figting within the passage 13, sndarpﬁera%@lﬂdef ppredprmed siis ‘W%"“F'b‘ﬂ%"‘ﬁ@ of 3 megicpl,
passage 36 g.ﬁlmteﬁl%amgkg hkea P P2 fdbrablf Mtﬁm&‘éﬁé resfiént FndidRial Bdch thert tﬂ@raliyrrﬁmsttme

first end 3 he housi n
el ongat e cunesition {i reseals) @ustratedinFiowe 18, wegw alit 184;is,slasad a9¢,flud js praventyddrom P‘ﬂ%’g “\”’Fﬂ"é“ﬂh 180

degreqg from OZS savﬂm ‘hbﬁrgt)emﬁolment 3 sleave 178 is poEJibﬁed WM a6 Uekimig bakeh 133%¢ ROWMing O

of the piston e cut-outs 64 are troug shanﬁed and extend inwardly to
a radial 128 Theslem1@%4&%8‘#‘43%796&%""9‘63%“‘&" ei ght of the shoul der 62

(()fs 0 i LgaL Ob 2 Ie N g 0; %Bﬁo%\ Pf:ﬁgetvﬁdg ggﬂﬁgnﬁ\lv gef lﬁimhﬁﬂﬁdeﬁ@sﬁﬁ refern@ o Fyfires 18QndS18! A liserdist
- 6- connects the first medical implement (not shown, but which may be similar to that illustrated in Figure 1) to the branch port
135 at the third end 134. When the first medical implement is of the type disclosed above, the free end of the tube is
20 guided over the wall 176 between the outside of the wall and the inside of the sleeve 178.
The user then engages the second medical implement 126 to the first port 131 of the valve 120. Preferably, the
medical implement has a blunt cannula tip.137.
The user advances the cannula tip 137 until it engages the end surface 156 of the piston 142. As the user
further advances the implement, the piston 142 is pressed in the direction of the second end 132 of the housing 128,
25 - compressing the spring 170. Air within the first chamber 139 between the end cap 140 and the piston 142 and within the
bore 172 of the piston is forced out through the vent 175 in the end cap 140.
When the piston 142 is in this pesition (as illustrated in Figure 19), a fluid flow path.is established from the
. second medical implement 126 (such as through a tube from an LV. bag) through the vaive 120 to the first medical
implement (and thus through the catheter to the patient). Fiuid flows through the tip 137 of the cannula along the first end
30 154 of the piston 142 into the second chamber 141. The total volume of fluid within the vaive 120 when the second
medical implement is engaged and flvid fills the second chamber 141 is an amount V1.
Fluid is prevented from travelling beyond the seal 168 into the first chamber 139. As a result, the fiuid flowing
from the second medical implement 126 into the second chamber 141 is forced to flow into the branch passage 138 and

thereon into the tube to the patient.
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A groove 65 is forned | .St on
42 near its ég%’%‘a“ end 52. :RPreferably, a seal 68 {see Fi gures -ﬂ)} Qh?Z) S

positioned in this groove 66. The seal 68 is preferably an " r| ng

conprised of rubber or a simlar resilient, sealing -
In the preferred ieidunoanly; when thesegondspegipal mplemest 1PR s F'%SW"‘%M va!ver'@&é@s'éw 120

area therein. A5 d“"‘ th hh%}nhﬁetng#mn?hﬁeﬁ aﬁ,[ﬂm@ trough m%ﬁﬁpa&mﬁa A e cahmu@r

passage 72 ex?en ng 1 nwar rom-t e secon 2 thereof. The bore
preferably hamplemést £26 is disconnected, th! spfinga 78 foegessthe Dlshemza‘?"g@ﬂ'”!ﬁ‘eﬂﬂﬂﬂ% the bousing 428. tTHe

second end 5 %noveﬁ%gcak’@ﬁ% t tglgnln{:ng %lﬁ‘?&g& ﬁ:rthe Jd\ﬁﬂmtﬁ; 30 Benbeth dhefkso 1435ha tﬂé g{iﬂ‘gﬁz‘%{ s

whi ch are | ess I'n conmmuni catli on Wt
passage 36 withelfirsnent 138 ohtheibwiising 12830 redicee Oma rthg mm 142 encounters the yeal 482z the bisten stepsmovinge

{hree i amet oCiis Loty MR Lo lMaie 20 Nas @ generally uniform

t hi ckness, Those of skill in the art
wi || appreciate t Badaust thefluloshame ﬁﬂlepﬂyylmdmaaaus (he gecond needical implement 0 26risdiscatinettedzsomen t
di anet ers. 20 where

e b0 1 gt he s 128 mys by e T Yok g Mg ine RSHaE 1908 Sl e
i [l ustrated, phtlem, thexotal vildinedf fuiddiewaingtinthe Tybsitive” dieetipmliping &y6al tonNedliftererice eteenctbe/ maxipund r
chanber, 39 an nd .cavi}lﬁe@r chanmber 41. The first chanber
39 conpl¥ses " 'ﬂ'@vi @Emﬂ'@vw(&! he end cap 40 and the second end 52 of thé
piston 42, as wel |0mﬁ&hetxhﬂement tip 137 is removed) QiR vdaflizmﬁdlemé fater mwtdnau.q)f'mt 1 firdtmedigal

t he bore 72 The second anb 41 s .t S m t.he_seal

[Tt end. . impne baiougy e 1R, 806 SRR 6 S s of s 13 g i
As |IIustratQ§hmmofE¢ew§@szall and 12, the pi ston 42 is noveable froma first
or "unconpressed” position i e. shoul der 62 engages the

| edge 48 and the fOFsdeyProxiips agﬂ?“‘\ﬁrﬂ‘“ﬂ e 'ﬂ‘%?%ﬂ‘.ma%'e%ﬂ“emsh‘bﬁmﬁa‘ms dsiny fg valve
first epsl 30 19§ ofkHi@mbodiment has its fuill bkGRiAYGre2 ShtwebnQhePisGR 712 B 13 ousitgQBIRS SEREs the main

position in which the piston 42 is noved in the direction of the second end
32 of passage 136 Thls space is flushed each time fluid is injected from the top end 150 of the piston 142.

Advantageously, a needle may be used to penetrate the seal 182 instead of the blunt tip cannula 137. In this
arrangement, the seal 182 is preferably resilient so that it reseals, but need not be pre-siit.

As may now be understood, the means for selectively establishing the fluid flow path through the valve 120 and

20 the means for causing a reduction in fluid space in the vaive 120 when the second medical implement 126 is removed are
separate in this embodiment. In this embodiment, the means for selectively establishing the fluid flow path comprises thie
seal 184, while the means for reducing the fluid space comprises the biased piston 142,

A third embodiment vaive 220 in accordance with the present invention is illustrated in Figures 20 and 21. As

illustrated, this valve 220 includes a housing 228. As illustrated, the housing 228 is a generally cylindrical body having a
25 . first end 230 defining a first port 231 and having an opposing second end 232.

A main passage 236 extends from the first end 230 towards the second end 232 of the housing. The main
passage 236 is defined by an inner surface of the housing 228. The main passage 236 is generally cylindrical in cross-
section. An extension passage 238 of smaller diameter extends from the main passage 238 to the second end 232 of the
valve 220, the passage 238 being defined partly by a wall 276. A sleeve 278 is positioned about the outside of the wall

30 276. The sleeve 278 preferably has threads 279 on an inner surface thereof.

The piston 242 is movably positioned within the passage 236 of the housing 228. The piston 242 has a body
280 having a generally circular first end 250 or head. A flange or skirt 255 extends outwardly from a circumference of the
head 250. A number of passages 257 are grovided through the head 250 of the piston 242.



t he housi ng 28. Means are provided for biasing the,
pi ston 42 |nto |ts first position. Preferably, this means conprises a
spring 70. Y@958186 The spring 70 is of the helical variety,P r‘%ﬂb”?/é%"?‘ts
first end engaging the cap 40 and its second end engagi ng the piston 42,
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nd 5 of t 2t 8 RS ty e 1 ke 288 gl o s TR PR 270 e
end cap 40 ( preferablylamsandar, mmﬂéandéﬂmﬂyalmcdlmal?ﬁchasinamorthelnke is a passage
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33 is generap? s& aayd?‘"‘g”@{}? Pangifexted af 4 resifent '1‘“’7% “’é‘k‘gﬁ Wgﬂ" 1 EET4YS 0,28 olipsgd ositiop,

the wal | ‘Whi gfflustrated in Figure 20, ﬂdaﬁmaslossmfmmsarewutimmbuﬁrhmmusI ng 28 The
wal | 76 defines the branch pass

illustrated in Fi J§phecatop “é!‘?d"ffzab(i"ﬂ" now be,described o.detail withefesencedo ?ﬂ"’@?@l‘%&?ﬂ A psgrtishds

about the br gietis Y first iaicat ihplement oot sk, Dirt Michndy bamrﬁluﬁﬁmﬂ&&n he..a; mamh &&ﬁi ond
di ameter which is |larger t ﬂan the outer dianeter of

the innid 232 When the firstimadicalimplements of she type démﬂngee@emmdﬂfeméuhg 15&'{'}’8" s ek 274 he

wal | 76 and ﬁhﬁ&w& oftSide of th¥ VR bGhY tﬁm.umﬂl.e gémam uﬂaeusarm@&daaes tﬁﬂ%set\ﬁ rmedical implement
my be inserte he sl eeve 78 i referab connect ed

s
to the wall 3’2@ W"M’ first part231 of the yplve 270, FP'W% the madica) implement hag “‘GEF!“&’(“P rface of
the sleeve 78 hasygudgbtiaficts th cadnfidth 25 Rrougiihd $047 D62 uRkil ft BHiga8sl chl eRdhurkable 285 bR piddn DY

?7 EJ ser 242. As the user further advances the implement, the piston 242 is pressed in the direction of the second snd 232 of the
15 housing 228, compressing the biasing member 270, |

When the piston 242 is in this position (as illistrated in Figure 21), a fluid flow path is established from the
second medical implement 226 (such as through a tube from an LV. bag) through the valve 220 to the first medical
implement {and thus through the catheter to the patient). Fluid flows through the tip 237 of the cannula through the
passages 257 into the passage 236. In addition; fluid fills the space 241 between the seal 282 and the piston 242. The

20 totat volume of fluid within the valve 220 when the second medical implement is engaged is an amount V3.

Most importantly, when the second medical implement 226 is disconnected from the vaive 220, the valve 220
causes fluid to flow in the direction of the first medical implement through the extension passage 238. As the second
medical implement 228 is disconnected, the biasing member 270 forces the piston 242 towards the first end 230 of the
hausing 228. As the piston 242 maves in this direction, the biasing member 270 expands. This causes the total volume or

25 fluid space in the housing 228 to reduce. Once the piston 242 encounters the seal 184, the piston stops moving, and the
fluid volume within the valve 220 is at a minimum amount V2.

Because the fluid volume in the valve 220 dacreases as the second medical implement 226 is disconnacted, some
fiuid within the housing 228 must be displaced. This fluid moves through the branch passage 238 in the direction of the
patient, the total volume of fluid flowing in the “positive” direction being equal to the difference between the maximum

30 volume V1 less the minimum volume V2.

Once the implement tip 237 is removed, the valve 220 prevents later flow of fluid from the first medical
implement back through the valve 220, since the slit 284 in the seal 282 reseals, closing off the passage 236 near the first
end 230 of the housing 228.
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housi ng 28, t]g . HmG or WECIHEE eﬁéﬂﬁny downwardly thereftﬁrﬁ’Eir@uﬁﬁJréﬂf allyafoutd@heloRE efhP bYShe'hehd 354, tAR

provi de a secure connectli on. engaged, the inplenment 26 is connected to
t he val ve 15 least onepgsag35y hefﬂwb%ﬂ‘lo%b |19!5I3§‘s*tf thapise 4 Fi gure 12.

Wien the piston 42Adﬁa§mg' e@ménb:fﬁ |$B63ﬁ6n5d vﬁ?n théholisin'32d thJvﬁWth’ﬁoﬁ MZ%nﬁl%tsﬁmd hlﬁlh@fi As

fromthe second ough the tube
fromthe |. V.iluiatgd, e element 37@ wamﬁmgmmwhllﬂ cirevtat i, sheng h#vmn #peneraihe"CY yhanerh er ion

t he val 20 di cal inplenment 21 (and thus through
t he cat gt er v%tg P%&t%dgﬁr%aﬁmear?togefm&fmﬁl "flows through the tip 37 of the

cannul a Tas atement SHkcodperatestwith arinng Aurtage ot thechoysing 328 to dafine » eheraben I3 which dsealpd
chamber 41, r
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total vol une codmbdrBI% d Wit hin the vaI ve 20 when

In this embodiment, a sieeve 378 is surrounding a wall 376 is formed integrally with the remainder of the housing

20 328. The sleeve 378 has threads 379 on an inner surface thereof for use in mating engagement with threads on a medical
connector. _

A seal 382 is provided near the first-end 330 of the housing 328. The seal 382 preferably selectively obscures
or seals the passage 336 through the housing 328. The seal 382 is pre-cut to form a slit 384 which, when the seal 382.is
in its unbiased position as illustrated in Figure 22, is closed.

25 Use of the valve 320 of this embodiment is as follows. A user first connects a first medical implement (see
Figure 1) to the port 335 at the second end 334 of the housing 328. When the first medical implement is of the type
disclosed above, 2 free end of the tube is guided over the wall 376 between the outside of the wall and the inside of the
sleeve 378.

The user then engages the second medical implement 326 with the first port 331 of the vaive 320. Preferably,

30 the medical implement has a biunt cannula tip 337. The user advances the cannula tip 337 through the slit 384 in the seal
382 until it engages the end surface 354 of the piston 342. As the user further advances. the implement, the piston 342 is
pressed in the direction of the second end 332 of the housing 328, compressing the biasing element 370 radially sutward.
Air within the chamber 339 is forced out through the vents 375 in the wall of the housing 328.

-13-



t he second nedical inplenent is attached and fluid fills the second chanber

41 is an anount V1. Fluid is prevented fromtravelling
beyond t heWOd8581d6end 52 of the piston 42 into the first chBfHEP*4878y t he
seal 68. As aresult, the fluid flowing fromthe second nedi cal

I npl ement 26 towards the valve 20 is forced to flowinto the
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7 fqwarss Hipt g b
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m ni mum anoggg V2. Because the fluid volume in the
val ve 20 decreases as the second medical jnplenent 26 is dlsconnected

fluid W thin theAntessmntinee tiasayelemeat 30 2ppnds Bwardyeaysios  fedctn jo3tpdutal xplygw o ‘{“ﬁgme

troughs 64 e p@ssdob' 36 BetvieaFth: pRES F42 6@ sedshd knd 332'3Fthe housing 328 to reduce. AR 6
PCT/ US99/ 10%%' ! stng |pr ecti onsof t he atel g“r?{'g tﬁ’ée !tm(e)t al t&(%l‘sﬁﬁgao
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Because the fluid volume in the valve 320 decreases as the second medical implement 328 is disconnected, some

15 fluid within the housing 328 must be displaced. This fluid moves through the passage 336 in the direction of the patient,
the total volume of fluid flowing in the "positive” direction being equal to the difference between the maximum velume V1
less the minimum volume V2. . .

Once the implement tip 337 is removed, the vaive 320 prevents later flow of fluid from the first medical
implement therethrough, since the seal 382 closes off the passage 336 near the first end 330 of the housing 328.

20 Besides providing a positive flow, the vaive 320 of the present invention has other advantages. Fluid stagnation
is generally prevented since the fluid flows through the housing 328 in generally a straight path.

A fifth embodiment valve 420 in accordance with the present invention is illustrated in Figures 24 and 25. This
valve 420 includes a housing 428 which is generally identical to the housing 328 of the valve 320 described above and
illustrated in Figures 22 and 23, having a first end 430 defining a first port 431 and a second end 432 defining a second

25 port 435. A passage 435 extends through the housing 428 from the first to the second ends 430,432.

Again, a portion of the passage 436 near the second end 432 is defined by a wall 476. A sleeve 478 extends
about the wall 476, the sieeve 478 having a number of threads 479 on an internal surface thereof.

A seal 482 which has a pre-cut slit 484 is provided near the first end 430 of the housing 428 as in the last
embodiment.

30 In this embodiment, the biasing element 470 comprises a donut-shaped, resifient element having a hollow interior
471. The interior 471 of the element 470 is in communication with the outside of the housing 428 via one or more
passages or vents 475. A connection is provided between the element 470 and the passages 475, however, so that air

fiowing through the passages 475 to or from the element 470 does not flow into the passage 436.
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Once the, pistaon 42 has reseated, the valve 20 prevents later flow of fluid

fromthe first nedical inplenment 21 back t hrough 0,
since the p‘lvgt 98B oses of f., «f:he passage 36 near the first enﬁﬂys%ﬂ@lg
housi ng 28. This 5 prevents for exanple, the blood pressure of the

patient fromforcing blood back to the valve 20 and out the first port 31.
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pr event glphe entry Ve ofthe valve 420 ghthis E’F"P“&“’&‘ﬁﬂa‘ﬁ?\'@"st iAyger ?"'ﬁ‘t"ﬂ““f"ﬁea firgt U'F‘lffa'é'l}”i"l"@‘ﬁ{‘“
through the VAduxa) 1@he port 435 at the second end 434 of the holising 828y WhEhV’thJJﬁst wheditairfglemanl lstnhﬂﬁ type
t he val ve 20 includes both neans for reduci ngﬁzt he fluid volune or spac
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second medi cal i nmpThepsexthen engagpsghe sespnd medical implemayt 426 to the first port 431.9f the-yalva:A2(, Prefecably, the
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il Tustrated ig, [l faﬁﬁly &ﬁmﬁ%&&m 3 compresslng the biasing didherit ﬁﬁlt A wutﬂmhe?hnﬂdﬂ kn\éﬁnr 4A0

i ncl udes a housing 12 s si m to the housi ng t he val ve
descri bed abo%fé'"!bmémeﬂt‘mlsfﬂfcedW"'lmlﬂlhd@v&"ﬁﬁ@'ﬁbﬁwllﬁ@e @s'@H&ter in | engt h

between a first e nﬂ‘m} ﬁn%\lﬁgs‘rﬂw:ga ﬁxﬁﬁg\p Pt eheabiisted frnﬁﬁhe@ecﬂ'l'g\s %x{&gl uﬂpfe%en?izstﬂt?ﬁgh‘ﬁﬁal viike

120 is r | ustrat ed
first e?@ 13042044 thefiest medicsl implementp Byid flowgthrough theftipdBiof the pawla inty the gaseAae A6, the to@bvolpres

closed. A br a@g@ within the valve 420 Wheh tﬁ‘e’%ﬁﬁﬂﬁﬁ%ﬁépﬂm&ﬂ gl aﬂacﬁ‘é&q diiid fifkthd dﬁésfb‘a 436 wih the

branch port 1 assage 1 6 exten
first end 130biasipgwiement410icempresserdisnd apond VIL32 of the hou5| ng. The main

Most importantly, when the second medical implement 426 is disconnected from the valve 420, the valve 420
causes fluid to flow in the direction of the first medical implement through the second port 435. As the second medical
25 implement 426 is disconnected, the biasing element 470 forces the pistons 442,443 radially inwardly to that pesition
illustrated in Figure 24.
At the same time, the biasing element 470 expands inwardly, causing a reduction in the total volume or fluid
space in the passage 436 between the piston 442 and second end 432 of the housing 428. Once the pistons 442,443
encounter ong another, they stop moving and the volume within the valve 420 is at a minimum amount V2.
30 Because the fluid volume in the valve 420 decreases as the second medical implement 426 is disconnected, some
fluid within the housing 428 must be displaced. This fluid moves through the passage 436 in the direction of the patient,
the totai volume of fluid flowing in the "positive™ direction being equal to the difference between the maximum volume V1

less the minimum volume V2.
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passage 136 is defined by an inner surface of a wall of the housing 128.

The mai n passage 136 Is generally cylindrical in shape, in this
enbodi ment Wl%?/’? 0 | edges or steps. 30 ' A BSTARON 1WA sage
138 ext ends perpendlcularly fromthe main passage 138 between the first and
second ends 130, 132 of the housing 128. The branch passage 138

is preferably def Dmethe kiy433 ofithe impldned 426Tih emiyeda the imive A20nregents 1aBB flawsof fluid from the first
general ly cyllage) a&ﬁ‘enphéhﬁnp@ésﬁu the e 482 s of tepessap 43 36 neal Iﬂ?r@&@iéh[}kﬁé\%usw 428,

nmovabl y pOSIPIOﬂE ouslI ng
142 has a body Besides providing & ﬁﬁm/ﬂovc tte vaige 420 pidire piesent me;mm had othes advantages. sﬁhﬂp&gnam d
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PCT/ US9% 107 13 As will be apprecuahﬁli}dhoiﬁslﬂldl aMhem;x ther&thaybb providsdmdvectiian .twd pistdnd ¢obperating
gxgg't rent: e'p"f %égfﬁf"é% d?’mwmsﬂ Bl 'Pea}’tém'ﬁ Qﬁ’og‘g" %ﬁ“ﬁﬁtna\?gb?ﬂénm fering
di aneter se ct | ONSA sixth embodiment valve 520 in accordance‘with fh@mt ihihition is ilfsteated @ ligired 26 @ 210 ORiy
100 bet veer ar;yan;e@rvaﬁgao“-f o a2 gl ks
di vi des the ﬂmﬁmgggniﬁ,emrgmuahmm”mgm, theda3t ombddimenst T 1 r St chanber 139
and a SI%C ond ¢ hanjr)h% valve 520 of this embodiment has a housing 528 which is generally. cylindrical in shape. The housing 528

has a first end 530 defining a first port 531 and a second end 532 defining a second port 535. A passage 536 extends

thraughi the housing 528 from end to end.

A piston 542 is movably positioned within the passage 336. The piston 542 has a generally circular head 554

with a tubular section 555 exténding centrally downwardly therefrom. A passage 557 is provided through the head 554

15 and tubular section 555 of the piston 542.

A spring 570 or other means for biasing is positioned within the housing 528 between the head 554 of the piston
542 and a ledge 561 formed in the housing 528 along the passage 536 between the first and second ends 530,532

A seal:568 is provided in a groove in the circumferential surface of the head 554 of the piston 542, A similar
seal 568 is provided around the tubular section 555 near its end opposite the head 554. The seals 568,569 seal off 3

20 portion of the passage 536, thereby defining a sealed, air-filled chamber 539.

One or more vents 575 are provided through the housing wail from a point exterior thereof to the chamber 539.

The sleeve 578 and wall portion 576 are integrally formed with the remainder of the housing, the wall 576
defining the passage 536 at the second end 532. The sleeve 578 has threads 579 thereon for use in mating engagement
with threads on a medical connector. '

25 - Aseal 582 is provided near the first end 530 of the housing 528. The seal 582 preferably obscures or seals the
passage 536 through the housing 528. The seal 582 is pre-cut to form a slit 584 which, when the seal 582 is in its
unbiased position as illustrated in Figure 26, is closed.

Use of the vaive 520 of this embodiment is as follows. A user first connects a first medical implement (sea
Figure 1) to the port 535 at the second end 534 of the housing 528. When the first medical implement is of the type

30 disclosed above, a free end of the tube is guided over the wall 576 between the outside of the wall and the inside of the
sleeve 578.

The user then engages the second medical implement 526 ta the first port 531 of the valve 520. Preferably, the
medical implement has a biunt cannuta tip 537. The user advances the cannula tip 537 through the slit 584 in the seal 582
until it engages the head 554 of the piston 542. As the user further advances the implement, the piston 542 is pressed in
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A recess- or bore 172 is formed in the body 160 of the piston 142 extending
fromthe se 152. A first end of a spring 170_is

positioned In tﬁe recess 172:and extends therefromso the sedSdURAVI32 of
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wal | and t he the nsurd&pﬂiiowighﬂd ﬁé fidid volumd within the valve 520 is at a minimum amount V2The user t hen
SDGR0ES | 1 5Ol P L Bt S e
137. 15 - fiuid within the housing 5Z8vRust b5 ﬂifplaﬁdvmtﬁ ﬂ@ﬁnlnzg Qmﬁg’hﬁ?lﬁbsaagi $38 inkii® Girdedibh bil the phtient,

on e user

engages the end 6. of

further adva 9??{1@“ ?ﬁ‘tﬂl'gﬁ'ﬁgd? the Pﬁﬂpepﬁ'ﬁ"m{"’ﬂwa\ ‘5“‘51’"&’&’@83‘?"??" the@axigwrm eolume Vi
of the secongssaichiningd voine ¥21e housing 128, 25 conpressing the spring
170. Air within the flrlﬂ% chan?g 139 between the end cap 140 and the

pi ston 142 and wi PP fhed t tip 537 is removey| the. vaiyey ?"d’“!"ﬁé“ﬂlf@‘!‘ ghfyidsfromshecfisst medigal

through the ngehentitierethrolighf s> 213641 582¢hsek P the passage 536 near the first end 530 of the)ﬂ]ﬁdﬂ sig0e
piston 142 is in hJS Qsition Gas illustrated in Figure 19), flhurd flow

pat h i st abl i shBe§idgsPigyiing g positive How, the valve 5@@8&?&*%%’@%{!“3%%36%?%& Figidstqgnation

as through alsbddbﬂlyifivﬂﬁédﬁﬁheiheh&dﬂbb?ﬁﬁrnuﬁﬂlﬁﬂhlﬁhhﬂ@ﬁabﬁﬁﬁnyﬁsplﬁo to the first
medi cal ement (and thus through the catheter to the

patient). Fluid ff éﬁxgﬁml"’d'mgh vajvp, §204in agcordenpe with theipeesentiaventionds ilustented intFlawresf2B endt29.
end 30 ThisYdve @D ifcles PhoBding @ZBM&» i sli?fhlﬂ td thiSe ﬁﬁmﬂwgnmﬁt 1o-vhives 32070534,

volume of fluid within the valve 120 when the second
The housing 628 has a first end 830 defining a first port 631 and a second end 632 defining a second port 635.

25 A passage 636 extends through the housing 628 from the first to the second ends 630,632.

Again, a portion of the passage 636 near the second end 632 is defined by a wall 676. A sleeve 678 extends
about the wall 676, the sieeve 678 having a number of threads 679 on an internal surface thereof.

A seal 682 which has a pre-cut slit 684 is provided near the first end 630 of the housing 628 as in the last
embodiment.

30 A piston 642 is positioned adjacent the seal 684. The piston 642 is preferably generally disc-shaped, having a
circular outer shape. The piston 642 has a top or first end 650 which is slanted, and a second or bottom end 652 which is
flat.

In this embodiment, a resilient element 670 comprises a generally cylindrical, resilient and non-porous material,

In its resting state, the element 670 preferably has an outer diameter which is smaller than the diameter of the passage
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medi cal inplenent is engaged and fluid fills the second chanber 141 is an
anount V1. Fluid is prevented fromtravelling beyond
the seal 1608 he first chanber 139. As a result, the fI’Cﬁ:'HU'F%H\RF%g
fromthe second nedical inplenment 126 into the second chanber 141 is forced
to flowinto the branch passage 138 and thereon into the tube to
t he patient. 836 in which it is positioned. The element 670 is pasitioned on a fedge 661 formed within the passage 636, and the

- 10- ogtom end 953 o?t% 9513%3% 86

PCT/ US99/ 1072 | Mbst inportantly, when the second
medi cal i npl enent Glogves 685,685i akedeomedinctheside Wallahthd Homing/628 withinlth(passigh 636)itdudiay tHedortion

causes fluid to f]. iLp-the dir jon of the first dical ., | npl e t
oo t he dFEmR e an Rt T rped 635 s i e ppor i sl steds of the Femary 5 2 e
123 is &8 ?Cohmhﬂﬁkﬁdsfluﬁhﬁhvgﬂfvieﬂghﬁl?lﬁhmfwnfn&ﬁelﬁnﬁkﬁg m,%iﬁftrib’bﬂb'élow.O\r/]var ds tlhe f: r st
end 130 of the hoysing 1 This . . . .. novenent causes the total vol unme
or fluid space inldﬁ?ég‘gé%%%’ of. phis ehodimeqtyis as fallows. A\ pser first cpnects 3 firsg megics] ipplemeng, see
seal 182 at Figure 1) to thd dore 635 at thb seCundlend BSH ob the hddsing 128 WhehGhelfids® mbdRtal infidiéreis of MEGpe

t he piston 142 encounters the seal 182, the_éDI ston stops novi ng, .

and the fl ui dissasad ahere. yfep e pf therfube i gyidosover sy wall 675 between the utside of thaWallpd Nyesinside of the
Because the fgbaydggvol une in the valve 120 decreases as the second nedi cal

i npl ement 126 is di sconnected, so within the housi n% 128

ot belli 5ol ac adt The PR denprseefin o s inplopas 2 h i k53] 4 e S (raspacy e
direction of mbdig implement has a bluntiRahhula3i 537, T8 Gsef ddaftbs the@anhlizBip 637 thoughinitd sift A thiked) 82
the "positive" direction being equal to the difference between the nmaxi num
until it engages the top 650 of the piston 842. As the user further advances the implement, the piston 642 is pressed
downwardly compressing the element 670.
When in this position, a fluid flow path is established from the second medical implement 626 through the valve
1§ 620 to the first medical implement. Fiuid flows through the tip 637 of the cannula through the passage 636. Fiuid is
' allowed to flow past the element 670 through the grooves 685, 686. The total volume of fluid within the vaive 620 when
the second medical implement is attached and fluid fills the passage 636 and that space hetween the top 650 of the piston
542 and the bottom of the seal 682 when the piston 642 is depressed is an amount V1.
Most importantly, when the second medical implement 626 is disconnected from the valve 620, the valve 620
20 causes fluid to flow in the direction of the first medical implement through the second port 635. As the second medical
implement 626 is disconnected, the element 670 expands, forcing the piston 642 upwardly to that position ilustrated in
Figwe 28. o

At the same time, a reduction in the total volume of fluid space in the passage 636 between the piston 642 and

seal 682 occurs. Once the piston 642 moves upwardly to a paint at which it encounters the seal 682, the piston stops
25 moving, and the fiuid volume within the valve 620 is at a minimum amount V2.

Because the fluid volume in the valve 620 decreases as the second medical implement 626 is disconnected, some
fluid within the housing 628 must be displaced. This fluid moves through the passage 636 in the direction of the patient,
the total volume of fluid flowing in the “positive” direction being equal to the difference between the maximum volume V1,
less the minimum volume V2.

30 ' Once the tip 637 of the implement 626 is removed, the valve 620 prevents later flow of fluid from tha first
medical implement therethrough, since the seal 682 closes off the passage 636 near the first end 630 of the housing 628.
Besides providing a positive flow, the valve 620 of the present invention has other advantages. Fluid stagnation

is generally prevented since the fluid flows through the housing 628 in generally a straight path.
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10 . volume V1 less the m ni nrum vol une V2. Once

the inplene 37 is renoved, the valve 120 prevents |ate
t“#%@%éﬁ medi cal.. i npl enent back thr oughﬁ?ifbgwl ‘3913

fluid from e va
120, since the slit 184 in the seal 182 reseals, closing off the passage
136 near the first end 130 of the hou5|ng 128.

Besi des provi di ng &0 gishthiewtoginent yalya, /20 inagcorgagpa with the gressit invqtion isilusteated iniFiguyas 3P Y-
has ot her advqal 40950 ek usmﬁmv)ﬁﬁl lyﬁmlgﬁn those descnbed]agﬂeﬂfhris 150 RN Q2U, 80Bic, has

its fluid containing area between I ston 142 and the housing 128 whi ch
defines the main  Thehousing 728 hasasfirst end 71% ning#firs pasty3 L and p second qpd 732 Jefiging 3 seqond,pert 735.

fluid is inj eﬁ‘.ﬁ&;ﬁ@{ﬁeﬂ@ﬁmw&e ﬁdﬂﬁngzﬁ%ﬂtheh&‘?otﬁési&mndl%7 2,

Advant ageousl Y, enetrate the seal 182 instead of
the blunts ti p canndgs, algion of the paksage 736 nearthe second end 732indgfinedhyta wall 5. & sleave 778 mxtends

Acay. now bo I ERRY26 itk ke bR o il P66 e DR RERE, ' 1 () i

As may now be® ectiver y esta

fl ow path through Alsesi %82 which Ka@Oprewutisi©l84 is provided ndatrthe first and/39 qirthadwuu 72§ aniin the last
reduction in flu+d space in the valve 120 when the second nedi cal inplenent
126 is renmovel™ separate in this enbodinent. In this

enbod! nent, the nemntlis efnmrdmmlamiﬁehmhhgnt Estmhiséssahbmglyt\tkﬂnn‘al lns'lldztfaﬂdmwnvpmtniber Inits
(s:ggngI i?ﬁ?p? Ih:‘ [esting s{ate. H‘Fgg%ﬁ%kq é’e?sgwy?{%élll CI%!GF J-'ia?net% ich is smalfer t‘xathu %ia\rg tfqge passage %s in
enbodi nent  valwkieh i3 dsitiond.aThe elén@i T704efivies  intérivespape 27$ @ich is sealed frink theypasssge 736. The element
il lustrated ing Figures 20 ail 1. illustrated, this valve 220
i ncl udes a hozyi"ﬁgm?'?g‘.’"a%ggepg\f%fg'fdr@ﬁ'%ﬂem'f’%nﬁoum ng 228 is a generally
cylindrical body havigegtauladiyaging surface 781iisrdefinedattik tahIOthcbeiénni?0g a first port 231
and havi ng an opposi econ 232.. L A main sage,
236 extends fromt ﬁé"‘??&s‘i‘“'@ﬁ'ﬂ’“’?g@e F‘lﬂmrs&f"ﬂf@ W AYge yﬂd"“ﬂ'%ﬂ‘ggfm"f“leéa to & paint
housi ng.15The. BReriét of the housing 628. MARSeAGHBimehSusirfied e verd 276 thiylinglds ini theipdce Betiebnotheowal 776
t he housing 228. The mmin passage 236 is generally cylindrical in cross-

section. An e¥W¥RSERIBassage 238 of smaller dianeter extends fromthe main

passage 238 to t heusie.mmhwem 0233 eﬁﬁodlﬁléﬁﬁls as follows. A user‘ﬁ'%i dofhects’Sfirst imdficallmieinard Gee
238 bei ng defl ned Partl A sl eeve i s_positioned about

The out orde. oFmpa e 35 st hesecnd 5 654 of i b 1 W mafcBnes & o e toe

threads 279 ogsciiid bovRed fred ki bftheuble BQhidR@éver the wall 776 between the outside of the WalPani th insi of2fe?
I's novably positioned within the passage 236 of the housing 228. The piston

242 has 4 bodgyeave 778. 260 having a generally circular first end 250 or

head. A flange or ﬂslu&t then 2npagRthéseddi niRidabimleRbnY 726 Rd2h8 fst ﬁah mmhﬂaﬂm ﬂéfersunetne
head 250. A nunber of passages 257_are provided through the
pi ston 242,  medical implement has a blunt cannula tip 737. The user advances the cannula tip 737 through the sllt 784 in the seal 782
until it engages the sloped surface 781 at the top of the element 770. As the user further advances the implement, the
element 770 is compressed downwardly and outwardly, reducing the volume of the space 771, but increasing the fluid
25 space within the valve 720.
When in this position, a fluid flow path is established from the second medical implement 726 through the valve
720 to the first medical implement. Fluid flows through the tip 737 of the cannula along the sioped surface 781 (whereby
the tip of the canula is not obstructed) and through the passage 736. The total volume of fluid within the valve 720 when
the second medical implement is attached and fluid fills the passage 736 and that space between the top of the element
30 770 and the bottom of the seal 782 is an amount V1.
Most importantly, when the second medical implement 726 is disconnected from the valve 720, the vaive 720
causes fluid to flow in the direction of the first medical implement through the second port 735. As the second medical

implement 726 is disconnected, the element 770 moves upwardly to that position illustrated in Figure 30.
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PCT/ US99/ 10713 A bi asing nenber 270 ned
bet ween t 0 B??tl% 242 and a | edge 261 fornmed by the wall ‘i’ﬁ%"’%ﬁ%g. ng
238 at the intersection of two portions of the passage 236 having differing

di aneters. The biasing nenber 270 is r ef er abl
conpr essi bl e andAtdhesmeing, greduptionigthétatpl volypg pr fipid sppce '"EHW%?J 3? '&’%ﬁr'}&'?"?“{']‘ﬁgp and e,

Aresili entseal?% ccﬁlls.ufml dv%@wkhﬁtlﬂ@dﬁ”ﬂmtﬂﬂﬁﬁmtahﬁmmrSt end 230 of the
housi ng 228 e seal 282 is genera circular for fitting within

t he passage 236, Becayss thefuid yolueedn tEF 'ﬂl‘f‘ém%ﬁ'w*é’l’ second mefica! {TplemeEs] 26 tHliscyinestposomt
Of 3 el C i/l 4olkiop 728 must be dplocad s 153 hives hih Pidksand 935 i e dRicn e o,

constructed oOf & r material such that when it returns to an
unbi aséd pothe wiakyplume of fluid: flowmg in thgSpopifvp” dm&@wmﬁtnﬂe@ﬁpr@c%tweqnm maximum vojuma V]

cl osed and nted from passing therethrough.
I \ﬁ g
The operati fggﬁ%gﬂ' 't"ﬁn val ve 220 will now be described in detail with

reference to Fi gmr.tethn 0732 pictheimplemgit 726ds rerfovedethe valve 720 prevents latetoiow ot fiuigl from dheqfirst s ¢
medi cal inple lw&ﬁghemamﬁ) X\gnru]ca Rg%al%y clodds mgeggs@an%méaﬁh f{rs?enﬁ Y50 the hlnHﬁqth@t ed

in Figure 1'J' gcond irst medica
i npl ement is of Besides proviing aijositivk iswethe valip2af the preserft inwastion ke othst advantages- Flyid stagpation

_gw degmg}/e{ ﬁéehegqﬂép\%{y!gmgﬁe th&ﬂl{lﬂ flows throug{n Hsg ﬁnoY}%ﬁ 923“}‘3«1&28%&&&@! cgﬁ t he_ wal | ahd the

i nsi d e user ages the sec nedi cal
i mpl ement A ninth enibalkinentiviiva BZIhBacsfoldqubdlemres_minv&nﬁon!srﬁbstw iy Bigured2 and 33. As

Pr ef bly, th di '
P et er 01 TR STl 5 e SR e B s 2 e
t he end sur festsied sbve. of t he piston S 242. As the user further

advances the i rrp# eﬁ@mi éhsqmusnﬁ)g 83& ﬁaa a i?dﬁ 6a|vi§oz rﬁsﬁfﬁu dglnlagmeﬁr? :gtgte%i:i :'g_@glr‘] ng?st!'Qg er

second and 232 o conpr essi
270. 15 second end 832. A main pay¥agea3g dmnd*)lmnttm“sﬂihﬂ B30stowards thi sesnnpels B32ichthe tousing. The

LSt 2 b 445 b b i o B B B2 b ) e
t hrough theswgal ve 220 to the first nedi cal :

An extension passage 838 extends from the main passage 836 to the second end 832. The extension passage

838 is preferably defined by a wall 876 and is generally cylindrical in shape, aithough smaller in diameter than the main
20 passage 836.

A resilient, seal 882 is provided near the first end 830 of the housing 828. The seal 882 has a generally circular
or peripheral outer shape for fitting within the passage 836, and preferably includes a pre-formed slit 884 through which
the tip of a medical implement may pass. The seal 882 is preferably constructed of a resilient material such that it
naturally returns to the position as illustrated in Figure 32, where the slit 884 is closed and fluid is prevented from passing

25 therethrough.

More importantly, however, the seal 882 is arranged so that when an implement is pressed through the siit 884,
at least a portion of the seal 882 moves in the direction of the first end 830 of the housing 828 whereby the fluid space or
volume inside the housing 828 increases. At the same time, the seal 882 is arranged so that when the implement is
retracted, the seal 882 moves in the direction of the second end 832 of the housing 828, reducing the fluid space or

30 volume therein.
A sleeve 878 is positioned about the wall 876 at the second end 832 of the housing 828. The sleeve 878

preferably has threads 879 on an inner surface thereof.
The operation of the valve 820 will now be described in detail with reference to Figures 32 and 33. A user first

connects the first medical implement (not shown, but which may be similar to that illustrated in Figure 1) to the branch port

-20-



I npl ement (and. t hus through the catheter to the patient). Fluid flows

through the tip 237 of the cannula through the nt o
t he passage ?(?@ 58184 addition,. . fluid fills the space.241 bet V\gg’.‘}ﬁﬁ%ﬁg@él

282 and the piston 242. The 20 total volume of fluid within the
val ve 220 when the second nedi cal inplenent is engaged dsbg nmount

Mbst i mpor t aB38 ay the gijirdend 830 Whenchefisst medies! anglemant f3,pf s tvpe EPE)FM@EY'% eis

fromthe val Vﬁed?@?themﬁkw ﬂltmsldeofthawallandth@ﬁdllféﬁﬁiheilwﬂst o flowin the
di rection of I'rst medical inplenent throu t he extensi on passage 238.

As the second The user themm!ﬂ%&! se¢opdmedicsimalemenp %25%%"‘%'% 29893t the ppive $2Q o Prpf F’BPyr
menber 270 f %g@%wm&x Fls AR R o 8495 ol {indl 18 Lanl S 657 Qi he VR 854 n the sea

housi ng 228. ston es in direction, the biasing menber
270 expdnds. 882’1|A1;thumnastbmalﬂﬂimoml!!tbﬁlw'kimﬂbm@@nFlﬂllﬂ!33fI uid space in the

housi ng 228 to re%@nth@l@ﬁn&ﬁﬁdfﬂhi&??nﬁﬁr&e Q&nﬁﬁﬁm&cﬂ ﬁﬂﬁlaz&ﬁ"m adthifugh a

pi st on stops novi ng, d vo une wt val ve 220 1s
at a m ni mumthericoncah 1.W/Bag) through the valve 820 to the first medicaSmplement ¢and thus throughithé catketertothe patienth e

some . 0 RS e i B i o o S wof ol S e
noves thro E g I'nft ftu? ﬁ;tlhftwfﬁlh Bpﬂa?m?meﬁmﬁimal implementiis attached ian arpd:ptt_\lhe . .
t t,nthe total vol une o N "
bei ng. eMlal t o 1 el P, e ittt el ) sz sffubed o e 16 e 20
the m ni mum ‘ésubes fid t'Zow in the direction of the first medlu:al mp@lan?lhmlubthé extensionpassage 83p. Rﬁﬂit(aj 'sesnnd
ow u nedica

e R Bt ) s Pk ok O L B
reseal s, cl osdtdl@lué dr filidsPacein the kudsing 82860 reseceto dnlintnuh brivaiit V2. end 230 of
E 2(23_ housing 228. Because the fluid volume in the valve 820 decreases as the second medical implement 826 is disconnected, some
15 fiuid within the housing 828 must be dispiaced. This fluid moves through the branch passage 838 in the direction of the
patient, the total volume of fluid flowing in the "positive” direction being equal to the difference between the maximum
volume V1 less the minimum volume V2. _

Once the implement tip 837 is removed, the valve 820 prevents later flow of fluid from the first medical

implement therethrough, since the slit 884 in the seal 882 reseals, closing off the passage 836 near the first end 830 of
20 the housing 828. _

Besides providing a positive flow, the valve 820 of the present invention has other advantages. The vaive 820 of
the present invention has its fluid containing area between the seal 882 and the housing 828 which defines the main
passage 836. This space is flushed each time fluid is injected through the implement 826.

A tenth embadiment valve 920 in accordance with the present invention is illustrated in Figures 34 and 35. As

25 illustrated, the housing 928 has a body having a first end 930 defining a first port 831 and an opposing closed second end
932. A branch 933 extends to a third end 934 defining a branch port 935,

An opening in the housing 928 at its first end leads to a chamber 836 or passage on one side of a diaphragm
member 970 to a branch passage 838. The branch passage 938 extends from the chamber 836 in the direction opposite
the second end 930 of the housing 928. The branch passage 338 is preferably defined by a wall 976. The branch passage

30 938 is generally cylindrical in shape.

A resilient, pre-siit seal 982 is provided near the first end 930 of the housing 828. The seal 982 is generally
circular for fitting within the opening in the first end 930 of the housing 928. The seal 982 preferably includes a pre-
formed slit 984 through which the tip of a medical implement may pass. The seal 982 is preferably constructed of a
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PCT/ US99/ 10713 Besi des providing a positive fl ow t he
val ve 220 W@ 9586 esent invention has ot her advantages. THRERU§NMOBS0 of
the present invention has its fluid containing area between the seal 282
and the housing 228 which defines the main - passage 236. This-
space is f| vsiifhareaisichitiarenativalyiretiiris to therppsitiort ilpsstrated iv Figute 34 wharg thai 982 Coserf and flvid

pi ston 242. ins theretfirouh Anot her advantage is that the

st rai ght - t hiS@UYPed R passinp grethr®ah 1 ¢ omthe first to the second end 230, 232
serves 5 t Qhecllaphrihon9M0ds peditinm evittiinoaholiew sgses. within the housing 928 between the first Andfsezondt h

?Imljag![ ;Tg,? 2\ dz&%g&%%‘ o ac dan dpwlrsstpns s%a@eeintp{hg f?rs(?r“[ li;rnn\rlgagh 99%"{' 3 sggagd ngamher
h?utSIh nset ﬁ28 3mmw§ehgmﬁ@uembd wanmwamm&mad inith mmhmgegueﬁmm 980 thia musirig 28. 228

o] e ird enbodi nen S as

defining a first H@WW@&”’QW“& WM&’E&H‘ Mugéﬁﬁfﬁﬁ'gﬂ'd g@%ﬂﬂ”ﬁﬁ'ﬁ:ﬁm‘ggﬁ
A passage  g39, pemitting airts flowardn@d0elt the hebegh - t he housing 328 fromend to end. 10
has = genorally SrWEdHrl ABmegS sess 01 s ptonnf R s LA g Poishg . e

ext endi ng dgmwam%ﬁ.mggbbmnﬁguﬁmnent ially around the outer edge of
t he head 354. | east one passage ?7 i s provided_ throu
head 3H4 of the @ngge@ﬁnngwge valve 920 will now be described'in detail wish rg?rgngqth uges g g

posi ti oned Nnﬁé&kﬁeﬁrﬂﬁetﬂ:ﬂﬁhﬁﬁt tﬁ?ﬁoﬁﬂfuﬂ%ﬂmﬁy'ﬂﬁmﬂér&t&ﬁﬂu&ﬁ&d i Figurd 1N tis BraRAgEn end
332. As lustrated, th is aresilient nmepber whjch

i s circul ar 985mst %ﬂﬂ@“ﬁ@ﬁ &"éheé'ﬁh@ﬁd'aﬂ' 1"‘9""“@:" °§; W&H@cp'sﬂ?s@sag""% e frpepqd of thy tube is

Wi th a cl 0Sggieb fibr e walfg76telen2a Butsite ofIRNAD M théisiodll hedieeh 678.
The el ement 370 cooperates with an inner surface of the housing 328 t

defi ne a c harrber Ty thynjengages the serand meical implement 526 to the first port 931 ot thavalve 920. M""'@‘f@ or
fore v ﬁ%&al%pﬁm&l{ H3yd bﬂﬂ%ﬂﬁtﬁlﬁ?w hTﬁe BsRr divaness! tiaGaniiid hip 837 'itﬂﬂﬂh%ml’s‘lﬁ B!Wln theskaPagn OF

t her eo
enbodi ne nt ang pregsesapop “’S(ﬁfmhfﬁ@ 9%‘11 |AF 'B'Elﬁ?}r ‘h‘b"“’&l"%ﬂ“ mavpgintp the mwwel'"ﬁ"ﬂ%gﬁw |3§/

Wi th the remai nd%en(?tf thik p&nﬁ%ﬁlhﬂﬂmgﬂ Figure 35), a fidid flow pafhQs SstaBiSH6® frohy the Seddnd mbtc@ads
379 on an inner surface thereof use i n mating engagenent with threads

on a medi calimplement 926 (such asc,tmpyeq;qm ,Jmm an LV. bag) through the valve 920 to the first medical implement (and thus
through the catheter to the patient).” Fluid flows through the tip 837 of the cannula into the chamber 836, then through the

20 branch passage 938. The total volume of fluid within the valve 920 when the second medical implement is attached is an
amount V1. '

Most importantly, when the second medical implement 926's disconnected from the valve 820, the valve 920
causes fluid te flow in the direction of the first medical implement through the branch passage 938. As the second medical
implement 926 is disconnected, the diaphragm 970 moves upwardly back to its position as illustrated in Figure 34. This

25 causes the total volume or fluid space in the housing 928 to reduce to a minimum amount V2.

Bacause the fiuid volume in the valve 920 decreases as the second medical implement 926 is disconnected, some
fluid within the housing 928 must be displaced. This fluid moves through the branch passage 938 in the direction of the
patient, the total volume of fluid flowing in the "positive” _direk:tion being equal to the difference between the maximum
volume V1 less the minimum volume V2.

30 Further, once the implement tip 837 is removed, the valve 820 prevents later flow of fluid from the first medical

implement therethrough, since the slit 984 in the seal 982 reseals, closing off the passage 936 near the first end 930 of
the housing 928.
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A seal 382 is provided near the first end 330 of the housing 328. The seal
382 preferabl selectlvely obscures or seals the pa
t hr ough the“ﬁi 186 328. The .seal 382 is pre-cut tg forma sITé‘a’g@?}@zﬁ%h

when the seal 382 is “ in its unbiased position as illustrated in
Figure 22, is closed. 25 Use of the valve 320 of this
embodi ment i s as f bvilages. TR NP0 of
oo R o ) 3 el B

housi ng 328. \Nhnresem feention has its fividdentaining dreapbétween the seal982)and thiy bousing ﬁ%ﬂ Whlch defmes the chamber
di scl ose_d aboy Wésf Ee‘?%lus‘?i@dgac%metfﬂiﬁﬂn@&%t*o‘ﬁqh%'mﬂ&genpéﬁsr the wall 376 between

the outside o sl eeve 378.
The user then engagedevtnhﬂmMInm chiverd@2D dnceccordancd itivetivet preSeRGinvesitioriis iliusteatediin RgureH3fi48.

331 of t f erabl 30, al inplenment has a
bl unt carthul al"f'ﬁ"ﬁl"égzlu ﬂ'"@g'gl’e\éﬂﬁmtﬁ%gge?fﬁhgti"éta{’ﬁ'nu'ﬁg'?t| p 337 through the
slit 384 in the Seaéfemng to Figure 36, the V321020 itclulies b housing (G28 evbichtid TF™- ahipeﬂ invingfagveie pditid with

th t 342 t h d ' t t 3
57 =1 9y et R 51 7 Bt T B
328, conpr ess gangally Jibﬁerhhlﬂbﬂhﬂﬂn ©h mmﬁmﬁ%annrnwram pyit 1835 war d. Al

}[Mhé h Ihgu; Ihﬁ g ¢ gg gb er As il %raltensi in Fﬁ&eﬁ%ﬁj an(3 lﬁ a Enpnr ;%E Ca’ge IM& extenssr*mm the ?u'st lam;1 1 0561 to tty\ﬁlused second

-13- 10 end 1032\NekieHP the Roksiv@ 1028. In addition, a branch passage 1038 extends from the main passage 1036 through
PCT/ US99/ 10713 .
the branch port to the third end 1034.

The main passage 1036 has two diameters. A first small diameter portion of the passage 1036 extends from
the first end 1030 to near the branch passage 1038. The diameter of the main passage 1036 then increases to a larger
diameter section extending to the second end 1032. A ledge 1048 is formed at the intersection of these two portions of

15 the main passage 1036. '

- A piston 1042 is slidably positioned within the main passage 1036. Referring to Figures 44-48, the piston 1042

is generally cylindrical, having a maximum outer diameter which is slightly less than the maximum diameter of the passage
1036. The piston 1042 has a first end 1050 and a second end 1052 and a length from end to end which is less than the
distance from the first end 1030 to the second end 1032 of the housing 1028, r

20 The piston 1042 has a first body portion 1054 extending from the first end 1050 to a second body portion 1056.
The outer diameter of the second body portion 1056 is larger than that of the first body portion 1054, with a shoulder
1062 defining the intersection of these two portions. This shoulder 1062 is arranged to engage the ledge 1048 in the
housing 1028 in a manner described below.

A groove 1066 is formed in the piston 1042 near its second end 1052. Preferably, a seal 1068 (see Figures 38

25 and 39) is positioned in this groove 1066. The seal 1088 preferably comprises an "D"-rmg.‘

A “V".shaped notch or cutout 1084 is defined in the first body portion 1056 of the piston 1042. This notch
1064 extends from the first end 1050 towards the second end 1052.

In the preferred embodiment,lthe piston 1042 is hollow, having a recessed area therein. As illustrated, this area
comprises a bore 1072 extending into the piston 1042 from the second end 1052. As illustrated, the bore 1072 has two

30 portions of differing diameters, thereby forming a Iedge.' When the piston 1042 is pasitioned in the housing 1028 (see
Figures 38 and 39) the bore 1072 is in communication with the passage 1036.

A seal 1082 is provided at the first end 1030 of the housing 1028 and closes the main passage 1036 at that

end. The seal 1082 is preferably mounted to the housing 1028 by an end cap 1083.
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When the piston 342 is in this position, a fluid flow path is established
fromthe di cal i npl enent through the val yergdsofiat he
first nedi caI%}ignp enment. Fluid flows through the tip 337 of the cannul a

t hrough t he passage 357 in the first end 354 of the piston 342
into the passage 336. The total volume of fluid wthin the valve 320 when
the .S ecmaekamsil.@a#mwmbmmsm rseflible si@ratci Tia end cdp 1083 tiastan éndl withtalpassage

passage 336 with the biasin nt. 370 es

. 18 hetonh i, e i i s 6t sl e o e sFRHE
326 is di SCORPABS S isfairaAed tolepadsHe'dfitsid IiChe hbusicy 1028 at the &a(lnd 1030, As inusuateu,c:mspemsa
fluid to flowin the direction of the first magid r@ﬁgﬁ? h#zguga i}
second port 'ESSB’"W“ﬂMé“‘E’é&@hH"H%l"@E‘I““"“3"" °ﬁﬂf "}’3’2‘6 s snap-1it
di sconngct ed, ., Jg?fe bi asi ng el enent 370 forces the pi ston 342 towards the
first end 33(5' t he housi ng

At th
same .tinme, -t he biAswiththe previsysemmbodiments, ‘@)@B’&h!ﬁé‘“ﬂ“ﬂ?@gﬂm‘“ h&&ﬂ@l*ﬁﬁ“"&’?@&’bﬂ%‘?“gﬂ’ in

the total vol on gt the b 1026) AGRevi 1078 B ShaldREtwaal fronpihis WAsHRARA 10752
pi ston 342 anﬁu;}azcon@“kI ? mn y m{mﬂg housi ng 328Q)to reduce. Once the piston

342 Threadmﬂiaswm@meddnshe't'ﬂ!!ﬁ“‘ﬁwwﬂmﬁt which it encounters the seal
382, the piston Sﬁpwﬁﬂgﬂm%ﬁ {ﬂﬁm{oh Wﬂs){ﬁﬁmmlﬁaﬁhﬁsaﬁmw through the housing
valve 320 is at a m ni num anount Because the fluid

vol ume 10n t ht2g alhesenllsﬂoeddef@wre%@eed %!s Ay ietrated, dhesep! 1BRiivides the s pessgt 1038 intg aj i
di sconnect ed ]HFSQJH a second chamber hoah dTh frkt thafhoek lI'IBQ bsrigpaga?ﬁtw'aﬂd% cle¥8d second end

di spl aced. noves roug € passa 3 in the direction of the
patient, 1032 of the housifiget Ulﬂathamnnunm HEZ of the piston 3 pqg\mat@acp wm!nmg borg, {7 injthepiston

direction bei 042 Tﬁ&"dﬁl!d é\% %‘41 bl faf s%c?ﬂﬁﬁen%mﬁh dn g% glgﬁ?ﬁbm e ¥bdt 182 M he first

| ess the m ninmumvo he 1 nplement tip 3
is renoved, dnhtD3@afitheboudihd028r events | ater flow of fluid fromthe first

medi ¢ a!51 § age 336 Asi ﬂllyﬂﬂ{%f WF F\&ton 195‘2“52& gdétgﬁﬂ? 2 ficit op%ﬁcoﬁﬁ?ﬁse?gxgitioﬁgghiﬁ ki3 SHRside 062

t he pa rst en e housin

Besi des pr ovénghges ghe mup 848,110 a/xgcofid op {xempressed” mw ] wb@ohecﬂmn 1042 is mevektyyards the seppnd eg¢
has ot her ad pof?,? g h |d stagnati on I's generally prevented
since the fl t rough the housing 328 in generally a straight path.

A fifth errbodl nerﬂaamkmmmdk&@r tiasingatke pistorota#Raso iggi fieshposition. Rsefesably.this mepns comprisesrs sprigg

11 5 it e B oyt e A RS

housi ng 428 ousli ng of t val ve
320 def0ri belﬂelahimem&mstonlMZhythechaﬁﬁntmwaoretpnn Fi gures 22 and 23, having

ot bt 270 430 O el 42 B AR 2 00 R
fromthe firsstondend BZof the honsing lﬂiﬂ.ds alwet)lﬂa&gpmmded through the second end 1032,
The operetion of the vaive 1020 will now be described. A user first connects a first medical implement to the
branch port 1035 in a manner as described above. The user then presses a blunt tip cannula or other medical implement
25 1037 (see Figure 39) through the opening 1085 in the cap 1083, and then through the slit in the seal 1082. The user
advances the implement 1037 until it presses the piston 1042 towards the second end 1032 of the housing 1028, as
illustrated in Figure 39.
_ When the piston 1042 is in this position, a flow path is established from the implement 1037 through the second
. chamﬁsr 1041 between the outside _of the piston 1042 and the wall of the housing 1028 to the branch passage 1038.
30 Fluid freely flows through the tip of the cannula 1037 because the open "V"-shaped spaced is provided below the tip at the
first end 1050 of the piston 1052. In this position, the valve 1020 has a maximum fiuid capacity V1.
When the user removes the cannufa 1037, the pre-slit seal in the seal 1082 reseals, preventing fluid from fiowing
from the main passage 1026 out the first end 1030 of the valve 1020. At the same time, when the cannula 1037 or other

implement is withdrawn, the piston 1042 moves upwardly to the position illustrated in Figure 38 as a result of the spring
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Again, a portion of the passage 436 near the second end 432 is defined by a

wal I 476. Ayad 66 n% &78 extends about the wall 476, péhessdrrReie
478 having a nu of threads 479 on an internal surface thereof.

A seal 482 which has a pre-cut slit 484 is provided near the first end 430

of the housing 428 as in the |ast enbodi nent. 30
I'n this embodtorerWhen théyistdd it 842 isiinthecpbsitioneilfustrated @ Figue38; theswolgmecwittiio the valve mpm;ammum
resilient elepent having a hollow interior 471. The interior 471

of the el enent“470 is in comunication with the outside of the housing 428
via one or nore Because the fluid eh@vR ingievale 1020detreased 75the piston 0BA2ammbes opwaidly, spmeckinid dhetbb

bet th I t . t he, 475 er, t ai
T ow g ¢ hr ou P erfase 108 s Apeest, s RRERGAT 17 v o 0 Wi 102 e Bosoge 1088. o,
i nto the spassage 43ifs valve 1020 also has the advantage that flushing occurs at each use and the seal 1082 may be swabbed at

-14- WD 99/ 58186
PCT/ US99/ 1071 i top surface to sterilize it ' - In this enbodinent, a pair of pistons

442,443 nove radi ahhweltin'amtofiidt ﬁ&eimma&drdenca&nnmeadam.mmw.emiraeumMmamsu
errbodl ments. Each piston 442, 443 preferably includes a head 450 and a bas

452 whi ch ar e Theapive 1320 ,obtpngerr@q%gaas a hgysing 1128 d)e/ﬂmng a "‘aﬂﬁ%’fa&h’d ?ﬁﬁte%gg frompcfiest end 1130 tu
connects the Qaaﬁlheaw bﬁﬁrﬁnclﬂfh@saﬁhﬁ%ﬂiad%hh&hﬁb& 14 4yénerbify Derpendiciiar 18 B4 Fain Hiﬁﬁe

t he head and base her eof extends radially outwardly around
portion ¥k thé1®i asing el errent 470. Each piston 442,443 preferably has a

The housing 1128 has a second end 1132 opposite the first end 1130, the second end 1132 being open to the
chamber 1141. '

A seal 1182 is positioned within the chamber 1141. As illustrated, the seal 1182 is a resilient inverted "U™-
shaped member. In a first position, the seal 1182 is amanged to close the branch passage 1138 from the chamber 1141

15 {see Figure 49).

A piston 1142 is positioned within the main passage 1136 and rests upon a top portion of the seal 1182. As
illustrated, the piston 1142 has a flat first end 1150 and a slanted second end 1152. The piston 1142 is generally
cylindrical in cross-sectional shape.

The wall defining the main passage 1136 is cylindrical at the first end 1130 of the housing 1128. Ina dlrectlon

20 towards the second end 1132, the wall slants outward te define a sloped surface 1148.

A seal 1168 is preferably provided at the first end 1130 of the housing 1128, This seal 1168 is designed to seal
apainst the outside of the piston 1142 to prevent fluid flow between the piston 1142 and housing 1128 at the first end
1130 of the valve 1120.

The operation of this vaive 1120 is as follows. A user moves the tip of a cannula or other medical implement

25 into engagement with the first end 1150 of the piston 1142. The user presses the piston 1142 towards the second end
1132 of the housing 1128 until the luer-lock connector or the like may be engaged with mating threads on the housing
1128, as illustrated in Figure 50.

As the piston 1142 moves inwardly, because its tapered second end 1152 engages the seal 1182 and the seal

collapses, the piston 1142 tips over against the sloped surface 1148 in the enlarged section of the main passage 1136. At
30 this time, the top end 1150 of the piston 1142 is no longer a flat surface with respect to the end of the canmula. Thus,
fluid is allowed to freely flow from the tip of the cannula.

As the piston 1142 moves inwardly, the seal 1182 compresses to a position in which the branch passage 1138

is in communication with the chamber 1141.
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5 tapered area 453 in the head 450 thereof, the areé 453 .in the

pi stons 4 operating to forma guide, as descri bed I n
nore det a%b@é{}g@? The pistons 442,443 %(r:"émggrgr/lg;llged to

abut each other along their walls 455 in their normal position, as
il lustrated in Figure 24. The pistons 442,443 are arranged to

move radially outygj 39a:|¥\@§{%urﬁmmﬂhﬁ‘efiﬁmmmhﬁmmmlﬁsnmﬁﬁmmzt e main pessage

them as illustrate ure e val ve 420
of this enbotiBhintthe ¢hgnbasl14flond thepito the bigach.passpge 1 138, A3 Y¥sime, the fluig vplmeswmweww

i npl ement  (Sgf 4 Vi -Figure 1) to the port 435 at the second end 434
of the housing ﬂ% ‘When the first nmedical inplenent is of the ty

di scl osed above, %aﬁﬂiwwma\@ﬁihettmi-mwﬂ1EZQW§@HP'WéH2PM’%T'F"W'S“‘H@’!“Ween

~ the outgide g ,Qﬁ‘ 1\1\@,4[ cgiﬂﬂd aﬂg%@fmﬁﬂﬁg surface 1148. Evenm'illyﬁﬁevs@al 183 moves the

The user then e gages secon l'ement 426 to the first port
431 of the mwmum@ne piswiefillestratid inFigure A% At the time, the sephd 12 again saaipthe keapghpassagp 3138 from
bl unt cannul‘ka“%amtgla iﬁ? The user -advances the cannula tip 437 through the
slit 484 in YHEQEA 482 until it engages the head 450 of each
pi ston 442, 443. As addition, thesseal 1768 sdals @nound: the pistancI342; mammqﬂuémnﬂowmn fiem the ipside akthe

442, 443 are presse f]'}ﬁw her,

conpr essi ng ?'H%"BQ‘%{E‘P%‘ED Pgﬁ%ﬂ ﬁ%%ﬁlﬁ(enw{ f@‘ﬁ%‘é‘{ ﬁ“’" ow ?ﬁ@grl or 471

of theldi asi ng el mhesdal IMprhm.ﬂ\emmejwuhmhetﬂammgm it rergeed; éoreing fu@iir@o therbranthgassege |
of the hOUS|@$ 328. -When in this position, a fluid flow
path is est qshed fromthe second nedical inplenent 426 through the valve

20 420 to lttli&eeitll gmibédiment ehive $220 in iagpérdance with thefptesentdhveintiop isdllustritedan Fighres 81 @ndiS2.p

437 of the nn I t assage .43 of
fluid withi ﬁﬁ'l‘ ﬁ'ﬁ@s gﬁanp 5'"§'B'grtﬁi§qﬁje&%@+m"¥18{#ﬁﬁ%" mt’ 2[! 289 attached
and fluid fills tine\,apamam a4aling/ 1228 hatidyen first end 1230 and sedmdeead 1832.c A ewie pessagh 1236
conpre

d
A e L b
420I hextensﬁﬁddﬁih’éﬁ!ihbhﬂdmﬂlﬂeﬁnhmla iwall 1226avhichi is positioaedwithinfa sieelec1278. r st nedi cal

t t t t .435.
ol ement 426 1 o e 5282 R onTin§ pncapin{ 2ad of o R BAi0e I s R 6k g 1230, T sl

442, 443 r adi 1282 prefdrablyveoimphsas ﬁismddamﬁd sgabpbitibris @hich, when put together, fareh inmntmtaftusd-camml hapgrir e
24. ame tine S
i nwardly, cdlfEpsach S?Q&ﬂ?f'ﬁ%'ﬁ'gﬁﬁ“? i 'Bf'&sF sev'cg?a[fﬁga@ra h&oﬁﬁlﬁpﬁpand defis ?ﬁ%?ﬁ}ﬂ;d ce
i Nt he2passagacé 263 facshgofement ivikhatheuthartseuhportid? Therclitsidesnracel1 185 af ethB&aloﬁmmhsemrmm ng
428. Once the PI st 8ns 442,443 . encounter one another, they stop
novi ng and tFRES Y HEm PP he valve 420 is at a mini mum amount V2.

Each seal portion is biased in'a direction towards the second end 1232 of the vaive 1220. A resilient biasing

member 1270 has a first end connected to a bottom surface of each seal portion and a second end secured to the housing
1228 some distance along the main passage 1236. As illustrated, each biasing member 1270 comprises a accordion-like
25 elastic member. - '
Operation of the-valve 1220 is as follows. When not in use, the biasing member 1270 corresponding to each
portion of the seal 1282 biases the seal portions towards the second end 1232 of the vaive 1220. In this position, the seal
1282 seals the main passage 1236 at the first'end 1230 of the valve 1220.
A user inserts a cannula or other fnedical apparatus, as illustrated in Figure 52, between the two portions of the
30 seal 1282. As the user does this and advances the cannula, the seal portions must spread apart to accommodate the
cannula. This causes the seal portions to move upwardly towards the first end 1230 of the valve 1220 along the conical
surface 1248 against the force of the biasing member 1270.
Once the cannula is inserted, a fluid path is established therefrom through' the main passage 1236 and extension

passage 1238 through the valve 1230. At this time the fluid volume within the valve 1220 is an amount V1.
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30 ) Because the fluid volume in the val ve 420 decreases as

the second i mpl ement 426 is disconnected, sone CT/Us99To¥i3d
wi thin the ouslfi‘ril%6 428 nust, he -di spl aced. This £l L!I d noves tﬁroug%
passage 436 in the di recti on of the pati ent, t he total voI unme of

fluid flowng in the "positive" direction being equal to the difference

bet ween the naxi NWKeh G bsbrWithdvads the cannula, the fluid Yokirfiedn the v@lve 1220 réduioes tu & ambant V2 causing fluid
-15- WD 99/ 58186
PCT/ US99/ 107t 4e displaced through the extension passage 1238, In parfiqylar, pnce the,caanula s ramgyed, the biaging membege >

i's removed, {B@diidhyRal fotidndback \oWaksthd sadomend 1252uf i valvd 12800 ik GusiidnMestebted i Eigure 51.
nmedi cal |nplenent t her et hrough, since the seal 482 closes off the passage

436 near t heTheseldy %Hﬂ@“&“‘ﬂ\@%éﬁ?ﬂﬂ@mgﬁm““" 1230 of the valve 1220. Besi des

provi di 8g a POSi t {14 Gaivkd desitibed db6ve Waithg/dsed A2, OM2, ismapmsmtvazmzeiz f82,"368, via!aer
advantages. fluid stagnation I's generally prevented since the

fluid flows mavbeadaeddonuse meﬂbmﬁymwg\bmw fthy blpt gwhﬁbmwwathms arraggement,
As will be appEgeiyih Gl (Y ndt ﬂ@?«ﬁ Iﬂﬁétlnis?qm h&oﬁbﬂoﬁﬁvﬁlm m&ﬁﬁﬁn%e’ﬁe\’de@ﬁbe@ﬁﬁ‘ddﬂﬁﬂ

nore than two pi stons coopera her to performt
above- descr|lb!!dmﬂmmwﬂfswmmﬂ!‘Wh@e‘ﬂwﬂﬂmﬂ\ﬂ“mﬁb\é“&ﬂﬁ‘&ped pi st ons.

NI Tustrated i Fi SRibpn dach P ikt dsnt b il o R B o 1 o2 g

si mi | arl0t o t thevalve.r it at deeds ook embediment.thiy meaROis acmoveelie pistan dex. pistrp 43.figwe 1B24hils i other

arranged to mydﬁneﬁs ﬂs A ?rg-glit seal (ex. seal 182, Figure 19). Those of skill in the art will appreciate that a variety of means
may be provided in addition te those described. For example, a resealable septum or the like may be used.

In addition, each valve includes 8 means for decreasing the fluid volume therein when one of the medical
implements is disconnected, for producing a pasitive fluid flow. In some embadiments this means is a piston (ex. piston 42,

15 Figure 12 or piston 1042, Figure 38) while in other embodiments it is a resilient member such as a diaphragm or foam-like
element (ex. element 670, Figure 28 or element 770, Figure 30). Those of skill in the art will appreciate that other means
may be provided.

in sama instances, the means for apening and clasing the fluid path is the same as the means for decreasing the
fluid volum (ex. piston 42, Figure 12). |

20 in the embodiments described above, the fivid space inside the valve increases. upon insertion of a medical
implement in the compressed state and decreases upon withdrawal of the medical implement in the decompressed state.
in some embodiments, the structure defining the fluid space is substantially relaxed and does not store substantial amount
of potential energy. Insertion of the medical implement causes a change in the structure that allows it to store potential
energy. The potential energy is released upon withdrawal of the medical implement and the structure retumns to a

25 substantiaily relaxed condition. _

The above presents a description of the best mode contemplated of carrying out the present invention, and of the
manner and process of using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to
which it pertains to make and use this invention. This ihvention is, however, susceptible to medifications and alternate
constructions from that discussed above which are fully equivalent. The embodiments described are meant to be

30 illustrative and not exhaustive. Consequently, it is not the intention to limit this invention to the particular embodiments
disclosed. On the contrary, the intention is to cover all modifications and alternate constructions coming within the spirit

- and scope of the invention as generally expressed by the following claims, which particularly point out and distinctly claim

the subject matter of the invention.
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fl owt hrough arrangenent simlar to that illustrated in the |ast .

enbodi nment The val ve 520 of this enbodl
housi ng 52@“\;/\?1 "2 186| s generally cylindrical in shape. The housing g,;@,é

has a first end 530 defining a first port 531 and a second end 532 defi ning

a second port 535. A passage 536 extends through the housing 528
fromend to WHARIS CLAIMEDS: S A piston 542 is novably positioned

wi thin the passage 336. Th st,on 542 has .a. qge circul ar head 554
with a tubul ar sgct i orf '5“5‘!9‘?@*{’ ecting A Ayt dpw P'eﬂ“'Fg‘ "H%\&%‘Jﬁéﬁl’ﬂw mplerpentcautomatially ypon
passage 5357 (ﬁs&ndéitﬂi/df ﬁiféﬂmﬁ rietieal iilembrip fom b &l hﬁﬁg‘la h&ﬁmg with an elemri? Eherbik¥orLbrivbiling & flowO N
555 of the piston 5 I.ng 570 or other nmeans for

biasing is rﬁbﬂq'dt‘\"ﬁ'ﬂfh‘a'd Dausing; sajd Y‘N%‘“’Hmu%f'Wd“'WS‘“B‘éi‘!ﬂ/@%‘ﬂ"gtaWéa‘ﬁ@Hﬂ'“ epmmunGptiog With

pi ston 5 said first metficel infplaentlcomfisitlRheSfeps of Or Med in the housing 528 along the
passage 536 between the first and second ends 530, 532.

A seal 568 is pr dissoprenting spid seconcresdicsbimplement fien s@id valvginf er ent i al  surface of the

head 554 of the RisGlaQPieatfLportith ot s dieint to a position in whichHRid fiow hrols zf'ﬁ sdif vaive t@?ﬂi sadomund
t he tubul ar section 555 near 1ts end opposite the head 55 The seal s

568, 569 sealmedifafimglemengis prevented;. porti on of the passage 536, thereby defining a

sealed, air-fill %ﬂmﬁﬁ]\?ﬁpﬁ@vﬁﬁ%mﬁnsm One or nore vents 575

d
are provided throug ousl ng vva far"om a p0| nt exterior thereof to the
chanbel0539. forcing fluid from said housing towigpdesaid firstanedicaimiementd wal | portion 576 are

t 1y f t t:h
dof i i ng + he pasage. Sl FEBNBIEY a1 g Vil gl {3 et S pofonat
579 t her eon séibhousing esid seal havingia n@samlyug@nbwﬂ wherein said moving stgp copprises pliowipbssiseal to exnand
nmedi cal con ‘S‘C"tg?'“?‘ﬁéﬁﬂ'gﬂ"sﬁ’ﬁa"@%"’““ isoccufpgS€@l 582 is provided near the

first end 5 e seal 582 preferably obscures or seals
t he passage Ted@thodin mghnce With Glaipus whegin2iBton Mimber dsguplablip Bisitianest withie saidut

f I LS. in ] bi d
bost £ Sh - P i e S i 36 5k il sl " e of
the val ve 520 of 4this: Tmnwlmmdancemaﬂam wipnip said/step obdiscoviecting copmises emevipg seid
first di . . . Fi
second. ond 2P B Bt g o s o i bl et e Bl S id
t he type 30 towards said firski eadof atleale.above, a free end of the tube is guided over
the wall 576 bet geen 1;I't;'u me%lolé in acqurﬁ:t; whmﬁalmlvlher@lpgmmg |4 @gﬁnge‘a w‘m:m %Q Sous dngbsald

sl eeve 578. t'hen
i npl enht 5 2@mitecarrsnped td increase sajudlvid voll:in sml houshawhm*and érsﬁm}cal iRhlembng is whrbe;tgd 14 said valve,

medi cal inple '%"}-,saﬁ?talra‘.}’f? Q,}éq tﬁ%ﬂ%&ﬁy&&?ﬁ%ﬁé@gﬁ@%ggﬁﬁd ?‘WI%QEI?I%&HILJPE expand

cannul a t|p
in volume.

6. The method in accordance with Claim 1, wherein a member is positioned within said housing and

cooperates with said housing to form a chamber, and said step of decreasing the volume within said housing comprises the
25 step of enlarging the volume of said chamber.

7. The method in accordance with Claim 1, wherein said element comprises a seal, and further including a
pisinn movably positioned within said valve, said piston cooperating with said seal and housing to define said fluid volume,
and-wherein said step of decreasing the fiuid volume comprises the step of moving said piston towards said seal.

8. A medical valve for controlling the flow of fluid between a first medical implement and a second

30 medical implement, said valve comprising a body having a cavity in communication with said second medical implement and
an opening adapted to receive said first medical implement, and a sealing element positioned within said body and movable
Dbetween a first position in which said seal prevents fluid flow through said hody and a secand position in which fluid fiow.

is permitted through said body, said cavity including a fluid space which automatically and reversibly increases in size when
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until it , engages the head 554 o% n 54 t he user further
advances t h%o J;Pésﬂge the pisto ﬂﬁ'ﬂ”’iﬂiﬂ"ﬂﬂ”ﬂ"’ PCT/US99/10713.

- 16- VO 99/ 58186
PCT/ US99/ 10713 ““the direction of thé second end 532 of the
housi ng 528, conpressing the spring 570. Air within the chanber 539 is
forced said first mefthl miléﬁﬁtﬁ %Q:Bhn&ﬂ@to\éﬂmaﬁs and WhihRorkrbteS iv\éie Whe said it medicaSrhpRoBlent is
528. When the piston 542 is in this position (as
illustrated |'1'$°'F'P336ﬁ=e 27), a fluid flow path is established fromthe
second nedi cal inpg enenﬁwﬁlﬂfcé?\rmblnta&@rda\fﬁlv)ﬁﬁclﬂge ﬂhﬁetﬁﬁ@seﬁﬂnﬁ ﬂéineﬁ'%@'s@aﬂ‘awngapre—sln
I mpl ement. Fluid flows through the tip 5 cannul a
t hrough t he prassags theretlymigh, said peshage %ﬂ‘!ﬂ!d(wil‘*@i!@ﬂ'Htﬂéa"’cfl‘FéP“ﬁ%l’gsage 536. Fluid al so
fills the space bejgee | Claim 8, W6kin 48 stA5r M cofbrsdsEis
pi ston 522 The tg‘iual Mﬁ%ﬁﬁé ef'F (gdmm %“f‘n"t’"he val ve SSZg‘awhen lt:u I(’amssec%snm
medi cal i npl enmeably mpupted with respect to said bpdy. ached and fluid fills these areas when
the spring 570 is gonpr ' :?,m s+&ﬂ§-

i mportantly, when the s@gﬁﬁgmk@(ﬁ?@% |qug%mtm%gmmd?'%goggor'l'glcvf“g'a ro‘m%'ﬁ
val ve 520, t reaid pigtémhas aStd@der, said shoulder engaginmébm whewsaid pisten isfin saidfirstpositbore di r ect i on

nedi oal 10 TR ot T AR a2 AR T, e fdn o B Sk o R 56
pi ston 3842 t qpasitivals t he first end 530 of the housi ng 528. This
pl ston 542 rmverren,ta ca eﬁed?%gﬁgﬁgt{c%ﬁ;}%ﬂ% l'.iahnglz vﬁlerem sal\l{ 8eaHsW§r hgsmﬁ aomgnnsg‘ag ace

I n the passage 536 bet
t he housing 528. Qdce tThemglica valverin Soéiddance witleClainpl0owhekeily said isten dividesiséid catity iMeiadist ﬂulu

encounters t kﬁledsl:l?a(;ﬂnller glg géecnnd. air-filled chamber.

e

15. The medical valve in accosdance with Claim 14, further including a vent through said body extending to
15 said air-filled chamber.
16. The medical valve in accordance with Claim 10, wherein said piston has a head for engagement by said

first medical implement, said head having a slanted surface.
17. The medical valve in accordance with Claim 14, wherein said piston includes a hollow recess in
communication with said air-filled chamber.
20 18. The medical valve in accordance with Claim 8, wherein said opening is at a first end of said body, said
body having a closed second end and a branch, said branch defining a _bram:h passage leading from said cavity.
19. The medical valve in accordance with Claim 8, wherein said epening is at a first end of said body and

said bady includes a second open end.

20. The medical valve in accordance with Claim B, further including a piston member movably positioned
25 within said body.
21, The medical vaive in accordance with Claim 20, further including means for biasing said pistan member

in the direction of said sealing eiement.

22. The medical valve in accordance with Claim 21, wherein said means for biasing comprises a spring.
23. The medical valve in accordance with Claim 21, wherein said means for biasing comprises a member
30 cooperating with said body to define an air-filled chamber.
24. The medical valve in accordance with Claim 21, wherein said means for biasing comprises an air-filled
member.
25, The medical valve in accordance with Claim 8, further including a diaphragm positioned within said
cavity.
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t he piston stops noving, and the fluid volune within the valve 520 is .at a

m ni mum anpunt V2. Because the fluid vgl u,gjg?#‘@ E
val ve 520 WOISBBES as the second medi cal i npl ement 526 is BFL 21>
sonme 15 fluid within the housing 528 nust be displaced. This flui d

noves through the passage 536 in the direction of the patient,

the total volune gf fl t

to the difference 'bet V\T/‘eue'ﬁr?méaLe r}@?o}r?u&ﬁ%@@cﬁﬂ% M'dm“ﬁam mpﬁ'% "“"F’ﬂ s@ﬁh\ﬂgmﬁg Nl mum
vol ume V2. chamber and a second chamber, and furtheningluding p.gm.enpdmﬂgmh said body 3G57id $econd chambered t he
val ve 520 preventss | at t

I npl enment t heret rﬁougﬁ%egl&‘n@\gﬁ 9ngidggu%‘;5@§% f'@é‘isMg f gdic%gljtsmse%"e allg§6“ l:r‘{'(':-f’ar
the first ermdiGtoplentnt,siikyaitecunplisiags Woydhaving @ cavity in communication woth said seRodmedical implemeatisali ng
a positg¢ve f

advant asg s h?p%namﬁad\f%%ﬁ sgl%%dlctal%lemﬁt? §rﬂggeal g&‘(nfﬁﬂfﬁlﬂ F %33@?] 9@%%% Iéatv{aﬁla
fluid flows fishpositegin Whlﬂlsaulma!lwargpflﬁiﬂﬂow throunh aaldlnm mdmndpahlhn in-which fluid flow is permitted

A oot TR, i SRS A o e B 550 e bl
housi ng 628ﬂudnspanhwnlﬂnsaduaivdvmnsmbﬁmhmdmmmdimdménove wth respect to

val ves 320, 420 a 52 . . P o

530" det i ning e f Bt otmle e reommgn it 2 wois 1o npes cpeet S aghodon ey
635. 2H) closedcepmembange 636 ext ends through the housing 628 fromthe f| rst
to the second en 63 rti.on of the
passage 636 nearqshe 3@88‘}%“8"'@%5“6‘3’2‘“?‘&“&@?"}'ﬁe‘ﬂmﬁg}%ﬁ"ﬁﬂfﬁm&%“‘ﬂ" | eeve 678
ext ends 30. abanstmedidaivaiveinl steordanée,with Clsim 27, Wikl sail hBanéicavpriced arbairfiedrblsdter. Of
whi oh has a pre-alt o Temel e YRR wiemis vrats v sopgor sy S e
housi ng 628 as i 132.t he Theafdical valvemaccorda;:ce@dibmldh ZVeMe:einﬁﬁmeans comprises a diaphragm. A .
pi ston, 642 is po t|o cent the . 684. The piston 642 is '
preferably gener 3‘?"%&3‘ Iy ﬁ@&“’f’fﬂ%"ﬁgaw 0w o "iE‘EWS"P%‘U’Fsé?“ Beretupuahs o pe.
The piston 642 haa a tTkefedical vilve inaibcorganct with Claini 2V, witdreih Said Spefikylispositionthst a firstefdobsald O
bottom end 652 which is flat. In this

enbodi nment , oY.r esilient el ement 670 conprises a generally cylindrical,
resilient and No®BEPOr Ghesnedidalvaiveiitdccordance with Claim 34, wikerkiih Sid k4SS fofi@ned nédé Qid fishsadof

S: :x?ngZ? dﬁpgfvgrgggg \@;]iﬁeﬁr%dhy ngya‘(‘jdsgigrgler which is smaller than the
-17- 20 : 36.  Themedical valve in accordance with Claim 27, wherein said means is positioned within said cavity.
_ 37. The medical valve in accordance with Claim 36, wherein said means divides said cavity into at least a
first and a second chamber.

.38 The medical valve in accardance with Claim 37, wherein one of said first or second chambers is air-
filled.

25 3. A medical valve for controlling the flow of fluid between a first medical implement leading to a first site
and second medical implement lsading to a second site, said valve comprising a body having a cavity, said body having a
first port for connection to said first medical implement and having a second port adapted to receive said second medical

- implement, a seal connected to said body and movable between a first position in which said seal obstructs fluid flow
through said body between said ports, and a second position in which fivid flow is permitted through said body, said valve

30 defining a fluid space between said ports and further including means positioned within said body for reducing said flvid

space within said valve when one of said medical implements is disconnected.

N O R A
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PCT/ US99/ 10713 636 in which it is positioned. The elenep} 670
is positionW@F86| edge 661 formed within the passage 636, I YRY10713
bottom end 652 of the piston 642. Grooves 685,686 are
formed in the side wall of the housf2fy 628 wthiA—the—passage 636,

i ncl udi ng the portion : defining the | edge 661.] The grooves

685, 686 are arranged to support the outsidefsurfacegs of fthe el ement 670 in
a manner 5 -~ “which permits fluidto fl¢ s e¥shent 670 and

Use of the val ve
ts a first nedical
e second end 634

t he housing 628, as described bel ow. : . i
620 of this enbodiment is as follows. A usefFEH=tETEHEE
i npl enent (see Figure 1) to the port 835 at—1

of the housing 628. Wien the first medi cal ipplenert TS pof the type

di scl osed above, a free end of the tube is ¢H-dedfcver-Hthe wall 676 between
the outside of the wall and the inside of tRg-Z=7--7-3/ sl eeve 678. 10

The user then engages the second nedical inpl €mert626 to the first port
631 of the valve 620. Preferably, the mdi cal inplenent has a

bl unt cannula tip 637. The user. advances the canni ® tip 637 through the

slit 684 in the seal 682 7 until it engages _the top 650 of the
pi ston 642. As the user fueths é%vances t he i npl enen he piston 642 is
pressed downwglg Qnpressing the el enent 6/

When in this position, a Id\F\{W path.is established f
medi cal inplenment 626 -t hriough the\\ 620 to the ¥irst nedical
impl enent. Fluid flois thFo ) of dannul a t hiQugh the
passage 636. Fluid1s ow past the el emernt 670
t hrough t he grooves 685, 686.

when




the second nedical inplenent is attached and fluid fills the passage 636
and that space between the top 650 of the piston 642 and the
bott om of WA&YSHES 682 when the piston 642 is depressed is BAVEHMIIATISVL.
Most inportantly, when the second nedical inplenment 626 is di sconnected

fromthe val ve 620, the valve 620 20 causes fluid to flowin the
direction of the first nedical inplenent through the second port 635. As

t he second nedi cal i npl e t_ 626 is disconnected, the el enent
670 expands, forcing the piston 642 rdly to that position illustrated
in Fi gure 28. At the sane tinme, a reduction
in the total volume or fluid space in the passage 636 between the piston
642 end seal 682 occurs. Once the piston 642 noves upwardly to a

point at which it encounters the seal 682, the piston stops 25
nmovi ng, and the fluid volune within the valve 620 is at a m ni num anount

V2. Because the fluid volune in the valve 620 decreases
as the second nedical inplenment 626 is di sconnected, sone fluid
wi thin the housing 628 nmust be displaced. This fluid noves through the
passage 636 in the direction of the patient, —30 the total volunme of
fluid flowng in the "positive" directionihér;g equal to the difference

bet ween t he maxi num vol unme V1. 37 ess the m ni mum vol une V2. 30
Once the tip 637 of the inplenent 26 is renoved, the valve 620 prevents
later flow of fluid fromthe firLs -—— medi cal i npl enent

t her et hrough, since the seal 68%

= J s passage 636 near the first
end 630 of the housing 628. ﬁ

Besi des providing a

positive flow, the valve 620 o he—T «e‘t i nvention has other advantages.
Fluid stagnation i sCgene+afTy phevented since tgggfIU|d flows
through the housing 628 in dgrerarrr—e—<t ght pat h.

-18- | -
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PCT/ US99/ 10713 An ei ghth enbodi ment valve 720 .in
accor dance WQ3¥/8Hs§ present invention is illustrated in Fi guP&IMHoad331
This valve 720 includes a housing 728 which is simlar to those described

above with respect to valves 220, 320 etc. - The «Qousi ng
728 has a first egnd 730 defining a first port 731 and3?;ﬁ§§ond end Y32
defining a second¥port 735. 3/2A passage 736 exte t hrough} t he
housi ng 72@ fromithe first to the second ends 730, 732.

Again, a portion §f the pasgage 736 near the second end K¥zTs—c® ned%by a
wal | 776. A sl ef g;:*:-% about the wall | thdligNe 778
havi ng a nunQet7 # —“\\§ s /79 on an internal surface th f.

A seal 782 wh A~ cut slit 784 is proypded near firgiNend 730
of the housin he | ast enbodi nent |

In this enbodi lient element 70 conbprises a ered |
cylindrical, : hol | ow menber. M n it 510 iegti st at e,
the el ement 770 alfl y has an Quter dilameter Which i | gihhan t he
di aneter of the 2736 in ich it is_pos ned. e

el ement 770 def it eri or spagce 77 " iom t h assage
736. The el éwent} 770 W0y ﬁqg : | fiaf 1y vvithRﬁ)
t he housi ng \728. A sl ope = ﬁrdﬁ u ce 781
is defined ath hg f the el enent A t 775
ext ends t hrough t si ng 62&€ &rom the It erto Lt HIRNE he (:S
el enent 770 Jo a 15 exterior [of the housing h. | n e NN
embodi ment A | | ustft’ t he veﬂhé??S ter ates in the s : zagn th&lv
wal | 776 % the sl eeve 778. NN\ikse e val Ve
720 of thi't enbod ‘fis as follows. A user first Lonnechyla fi medi cal

i npl enent (see Fqgure 1) to the port.735§ét th #con ANd 734 of
t he housi ng 728fzﬁ%en t rst nedical inplement is of ( thp

di scl osed above, a free end of the tube is guided over t bet ween

t he outside of ¥he wall and the inside of the 20 liyeeve 728;\\:\
““j N §§ My

)

/ S




The user then engages the second nedical inplement 726 to the first port
731 of thewgoig18é20. Preferably, the medi cal | nppefpRIvfaes a

bl unt cannula tip 737. The user advances the cannula tip 737 through the
slit 784 in the seal 782 until it engages the sloped surface 781
at the top of the elenment 770. As the user further advances the inplenent,

t he el ement 770 i s conpressed downwardly and outwardly, reducing
t he vol une of the space 771, but increasing the fluid 25 space

wi thin the valve 720. 4/25 \When in this position, a fluid
flow path is established fromthe second nedical inplenent 726 through the
val ve 720 to the first nmedical inplenment. Fluid fl ows through the
tip 737 of the cannula along the sloped surface 781 (whereby t he
tip of the canula is not obstructed) and through the passage 736. The total
volume of fluid wthin the valve 720 when t he second nedi ca
inplement is attached and fluid fills the passage 736 and that space
between the top of the el enent 30 770 and the bottom of the seal 782
is an anount V1. - Most inportantly, when the second

medi cal inplenment 726pi s discong&pted fromthe valve 720, the valve 720
causes fluid to flowlin the difection of the first nedical inplenent
t hrough the second pAéL 735. {As the second. nedi cal i npl ement 726
i s disconnected, the 8yes upwardly to that position
illustrated in Figure 30 '

-19-
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At the same tine, a reduction in the total volunme or fluid space in the

passage 736 yagbokwige €l ement 770 and the seal 782 oceor/AasomIvil

the fluid volunme within the valve 720 is at a m ni rum anount V2.

Because the fluid volume in the valve 720 decreases as the second nedi cal

i npl ement 726 is disconnected, sone ' fluid within the housing 728
nmust be di splaced. This fluid noves through the passage 736 in the
direction of the patient, 5 t hesyasal volune of fluid flomnng in the
"positive" direction being equal to the difference between the maxi num

vol ume V1 | ess the m ni num vol un@S\2. Once
the tip 737 of the inplenment 726 is rennved s later
flowof fluid fromthe first _ rough,

since the seal 782 closes off the passagfe 7364w = :'rs.Aend 730 of the
housi ng 728. -———————ffﬁrﬂes ' 1 &\ 3\ | ow, the
valve 720 of the present invention hgs gyhe SN ; \ Byt agrratiion

10 . is generally|prevented sin tlhe housi ng

728 in generally strdi ght path. odi nment

val ve 820 in accgrdancg with the pre atkgd in

Fi gures 32 and As |_ - i gl udes a
a/val ves 220,

housi ng 828 which is sd Tl

320 etc. descri bed above. As illustrated, the
housi ng 828 has a body having a first end 830 defining a first port 831 and
an opposing 15 second end 832. A nmain passage 836 extends fromthe
first end 830 tomardsécgﬁsg§002§?End 832 of the housing. The mai n
passage 836 is define er surface of a wall of the housing 828.
The nmain passage 836 is cylindrical in shape,_—80

An extension passage 838 extends fromthe main passageg 836 to the second
end 832. The extension passage 838 is prefferably defined by a

wal | 876 and is generally cyllndrlcal:=ﬁE§Eﬁ§EEEE=nﬂ;,J. 30 n
di ameter than the main 20 kg ! A
resilient, seal 882 is proyl g€z =N ;f t he housi ng 828.

The seal 852 has a genera
for fitting within the pagHs
slit 884 through which

The seal 882 is preferabl

naturally returns to the
slit 884 is closed qﬂg,LKE

out er shape
a—pre-f or med

ent  meA¥ pass.
al such that it .

gl of —_a_resili ent =
'h|||o+rmdln Elglre 32, Wherethe

NN
NS 77 ted frompassind |
o %

FIG. 9

IFL

\ _—,
.33/.
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25 t her et hr ough. More inportantly, however: the
seal 882 |@0§5;5§ﬁged so that when an inplenent is pressed tﬁlg-gggjy“t)m slit
884, | east a portion of the seal 882 noves in the direction of
the first end 830 of the ho 828 whegeby the fl .? space or
vol ume inside the housing 8 iﬁéreases At t he the seal 882 is
arranged so that when the inpl retracted, the seal 882

noves in the direction of the second 32 t he houspFgg 828, reducing
the fluid space or 30 vol u . ';n N— A sl eeve
878 is positioned about the wall 8 At g SR nd 832 of the housing
828. The sl eeve 878 IB- Y has &bn an i nner
surface thereof. per 1 PINGf the valve 820 will
now be described in detail with ref 18] ' &ad 33. A user
first connects the first| il At (not shown, but which
may be simlar to that illustrated i Fle” I he branch port
- 20- WO 99/ 58186 RN ' 62 J7
PCT/ US99/ 10713 5 = J835 at [ in e en ffrst medical
I npl ement is of the pe di scy osed RN\}[ihe d t he tqu;is
-gui ded over the wall ' \ e \ | d yhe ggsLdébe
t he sl eeve 87875. IR Br \ secadhd
medi cal inplement 82 the first porfl 494152 : reEFrany,
t he / | &
32 - N\ :
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medi cal i-npl enent has a blunt cannul-a tip .837. The user advances the

cannul a ti p‘&iggé%ggﬁough the slit 884 in the seal 5 8GtTrd$00h 0713
time, the.sea noves ing@.the position as illustrated in Figure 33.
When in this position, a flui"d flow path is established fromthe second
medi cal inplenent 826 (such as through a tube froman |.V. bag)

t hrough the valve 820 to the first nedical inplenent (and thus through the
catheter to the patient). s F425d flows through the tip 837 of the
cannul a through the mai n passage 836 and extension passage 838. The total
vol une ' of fluid within the valve 820 when the second nedica
inplement is attached is an anmount V1. 10 Most

importantly, when the second nedical inplenent 826 is disconne romthe
val ve 820, the valve 820 causes fluid to flowin tgﬁpﬁﬁﬁgition of
the first nmedical inplement through the extension passage 838. As the
second medi cal i nplenment 826 is disconnected, the seal 882 noves
back to its position as illustrated in Figure 32. Thj auses the

total volume or fluid space in the housing 828 to : a M ni mum
amount V2. Because the fluid |

decreases as the second nedggﬁh i npl ement 826 is d one 15
fluid within the housing 82 S e di spl aced, H pves) t hrough

t he branch passage 838 in the ;:F;g\{on of theg , 7, the tota
volume of fluid flowing in the "positive" die » to the

di fference between the maxi num volA ™ i | ume
V2. Once the inpl enment A4 t he val ve
820 prevents later flow of fluid fromthe rst nedical BHpl enment

t her et hrough, since the slit 884 in the g% 882 reseal
passage 836 near the first end 830 of X
gresent invention

s ent g.vention has
ny ousi ng 828 whi ch
o LSHf | ushed each tine
326. '/// A tenth

the presenN/nvention is
i | l.ugtPated, the housing 928

Besi des providing a positive flow, thg
has ot her advantages. The valve 820/4
its fluid containing areg et ween :
defines the main p
fluid is injected through the
enbodi ment val ve 920 in accordap
illustrated in Figures 34 and # ’ |
has a body having a first endy Ining a firgsy/port 4%?1 and an opposi ng
cl osed second end ¥32. #r anch 933'éXy‘nds to athird end 934
defining a branch port 935. / //An opening in the housing
928 at its first end | eads/ /Passage on one side of a

di aphragm menbe s5age 938. The branch passage
938 extends fromthe cha

p a branch/p
in the di/t £

FIG. 75



t he second end 930 of the housing 928. The branch passage 938 is preferably

defined by a wall 976. The branch passage 30 938 is generally

cyl i ndri cawa99/58¥86pe. A resilient, pre-BECTUSRUHNING? | s
provi ded near the first end 930 of tB&2housing 928. The seal 982 is
general ly circular for fitting within the opening in the first
end 930 of the hoggng 928. The 982 preferably—igel udes a pre—~59
formed slit 984 through which the tip.of a nedic I mpl ement nay’ﬁggs. The
seal 982 is pref e{/\?b_.l C ' .

-21- 5_29/ S5B186 — -

PCT/ US99/ 107 e —— _ rogil ; such that it . Iyﬂﬁ
returns to tﬁg+posit on N'ustrated i n /Fi guf e , Where the [ 84 [ET
cl osed and fl W&~ lis prevehted from paksi ng theret —_-

The diaphragnbgzg_is pos tiEned W t in a hol’j oyt space W thi ousi ng
928 between t I risi—& cond ! S ragm 970
general |y diw4es tlhp® ace into t 93§ and a
second chanbeéer 5 & = e — )8 B A N A E A M - p 56
direction, i.e., in the direction of ¥ e housi ng 929.
At | east one vent 975 extends through ti& oréhe housi ngoE8 at its

second end 932 tzcr secoy%zphanber 939, permtting air to flow
in and out of th ézsaber.
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As with the first enbodi nent, a sleeve 978 is positioned about the branch

933 of the Qrylsudageed28. The sI eeve 978 preferably hasriidyopens 979
on an inner sur{ace t her eof .; 9/25 The operation of the valve
920 will now be described in’ detall with referen? t'o Figures 34 and 35. A
user first connects the first nedl ‘26Ienent (not shown, but
which may be simlar to that illustratg igure 1) '4ghe branch port
935 at the third end 934. Wg irft g cal iypT— nt is of the type
di scl osed above, the free end of be i : » ded over the wal
976 between the outside of the and] th ' of the sleeve 978.

The user then engages the second §gof | ] dagﬁﬁknjthe first port
931 of the valve 920. Pref el 88y 5 i gd”Zcal inplement has a
blunt cannula tip 937. The user Wndss t ; 735937 through the
slit 984 in the seal 982 | Dr i n the di aphragm 970. At
this time, the diaphragm 970 nov ’ t Z |IIustrated I n

Fi gure 35. hi ;on ( grlllustrated in
Figure 35), a fluid fgeﬁ%path S i S &z ond nﬁgg

i mpl ement 926 (such a gh a i &) : gp6t hr gaat e val ve
920 to the first nedical i : _ ’ gat het er
to the patien IU|%é%Ioms t [ ’ la into the
chanber 936, en t hr R / : ' _ ia:m / )u}44n25

vol une of flui i thin the val ¢ e ~nmedi I npl enent is
attached is an e ht YRR R Q6 AE Jjerpoféant |y,
when the second nedi Cal_—inplbdEn e % %j}i__ ne val ve 920,

t he val ve 920 causes 0 the dir on—of/A@e first

medi cal inplenent - bnd _1ezlp cal

I npl ement 926 is ected ) - il y back to its
position as |IIustrat in Fig L 1e total vol une
or fluid space in the housing 938 to r¢duce to\a mWP&m amount V2.

Because the fluid volune in the valLve A0 décPea¥é€& as the second nedica

i mpl enent 926 is di sconnected, sof®¥: 760  fluid within the housing 928
nmust be di spl a;:rgdg.hi s f}yd noves t hrough theGg?anch passage 938 in the
direction of t e// . patient, the tqg ume of fluid flowng in
the "positive" direction being equal to thé dif ference;bggmeen t he maxi num

volunme V1 | ess the m ni num vol V2. ] ﬂ(/// Further, once the
i npl ement tip 937 is renoved, e Vv o2lfpreverfs later flow of fluid
fromthe first medical T nt! "since the slit
984 in the seal 982 reseals, closiN&.O/] t1i I ge 936 near the first end
930 of t he housing 928 ' ! l= - 733
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PCT/ US99 Besi des providing a_positive flow,

t he val v%&s the present invention has other advant agE&W§?é'@a ve 920
of the present invention has its fluid containing area between
the seal 982 and the housing 928 which defines the chanber 936.
This space is flushed each tine fluid is injected through the inplenent
926. - An el eventh enbodi nent val ve 1020 irn accor dance
with the present invention is illustrated in Figures 3649. 5 Thi s
valve 1020 is simlar in many respects to the valve of the first

enbodi nent . - Fegfﬁi%ﬁg to Figure 36, the valve 1020

i ncl udes a housing 1028 which is -'shaped, having a main portion with

a first end 1030 and an opposi ng,. closed second end 1032. A branch 1033
extends outwardly fromthe main portion general |y perpendi cul ar
thereto to a third end 1034 defining a branch port 1035.
As illustrated in Fi s 38_sme 39, mai n passage 1036 extends fromthe
first end 1030.E§ th%ﬂgfosed sedhpdéﬁﬁ?.' L

28. |
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10 end 1032 inside of the housing 1028. In addition, a branch passage
1038 exten he mai n passage 1036 t hrough SHoR9r t
to the thi?ﬁ’ The mai n passage %6§$ as t wo

di aneters. A flrst snall dlaneter portion of the passage 1036 extends from
the first end 1030 to near the branch pag28ge 1038. The dianmeter of the

mai N passage 1036 theQ increases to a |larger di aneter section
extending to the seco end 1032. A | edge 1048 is forned at the
intersection of these™Mwo portions of 15 the mai n passage 1036.
A piston 1042 is slidably positioned wthin the main passage 1036.
Referring to Figures 4448, the piston 1042 is generally
cylindrical, having a mxi nym out aqgteﬂh ich is slightlyg|ess than
t he HBX|nun1d|aneteerf t heqpagsa MQQBG Th&fplston“n042 has a
first end 1050 and at§econd“bn 1 2“and3a Pengnh Fronvpnd to N%d which is
| ess than the di stiance ffomthe fifrsyY endq 1080 to t segond end
1032 of the houang 5823_ ' LS has @ first
body portion 1054%extendin : %0 d bo
portion 1056. \\\‘P' Th — por |on 1056
is larger than that o™ the ' e
1062 defining the inter i e two f : f wr 106%
arranged to ergage-tmhe edge 1048 he : i 028 i ner
described'below A_gr oo AT e m
1042 near its con 1 g es 38 25
and 39) |s p tlon |n t 2 rab\y .
conprises an!"O'-ring. - /'t / or to
1064 is defi ed inthe firs | I 042N This~
not ch 1064 e%ﬁends fromthe f|rst end 1050 towards the secoAﬂ\end
1052. ™ In ﬁbe pref erred enbodi nent, the piston 1042 is
hol | ow, having a recessed areddthedgin. As illustrated, this area
conprises a bore 1072 extending into the piston 1042 fromthe second end
1052. As illustrated, the bore 1072 has two 30 portions of differing
di aneters, thereby formng a | edge. When the piston 1042 is positioned in
t he housi ng 1028 (see Figures 38 and 39) the bore 1072 is in
comuni cation with the passage 1036. A seal 1082 is
provided at the first end 1030 of the housing 1028 and cl oses the main
passage 1036 at that end. The seal 1082 is preferably nounted to
t he housi ng 1028 by an end cap 1083.
Q
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PCT/ US99/ The seal 1082 is pref

resilient 13%)]93’5&8& re-seal abl e el emrent. The end cap 1083 hgé‘?lg’%%éﬁ’am th a
passage 1085 therethrough which is aligned with the nain passage
1036. A cylindrical side wall 1087 é@%ﬂs fromthe end of the

cap 1083 and is arranged to engage the“outside of the housing 1028 at the

first end 1030. As illustrated, the cap 1083 has a groove on the
i nsi de of theQwall 1087 which accepts a rib 1089 on the exterior of the
housi ng 1028 %h a snap-fit 5 arrangenent . As with
the previous &nmbodi ments, the branch passage 1038 is defined by a wall
structure 1076\whi ch extends .outwardly fromthe main portion of
the housing 1078. A sgeeve 1078 s Spaadd: o&t dl frgrthi s I
structure 1076. Thradd 1 sgg %re posytioQed op the in de of t he
sl eeve 1078. NN V‘ P as enbled val ye 1020, wher

ugh the u ng 10
= ':---:-!!-L-‘!!GVA: seal

’ fﬂf-""?‘// MW” nber 039 and
a second chanber 1. Th¢ ’V

// o 1) ce b n the
cl osed second end ¢ 3 f‘;ﬁ?]ﬂlﬂ«ﬁl?}?qar engﬁﬂp
of the piston 1042; a‘“‘*““*‘”“"’"“- .-he bore 1072 in the p stoQ\I

Jﬂ" 4‘g835!!25212521'
775 s

T ,}(III///I// 7 Q

1068 divides the I n pass

pi ston 1042 is ﬁQS|tiAE§d in“ ,'
1028, is best ilNﬁglra d (FF AP
1
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1042. The secomd chanber 1041 is that space between the seal 1068 on the

pi ston 104 seal 1082 at the first. = end 103 0713.
housi ng 10W§E&% ..  As illustrated, the piston %ﬁéuéggﬁ
nmoveable froma first or "urconpressed" position in which the shoul der 1062
engages the | edge 1048, to a second o&'}i%pressed" position in which the
pi ston 1042 is m)veg t owar ds .t he seconda-e 1032 of the housing

1028. N Neans are provided for bi'asing the piston 1042
intoits firsy posifion. Preferably, this neans conprises a spring

1070. As illudtratefd, the spring 1070 is a helical spring extendi ng between
the second eng 1032\of ;he housi ng 1028 and 20 the I edge forned in
the piston 1042 by tN\e angi n dianete&‘bgrq01072. The
first chanber {039 is aky-fillg¥. In order™dtdac nnﬁpa t he movengnt of
the piston 1042t owaiyds |t he sétofid ‘@nd OSQ)osfthe hoy®i ngy1028,
an air vent 1075 is Yoy oW ded th\g:gh thg second ehd [L03A. g 9

The operation of the \val 1020 Wl | no |_beid fijst
connects a first medj&al i : 1035 in a
manner as descri bedfaboye. AL =y nula or

ot her nedi cal inplengnt 25 _ : , he opgnpi ng
1085 in the cap 1083, R ' The user
advances t he—nplaient X1037 until it pgriesses The piSfon 1042 towards
second end 1032 of the i & En- ki gur e '39.
When the piston 1042 is in ' Lt “sTied from
t he i npl enent 7 throwgh / ) t n
out si de of t?éﬁg?ston 042 , t he brzggh
passage 1038/ 30 | ui ' = e ca nullﬁe
1037 becausg%the open o, V'-shaped spgced ys|prqvi ged belom/tWe tip t
first end 1850 of theﬂQiston 1052. J'n t{i Pposi tyon, the vahye 1028 has a
maxi mum fluid capacity’VL. Q M g O Vflen the usemrenoves the
cannul a 1037, the pre-slit seal in Phe ©eal 1882 reseal s, pkeventing fluid

fromflow ng fromthe main passage 1026 out the first end 1030 of
t he val ve 1020. At the same tine, when the cannula 1037 or ot her

i npl ement is withdrawn, the piston 1042 noves upwardly to the position
illustrated in Figure 38 as a result of the spring
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PCT/ US99/ 1 ,SEI“ force. Wen the piston 1042 is pgrjReyivess tion
illustrated 1n Figure 38, the volume within the valve 1020 is at a mni num
V2. Because the fluid volume in the val ve 1020
decreases as the piston 1042 noves up% &Py, sone fluid in the

mai n passage 1026 is displaced. This fluid volume V1-V2 noves along the

pi ston 1042 to tkg branch passage 1038. 5 Thi's val ve 1020
al so has the advghtage that flushing occurs at each use and the seal 1082
may be swabbed at its top surface to sterilize it.

A twel fth enbodi ient val ve 20 in accordance with the present invention is
illustrated in Figures 49 a 50.lq @ The ®al ye 1120 of this

enbodi ment has a ho%sing 1178 defgyni @ a:omaia pa%saé 11% extending froma

e
first end 1130 to Q cha®betd 1121, branc® pass@ge 1138, | eads
fromthe chanber\114Qgeneral y perpengdifjcul ar to\the main passagg 10

1136. ) , The housi ng P8 has a etond énd1132,0pposite
Lhe first end ﬂw\e\s T TS T ™™
1141: As illustratet™sthe {-‘2‘“.;7%}@;./ ‘\\ﬁ“\ﬂ‘\‘ '

shaped nenber. In a fjrsilodbdA on. ’,I'IIIIAWQI.

' ALl dpdebrrtetet clo t he
branch passage—1#e8 fxomthe chan‘n‘ 5 ' (see Ei_gure.aigf_ %
Q
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A piston-1142 s positioned mﬁthrn;h'” passage 1136 and rests upon a
top portionyafodidaggescal 1182, As it “Ilustrated, the ppci0soohd#hd has
a flat first en 1150 and a sl anted second end 1152. The pi ston 1142 is

general ly cylindrical in crogg 2§pt|onal shape.
The wal | defining the main passage 113 / cylindrical at the first end
1130 of the housing 1128. In a direction 20 towards the second end

1132, the wall slants outwatd“to define a sl oped surface 1148.
A seal 1168 is preferably provided at the first end 1130 of the housing

1128. This seal 1168 is signed to seal agai nst the outside of
the piston 1142 to prevegg fluid fl owpet ween the piston 1142 and housi ng
1128 at the first end ~ 1130 Eﬁ t vaIve 12
The operation of thisgvalle 1ﬂ%01\s a fo&? m\nn§?s the tip of a
cannul a or other medi el Npl eprertty 25 mnto Bng enent W th e first
end 1150 of the pigto 142. TRe User [y esies|the 4:st 1142 t owafls the
second end 2 of the hpusing 1%28luntil\ the | Wer-lock gonnector
or the like may be“en:ige _ > '
1128, as |IIustrat€&b;g;F|g © = | s¥on 1142
noves i nwardly, beca Its ' - _ Seal 1182
and the seal o A th
sl oped surface 114g.in Xhe enlargeqd of the* main passage 1136. 30
this time, the top end AAAR—ia—na—ton £1 [surfate
W th respect to t e e of nnula. S, | owed to
freely flow frqg e\ ' \ \ he p
1142 noves in rdIy ﬁhkgh th\\
branch passagQ,1138“\ ' 114L{\
- 25- N N 2
N N X
N D
N
N
Q N N
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PCT/ US99/, Afluid path is est onlthe
cannul a a&%%%évﬁe top end 1150 of the piston 1142, al ong ﬁﬁghﬁgﬁﬂ'%assage
1136 into the chanber 1141, and then into the branch passage 1138. At this

time, the fluid volune mﬁthin t he val ve 1120 : I's an anount V1.
When the user withdraws the cannula, the seal 1182 presses the piston 1142
upwardly. The upward novenent 5 of the piston 1142 is facilitated
by its engagenment with the sloping seyksce 1148. Eventually, the seal 1182
noves the ~ piston 1142 to the position illustrated in Fig#%§.49
At that tinme, the seal 1182 again seals the branch passage 1138 fro

t he chanmber 1141. I n addition, the sgﬁb. 168 seal s
around the p|$39@,1142 P& (ng fluid fron1f|omnng fr I nsi de of

t he val veg1120 througi the main passage 1136 to thg first end
1130, thus effecting p t

seal 1182 expandé? he v Y X, . ' WCi hg
fluid into the bP& - = - TF A
thirteenth enbodinent VavY, T _ T _

S iIIustr gurep 52. ' has
straight-f 0.u."..”agenen SR to that of thelvalves illustrated in

Fi gures 20- 29 Lhe : ng
afirst e 0 Jand sec =ssze ; - 7 / BiXt ands
fronltheég%kt end 7230 ' - oS, ) =L end

to the secorfl¥énd 32. rily
defined by a wall 6. whi ch éé%P |t|oned mnthln a sleeye 1278.

A seal 1282 is positioned in 0

1236 at the first end 1230. The seal 1282 px ef ey conpri ses
first and second seal portions which, when put together>& man inverted

frusto-coniCé;:jqifed ~3227

nical portion 1248 o&(\ﬁg\ e Pas SaHe

832
828 _
550_\\ \\ 838
| e 7 i
F26a_ ' . y
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menber. Each seal portion is generally senmi-circular in cross-sectiona

shape (in aypkpPdoisgpyst 2l pl ane) and defines“a flat inner 20 PCT/G895/1008
1283 for engagenent with the other seah79Q@tion. The outside surface 1185

of each seal portion is curved, and tapers inwardly fromtop to
bottom 926 ach seal . portion is biased in a direction
towards the second end 1232 of he y

) € TP20. Aresilient bias
menber 1270 has a first end:é¢onnecthpd to—% bottom strface o?/gigh seal
portion and a second end secured tolthe hé si ng > 228 sone

di stance al ong the main passage 123p. As i Iustré%é@, ach biasbpg‘ﬁ%%%er
1270 conprises a accordpgpe-|ike, ¢f astic menber p

Operation of the valve 1220N\js as f Vhenzaot e, i asing 920
menber 1270 correspondi ng to ach porti ORNOf [#He 1
bi ases the seal porti wards t he.secaml end 123 He 35 N
this position, the seal 29l 85¢he nmy AE 36 at the
first end 1230 of tlggwalye 1220. i USEA| epts— 785
cannul a or other medical ap ' N ur bet ween
the two portions gfsghe 30 I} ' R de 928
advances the cannul a, e . ; t ' dat e
t he cann YYon no dly
towards the first e \ A/ Ani
surface 1248 agai nst 5
Once the cannula is ¥ t hr ough
the mai n passage 12 Lon passage t he
valve 1230. At this N, Lt : an
amount V1. ' -
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PCT/ US99/ ] - When the user w thdr gusatddgngAasNUl @,
t he quid%@% %ﬁ%sqn t he valve 1220 reduces to an anount V2, cgas?ng ?Iuid

to be displaced through the extension passage 1238. In particular, once the

cannula is renoved, the biasing nean?? 1270 draw t he seal
portions back towards the second end éfcﬁ the valve 1230 to the position
illustrated in Figure 51. The seal 1282 in this position reseals

the main passage 1236 at the first end 1230 of the valve 1220. 5
The val ves descri bed above having a seal (182, 282, 382, 482, 582, 682,

782, 882, 982, 1082, 1168, 1282) 7030y be adapted for use with a
needl e or other inplenent insteadAf the blunt cannula 37 illustrated. In
this arrangenment, . _ “the seal may be solid (i.e., not pre-slit). In
t hat case, the pistgon—34 or—s+mi | ar nmenber in the |ater described

enbodi nent s) -~ sQnstructed of a durable materi al
which is not reag

he nepdl e. _(—‘/020,65
descri bed above,”af R\ ¢ preferg y provided with a nmeans for opening
and closing a fl i path through A0 J the valve. In at |east one

enbodi ment, thisfjmepns is a noveapl ¢ ston (ex. piston 42, Figure 12)
while in other I enbodi megnt g . is a pre-slit seal (ex. seal 182,
Figure 19). Thosf skill in thg aft J'II appreciate that a variety of

i

=

means tion to those described. For

exanpl e, a resed|all e|] septum or thef | je may be used.

I n addition, eaq al ve includes a ngafps for decreasing the fluid volume

t herei n when oneNgf] the nedical - i 251 s di sconnected, for
produci ng a positi g L rysone enbodi nents this neans is a piston
(ex. piston 42, 15 . ¥7 pr piston 1042, Figure 38) while in

ot her enbodi nents is_a resilienf pe such as a di aphragm or foamli ke

el ement (ex. elengpt 670, Figure ZA9—% 1 0 s . Those of
skill in the art |, appreci ate tjs y b

provi ded. | In s offeni ng and
closing the fluid path-ls_the sang C : d the

fluid volume (ex. Eis on 42, Fi gyft—Sr—26—_ [ {|n the

enbodi ment s descrqu-.above, trf'fluid space i nside

upon insertion of H |medicar / pterent- i n the cg state and
decreases upon w tfjdrawal of t\je e Ceaf—FPiem i essed
state. : L I
: N‘.'u.-i...--Ii-.--l
' LR —
1L
]
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In sone enbodi rent s,

substantiall
pot ent i aI‘q'%})r%)é‘lrsg@sl I nsertion of the mﬂlﬁ
tial

structure that allows it to store potée

energy is rel eased upon mnt?a&?ma of the nedi
structure returns to a 25 S
The above presents a descrlptro;\pf

out the present invention,zagd—of—tho—

it, in such fullo8¥ear, dprerss _
skilled in the art{to which it

i nvention. This in&gptio1 s, however
alternate J39 co | ctions—f rorm-— Jm
equi val ent . enbodi pentls {dese+i-hed are nf

Il lustrative and not ekhau$tlive, Conseqiient
limt this invention tt4¢ particula

the contrary, the intenti s focover
constructions com ng W thi he spirit

as generally expressed by fih
out and distinctly claim

-27- WD 99/ 58186

PCT/ US99/ 10713. /£:7Z;: ‘j;;;7

ubst gopwal | y relaxed condi
he best node cpnte

the structure deflnlng'the fluid space is
axed and does not' storie'subst anti al

anountPCT/US99/10713  of

inpl enent causes a change in the

energy. The potenti al
| enent and the

h@ggbf carrying

nd process of using

t na /B3 person
ke nd use this

_L di f\ cations aQ§9
§ —agpve mhlch Ejb ully
3 L
-1$ no intention to
) di scl osed. On
ons
and sc

al ate
particul arly point

c

I ns
ti

di.
e of thé I'nventi on

t he subj ect nattér of the invention.
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WHAT | S CLAIMED | S:
positive fygwomgisk! uid through a first medical
a second nedica
with an elenent therein for controlling the flow

di sconnecti on o§

1. A nmethod of effecting a

i mpl enent  aup@ffasdonetizy upon
i npl ement from a val ve having a housing

of fluid through

sai d housing, said valve defining a fluid volume within said housing and
said valve in comunication with 5 said first nedical inplenent,

conprising ‘the steps of:

medi cal i npl ement from sai d val ve; novi ng at

val ve to said second

20/25 discOnnecting sai d second
| east a

portion of said elenent to a p05|t|on|4#%ﬁlch fluid flow through said
enent is prevented,

decreasing the fluid volune withi @ said valve; and 10
forcing fluid fromsaid housin towards said first medi cal inpl ement .

2. The net hod j&ac

conprises a resil

havi ng a passage t

all owi ng said sea

t her et hrough is oct

accordance with C

within said 15

conpri ses novi ng
in accordance wi tth

renmoving said

val ve, and wherei
towards said fir J End of said v
met hod i n accor dg
sai d housi ng, saﬂ

i n said housing

Claim1l, wherein said el enent
nt posi tiidped hn sai d 'housi ng, said sea
et I : = WherRl sé?ﬁﬂﬁnving step conpri ses

40 a position in which said passage

> 3. ~ The nmethod in
. 1 —71 |slgon nmenber is novably positioned
housi ng of sai al ve and sai d decreasing step
pi st on nenber. 4. The met hod
ai m 3, wherein ﬁ step of disconnecting conprises
t rcal . |l ement froma first end of said
sar iAg stepl onprlses nDV|ng said pisto
h 5. ' The
wth Caiml,

0 menper
aid first dj

rrargged to gncrease said fluid vol une

Yhereln a nme ”%§3p05|t|oned w thin
a
‘ | ement i s connected to said

val ve, ahd i t ot gasing the volune within said
housi ng conprlses t e step of ow/ng s er to. exp 76 in
vol une. The t tgcordance with aiml
wherein a nmenber i pos affed_wi thin d housi cooped4t es
with said housing tjp| form dcha r, afiff said step of dect t he vol une
wi thin said housing c?npris s the ' 7 Y

7038



25 < step-of enlarging the volune of saJd chanber .

7. d in accordance with-#i'& m1, wherein sai

conpri sesiagss’gal,@and further incl um]rfgLSa pi ston m)v)vg?@mm '
positioned within said val ve, said piston cooperating with said seal and
housing to define said fl W ol une, and wherein said step of
decreasing the fluid vquﬁ?’c nprises _the step of noving said piston
towards said seal. 7085 di cal val ve for
controlling the flow of fIU|d|be ween a fb;sf’ rcal inplement and a
second 30 - - nedical jppEeRER sald al ve conprisiagrasbody having a
cavity in comrunication A - redi nent and an

openi ng adapt o rece . § AT RpreTT d a sgal ing
el enent p03|t i | Jetme 5first

position in mhlc sa‘ﬁ $ id flow through sajd and a

second position in mhlc& LI s permttedft hﬁgugﬁ sai d
body, said cavilgIOnetuRR N ST eI autonatt cal |y and>70.34
WD 99/ 58186

reversibly increases in
medi cal inplement is connected to

PCT/ US99/ 10713 2
said valve and which contracts in sizezgpn said first nedical inplenent is

Z
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di sconnect ed. ' 9 The nedi cal val ve i n:accordance

‘with dai &}ﬁg%f%g{ghn sai d seal ng element is a seal havi ng P%T%ﬁ'ﬁ“ls
5

passage t sai d passage occluded when said seal is in said first
posi tion. 10. The nedi cal valve in accordance with
Claim8, wherein said sealing-element conprises a piston novabl y
nmounted with respect to said body. - 11, The nedi cal
val ve in accordance with O aim 10, w2£2%h a |ledge i s positioned LY hisp
said cavity and sai d piston has a shoul der, said shoulter
engagi ng said | edge when said piston is in said first position.

12. The nedical valve in accordance with C/&8#\11, inclehiwg nmeans for

bi asing said piston into said first 10 posi ti
13. The nedical valve in accordﬁagg,mith da
for biasing conprises a spring. p
val ve in accordance with Caim 10, wherein saj g
into a first fluid filled chanber=
chanber. 15. 2iTed
Claim 14, further including a vepj
said air-filled chanber.
accordance wth Clainllqy/w
sai d first ne

17. The nedi cal i

i ncl udes a hol | g¥
chanber. 20
Claim8, where
body having a
passage | eadi ng
val ve in accoras
sai d body and
20. The nedi

- said air-filled
rCal_%dl ve i n>aggrggdance with
s of sai d body, said

second end and a\brafe# said branch defining a branch

aid cavityr”~ 19. The nedi cal
h d aitm 8
i d dy

opféiéng is at a first end of
2.0
ACLA lance with G aim8, further including a

des a second open end.

pi ston nmenber novak '~"y 7056w t hin sai d body.
21. The nedi gal aPw»eci n accordance with Caim 20, further including
means for biasing said piston nenber - '
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in the dirrectien of said seallng elenent ' The
medi cal val yg §gksfgcor dance with Caim- 21 wherein said rreans‘,(fﬁsgghg,ﬁbng

conpri ses.a spring. 2 5 The nedi cal ve in
accordance with Claim 21, wherein said neans for biasing conpri Sﬁzggzmsrrber
30 cooperating with said body to define an air-filled

for biasing gonprisey an airgfille - 1064
25. The di cal falve i'g accordance th d ai 8, further i uding a

di aphragm posT oini 3 wm' o M— ety =
i ol H H : T

PCT/ U899/ 1 ég ! 25~ Hre-—redreat val ve in 45
accordancefw th ¢l aL , Whereby sai d [d| aphragm di w ' ity—Tht o
nmb h ;
0

24. The #d8Pcal v &n ac %ggncek}p@al m 237273%‘9”3 sai d means

[E]

first ——f}ch o and a second chanber, an [ ng-a—ve

ext endi ng through $gi d|jpody to said secppd chanber
27. A nedi ca al vl for controllinglthe flow of fluid betweenafl'st
medi cal i npl emen{—HiE=H second medi cal inplenent, said valvp
conprising a body-havin : T catl | d i cal
i mpl enent and —
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5 an opening adapted to receive said first nedical inplement, and a
seal posit] Lthin said body and novabl e between a uso9lohfast
position. i%gﬁg%: said seal prevents fI/ ikd flow through sai l(‘jc-{)odﬁl and a
second position in which fluid flow 78 g'ésrrritted t hrough sai d
body, said valve defining a fluid space ‘and further-ingluding nmeans

connected to said body for reducing the _ flUpd space within said
val ve when said first nedical inplenment is disconnectey.

- 28. The medi cal valve in accordance wtR ,,,,,,,Q, wherei n sai d neans
conprises an expanding resilient 10 ;\§1 P11 nenber .
29. The medi cal val ve in accordance wt N 3; serei n said neans

ch

conprises a piston.

accordance with Caim27, wherein salX

bl adder . 31.

Cl aim 30, wherein a ventfg eads (%hl’ﬁ.]
B

32. The medi cal valv n acor HaRFY
conpri ses a di aphragm 15 ~ &ﬁlﬁ\
N,
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§\§ val ve in
irffi ITed W
."*v.ﬁ:\\ accordance Wi t h
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adder.

ei.n said ans
NCa = n
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34, The fediet—vatve—Tn i opeqig
is positione —of @

35 The =rs - CA d h ‘\\ !
posi ti oned :5;".;“ d ?Z[ﬁ‘ -
defined by sardhbody—and~ard seal]
val ve in accoydance with daim 27,
said cavity. \ 3V.
with daim 365ai d cavity

first and a sgCenfl cha =%—W
in accordance d =

o \\“ N
control I ng t beTraear it 9

afirst site and second nedi.cal AN
site, said valve conprising a body having cavity, said bodythaving a
first port for connection to said first ngdical inplenent and&paving a

second port adapted to receive said second nedical < npl enent, a
seal connected to said body and novable between a fir position in which
said seal obstructs fluid flow t IMNgugh i dtbody between said
ports, and a second pgﬁition in which fluid w isper mtted through said
body, said val ve NN U ' NN
Q\\ '; § N\
Q N N
n ’ § j R
~ L
| N X | N ,/
Q
N\
. N
\ _ &l
o B ,
N N 7 Q
N N\
o \
LN )
R
~

7782



30 deflnrng a fluid space betmeen sald ports and further including
nmeans posi é" % th| n said body: for fed’UCI ng said fluid PCT/US99/1078Pace
Wi t hin sai ve when one of sai d nedical inplenents is disconnected.
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