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(57) Abstract: A medical valve (10) 
transitions between an open mode that 
permits fluid flow, and a closed mode 
that prevents fluid flow. To that end, the 
valve has a housing with an inlet (110) 
and an outlet (120), and actuator (330) 
moveable distally within the housing. 
The medical valve also has a resilient 
member (340) with an aperture (350). 
The distal movement of the actuator opens 
the aperture within the resilient member, 
thereby transitioning the medical valve 
from the open to the closed mode.
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MEDICAL VALVE WITH 
EXPANDABLE MEMBER

PRIORITY
5 This patent application claims priority from provisional United States patent 

application 60/837,400 the entire disclosure of which is incorporated herein, in 

its entirety, by reference.

FIELD OF THE INVENTION

The invention generally relates to medical valves.

10 BACKGROUND

In general terms, medical valving devices often act as a sealed port that 

may be repeatedly accessed to non-invasively inject fluid into (or withdraw 

fluid from) a patient's vasculature. Consequently, a medical valve permits the 

patient's vasculature to be freely accessed without requiring such patient's skin 

15 be repeatedly pierced by a needle.

Medical personnel insert a medical instrument into the medical valve to 

inject fluid into (or withdraw fluid from) a patient who has an appropriately 

secured medical valve. Once inserted, fluid may be freely injected into or 

withdrawn from the patient. Problems can arise, however, when the medical 

2 0 instrument is withdrawn from the valve. Specifically, suction produced by the 

withdrawing medical instrument can undesirably cause blood to be drawn 

proximally into or toward the valve. In addition to coagulating and impeding 

the mechanical operation of the valve, blood in the valve also compromises the 

sterility of the valve.

3677713_1 (GHXattere) P80104.AU 17/10/2012
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SUMMARY OF THE INVENTION

In accordance with the present invention there is provided a medical 

valve having an open mode that permits fluid flow, and a closed mode that 

prevents fluid flow, the medical valve comprising:

5 a housing having an inlet and an outlet;

an actuator moveable distally within the housing after insertion of a 

medical implement into the inlet, the actuator having a body portion and a 

plurality of leg members extending from the body portion; and

a resilient member having a normally closed aperture, wherein distal

10 movement of the actuator opens the aperture thereby transitioning the valve 

from the closed to the open mode, the leg members interacting with the 

resilient member to open the aperture.

The aperture of the resilient member may or may not be self-sealing. For 

example, the aperture may be a pinhole or a slit. Proximal movement of the 

15 actuator can close the aperture and transition the valve from the open to the 

closed mode. To aid in valve closing, the resilient member may proximally bias 

the actuator.

Some embodiments of the present invention may mitigate fluid 

drawback through a medical valve or valves.

20 In some embodiments, the actuator may include a body portion, and a

plurality of leg members extending from the body portion. The leg members 

may be connected to the body portion by a hinge that allows the leg members 

to flex or pivot with respect to the body portion. During distal movement of the 

actuator, the moveable leg members may flex radially outward and apply a

2 5 radial force on the aperture, causing the aperture to open. Alternatively, some 

or all of the leg members can be stationary with respect to the body portion.

3677713_1 (GHMactere) P80104.AU 17/10/2012
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In accordance with other embodiments of the present invention, the 

resilient member can include a plurality of protrusions that cooperate with the 

stationary leg members. The protrusions may extend proximally, and the 

stationary leg members may engage the protrusions as the valve transitions

5 from the closed mode to the open mode. By engaging the protrusions, the 

stationary leg members prevent the aperture from closing.

3677713_l (GHMaccers) P80104.AU 17/10/2012
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In accordance with still other embodiments, the medical valve may include a 

valve seat against which the resilient member may seal. The valve seat may be 

angled such that the resilient member deforms to the shape of the valve seat as the 

valve transitions from the closed to the open mode.

The medical valve may also have a swabbable member sealing the inlet. 

Among other things, the swabbable member may have a recloseable aperture there 

through.

Moreover, the housing may also include a plurality of protrusions extending 

proximally from the outlet. The protrusions prevent the aperture from closing as the 

valve transitions from the closed mode to the open mode.

In some embodiments, the medical valve may also include a plug member 

extending proximally, and passing through the aperture in the resilient member. 

The aperture and the plug member cooperate with one another to prevent flow 

through the valve in the closed mode. The plug member may have a lower portion 

distal to the resilient member and an upper portion proximal to the resilient 

member. The lower portion may have a plurality of channels for allowing fluid flow 

through the valve when in the open mode. The upper portion and the aperture may 

have similar cross-sectional geometries (e.g., they may both be circular, oval, etc.), 

and the resilient member may seal against the upper portion when in the closed 

mode.

In some embodiments, the actuator may include an actuator channel through 

it. Moreover, in other embodiments, the actuator may have a distally extending 

portion, and the resilient member may have a raised portion (e.g., a proximally 

extending portion) that extends into the actuator's distally extending portion. In 

such a configuration, the distally extending portion may provide a radially 

compressive force to the raised portion, and keep the aperture closed when the 

valve is in the closed mode. In some embodiments, the valve may produce a
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positive or substantially neutral fluid displacement at the outlet during 

disconnection of the medical implement.

In accordance with other embodiments, the actuator and the resilient member 

may be chemically bonded to one another to form a single internal valve 

mechanism. Additionally or alternatively, the actuator and the resilient member 

may be formed using a two-shot manufacturing process, thereby creating a single 

internal valve mechanism.

In accordance with another embodiment of the invention, a method connects 

a medical valve to a patient. Among other things, the medical valve has a housing 

with an inlet and an outlet, an actuator, and a resilient member. The method then 

inserts a medical implement through the inlet to contact the actuator, and moves the 

medical implement distally within the housing to move the actuator distally. The 

actuator's distal movement opens an aperture within the resilient member, causing 

the inlet and outlet to be in fluid communication. Finally, the method transfers fluid 

between the medical implement and the patient through the valve.

In some embodiments, the valve may form a longitudinally directed fluid 

channel between the inlet and the outlet when the actuator opens the aperture. The 

medical instrument may have a standard luer taper at its distal end. Additionally, 

transferring fluid can include injecting fluid from the medical implement to the 

patient, or removing fluid from the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing features of the invention will be more readily understood by 

reference to the following detailed description, taken with reference to the 

accompanying drawings, in which:

Figure 1 schematically shows one use of a medical valve configured in 

accordance with one embodiment of the present invention.



WO 2008/022040 PCT/US2007/075735

5

10

15

20

25

5

Figure 2A schematically shows a perspective view of a medical valve 

configured in accordance with illustrative embodiments of the present invention.

Figure 2B schematically shows a perspective view of a medical valve of 

Figure 2A with a Y-site branch.

Figure 3 schematically shows a cross-sectional view of the valve shown in 

Figure 2A in the closed mode along line 3-3.

Figure 4 schematically shows a perspective exploded view of the medical 

valve shown in Figure 2A.

Figure 5 schematically shows a cross-sectional view of the valve shown in 

Figure 2A in the open mode along line 3-3.

Figure 6 schematically shows a perspective view of an illustrative 

embodiment of an actuator within the valve of Figure 2A.

Figure 7 schematically shows a perspective view of an illustrative 

embodiment of a resilient member within the valve of Figure 2A.

Figure 8 shows a process of using the medical valve shown in Figure 2A in 

accordance with illustrative embodiments of the invention.

Figure 9A schematically shows a cross-sectional view of an alternative 

embodiment having an actuator with two leg members. This figure shows the valve 

in the closed mode.

Figure 9B schematically shows a perspective exploded view of the medical 

valve shown in Figure 9A.

Figure 9C schematically shows an illustrative embodiment of the actuator 

within the valve of Figure 9A.

Figure 10A schematically shows a cross-sectional view of another alternative 

embodiment having an outlet with proximally extending post members. This figure 

shows the valve in the closed mode.
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Figure 10B schematically shows a perspective exploded view of the medical 

valve shown in Figure 10A.

Figure 10C schematically shows an illustrative embodiment of the actuator 

within the valve of Figure 10A.

Figure 10D schematically shows an illustrative embodiment of the resilient 

member within the valve of Figure 10A. This figure shows the resilient member as 

molded.

Figure 10E schematically shows an illustrative embodiment of the resilient 

member within the valve of Figure 10A. This figure shows the resilient member 

after assembly.

Figure 10F schematically shows an illustrative embodiment of the outlet of 

the valve of Figure 10A. This figure shows a section of the outlet cut-away to 

illustrate the proximally extending protrusion.

Figure 11A schematically shows a front cross-sectional view of an alternative 

embodiment having two stationary and two moveable leg members. This figure 

shows the stationary leg members, a moveable leg member, and the valve in the 

closed mode.

Figure 11B schematically shows a side cross-sectional view of the alternative 

embodiment shown in Figure 11 A. This figure shows the moveable leg members 

and the valve in the closed mode.

Figure 11C schematically shows an illustrative embodiment of the actuator 

within the valve of Figure 11A and 11B.

Figure 11D schematically shows an illustrative embodiment of the resilient 

member within the valve of Figure 11A and 11B.

Figure 11E schematically shows a cross sectional view of the outlet of the 

alternative embodiment shown in 11A
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Figure 12A schematically shows a front cross-sectional view an alternative 

embodiment having an actuator with a distally extending portion and a resilient 

member having a proximally extending portion. This figure shows the valve in the 

closed mode.

Figure 12B schematically shows a perspective exploded view of the medical 

valve shown in Figure 12A.

Figure 13A schematically shows a front cross-sectional view an alternative 

embodiment having a proximally extending post member. This figure shows the 

valve in the closed mode.

Figure 13B schematically shows a perspective exploded view of the medical 

valve shown in Figure 13A.

Figure 13C schematically shows an illustrative embodiment of the outlet of 

the valve of Figure 13A. This figure shows a section of the outlet cut-away to 

illustrate the proximally extending post member.

Figure 14 schematically shows an alternative embodiment of an actuator with 

improved flushing. This alternative actuator can be used in conjunction with any of 

the above shown medical valves.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

In illustrative embodiments, a medical valve has an internal valve mechanism 

with an actuator member that is moveable to open an aperture in a resilient 

member. Details of illustrative embodiments are discussed below.

Figure 1 schematically shows one illustrative use of a medical valve 10 

configured in accordance with illustrative embodiments of the invention. In this 

example, a catheter 70 connects the valve 10 with a patient's vein (the patient is 

identified by reference number 30). Adhesive tape or similar material may be



WO 2008/022040 PCT/US2007/075735

5

10

15

20

25

8

coupled with the catheter 70 and patient's arm to ensure that the valve remains in 

place.

After the valve 10 is in place, a nurse, doctor, technician, practitioner, or other 

user (schematically identified by reference number 20) may intravenously deliver 

medication to the patient 30, who is lying in a hospital bed. To that end, after the 

valve is properly primed and flushed (e.g., with a saline flush), the nurse 20 swabs 

the top surface of the valve 10 to remove contaminants. Next, the nurse 20 uses a 

medical instrument (e.g., a syringe having a distally located blunt, luer tip 

complying with ANSI/ISO standards) to inject medication into the patient 30 

through the valve 10. For example, the medical practitioner 20 may use the valve 10 

to inject drugs such as heparin, antibiotic, pain medication, other intravenous 

medication, or other fluid deemed medically appropriate. Alternatively, the nurse 

20 (or other user) may withdraw blood from the patient 30 through the valve 10.

The medical valve 10 may receive medication or other fluids from other 

means, such as through a gravity feed system 45. In general, traditional gravity 

feeding systems 45 often have a bag 50 (or bottle) containing a fluid (e.g., anesthesia 

medication) to be introduced into the patient 30. The bag 50 (or bottle) typically 

hangs from a pole 47 to allow for gravity feeding. The medical practitioner 20 then 

connects the bag/bottle 50 to the medical valve 10 using tubing 60 having an 

attached blunt tip. In illustrative embodiments, the blunt tip of the tubing has a luer 

taper that complies with the ANSI/ISO standard. After the tubing 60 is connected to 

the medical valve 10, gravity (or a pump) causes the fluid to begin flowing into the 

patient 30. In some embodiments, the feeding system 45 may include additional 

shut-off valves on the tubing 60 (e.g., stop-cock valves or clamps) to stop fluid flow 

without having to disconnect the tubing 60 from the valve 10. Accordingly, the 

valve 10 can be used in long-term "indwell" procedures.
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After administering or withdrawing fluid from the patient 30, the nurse 20 

should appropriately swab and flush the valve 10 and catheter 70 to remove 

contaminants and ensure proper operation. As known by those skilled in the art, 

there is a generally accepted valve swabbing and flushing protocol that should 

mitigate the likelihood of infection. Among other things, as summarized above, this 

protocol requires proper flushing and swabbing before and after the valve is used to 

deliver fluid to, or withdraw fluid from the patient.

Figure 2A schematically shows a perspective view of the medical valve 10 

shown in Figure 1, while Figure 2B schematically shows the same valve with a Y-site 

branch (discussed below). In illustrative embodiments, during withdrawal of the 

instrument, the valve 10 may be configured to have a substantially positive fluid 

displacement or a substantially neutral fluid displacement (between about plus or 

minus 1 microliter of fluid displacement, discussed below). In other words, 

withdrawal of a medical instrument 40 causes either a positive fluid displacement or 

essentially no or negligible fluid displacement at the distal end of the valve 10.

In this context, fluid displacement generally refers to the flow of fluid 

through the distal port 120 of the valve 10 (discussed below). Accordingly, a 

positive fluid displacement generally refers to fluid flowing in a distal direction 

through the distal port 120, while a negative fluid displacement generally refers to a 

fluid flowing in a proximal direction through the distal port 120. Of course, not all 

embodiments exhibit this quality. For example, in alternative embodiments, the 

valve 10 may have a negative fluid displacement when the instrument 40 is 

withdrawn.

It should be noted that the fluid displacements discussed herein refer to the 

"net" fluid displaced through the distal port 120. Specifically, during insertion or 

withdrawal of the instrument 40, the actual flow of fluid through the distal port 120 

may change direction and thus, fluctuate. However, when considering this 
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fluctuation, the net change in fluid flow through the distal port 120 should be 1) 

positive when the valve exhibits a "positive fluid displacement," and 2) negative 

when the valve exhibits a "negative fluid displacement." In a similar manner, a 

substantially neutral fluid displacement occurs when, as noted above, the valve 10 

has a net fluid displacement of about plus or minus one microliter. Of course, the 

fluid displacement of the valve 10 is discussed herein in terms of one stroke of the 

instrument 40 (i.e., insertion or withdrawal of the instrument 40).

Ideally, a valve with a neutral displacement has 0.0 microliters of positive or 

negative fluid displacement. As suggested above, however, in practice, a neutral 

displacement actually can have a very slight positive or negative displacement (e.g., 

caused by a manufacturing tolerance), such as a displacement on the order of 

positive or negative one microliter, or less. In other words, in such embodiments, 

the volumes of fluid forced through the distal port 120 in a neutral displacement 

valve are negligible (ideally zero microliters) and should have a negligible impact 

on the goals of the valve.

Some embodiments may have a very low negative fluid displacement upon 

withdrawal. For example, such valves may have a negative fluid displacement of 

about one to two microliters (i.e., about one to two microliters of fluid drawback, 

which is proximally directed), or about one to two microliters positive fluid 

displacement (i.e., about one to two microliters of positively pushed fluid, which is 

distally directed). Although such amounts are in the positive or negative fluid 

displacement ranges, they still should represent a significant improvement over 

valves that exhibit higher positive or negative fluid displacements upon 

withdrawal.

The neutral, positive, or negative fluid displacement of a valve may be 

corrupted by manual handling of the valve 10, catheter 70 or the instrument 40 

during the fluid transfer. For example, a slight inward force applied to the shaft of 
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the medical instrument 40 (e.g., by the nurse's hand when simply holding the 

medical instrument 40) can have the effect of adding a positive fluid displacement 

from the medical instrument (when the force is applied) and, ultimately, through 

the valve 10. In fact, releasing this force from the medical instrument 40 actually 

may draw fluid proximally, causing a negative fluid displacement that further 

corrupts fluid displacement. These effects, however, should not be considered 

when determining the nature of fluid displacement through the distal port 120. To 

overcome the problem noted above with regard to squeezing the medical 

instrument shaft, for example, the nurse 20 can hold another part of the medical 

instrument that does not contain the fluid (e.g., stubs at the proximal end of the 

medical instrument 40).

To accomplish these desired goals, the valve 10 has a housing 100 forming an 

interior having a proximal port 110 for receiving the instrument 40, and the noted 

distal port 120 having the discussed fluid displacement properties. The valve 10 has 

an open mode that permits fluid flow through the valve 10, and a closed mode that 

prevents fluid flow through the valve 10. To that end, the interior contains a valve 

mechanism that selectively controls (i.e., allow/permits) fluid flow through the valve 

10. The fluid passes through a complete fluid path that extends between the 

proximal port 110 and the distal port 120.

It should be noted that although much of the discussion herein refers to the 

proximal port 110 as an inlet, and the distal port 120 as an outlet, the proximal and 

distal ports 110 and 120 also may be respectively used as outlet and inlet ports. 

Discussion of these ports in either configuration therefore is for illustrative purposes 

only.

The valve 10 is considered to provide a low pressure seal at its proximal end 

110. To that end, the proximal end 110 of the medical valve 10 has a resilient 

proximal gland 80 with a resealable aperture 130 that extends entirely through its 
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profile. The aperture 130 may, for example, be a pierced hole or a slit. Alternatively, 

the proximal gland 80 may be molded with the aperture 130. In some embodiments, 

when the valve 10 is in the closed mode (see Fig. 9A) the aperture 130 may be held 

closed by the inner surface of the housing 100. In that case, the inner diameter of the 

proximal port 110 is smaller than the outer diameter of the proximal gland 80 and 

thus, the proximal port 110 squeezes the aperture 130 closed. Alternatively, as 

shown in Fig. 2A, the resilient member may be formed so that the aperture 130 

normally stays closed in the absence of radially inward force provided by the inner 

diameter of the proximal port 110. In other words, the proximal gland 80 is formed 

so that the aperture 130 normally is closed.

As suggested above, the proximal gland 80 may be flush with or extend 

slightly above the exterior inlet face 140 of the inlet housing 160 (see Fig. 9A). The 

proximal gland 80 and the exterior inlet face 140 thus present a swabbable surface, 

i.e., it may be easily wiped clean with an alcohol swab, for example, or other swab. 

Alternatively, the proximal gland 80 can be molded over the proximal port 110 (see 

Fig. 2A), to provide the swabbable surface. Such valves typically have been referred 

to in the art as "swabbable valves." Various other embodiments, however, may 

relate to other types of valves and thus, not all embodiments are limited to 

swabbable valves. In addition, some embodiments may be used with instruments 

40 having blunt tips that do not comply with the ANSI/ISO luer standard.

The outside surface of the valve proximal port 110 may also have inlet 

threads 90 for connecting the medical instrument 40. Alternatively or in addition, 

the proximal end may have a slip design for accepting instruments 40 that do not 

have a threaded interconnect. In a similar manner, the distal end of the valve 10 has 

a skirt 150 containing threads 280 (see Figure 3) for connecting a threaded port of the 

catheter of Figure 1, or a different medical instrument, to the valve distal port 120. 

The skirt 150 may also include ribs 172 that allow the medical practitioner 20 to 
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easily grasp and handle the valve 10. The proximal end inlet threads 90 and the 

distal end threads 280 preferably comply with ANSI/ISO standards (e.g., they are 

able to receive/connect to medical instruments complying with ANSI/ISO 

standards). In addition to the threads described above, the internal geometry of the 

inlet housing 160 (e.g., shown in Figure 3, discussed below) may taper in an 

opposite direction to that of a standard luer taper.

Figure 3 schematically shows the cross section of the valve shown in Figure 

2A along the line 3-3. In this embodiment, the proximal seal 80 is molded over the 

proximal port 110. However, other embodiments may have the proximal seal 80 

configuration shown in Figure 9A. Figure 3 shows the valve 10 in the closed position 

when no medical instrument or other instrument is inserted through the proximal 

port 110. As shown, the housing 100 includes an inlet housing 160 and an outlet 

housing 170, which connect together to form the interior of the medical valve 10. 

Within the interior, the medical valve 10 has a valve mechanism. The inlet housing 

160 and the outlet housing 170 may be joined together in a variety of ways, 

including a snap-fit connection, ultrasonic welding, plastic welding, or other 

method conventionally used in the art.

The internal valve mechanism includes an actuator 330 that cooperates with a 

resilient member 340 to selectively open and close the valve 10. In the embodiment 

shown in Figure 3, the actuator 330 is typically formed from a relatively rigid 

material (e.g., plastic). In contrast, the resilient member 340 is typically formed from 

a resilient material that allows it to easily deform (e.g., silicone). Details of the 

interaction between the actuator 330 and the resilient member 340 are discussed in 

greater detail below, with respect to Figure 5.

As shown in Figure 3, the actuator 330 may have leg members 360 extending 

out from a body portion 370. As discussed in greater detail below, the leg members 

360 apply a force to the resilient member 340 as the actuator 330 moves distally (e.g.,
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when a medical implement is inserted into the valve 10). The force applied to the 

resilient member 340 causes the resilient member 340 to deform causing an aperture 

350 through the resilient member 340 to open. Once the aperture 350 is open, the 

valve 10 is considered to be in the open mode.

To aid in the transition from the open mode and the closed mode, the valve 

10 can also include a valve seat 380 located distally from the resilient member 340. 

The resilient member 340 can seal against the valve seat to prevent leakage past the 

valve seat 380 and resilient member 340 and into space 382. In some embodiments, 

the valve seat 380 can be angled (as shown in Figure 3). As discussed in greater 

detail below, the angled valve seat 380 aids in valve 10 and aperture 350 opening 

because the resilient member 340 can deform to the shape of the valve seat 380 as 

the actuator 330 moves distally.

Figure 4 schematically shows an exploded perspective view of the medical 

valve 10 shown in Figure 3. Although Figure 4 shows five pieces that may be 

assembled to form the valve 10 (i.e., the proximal gland 80, the inlet housing 160, the 

actuator 330, the resilient member 340, and the outlet housing 170), alternative 

manufacturing processes can be used to reduce the total number of components. For 

example, the proximal gland 80 and the inlet housing 160 can be manufactured in a 

"two-shot" or "over-mold" process. As known by those in the art, the two-shot 

manufacturing process creates one piece formed with two materials (i.e., the 

elastomeric proximal gland 80 material and the material forming the rigid inlet 

housing 160) that are chemically bonded to one another. In a similar manner, the 

resilient member 340 and the outlet housing 170 can be manufactured in a two-shot 

process to form a one-piece bottom housing. Alternatively, the actuator 330 and the 

resilient member 340 can be manufactured in a two-shot process to form a single 

internal valve mechanism. Therefore, the "two-shot" manufacturing process can 

reduce the total number of valve components to as few as three, significantly
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reducing assembly complexity. In addition, use of a two-shot process can 

significantly minimize the possibility of fluid leaking between the proximal gland 80 

and inlet housing 160. In a similar manner, use of a two shot process can 

significantly minimize the possibility of fluid leaking between the resilient member 

340 and the outlet housing 170, or the resilient member 340 and the actuator 330.

As mentioned above and as illustrated in Figure 5, distal movement of the 

actuator 330 opens the valve 10. In particular, when a medical practitioner inserts a 

medical instrument 40 into the valve 10 and the actuator 330 begins to move distally, 

the resilient member 340 will begin to deform into space 382. Specifically, in this 

embodiment, the actuator 330 radially expands the resilient member 340 to open the 

valve 10. As the resilient member 340 deforms, the aperture 350 through the resilient 

member 340 opens, fluidly communicating the proximal port 110 and the distal port 

120. The nurse or medical practitioner 20 can then transfer fluid to or from the 

patient 30.

Figures 6 and 7 schematically show perspective views of the actuator 330 and 

resilient member 340, respectively. Specifically, Figure 6 schematically shows 

additional details of the actuator 330, which, as noted above, has a body portion 370 

and a plurality of leg members 360 extending from the body portion 370. In some 

embodiments, the leg members 360 can be connected to the body portion 370 using 

hinges 620 that allow the leg members 360 to flex and/or move with respect to the 

body portion 370. In particular, the leg members 360 can pivot about the body 

portion 370 and flex/move radially outwardly as the actuator 330 moves distally. 

This flexing and pivoting by the leg members 360 applies a radially outward force 

against the resilient member 340 and causes the aperture 350 to open.

In some embodiments, the leg members 360 can include enlarged end 

portions 630 located near the bottom of the leg member 360. The enlarged end 

portions 630 can cooperate with leg recesses 710 (Fig. 7) within the resilient member 
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340 to provide a larger surface area for the application of the radial force on the 

aperture 350. The cooperation between the enlarged leg portions 630 and the leg 

recesses 710 also secures the actuator 330 within the valve 10 (e.g., prevents the 

actuator 330 from moving or spinning within the valve 10). Although four leg 

members 360 are shown in Figure 6, any number of leg members 360 can be used in 

accordance with various embodiments of this invention. For example, and as 

discussed in greater detail below, the actuator 330 may only have two leg members 

360.

As mentioned above, the hinge 620 allows the leg members 360 to flex/move 

and pivot with respect to the body portion 370. The hinge can be any number of 

elements that allow such flexion/movement and pivoting. For example, as shown in 

Figure 6, the hinge 620 may simply be a thinned area between each of the leg 

members 360 and the body portion 370 (e.g., a living hinge). Alternatively, the hinge 

620 can be a separate and distinct element that connects the leg member 360 to the 

body portion 370. For example, the hinge 620 may be an elastomeric sleeve or 

elastomeric portion located between each leg member 360 and the body portion 370.

In some embodiments, the actuator 330 has an actuator channel 610 passing 

through the body portion 370. When the valve 10 is in the open mode, the actuator 

channel 610 may be part of the fluid channel through the valve. Although Figure 6 

shows an actuator channel 610 with a circular opening, any shape or size opening 

that allows appropriate fluid flow through the actuator 330 can be used.

Figure 7 schematically shows more details of the resilient member 340 shown 

in the previous figures. As shown in Figure 7, the resilient member has a proximal 

surface 720 and an aperture surface 740. The aperture surface 740 may be recessed 

from the proximal surface 720 to create an actuator recess 730 having a vertical wall 

745 between the proximal surface 720 and the aperture surface 740. In preferred 

embodiments, and as discussed briefly above, the resilient member 340 may have 
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leg recesses 710 located on the vertical wall 745 between the aperture surface 740 

and the proximal surface 720. The leg recesses 710 are sized appropriately to receive 

the leg members 360, and in particular, the leg ends 630, and form a fluid tight seal 

between the actuator 330 and the resilient member 340. As best shown in Figure 3, 

the actuator 330 can sit within the resilient member recess 730, such that the leg ends 

630 are within the leg recesses 710 and the top surface of the body portion 370 is 

substantially flush with the proximal surface 720.

As mentioned above, the resilient member has an aperture 350 that opens as 

the actuator moves distally. In preferred embodiments, the aperture 350 is located 

on and passes through the aperture surface 740. Although the aperture 350 can be 

any number of elements that allow fluid to pass through the valve when the valve is 

in the open mode (e.g., a slit, a pinhole, a cut-out, etc.), in preferred embodiments, 

the aperture 350 is a slit, similar to the slit 130 passing through the proximal gland 

80. The slit can be self-sealing such that it automatically closes and seals when the 

valve 10 is in the closed mode. In other words, no additional elements or 

interactions are required to close and seal the slit.

When the valve 10 is in the open mode, the resilient member 340 may 

provide a force against the actuator 330 that biases the actuator 330 proximally. 

Therefore, as the medical practitioner 20 begins to remove the medical instrument 

40 (e.g., as the medical practitioner 20 moves the medical instrument 40 proximally), 

the proximal bias provided by the resilient member 340 will begin to force the 

actuator 330 proximally. As the actuator 330 moves proximally, the leg members 360 

will begin to flex inward towards their at rest position, and the radial force on the 

resilient member 340 and aperture 350 will decrease. As the radial force decreases, 

the aperture 350 will continue to close until the aperture 350 and the valve 10 are 

fully closed.
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As mentioned above, some embodiments can exhibit a positive or 

substantially neutral displacement upon withdrawal of the instrument 40. For 

example, as the medical practitioner 20 inserts the medical instrument 40, the 

volume around the actuator 330 and the resilient member 340 expands as the 

resilient member 340 stretches and deforms. When the instrument 40 is removed, 

this volume collapses and forces the fluid above the resilient member 340 to move 

distally, thereby creating a positive displacement at the distal port 120. In order to 

achieve a substantially neutral displacement, the amount that the resilient member 

340 stretches and/or the length of the leg members 360 may be adjusted (e.g., 

adjusting the amount the actuator 330 deforms the resilient member 340). In other 

words, as the amount that the resilient member stretches and/or the length of the leg 

members decrease, the amount of fluid displacement will also decrease because the 

change in volume around the actuator 330 and resilient member 340 will decrease. 

Therefore, when the leg member length is sufficiently short and/or the amount of 

resilient member 340 stretching is sufficiently small, there will be only a minimal 

volume change around the actuator 330 and resilient member 340, and a 

substantially neutral displacement at the distal port 120.

Figure 8 shows a process illustrating one of a plurality of illustrative uses of 

the medical valve 10. It is important to reiterate that, according to good medical 

practice, the proximal port 110 and distal port 120 of medical valve 10 should be 

cleaned (e.g., swabbed) prior to any connection and after any disconnection. After 

properly swabbing the distal port 120 of the medical valve 10, a medical practitioner 

20 connects the medical valve 10 to the patient 30 (step 810). To do so, the medical 

practitioner 20 may connect the distal port 120 of the medical valve 10 to the 

catheter 70, which terminates at a needle inserted into the patient 30 (see Figure 1).

After connecting the valve 10 to the patient 30, the medical practitioner 20 

swabs the valve proximal port 110 and inserts the medical instrument 40 into the 
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proximal port 110 (step 820). As the medical practitioner 20 moves the medical 

instrument distally (step 830) into the medical valve 10, the tip of the instrument 40 

contacts the proximal surface of the actuator 330 and begins to move the actuator 

330 distally within the valve 10. As the actuator 330 continues to move distally, the 

leg members 360 begin to flex and pivot about the body portion 370 and begin to 

apply a radially outward force to the resilient member 340 and aperture 350. As the 

actuator 330 and leg members 360 move and flex further, the aperture 350 opens 

providing fluid communication between the proximal port 110 and the distal port 

120. At this point, the valve 10 is open.

It is important to note that the valve 10 requires a relatively low prime 

volume because the medical instrument 40 used to open the medical valve 10 takes 

up much of the volume within the medical valve 10 (see Fig. 5). Additionally, 

because the disconnect and valve closing time may be short, a vacuum may be 

formed in the void volume when the medical instrument 40 is disconnected.

After opening the valve 10, the medical practitioner 20 can transfer fluids to 

or from the patient (step 840). For example, if the medical practitioner 20 wishes to 

administer a medication to the patient 30, he/she may depress the medical 

instrument plunger 40 (e.g., for a syringe) and transfer the medication into the 

patient 30. Alternatively, the medical practitioner 20 may withdraw blood from the 

patient 30.

After completing the fluid transfer(s), the medical practitioner 20 can remove 

the medical instrument (step 850). As discussed above, the medical practitioner 20 

should take care not to squeeze the sides of the medical instrument 40. Doing so 

may create a false positive or negative displacement at the distal port 120 of the 

medical valve 10. If done properly, removal of the medical instrument 40 may result 

in a substantially neutral or positive displacement at the valve distal port 120.
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As discussed above with reference to Figs. 3 and 5, the actuator 330 will begin 

to move proximally as the medical practitioner 30 withdraws the medical 

instrument 40 from the medical valve 10. As the actuator moves proximally towards 

the at rest position, the radially outward force applied to the resilient member and 

aperture will decrease, allowing the resilient member 340 to return to its at rest 

position, and closing the aperture 350.

It should be noted that the above embodiments describe a medical valve 10 in 

which the proximal port 110 and the distal port 120 are aligned with one another. 

However, in various other embodiments of the present invention, the medical valve 

10 can include a Y-site branch 100A (e.g., see Figure 2B). The Y-site branch 100A 

may extend from the housing 100 to form a Y-site channel. The Y-site channel may 

be in fluid communication with the valve distal port 120. To ensure sterility, the Y- 

site channel may have a resilient diaphragm, or a valve of some type. Alternatively, 

the Y-site channel may have no valving means.

As mentioned above, some embodiments of the present invention can have a 

different number of leg members 360. For example, as shown in Figures 9A through 

9C, some embodiments may have an actuator 330 with only two leg members 360. 

In such embodiments, the leg members 360 should be oriented such that they are 

located on either side of the aperture 350 in the resilient member 340 so that the 

force applied to the resilient member 340 by the leg members (e.g., during valve 

opening) opens the aperture 350 (as opposed to keeping the aperture 350 closed if 

positioned at the ends of the aperture 350). Additionally, as shown in Figure 9A, the 

actuator 330 need not sit within resilient member recess 730. In fact, the majority of 

the body portion 370 can extend proximally from the proximal surface 720 of the 

resilient member 340.

As shown in Figures 9B and 9C, the valve components (inlet housing 160, 

outlet housing 170, resilient member 340, and actuator 330) are structurally very 
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similar to the previous embodiment (except for the actuator 330 having only two leg 

members 360). To that end, this embodiment operates in a substantially similar 

manner as the embodiments described above and shown in Figures 3 and 5. 

However, it should be noted that the body portion 370 of the actuator 330 can have a 

raised contact surface 915. The medical instrument 40 contacts the raised contact 

surface 915 as the valve 10 opens and closes.

Figure 10A schematically shows a front cross-sectional view of another 

embodiment of the medical valve 10. As mentioned above, and as shown in Figures 

10A through 10C, the leg members 360 can be substantially stationary with respect 

to the body portion 370 (e.g., they are not connected by the hinge 620). Although the 

stationary leg members 1010 do not flex or move with respect to the body portion 

370, they perform substantially the same function as the moveable leg members 360. 

Specifically, as the actuator 330 moves distally within the valve 10, the stationary leg 

members 1010 and the actuator 330 deform the resilient member 340 to open the 

aperture 350 and the valve 10. However, because the stationary leg members 1010 

do not provide a radially outward force like the moveable leg members 360, the 

aperture 350 opens because of the deformation of the resilient member 340 over the 

protrusions 1070A-D (see Figure 10F), which are described in more detail below.

As shown in Figure 10D and 10E, in some embodiments, the resilient member 

340 can have a slightly different structure from the embodiments described above. 

In particular, the resilient member 340 can have a proximal portion 1030 and a distal 

portion 1040 connected by an intermediate portion 1050. The intermediate portion 

1050 has a reduced diameter as compared to the proximal portion 1030 and distal 

portion 1040 so that a gap 1060 is created between the proximal portion 1030 and 

distal portion 1040 (Fig. 10A) when the valve 10 is assembled.

As shown in Figure 10D, in the "as molded state", the proximal portion 1030 

of the resilient member 340 can have three portions - an angled left portion 1032, a 
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middle portion 1034, and an angled right portion 1036. However, when the valve is 

in its "as assembled state", the left portion 1032 and the right portion 1036 deform 

creating a substantially flat surface across the proximal portion 1030 (Fig. 10E). The 

deformation of the angled left portion 1032 and the angled right portion 1036 creates 

a compressive force on the sides of the aperture 350, helping to keep the aperture 

350 closed when the valve 10 is in the closed mode. Additionally, unlike the 

embodiments described above, the leg recesses 710 and the aperture 350 are not 

located in a recess. Rather, the leg recesses 710 and the aperture 350 are located on 

the proximal surface 720.

As shown in Figure 10F, and as suggested above, the outlet 170 of this 

embodiment can include a number of protrusions 1070A, B, C, and D extending 

proximally from the outlet 170. In some embodiments, protrusions 1070A and 1070C 

can be taller than protrusions 1070B and 1070D. As discussed in greater detail 

below, the taller protrusions 1070A and 1070C can support the ends 1080A/B of the 

aperture 350 and prevent the aperture 350 from closing when the valve 10 is 

transitioning from the closed mode to the open mode.

In operation, as the medical practitioner 20 inserts the medical implement 40 

and begins to move the instrument 40 distally, the actuator 330 and the stationary 

leg members 1010 deform the proximal portion 1030 of the resilient member 340 into 

the gap 1060 between the proximal portion 1030 and the distal portion 1040. As the 

proximal portion 1030 deforms, the cooperation between the stationary legs 1010 

and the protrusions 1070 A, B, C, and D begins to open the aperture 350. As 

mentioned above, the taller protrusions 1070A and 1070C, which are located 

beneath the ends 1080A /B of the aperture 350, support the ends 1080A/B and 

prevent them from closing as the valve 10 is opening. In particular, as the stationary 

leg members 1010 begin to deform the resilient member 340 and the stationary leg 

members 1010 and the protrusions 1070 A, B, C, and D cooperate to open the sides
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of the aperture 350, the ends 1080A and B begin to close inwardly and begin to close 

the aperture 350. The taller protrusions 1070A and 1070C prevent the ends from 

closing inwardly in this manner. In some embodiments, the taller protrusions 1070A 

and 1070C may extend into the aperture 350 when open.

The above described embodiments describe medical valves with either 

moveable leg members 360 or stationary leg members 1010. However, as shown in 

Figures 11A-11E, some embodiments of the present invention can include a 

combination of stationary leg members 1010 and moveable leg members 360. In 

particular, some embodiments may include moveable leg members 360 located on 

either side of the aperture 350 (see Fig. 11B) and stationary leg members 1010 

located at each aperture end 1080A/B (see Fig. 11A). The moveable leg members 360 

act to open the aperture 350, while the stationary members 1010 prevent the ends 

1080A/B from closing inwardly as the valve opens.

As shown in Figure 11D, the resilient member 340 has a very similar structure 

to that described above with reference to 10D and 10E. In some embodiments, the 

resilient member can be sized so that the outer diameter is larger than the inner 

diameter of the outlet housing 170. By sizing the components this way, the outlet 

housing 170 will apply a radially compressive force to the resilient member 340 

when the valve is assembled. This radially compressive force will force the sides of 

the aperture 350 to remain closed when the valve 10 is in the closed mode. 

Additionally, because radial compression applied to the aperture ends 1080A/B 

would act to open the aperture, the resilient member may have thinned sections 

1120A/B (Fig. 11A) located at either aperture end 1080A/B. The thinned sections 

1120A/B relieve some of the radial compressive forces applied to the aperture ends 

1080A/B so that the aperture 350 remains closed.

The resilient member 340 may also include resilient member protrusions 

1110A/B. As described in more detail below, the resilient member protrusions
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1110A/B cooperate with the stationary leg members 1010 to prevent the aperture 

ends 1080A/B from closing inwardly as the sides expand outwards.

As shown in Figure 11E, the outlet 170 may also have a center post member 

1130 protruding proximally. The center post member 1130 aids in the opening of the 

aperture by providing proximally directed resistance around the aperture as the 

resilient member 340 deforms distally. Although the center post member 1130 can 

be a substantially uninterrupted structure, it may also have center post channels 

1135 that interrupt the structure of the center post member 1130. The center post 

channels 1135 improve valve flushing.

In operation, as the medical practitioner 20 moves the instrument 40 (and 

therefore the actuator 330) distally, the moveable leg members 360 begin to flex 

outwardly and apply a force to the sides of the aperture 350, opening the aperture 

350. As the actuator moves further, the stationary leg members 1010, which may be 

shorter than the moveable leg members 360, engage the resilient member 

protrusions 1110A/B. Once engaged, the resilient member protrusions 1110A/B and 

stationary leg members 1010 cooperate to prevent the aperture ends 1080A/B from 

closing inwardly as the sides of the aperture 350 expand outwardly.

Figures 12A and 12B schematically show another embodiment of the medical 

valve in which the actuator 330 provides a radially compressive force to the resilient 

member 340 to keep the aperture 350 closed when the valve 10 is in the closed 

mode. The radially compressive force also improves the valve's ability to withstand 

backpressure. To that end, the actuator 330 has a distally extending portion 1210 

that cooperates with a proximally extending portion 1220 of the resilient member 

340.

As shown in Figures 12A and 12B, the resilient member 340 can have a 

structure similar to that described above with respect to Figures 10A through 10F. In 

particular, the resilient member can have a proximal portion 1030, a distal portion
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1040, and an intermediate portion 1050. The proximally extending portion 1220 can 

extend proximally from the proximal portion 1030.

The distally extending portion 1210 of the actuator 330 can be any number of 

structures that are capable of applying a radially compressive force to the 

proximally extending portion 1220 of the resilient member 340. For example, the 

distally extending portion 1210 can be a skirt or a set of leg members similar to those 

described above. In either scenario, the distally extending portion 1210 may sit over 

the proximally extending portion 1220 such that the proximally extending portion 

1220 extends into the space 1230 within the skirt/distally extending portion 1210. 

The distally extending portion 1210 may also include an enlarged portion 1240. The 

enlarged portion 1240 ensures that sufficient radially compressive force is applied to 

the aperture 350 when the valve is in the closed mode. Additionally, if the enlarged 

portion 1240 is spherical (as shown in Figures 12A and 12B), the enlarged portion 

1240 will have a minimal contact area with the resilient member 340.

As the valve transitions from the open mode to the closed mode and the 

actuator 330 begins to move distally, the proximal surface 1030 of the resilient 

member 340 will begin to deform into space 1060. Additionally, the proximally 

extending portion 1220 will begin to deform into the space 1230 within the distally 

extending portion 1210. As the proximally extending portion 1220 begins to deform, 

the aperture 350 will open into the space 1230 (e.g., the material at the sides of the 

aperture 350 will deform proximally into the space 1230).

In some embodiments, a body portion proximal surface 1215 of the actuator 

330 can contact an inner surface 1225 of the inlet housing 160. The interaction 

between the body portion proximal surface 1215 and the inner surface 1225 of the 

inlet housing 160 keep the actuator 330 in place when the valve 10 is in the closed 

mode (e.g., the interaction prevents the actuator 330 from moving within the interior 

of the housing 100). In some embodiments, the interaction may also create a pre-
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load on the resilient member (e.g., the actuator 330 and the inlet housing 160 may be 

sized such that there is a distally directed force on the resilient member 340).

As shown in Figures 13A through 13C, some embodiments of the present 

invention can include a plug member 1310 that extends proximally from the outlet 

170. The plug member 1310 may pass through the aperture 350 and cooperate with 

the resilient member 340 to prevent flow through the valve 10, when the valve 10 is 

in the closed mode. In particular, the plug member 1310 may have a proximal 

portion 1312 that is proximal to the resilient member 340 and a distal portion 1314 

that is distal to the resilient member 340. In some embodiments, the proximal 

portion 1312 may be "o-shaped" and the resilient member can seal against the outer 

diameter of the "o-shaped" portion. In other embodiments, the plug member 1310 

can have a button top 1316 against which the resilient member can seal.

As the valve transitions from the closed mode to the open mode, the actuator 

330 will deform the resilient member 340 and unseal the resilient member 340 from 

the plug member 1310. By deforming the resilient member 340, the actuator 330 will 

create fluid communication between the proximal port 110 and the distal port 120 

through a series of plug member channels 1320 located on the distal portion 1314 of 

the plug member 1310.

As shown in many of the above described figures, the actuator may have a 

raised contact surface 915 that is substantially uninterrupted (e.g., no channels or 

grooves). However, as shown in Figure 14, the actuator 330 may have an interrupted 

contact surface 1410 having channels 1420 to improve flushing. The channels may 

extend radially outward from the center of the contact surface 1410. Alternatively, if 

the proximal surface of the actuator 330 does not have a raised contact surface 915, 

the channels can be located on the actuator's proximal surface.

Although the above discussion discloses various exemplary embodiments of 

the invention, it should be apparent that those skilled in the art can make various
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modifications that will achieve some of the advantages of the invention without departing 

from the true scope of the invention.

In the claims which follow and in the preceding description of the invention, except 

where the context requires otherwise due to express language or necessary implication, the

5 word "comprise" or variations such as "comprises" or "comprising" is used in an inclusive 

sense, i.e. to specify the presence of the stated features but not to preclude the presence or 

addition of further features in various embodiments of the invention.

It is to be understood that, if any prior art publication is referred to herein, such 

reference does not constitute an admission that the publication forms a part of the common 

10 general knowledge in the art, in Australia or any other country.

36777131 (GHMaccere) P00104.AU 17/10/2012

P00104.AU
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A medical valve having an open mode that permits fluid flow, and a closed 

mode that prevents fluid flow, the medical valve comprising:

5 a housing having an inlet and an outlet;

an actuator moveable distally within the housing after insertion of a medical 

implement into the inlet, the actuator having a body portion and a plurality of leg 

members extending from the body portion; and

a resilient member having a normally closed aperture, wherein distal

10 movement of the actuator opens the aperture thereby transitioning the valve from the 

closed to the open mode, the leg members interacting with the resilient member to open 

the aperture.

2. A medical valve according to claim 1, wherein the resilient member proximally 

15 biases the actuator.

3. A medical valve according to claim 1 or 2, wherein proximal movement of the 

actuator closes the aperture thereby transitioning the valve from the open to the closed 

mode.

20

4. A medical valve according to any one of claims 1 to 3, wherein the plurality of 

leg members are connected to the body portion by a hinge such that the plurality of leg 

members are moveable with respect to the body portion.

25 5. A medical valve according to claim 4, wherein the plurality of leg members

flex generally radially outward as the actuator moves distally thereby applying a radial 

force on the aperture and opening the aperture.

6. A medical valve according to any one of claims 1 to 3, wherein the plurality of 

3 0 leg members are substantially stationary with respect to the body portion.

3677?13_1 (GHMaccera) P80104.AU 17/10/2012

1
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7. A medical valve according to claim 1, wherein the plurality of leg members 

include:

a plurality of moveable leg members extending from the body portion, the 

plurality of moveable leg members being pivotable with respect to the body portion; and

5 a plurality of stationary leg members extending from the body portion, the

stationary members being substantially stationary with respect to the body portion.

8. A medical valve according to claim 7, wherein the plurality of moveable leg 

members are connected to the body portion with a hinge.

10

9. A medical valve according to claim 7, wherein the plurality of moveable leg 

members flex radially outward as the actuator moves distally, thereby applying a radial 

force on the aperture.

15 10. A medical valve according to claim 9, wherein the resilient member includes a

plurality of protrusions, the plurality of stationary members engaging the protrusions as 

the valve transitions from the closed mode to the open mode thereby preventing the 

aperture from closing.

2 0 11. A medical valve according to any preceding claim further comprising a valve

seat, wherein the resilient member seals against the valve seat.

12. A medical valve according to claim 11, wherein the valve seat is angled such 

that the resilient member deforms to the shape of the valve seat as the valve transitions

2 5 from the closed to the open mode.

13. A medical valve according to any preceding claim further comprising a 

swabbable member sealing the inlet.

3 0 14. A medical valve according to any preceding claim, the housing further

comprising a plurality of protrusions extending proximally from the outlet and configured

3677?13_1 (GHMaccers) P80104.AU 17/10/2012
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to prevent the aperture from closing as the valve transitions from the closed mode to the 

open mode.

15. A medical valve according to any preceding claim further comprising a plug

5 member extending proximally from the outlet and passing through the aperture thereby 

cooperating with the aperture to prevent flow through the valve in the closed mode.

16. A medical valve according to claim 15, wherein the plug member comprises: 

a lower portion distal to the resilient member and having a plurality of

10 channels for allowing fluid flow through the valve when in the open mode;

an upper portion proximal to the resilient member and having a circular cross

section, the resilient member sealing against the upper portion when in the closed mode.

17. A medical valve according to any preceding claim, wherein the actuator

15 includes an actuator channel through the actuator.

18. A medical valve according to any preceding claim, wherein a substantially 

neutral fluid displacement occurs at the outlet during withdrawal of the medical 

implement

20

19. A medical valve according to any preceding claim, wherein actuator and the 

resilient member are chemically bonded to one another to form a single internal valve 

mechanism.

2 5 20. A medical valve according to any one of claims 1 to 18, wherein the actuator

and the resilient member are formed using a two-shot manufacturing process, thereby 

creating a single internal valve mechanism.

3677713.1 (GHMatcerB) P8O1O4.AU 17/10/2012

P8O1O4.AU
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