Office de la Proprieté Canadian CA 2368202 C 2005/11/22

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 368 202
Findustie Canada Industry Ganada 12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2000/04/04 (51) ClL.Int.”/Int.CL." AB1M 5/00
(87) Date publication PCT/PCT Publication Date: 2000/10/12 | (72) Inventeurs/Inventors:
1 . BARTH, STEVE C., US;
(45) Date de délivrance/lssue Date: 2005/11/22 DAVIS, RALPH L. US
(85) Entréee phase nationale/National Entry: 2001/10/02 L
(73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: US 2000/008958 FILTERTEK INC., US

(87) N® publication PCT/PCT Publication No.: 2000/059561 (74) Agent: CASSAN MACLEAN
(30) Priorité/Priority: 1999/04/05 (09/286,280) US

(54) Titre : DISPOSITIF D'ACCES SANS AIGUILLE
(54) Title: NEEDLELESS ACCESS DEVICE

(57) Abregé/Abstract:

A non-needle access device (10) Includes a housing (12) having a fluid pathway and an inner chamber (34). A biased plunger (16)
Is disposed within the inner chamber (34), movable between a first position, and a second position. A main seal (32) seals the inner
chamber (34) from the fluid pathway. A vent (20) between the iInner chamber (34), the outside of the housing (12) allows air to pass
out of and into the inner chamber (34) when the plunger (16) Is moved between the first and the second positions.

SRR VNEEEN
R 5. sas ALy
O
A

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02368202 2001-10-02

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 : (11) International Publication Number: WO 00/59561

| A61M 5/00
(43) International Publication Date: 12 October 2000 (12.10.00)
— —_— - - — :
(21) International Application Number: PCT/US00/08958 | (81) Designated States: CA, European patent (AT, BE, CH, CY,
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT,
(22) International Filing Date: 4 April 2000 (04.04.00) SE).
I
(30) Priority Data: | Published
09/286,280 5 April 1999 (05.04.99) US With international search report.

I
(71) Applicant: FILTERTEK INC. [US/US]; 11411 Price Road,

| P.O. Box 310, Hebron, IL 600340310 (US).

| (72) Inventors: BARTH, Steve, C.; 5213 Wellington, McHenry, IL
60050 (US). DAVIS, Ralph, L.; 40512 Bloomfield Road,
Genoa City, WI 53128 (US). |

(74) Agent: MILZ, Michael, E.; Brinks Hofer Gilson & Lione, P.O. |
: Box 10087, Chicago, IL 60610 (US).

(54) Title: NEEDLELESS ACCESS DEVICE

| (87) Abstract

A non-needle access device (10) includes a housing (12) having a fluid pathway and an inner chamber (34). A biased plunger (16) is
| disposed within the inner chamber (34), movable between a first position, and a second position. A main seal (32) seals the inner chamber |

(34) from the fluid pathway. A vent (20) between the inner chamber (34), the outside of the housing (12) allows air to pass out of and into
the inner chamber (34) when the plunger (16) is moved between the first and the second positions.




5

10

15

20

29

CA 02368202 2001-10-02

WO 00/59561 PCT/US00/08958

NEEDLELESS ACCESS DEVICE
BACKGROUND OF THE INVENTION

This invention relates to a needleless access device for use with liquid

flow and administrative apparatus for medical purposes.

The use of hypodermic needles to inject or withdraw fluids in medical
applications has been standard practice for a number of years. Even where a
patient already has an IV tubing set connected to a vein, hypodermic needles

are frequently used to inject fluids into the IV tubing. Often a "Y connector’

“with a septum is provided in the tubing set for this very purpose. The needle

is used to puncture the septum to administer the drug or other fluid, and the
septum then sufficiently seals the opening to prevent airborne bacteria from
entering the system. Septums are also common on drug vials, where the
needle is inserted to withdraw a quantity of the drug.

The widespread use of hypodermic needles leads to numerous
needle-stick accidents. These are not only painful, but if the needle is
contaminated, could cause serious disease or complications in the
needle-stick victim.

To prevent such accidents, needleless access devices have been
designed. These devices typically include a cap having an inlet opening and
a body with an outlet opening. In some instances, the devices are provided
with a piston that, in its normally closed position, seals the inlet opening of the
device to prevent bacterial contamination and maintain sterility.

U.S. Patent No. 5,439,451 discloses a Capless Medical Backcheck
Valve for allowing liquid flow into an IV line. The backcheck valve includes a
flexible elastomeric piston that has a flexible tubular wall. The use of such a

flexible piston in a needleless access device tends to increase the interior
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hold-up volume within the device. Further, the flexible tubular wall may tend to
impede fluid flow. In addition, the material required to make a flexible piston may

require lubricants to function properly.

In some instances, blood and possibly other fluids may enter a needleless
device through the outlet after the device has been used to administer fluid into IV
tubing. This phenomenon is commonly referred to as reflux.

There is thus a desire for a needleless medical system, where a fluid can be
injected or aspirated with minimal reflux, while minimizing hold-up volume, allowing
unimpeded fluid flow and requiring no additional lubricants to function properly.
SUMMARY OF THE INVENTION

A needleless access device has been invented which avoids reflux while
minimizing hold-up volume, allows unimpeded fluid flow and requires no additional
lubricants to function properly.

In a first aspect of the invention there is provided a needleless access device
comprising of a housing comprising an interior wall and an exterior wall having:
(i) a fluid pathway defined by at least one flow channel formed between the interior
wall and the exterior wall; and (ii) an inner chamber formed within the interior wall;
a biased plunger disposed within the inner chamber movable between a first
position and a second position; a main seal sealing the inner chamber from the fluid
pathway; and a vent between the inner chamber and the outside of the housing to
allow air to pass out of and into the inner chamber when the plunger is moved
between the first and second positions.

In a second aspect of the invention there is provided a needleless access
device comprising of a rigid housing comprising a cap and a body, the cap
comprising an inlet and the body comprising an outlet, wherein an inner chamber
is formed within an interior surface of the body and a fluid pathway is formed
between the cap and an exterior surface of the body, the fluid pathway comp‘rising
an upper space, a mid-channel and a lower channel; a biased plunger disposed
within the inner chamber and movable between a first position and a second
position, the biased plunger comprising a first seal that engages an interior surface
of the cap and a main seal that engages the interior surface of the body, wherein
the first seal seals the fluid pathway from the inlet when the plunger is in the first
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position and the main seal seals the inner chamber from the fluid pathway; and a
vent through the housing and connected to the inner chamber to allow atmospheric

air to pass out of and into the inner chamber when the plunger is moved between
the first position and the second position.

In a third aspect of the invention there is provided a needleless access
device comprising a rigid housing comprising an inlet portion having an inlet
opening, an outlet portion having an outlet portion, an interior wall, and an exterior
wall generally disposed about the interior wall, wherein an inner chamber is formed
within an interior surface of the interior wall and a fluid pathway is formed
substantially between an exterior surface of the interior wall an interior surface of
the exterior wall, the fluid pathway comprising an upper space, a mid-channel and
a lower channel, the lower channel in fluid communication with the outlet opening;
a substantially rigid plunger generally disposed within the inner chamber and
movable between a first position and a second position, the plunger being biased
in the first position by a spring disposed within the inner chamber, the plunger
comprising a first seal that engages an interior surface of the inlet portion and a
main seal that slidably engages the interior surface of the interior wall, wherein the
first seal seals the fluid pathway from the inlet opening when the plunger is in the
first position and further wherein the main seal seals the inner chamber from the
fluid pathway; and a vent through the housing and connected to the inner chamber
to allow air to pass out of and into the inner chamber when the plunger is moved
between the first position and the second position.

Further features and advantages of the invention will be apparent from the

detailed description which follows together with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective exploded view of a preferred embodiment of the

present invention.
FIG. 2 is a cross-sectional view taken along line 2-2 of FIG. 4.

FIG. 3 is a cross-sectional view taken along line 3-3 of FIG. 4.
FIG. 4 is a cross-sectional view taken along 4-4 of FIG. 3.
FIG. 5 is a cross-sectional view taken along 5-5 of FIG. 3.
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FIG. 6 is a cross-sectional view of the embodiment of the invention shown
in FIGS. 2 and 3 and when the plunger is in a second position.
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FIG. 7 is an elevational view of the plunger used in the needleless
access device of FIGS. 2 and 3.
FIG. 8 is a cross-sectional view of a second embodiment of the present
invention.
5 FIG. 9 is a cross-sectional view taken along line 9-9 of FIG. 8.
FIG. 10 is a cross-sectional view of a third embodiment of the present
invention.
FIG. 11 is a cross-sectional view of a fourth embodiment of the present
invention.
10 FIG. 12 is a cross-sectional view of a fifth embodiment of the present
invention.
F1G. 13 is a cross-sectional view of a sixth embodiment of the present
invention.
FIG. 14 is an elevational view of a second embodiment of a plunger for
15 use in the present invention.
FIG. 15 is an elevational view of a third embodiment of a plunger for
use in the present invention.
FIG. 16 is an elevational view of a fourth embodiment of a plunger for
use in the present invention.
20 FIG. 17 is an elevational view of a fifth embodiment of a plunger for use
in the present invention.
F1G. 18 is an elevational view of a sixth embodiment of a plunger for
use in the present invention.
FIG. 19 is an elevational view of a seventh embodiment of a plunger for
25 use in the present invention.
FIG. 20 is an elevational view of an eighth embodiment of a plunger for
use in the present invention.
FIG. 21 is an elevational view of a ninth embodiment of the plunger for
use in the present invention.
30 FIG. 22 is an elevational view of a tenth embodiment of a plunger for

use in the present invention.
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FIG. 23 is an elevational view of an eleventh embodiment of a plunger

for use in the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS AND PREFERRED
EMBODIMENTS OF THE INVENTION

A preferred embodiment of the improved needieless access device 10
of the present invention is shown in FIGS. 1-7. The improved needleless
access device 10 comprises a housing 12 made of a cap 13 and a body 14.
The housing 12 has an inlet opening 22 and an outlet 24. Inside the top
portion of the cap 13, beginning at the inlet opening 22, is a channel 15
forming a fluid passageway through the cap 13. The channel 15 is tapered so
that the channel 15 and the inlet 22 form a standard female luer. The
outlet 24 is a standard male luer.

Referring to FIGS. 2, 3 and 7, a plunger 16 with an integrally molded
seal 18 Is btased upx&ardiy by a spring 28. An inner chamber 34 is formed in
the body 14 of the housing 12. A vent 20 leads from the inner chamber 34
through the body 14 portion of the housing 12 to the atmosphere. The vent

20 allows air to move into and come out of the inner chamber 34.

In a preferred embodiment the cap 13 is ultrasonically welded to the
body 14. The cap 13 and the body 14 are preferably made of a rigid plastic
such as Ektarf which is a Cole polyester material.

Referring to FIG. 7, the plunger 16 is generally cylindrical in shape.
The diameter of the plunger 16 varies along its length. The proximal end of
the plunger 16 is sized to fit the inside of the channel 15 that is disposed
within the cap 13. The plunger 16 is preferably made of a rigid plastic such as
polypropylene. A first wiper seal 26 is molded on the perimeter of the
plunger 16 near its top end 23.

Referring again to FIG. 7, the bottom seal 18 is integrally formed on the
plunger 16. The bottom seal 18 is generally cylindrical in shape. In a

preferred embodiment the bottom seal 18 has a diameter of approximately

220 inches and a thickness of approximately .075 inches.

* Trademark
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A main seal 32 is preferably formed just below the bottom seal 18. In a
preferred embodiment, the main seal 32 is a wiper seal. In a preferred

embodiment the diameter of the main seal 32 is approximately the same as
the diameter of the inner chamber 34. The first wiper seal 26, the bottom seal

18 and the main seal 32 are preferably made of a thermoplastic elastomer,
such as Sanoprene.”

Referring to FIG. 3, a fluid pathway or channel 60 is shown and
includes an upper space 62, mid-channels 64 and a lower channel 66. The
upper space 62 is located just below the flow channels 27 and is generally
cylindrical in shape. As shown in FIGS. 3 and 4, six mid-channels 64 are
disposed below the upper space 62. The mid-channels 64 are In fluid
communication with the upper space 62 and are generally rectangular shaped
in crass section. As depicted in FIGS. 2 and 5, disposed below the
mid-channels 64 is the lower channel 66. The lower channel 66 is in fluid
communication with the mid-channels 64 and, like the upper space 62, is
generally cylindrical in shape.

In a preferred embodiment, the upper space 62 has a diameter of
approximately .375 inches and a width of .032 inches. The mid-channels 64
are preferably cut approximately .030 inches into the cap, and have a width or
channel width of .050 inches. In a preferred embodiment, the lower
channel 66 has a diameter of .435 inches and a width of .040 inches.

Referring to FIGS. 2 and 5, two conduits 70 are formed in the body 14.
The conduits 70 are disposed between the lower channel 66 and an
opening 25 of the outlet 24. Each conduit 70 preferably has two slanting

sidewalls 72 and an open end 74. The conduits 70 form a fluid flow path from
the channel 60 to the opening 23 of the outlet 24.

Referring to FIGS. 1 and 3, the outlet 24 is a cylindrical opening
disposed in the lower portion of the body 14. The outlet 24 is generally

cylindrical in shape. An opening 25 is located at the uppermost portion of the

outlet 24. The opening is rectangular shaped in the cross section shown in
FIG. 3.

* Trademark
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The opening 25 receives fluid from the conduit 70 anad passes it the

outlet 24. The outlet 24 permits the fluid to flow out of the body 14 to its

intended location, such as an |V line.
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Referring to FIGS. 1 and 2, the inner chamber 34 is formed by a
perimeter wall 35 in the body 14 portion of the housing 12. The inner
chamber 34 has a top portion 36, a bottom portion 38 and a perimeter wall 35.
The perimeter wall 35 is generally cylindrical in shape and has a tapered end
portion 46. In a preferred embodiment the perimeter wall 35 is rigid.

The inner chamber 34 is designed to receive air that enters through the
vent 20 after fluid is injected using the device 10. In a preferred embodiment
the diameter of the perimeter wall 35 is approximately .275 inches and the
length of the perimeter wall 35 is .645 inches. The tapered end portion 46

preferably has a diameter of approximately .255 inches and a length of .075

Inches.
As shown in FIGS. 1, 3 and 5, vents 20 are located between a bottom

portion 48 of the end portion 46 of the inner chamber 34 and the open
threaded exit portion 50 of the body 14. Referring to FIG. 5, the vents 20 are
rectangular shaped in the cross section. In a preferred embodiment, the
vents 20 are oriented parallel to the central axis 11. Alternatively, the

vents 20 may be oriented at an acute, obtuse or a right angle with respect to
the central axis. The vents 20 permit air to enter into and pass out of the
inner chamber 34. In a preferred embodiment the vents 20 have a length of
approximately .130 inches.

As best seen in FIGS. 2 and 3, the plunger 16 is in a first position. The
first wiper seal 26 is at the top 23 of the cap 13 and acts to seal the top of the
channel 15 and the inlet 22. When the plunger 16 is in the first position, the
ends 19 of the bottom seal 18 abut the cap 13, thereby preventing fluid from
the flow channels 27 from moving into the channel 60. Also, the main seal 32
abuts the perimeter wall 35 at the top 36 of the inner chamber 34 and thereby
seals the inner chamber 34 from fluid that may be in the channel 60. When

the plunger 16 is in this first position the inner chamber 34 Is filled with air.
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As the tip of the syringe 8 is inserted into the inlet 22 and forced into
the channel 15, the plunger 16 shifts downward toward a second position
shown in FIG. 6. In this second position, the plunger 16 is depressed to a
level such that the first wiper seal 26 is just below the tops of the flow
5 channels 27 and the bottom seal 18 is within the inner chamber 34. As a
result, fluid injected by the syringe 8 flows out the tip, over the top 23 of the
plunger 16, through the flow channels 27 and into the channel 60.
The fiuid flows from the upper space 62, to the mid-channels 64, and
then to the lower channel 66. From the lower channel the fluid flows through
10 the conduits 70 to the opening 25 and then finally out through the outlet 24.
Fiuid also fills the portion of the inner chamber 34 between the bottom seal 18
and the upper space 62.
As the syringe 8 and plunger 16 are shifted downward from the first
position shown in FIGS. 2 and 3 to the second position shown in FIG. 6, the
15 air contained within the inner chamber 34 is pushed out to the atmosphere
through the vent 20.
Referring again to FIG. 6, when the syringe 8 is pulled out, the
plunger 16 is biased in an upward direction by the spring 28 from the second
position shown in FIG. 6 back to the first position shown in FIGS. 2 and 3. As
20 the plunger shifts upward the fluid in the inner chamber 34 is pushed out of
the inner chamber 34 through the channel 60. Also, as the plunger is shifted
upward out of the inner chamber 34, air enters and fills the empty space in the
inner chamber 34 through the vent 20. The air entering the inner chamber 34
prevents the reflux of fluid and blood that may otherwise have come back
25 through the outlet 24 because of the empty space in the inner chamber 34.
After the syringe 8 is removed, the plunger 16 returns to the first position
shown in FIGS. 2 and 3.
The second preferred embodiment of an improved needleless access
device 110 of the present invention is shown in FIGS. 8 and 9. The
30 device 110 is generally the same as the device 10 of FIGS. 1-6, and the

similar elements have reference numbers that differ by an addend of 100.
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However, the exact same plunger 16 used In the first embodiment can be

used In this second embodiment. ._
There are some differences between the first embodiment and the
second embodiment. First, the second embodiment has a vent 120 that is

aligned horizontally with respect to the inner chamber 134 or perpendicular
with respect to the central axis 11, as opposed to the two vertical 20 vents of '
the first embodiment. Further, the second embodiment only has one
mid-channel 164 that is rectangular shaped in the cross section, as shown in
FIG. 9, and connects directly to the outlet 124 via a lower channel 166. In
addition, as shown in FIG. 9, the second embodiment includes voids 180 that
are formed In fhe body. The voids 180 are semicircular openings disposed In
the body and are approximately the same length as the channel 160.

A third embodiment of the needleless access device 210 of the present
invention is shown in FIG. 10. The device 210 is generally the same as
device 10 of FIGS. 1-6, and the similar elements have reference numbers that
differ by an addend of 200. The third embodiment, however, has one
horizontally oriented vent 220 instead of two. In addition, the third
embodiment has a cylindrical shaped mid-channel 264 that is formed between
the cap 213 and the body 214. Further, the third embodiment has an
opening 225 that is circuiar shaped in cross section. |

A fourth embodiment of the needleless access device 310 of the
present invention is shown in FIG. 11. The device 310 is generally the same
as device 10 of FIGS. 1-6, and the similar elements have reference numbers
that differ by an addend of 300. The fourth embodiment, however, has one
vertically oriented vent 320. In addition, the fourth embodiment has a
cylindrical shaped mid-channel 364 that is formed between the cap 313 and

the body 314. Further, the fourth embodiment has an opening 325 that is

circular shaped in cross section.
A fifth embodiment of the needleless access device 410 is shown In

FIG. 12. The device 410 is generally the same as device 10 of FIGS. 1-3, and
the similar elements have reference numbers that differ by an addend of 400.

The fifth embodiment has a horizontal vent 420 as opposed to a vertical vent.
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In addition, the body 414 in the fifth embodiment has tabs 490, because the
cap 413 is molded around the body 414 as opposed to ultrasonically welded.
Further, the fifth embodiment has one semi-cylindrical mid channel 464 and a
lower channel 466 that is directly connected to the outlet 424 as opposed to
5 an opening.
A sixth embodiment of the needleless access device 510 is shown In
FIG. 13. The device 510 is generally the same as the device 10 of FIGS. 1-6,
and the similar elements have reference numbers that differ by an addend of
500. The sixth embodiment is similar to the fifth embodiment, however, it has
10 one vertical vent 520 on the right side of the device 510 (as shown from the
cross section in FIG. 13). The fifth embodiment also has tabs 590, because
the cap 513 is molded around the body 514.
There are several embodiments of plungers that may be used with any
one of the foregoing devices 10, 110, 210, 310, 410 and 510. These are
15 shown in FIGS. 14-23.
The second embodiment for a plunger for the present invention is
shown in FIG. 14. The plunger 116 is generally the same as the plunger 16
for the device 10 of FIG. 7, and the similar elements have reference numbers
that differ by an addend of 100. In the second embodiment of the plunger 116
20 the main seal 132. however, is comprised of molded rings 152 instead of a
wiper seal 132.
A third embodiment of the plunger 216 is shown in FIG. 15. The
olunger 216 is generally the same as the plunger 16 of FIG. 7. Instead of a
wiper seal, the plunger 216 in FIGS. 15-18 has a main seal that IS concave
25 shaped at the ends 206 and has a top edge 202 and a bottom edge 204 that,
when the plunger 200 is inserted in the inner chamber 34, contact the
perimeter wall 395.
A fourth embodiment of the improved plunger 316 is shown in FIG. 16.
The plunger 316 is generally the same as the plunger 16 of FIG. 7. The
30 nlunger 316 uses two wiper seals 332 instead of a single wiper seal as the
main seal 332. Two wiper seals 332 may be more useful for high pressure

applications.
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A fifth embodiment of the plunger 416 is shown in F1G. 17. The
plunger 416 is generally the same as the plunger 16 of FIG. 7. The
plunger 416 uses, however, a band seal as the main seal 432 instead of a
wiper seal. The band seal 432 i1s generally cylindrical in shape and has

tapered ends 406 that contact the perimeter wall of the inner chamber.
Referring to FIG. 18, a sixth embodiment of the plunger 516 is shown.

Instead of a wiper seal that is shown in FIG. 7, this embodiment uses a main

seal 532 that has ends 506 that are generally trapezoidal shaped in cross

section.
Referring to FIG. 19, a seventh embodiment of the plunger 616 is

shown. The main seal 618 of this embodiment has triangular shaped
ends 606. .
A seventh embodiment of the plunger 716 is shown in FIG. 20. Instead
of a wiper seal, the plunger 716 in FIG. 20 has a groove 752. Disposed
within the groove is an o-ring 754, that is circular shaped in cross section.
When the plunger 716 is placed in the device 10, the o-ring 754 abuts the

perimeter wall 35 of the inner chamber 34.

Referring to FIG. 21, an eighth embodiment of the plunger 816 is
shown. The plunger 816 has a groove 802 and a sealing ring 804 that is
elliptical shaped in cross section. When the plunger 816 is placed in the
device 10 the sealing ring 804 abuts the perimeter wall 35 of the inner

chamber 34.
Referring to FIG. 22, a ninth embodiment of the plunger 916 is shown.

This embodiment also has a groove 952 and main sealing ring 954. The
cross-sectional shape of the sealing ring shown in FIG. 22 has a pIurality of
curved edges 956.

The plunger 1016 shown in FIG. 23 is similar to the one in FIG. 22 and
has a sealing ring 1006 that also has a cross-sectional shape which has a

plurality of curved edges 1008.

The embodiments described above and shown herein are illustrative
and not restrictive. The scope of thg invention is indicated by the claims
rather than by the foregoing description and attached drawings. The invention
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may be embodied in other specific forms without department from the spirit of
the invention. Accordingly, these and any other changes which come within

the scope of the claims are intended to be embraced therein.
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WHAT IS CLAIMED IS:

1. A needleless access device comprising:

(a) a housing comprising an interior wall and an exterior wall having:
(i) a fluid pathway defined by at least one flow channel formed
between said interior wall and said exterior wall; and
(ii) an inner chamber formed within said interior wall;

(b) a biased plunger disposed within said inner chamber movable
between a first position and a second position;

(C) a main seal sealing said inner chamber from said fluid pathway;

and
(d) aventbetween said inner chamber and the outside of the housing
to allow air to pass out of and into said inner chamber when said
plunger is moved between said first and second positions.
2. The needleless access device of claim 1 wherein a stretchable element

in said inner chamber biases said plunger towards said first position.

3. The needleless access device of claim 1 wherein said main seal is a wiper

seal that is integrally molded as part of said plunger.

4. The needleless access device of claim 1 wherein said main seal slidably

engages an interior surface on said interior wall.

5. The needleless access device of claim 1 wherein a bottom seal is

integrally molded to said plunger and is positioned to seal said fluid pathway.

6. The needleless access device of claim 2 wherein said stretchable element
IS a spring.
7. The needleless access device of claim 1 wherein said inner chamber is

defined in part by an interior surface of said interior wall.
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8. The needleless access device of claim 7 wherein said interior wall is rigid.
9. The needleless access device of claim 7 wherein said interior wall has an
annular cross-section.
10. The needleless access device of claim 1 wherein said inner chamber is
generally cylindrical in shape.
11. The needleless access device of claim 1 wherein said flow channel

comprises an upper space, a mid-channel and a lower channel.

12. The needleless access device of claim 11 wherein said midchannel

comprises a rectangular shaped cross-section.

13. The needleless access device of claim 1 wherein said housing further
comprises an inlet and a first seal, wherein said first seal seals said fluid pathway

from said inlet opening when said plunger is in said first position.

14. The needleless access device of claim 1 wherein air passes out of said
inner chamber through said vent as said plunger moves from said first position to
said second position and wherein air enters into said inner chamber through said

vent as said plunger moves from said second position to said first position.

19. The needleless access device of claim 1 wherein said fluid pathway and

said inner chamber are connected by a conduit.

16. The needleless access device of claim 1 wherein said vent is oriented

parallel with respect to a central axis of said inner chamber.

17. The needieless access device of claim 1 wherein said vent is oriented
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perpendicular with respect to a central axis of said inner chamber.

18. A needleless access device comprising:

(a)

(b)

(C)

a rigid housing comprising a cap and a body, said cap comprising
an inlet and said body comprising an outlet, wherein an inner
chamber is formed within an interior surface of said body and a
fluid pathway is formed between said cap and an exterior surface
of said body, said fluid pathway comprising an upper space, a mid-
channel and a lower channel;

a biased plunger disposed within said inner chamber and movable
between a first position and a second position, said biased plunger
comprising a first seal that engages an interior surface of said cap
and a main seal that engages said interior surface of said body,
wherein said first seal seals said fluid pathway from said inlet when
said plunger is in said first position and said main seal seals said
inner chamber from said fluid pathway;

a vent through said housing and connected to said inner chamber
to allow atmospheric air to pass out of and into said inner chamber
when said plunger is moved between said first position and said

second position.

19. The needleless access device of claim 18 wherein said main seal is a

wiper seal.

20. A needleless access device comprising:

(a)

a rigid housing comprising an inlet portion having an inlet opehing,
an outlet portion having an outlet portion, an interior wall, and an
exterior wall generally disposed about said interior wall, wherein an
inner chamber is formed within an interior surface of said interior
wall and a fluid pathway is formed substantially between an
exterior surface of said interior wall an interior surface of said
exterior wall, said fluid pathway comprising an upper space, a mid-

channel and a lower channel, said lower channel in fluid
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(b)
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communication with said outlet opening;

a substantially rigid plunger generally disposed within said inner
chamber and movable between a first position and a second
position, said plunger being biased in said first position by a spring
disposed within said inner chamber, said plunger comprising a first
seal that engages an interior surface of said inlet portion and a
main seal that slidably engages said interior surface of said interior
wall, wherein said first seal seals said fluid pathway from said inlet
opening when said plunger is in said first position and further
wherein said main seal seals said inner chamber from said fluid
pathway;

a vent through said housing and connected to said inner chamber
to allow air to pass out of and into said inner chamber when said
plunger is moved between said first position and said second

position.
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FIG.1S

FIG.12
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