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(57) Abrégée/Abstract:

A flow control element for a catheter valve comprises a membrane having a plurality of slits disposed therewithin. The slits are
disposed substantially symmetrically about a midline of the membrane. At least one additional slit is disposed along a first axis
which passes through the midline of the membrane and connects at least two of the plurality of slits.
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ABSTRACT

A flow control element for a catheter valve comprises a membrane having a plurality
of slits disposed therewithin. The slits are disposed substantially symmetrically about
a midline of the membrane. At least one additional slit is disposed along a first axis

which passes through the midline of the membrane and connects at least two of the
plurality of siits.
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PRESSURE ACTIVATED SAFETY VALVE WITH HIGH FLOW SLIT

Background
[0001] Many medical procedures require repeated and prolonged access to a

patient's vascular system. For example, during dialysis treatment blood may be removed
from the body for external filtering and purification, to make up for the inability of the
patient's kidneys to carry out that function. In this process, the patient's venous biood is
extracted, processed in a dialysis machine and returned to the patient. The dialysis
machine purifies the blood by diffuéing harmful compounds through membranes, and may
add to the blood therapeutic agents, nutrients etc., as required before returning it to the
patient's body. Typically the blood is extracted from a source vein (e.g., the vena cava)
through a catheter sutured to the skin with a distal needle of the catheter penetrating the
source vein.

[0002] It is impractical and dangerous to insert and remove the catheter for each
dialysis session. Thus, the needle and catheter are generally implanted semi permanently
with a distal portion of the assembly remaining within the patient in contact with the vascular
system while a proximal portion of the catheter remains external to the patient's body. The
proximal end is sealed after each dialysis session has been completed to prevent blood

loss and infections. However, even small amounts of blood oozing into the proximal

end of the catheter may be dangerous as thrombi can form therein due to coagulation.
These thrombi may then be introduced into the patient's vascular system when blood

flows from the dialysis machine through the catheter in a later session.

10003] A common method of sealing the catheter after a dialysis session is to
shut the catheter with a simple clamp. This method is often unsatisfactory because the
repeated application of the clamp may weaken the walls of the catheter due to the
sfress placed on the walls at a single point. In addition, the pinched area of the
catheter may not be completely sealed allowing air to enter the catheter which may

coagulate any blood present within the catheter. Alternatively, valves have been used
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at the opening of the catheter in an attempt to prevent leaking through the catheter
when the dialysis machine is disconnected. However, the unreliability of conventional
valves has rendered them unsatisfactory for extended use.

Summary
[0004] In one aspect, the present disclosure relates to a flow control element

for a catheter valve, comprising a membrane having a plurality of slits disposed
therewithin. The slits are disposed substantially symmetrically about a midline of the
membrane, and at least one additional slit is disposed along a first axis which passes
through the midline of the membrane and connects at least two of the plurality of slits.

[0005] In another aspect, the present disclosure relates to a system for
exchanging fluid between an external reservoir and a patient, comprising a catheter
including at least one lumen. The catheter has a distal end insertable into a patient
and a proximal end connected to at least one valve, comprising a housing and a
membrane. The housing includes a lumen extending therethrough and capable of fluid
communication with a lumen of the catheter. The membrane extends across the
lumen, and includes a plurality of slits disposed within the membrane about an axis of
symmetry and at least one additional slit disposed along a first axis which passes
through a centerline of the membrane and connects at least two of the plurality of slits.

[0006] The foregoing and other aspects will become more apparent upoh

reading of the following non restrictive description of illustrative embodiments thereof,
given by way of example only with reference to the accompanying drawings.

Brief Description of the Drawings
[0007] In the appended drawings:

[0008] Figure 1 is a diagram showing a portion of a central line catheter;
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Figure 2 is a diagram showing a cutaway view of a valve assembly
including a high flow pressure activated valve membrane with the valve member in an

open, in-flow configuration;

Figure 3 is a diagram showing a cutaway view of the valve assembly of
Fig. 2 with the valve membrane in a closed configuration;

Figure 4 is a diagram showing a cutaway view of the valve assembly of
Fig. 2 with the valve membrane in an open, out-flow configuration;

Figure 5 is a diagram showing a silicone disk forming a high flow
openable element of a pressure activated valve according to a first embodiment;

Figure 6 is a diagram showing a silicone disk forming a high flow
openable element of a pressure activated valve according to a second embodiment;

Figure 7 is a diagram showing a silicone disk forming a high fiow
openable element of a pressure activated valve according to a third embodiment;

Figure 8 is a diagram showing a silicone disk forming a high flow

openable element of a pressure activated valve according to a fourth embodiment;
and

Figure 9 is a diagram showing a silicone disk forming a high tiow
openable element of a pressure activated valve according to a fifth embodiment.

Detailed Description
{0009] The flow control element and system for exchanging fluid between an

external reservoir and a patient according to the above mentioned aspects may be
further understood with reference to the following description and the appended
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drawings, wherein like elements are referred to with the same reference numerals,
The present disclosure is related to medical devices that are used to access the
vascular system of a patient, and in particular to central line catheters used for chronic
access to a vein or artery. Although, embodiments are described in regard to high flow
valves for use in central line catheters, those skilled in the art will understand that
such valves may be employed to control flow through any device used to regularly
access a body lumen.

[06010] Semi-permanently placed catheters may be useful for a variety of
medical procedures which require repeated access to a patient's vascular system in
addition to the dialysis treatments mentioned above. For example, chemotherapy
infusions may be repeated several times a week for extended periods of time. For
safety reasons, as well as to improve the comfort of the patient, injections of these
therapeutic agents may be better carried out with an implantable, semi-permanent
vascular access catheter. Many other conditions that require chronic venous supply of
therapeutic agents, nutrients, blood products or other fluids to the patient may also
benefit from impiantable access catheters, to avoid repeated insertion of a needle into
the patient’'s blood vessels. Thus, although the following description focuses on
dialysis, those skilled in the art will understand that other uses in conjunction with any
of a wide variety of procedures which require long term implantation of catheters
within the body may be implemented.

[0011] Examples of such implantable catheters include those manufactured by
Vaxcel™, such as the Chronic Dialysis Catheter and the Implantable Vascular Access
System. These devices typically are inserted under the patient's skin, and have a
distal end which includes a needle used to enter a blood vessel. The devices also
have a proximal end extending outside the body for connection with an outside line.
These semi-permanent catheters may be sutured to the patient's skin to maintain

them in place while the patient goes about his or her normal occupations.
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[0012] Figure 1 shows an exemplary catheter such as, for example, the
Vaxcel™ Chronic Dialysis Catheter. The catheter 10 has a distal end 12 that is
insertable into a patient's vein, and which remains within the patient's body for the life
of the catheter 10. The distal end 12 includes a needle (not shown) that pierces the
vein of the patient to reach the flow of blood. During dialysis, blood from the patient is
removed through the catheter 10, and is purified by a dialysis machine (not shown)
which is connected to a hub 18 of the catheter 10 via an external line 14. The catheter
10 may include two or more lumens with a first one of the lumens being used to
remove blood from the blood vessel and a second one of the lumens being used to
reintroduced treated blood and/or therapeutic agents into the blood vessel. As
described above, in addition to dialysis, devices similar to the catheter 10 may be
used to access a patient's vascular system for other types of treatment, for example to
infuse chemotherapy agents or other medications, to supply food and to remove blood
samples.

[0013] When disconnected from the dialysis machine, the catheter 10 remains
within the patient, connected to the patient's vascular system. Thus, it is important to
securely seal the hub 18 to prevent fluids from escaping therefrom and contaminants
from entering the patient's body. For example, although the proximal end of the
catheter 10 may be clamped to close it off, if an effective seal is not obtained, the

patient runs a serious of infection as well as risks of embolisms due to air entering the
blood stream and venous thrombosis due to coagulation of blood in and near the

catheter. In addition, leakage from an improperly sealed catheter may expose
attending medical staff to a risk of infection by blood borne pathogens. Thus a
mechanism is necessary to ensure that the catheter 10 is sealed when not in use.

[0014] Conventional clamps or clips have been used to seal such catheters 10
between medical sessions. However, as the sealing forces repeatedly applied by
these clips is exerted on a small portion of the surface area of the catheter 10,
damage to the wall of the catheter 10 at this portion can significantly reduce the

o
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effective life of the catheter 10. It is also desired to improve the resistance of a sealing
mechanism for the catheter 10 to forces applied during activities of the patient, so that
the sealing mechanism will remain effective without restricting the activity of the
patient. Finally, it is desired to minimize the bulk of the sealing mechanism to enhance
patient comfort.

[0015] An alternative to clamping or clipping the catheter 10 is to include self
sealing valves near the entrance of the flow passages of the catheter, to seal those
passages when not in use. For example, the hub 18 may house one or more valve
assemblies 20 which are designed to seal the lumen(s) of the catheter 10 under
certain conditions, and to allow passage of fluid therethrough under other conditions.
In an exemplary case applicable to a dialysis catheter, the system of valves may seal
the catheter 10 when it is not connected to an operating dialysis machine, and may
allow both an outflow of non-purified blood and an inflow of purified blood to the
patient when an operating dialysis machine is connected thereto. These valve
assemblies 20 thus selectively allow flow into or out of the patient only under
predetermined conditions when they are placed in fluid contact with the inflow or
outflow portions of a dialysis catheter 10.

[0016] Pressure activated safety valves (PASV's) are one type of flow control
device that has been used to seal vascular catheters when not in use. These valves

open when subject to flow pressure of at least a pre-determined value and remain
closed when subject to pressures below the pre-determined value. In the exemplary
case of a PASV used in a dialysis catheter, the valve is preferably designed so that
the predetermined pressure substantially exceeds a pressure to which the valve
would be subjected from the vascular system or. due to patient activity and may
correspond to a pressure approximating a lower level of the pressures to which the
valve would be subjected by an operating dialysis machine. Thus, when no dialysis
machine is connected to the catheter, the pressure in the lumen is insufficient to open
the PASV, and the catheter remains sealed.

6
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[0017] Figures 2-4 show more detailed views of a PASV assembly 20 in a
cutaway drawing depicting three flow conditions. Fig. 2 shows a configuration of the
assembly 20 in which a fluid is being introduced into catheter 10 via a hub 18 while
Fig. 4 shows a configuration of the assembly 20 in which a fluid is being removed from
the catheter 10 to the hub 18. Fig. 3 shows a configuration of the assembly 20 in a
closed configuration in which flow therethrough is prevented. In the context of a
dialysis catheter, the configurations of Figs. 2 and 4 correspond, respectively, to blood
being returned to and being withdrawn from a patient. The configuration of Fig. 3
corresponds to a condition in which no dialysis treatment is being performed, or in
which a treatment has been temporarily halted so that the assembly 20 seals a lumen
of the catheter 10. According to one exemplary embodiment, the valve assembly 20
comprises a valve housing 30 forming a body of the device and a slitted membrane 32
disposed within the housing 30. The hub 18 may define the valve housing 30 or,
alternatively, the housing 30 and the hub 18 may be formed as separate units. The
housing 30 defines a flow chamber 36 through which fiuid (e.g., blood) flows into and
out of the catheter 10. The exemplary flow chamber 36 is substantially cylindrical.
However in different applications, the flow chamber 36 may be of any other shape
suitable for the efficient flow of a fluid therethrough.

[0018] The slitted membrane 32 may be disposed at one end of the flow
chamber 36, and is positioned to selectively impede the passage of fluid though the
flow chamber 36. A curved slit 34 is formed in the membrane 32 so that, only under
predetermined conditions, the slit 34 is opened to permit fluid flow through the flow
chamber 36. When the membrane 32 is not exposed to the predetermined conditions,
the slit 34 remains closed to seal the flow chamber 36. For example, the slitted
membrane 32 may be constructed so that the curved slit 34 opens only when subject
to a flow pressure of at least a threshold magnitude. When a pressure to which the
slitted membrane 32 is subject is less than this threshold pressure, the slit 34 remains
closed. The threshold pressure may correspond, for example, to the pressure

7
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generated in the flow chamber 36 when the catheter 10 is coupled to an operating
dialysis machine. In addition, the membrane 32 is preferably constructed so that the
threshold pressure Is significantly greater than pressures which will be generated
within the catheter 10 by the vascular system or due to activities of the patient.

[0019] Figures 2 - 4 show one exemplary embodiment of a pressure activated
valve assembly 20. Those of skill in the art will understand that different configurations
of the housing 30, the slitted membrane 32 and the slit 34 may be used. For example,
the membrane 32 may include one or more slits of various sizes and shapes to tailor
the flow through membrane 32 and to vary the threshold pressure required to open slit
34. Those skilled in the art will understand that the shape of the membrane 32 and its
placement within the housing 30 may also be varied to accommodate different
designs of the housing 30.

[0020] Pressure actuated valve membranes which seal catheters when not in
use have often relied on limitations in the size of the slits therethrough to ensure
complete closure of the slits when not subject to at least a threshold pressure.
However, this may aiso limit the flow rate that may be obtained through the valve
membrane. Thus, it is important to ensure complete sealing of the catheter 10 while
permitting an increased flow rate to allow treatment sessions to be shortened.

[0021) The effective area of the opening in the valve membrane 32 is a
function, among other things, of the length and width of the slit 34, as well as the
stiffness of the material forming the membrane 32. In the case of a very stiff
membrane 32, the opening area is determined primarily by the length and width of the
slit 34. When the membrane 32 is flexible, the effective opening area also varies
based on a degree to which the edges of the slit 34 bend away from a plane in which
the membrane 32 resides when closed. This bending essentially forms flaps of
membrane material deflected in direction of the flow therethrough. A more fiexible
membrane 32 therefore allows a larger opening area and, consequently, permits more
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flow to pass therethrough for a given size of the slit (or slits) 34 formed therein. One
drawback of increased flexibility in such membranes is that the material may not have
sufficient resilience to maintain the slit 34 closed when necessary. Thus, in order to
ensure that the valve assembly 20 is effective, additional stiffeners may be required
thereby increasing the complexity and cost of manufacture of the assembly 20.

[0022] According to exemplary embodiments, the flow rate through a PASV
assembly is increased by utilizing one or more curved slits having a specified radius of
curvature as opposed to linear slits. Those skilled in the art will recognize that the
curves along which the slits extend may be of any non-linear shape to increase the
length of the curve relative to that of a line drawn between end points of the curve. In
addition, for slits extending substantially parallel to one another (i.e., where lines
drawn between end points of the slits would be parallel), end points of the curves will
preferably be the points of closest approach of the slits to one another. in this manner,
the material of which the membrane is formed may be selected with sufficient stiffness
to retain the slit(s) completely closed when the membrane is not subjected to a
pressure of at least the threshold magnitude, without excessively reducing the flow of
fluid therethrough. Although the end points of the slit may be the same for linear and
curved slits, the curved slit has a greater length which can be computed based on the
radius of curvature of the slit. It may be beneficial to utilize end points for the curved

slits which are the same as would have been used for linear slit, for example, to
respect structural constraints necessary to the integrity of the membrane. The arc
length of the slit between the end points can be easily computed using simple
geometric formulas. For example, if the slits were along an arc having a radius of
0.59mm and an angle of 59°, the curve length and the corresponding straight line
length between the end points would be as follows:

(radius * angle * ID /180
(0.59mm * 59 * ID /180
0.607mm

curve length

i
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straight line length Sin (angle/2) * 2 radius
Sin (69/2) * 2 * 0.59mm

0.581 mm

Alternatively as described in the Machinery's Handbook (22" Edition) from Industrial
Press, the straight line length may be found using the formulia:

2* (h*(2 * radius - h))"

i

straight line length

where h is the height from the center of the straight line to the arc. Thus, the area of
the opening for a curved slit is greater than for a linear slit because of the greater arc
length of the curved slit, and because the flap formed on the concave side of the

curved slit is better able to deflect with the flow, since it is unconstrained aiong 3
greater length.

(0023} Figure 5 shows an exemplary embodiment of a flow control membrane
100 having two curved slits 104, 106 located in a central portion of the membrane100.
The membrane 1 00 comprises a peripheral portion 102 adapted to be held in place
within a housing of a pressure actuated valve, for example, by compression between
two halves of the housing 30 clamped therearound. The membrane 100 also includes
a central portion 101 that extends across a lumen of the housing 30 (e.g., in a flow
chamber 36 thereof) to selectively permit and prevent flow therethrough. The curved
slit 104 extends across a portion of the central portion 101 between edges 108 and
110 while the curved slit 106 extends across a portion of the central portion 101
between edges 112 and 114. The edges 108 and 110 and 112 and 114 are biased to
remain joined to one another in the closed configuration to prevent flow through the
membrane 100 whenever the membrane 100 is not subject to a pressure at least as
great as the threshold pressure.

10
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[0024] As discussed above, in the open configuration, the curved slits 104, 106
form a larger opening area than would be formed by linear slits extending between the
same end points. That is, the arc length between the end points 116, 118 is greater
than a straight line between those two end points. In addition, the regions of the

membrane 100 between the concave sides of the slits 104, 106 forms a flap 120
which, when the edges 108 and 110 and 112 and 114 separate from one another,

uncovers a large opening area. Specifically, the edges of the flap 120 adjacent to the
edges 110 and 112 of the slits 104 and 106, respectively, are unconstrained along a
greater length than would be the case for a corresponding pair of linear slits extending
between the end points 116 and 118. In different embodiments, only one curved slit
may be used, or additional slits may be formed in the membrane, depending on the
design requirements of the valve and, in particular, on the threshold pressure and flow
rate values sought. Those of skill in the art will understand that the flap will be greater
on the side that is less supported either by the seat or by the lack of an adjacent slit.

[0025] In the exemplary embodiment, the curved slits 104, 106 are substantial
mirror images of one another with curvatures substantially similar to one another. For
example, the slit 104 extends along a portion of a circle with a radius of curvature 124
extending to a center of curvature 126. In different embodiments, each of the slits 104,
106 may have any or all of a different radius of curvature, a different orientation, or a
different length. In this exemplary embodiment, the curved slits 104, 106 are
substantially symmetrical about a line of symmetry 122, which in this case is a
horizontal axis, or major axis of the elliptical membrane 100. In other embodiments
that include two or more curved slits, the slits may be disposed on the membrane in a
configuration symmetrical with respect to different lines, or with respect to a point,
depending on the flow requirements of the membrane. Alternatively, the slits may be
arranged asymmetrically with respect to one another.

[0026] An additional advantage of a membrane having curved slits is that
interference between the slits can be minimized. When edges 108, 110 and 112, 114
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of slits 104, 106 separate, they cause a portion of the membrane adjoining the
opening to fold outward, in the flow direction. In the case of linear slits, these foided
over portions can interfere with each other, thus preventing a complete opening of the
opening area. This is somewhat analogous to having two adjacent doors opening
towards each other with Interference between the open doors preventing a full
opening of either one. In the case of a membrane 100 with curved slits 104, 106, the
curvature moves the edges 110 and 112 away from each other, reducing the
possibility of adverse interference between open slits 104 and 106. The reduced
interference between curved slits may also further increase the flow of fluid that can
pass through the membrane 100, as compared to a membrane having comparable
linear slits. The flow rate may depend on the particular application and can range from
the hand injection flow rate of approximately 0.5 cc/minute to a maximum of 750
mi/minute. To provide a specific example, the flow rate for dialysis may range from
250 mi/minute to 500 mi/minute, the preferable target flow rate being 275 mli/minute.

[0027] Figure 6 shows a top elevation diagram of a second embodiment of a
flow control membrane having curved slits. In this case, the membrane 200 has a
central portion 201 which defines four curved slits 202, 204, 206 and 208. The slits are
distributed substantially symmetrically in pairs along a line of symmetry 122, and have
radii of curvature selected such that at least edges 210, 212 substantially approximate
an adjacent portion of a periphery of the membrane 200. In this manner, an even
greater amount of fluid can flow through the membrane 200 when the slits 202-212
are moved into the open configuration by fluid pressure. As with the membrane 100 of
Fig. 5, the curvature of the slits 202, 204, 206 and 208 allows them to open without
interfering with one another. In addition, as the outer edges of the slits 202 and 208
are substantially parallel the outer periphery of the membrane 200, a minimum
clearance 214 between these slits and the outer edge of the membrane may be
maintained so that the structural integrity of the membrane 200 is not compromised.
For example, for a membrane having a thickness of 1mm, the clearance may range
from 0.005-0.040 inches.

12
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[0028] If linear slits were to be substituted for these curved slits, it would be
difficult to achieve a corresponding slit length (or even a corresponding distance
between slit end points) without compromising the minimum clearance 214 and
without encountering resistance to opening through contact between the edges of
adjacent slits. That is, the edges of four such linear slits that had a length comparable
to the curved slits would be very close to each other, and would likely suffer from
interference effects. In addition, the end points of the outermost slits would be
disproportionally near the edges of the elliptic membrane, raising the possibility of
tears of the membrane near the slits' edges. Accordingly, embodiments of the
membrane 200 which use curved slits can include a greater number of slits of greater
length to obtain a greater flow rate while avoiding the drawbacks normally associated

with multiple slits in such valve membranes.

[0029] Different lines of symmetry may be utilized to define slits in the flow
control membrane. For example, slits 304 and 310 and slits 308 and 306 of the
membrane 300 in Fig. 7 are symmetrical to each other with respect to a vertical line of
symmetry 302. This configuration forms several sub-regions of the flow control
membrane 300 which cooperate to define large opening areas through which fluid can
pass when the membrane 300 is in the open configuration. For example, edges 312
and 314 of the slits 304, 306, respectively, define a region 320 that is displaced from
the plane in which the membrane 300 resides when in the closed position, as the
edges of the two slits separate, into the open configuration. Similarly, edges 316 and
318 of the slits 306, 308 define the boundaries of a region 322 which moves out of the
plane of the membrane 300 when the slit edges separate to the open configuration.
Symmetric regions 330 and 332 operate substantially in the same way.

[0030]) In the exemplary configuration shown in Fig. 7, the slits 304, 306, 308
and 310 are designed to complement each other in pairs, so that a larger flow opening
area may be created when the membrane 300 is moved to the open configuration.

13
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Other similar slit configurations may be obtained, for example by modifying the radii of
curvature of the curved slits, or by positioning the slits differently, within the same or a
similar pattern of symmetry. As described above, one constraint on the positioning of
the curved slits is that the outer edges of the slits maintain a sufficient minimum
distance from the edge 324 of the membrane 300 so that the structure of the
membrane 300 is not compromised.

[0031] Figure 8 shows a further exemplary embodiment of the flow controi
membrane. Membrane 400 defines three curved slits 402, 404 and 406 which diverge
substantially radially from a central point 412. Alternatively, a curved slit 410 may be
used in place of the slit 406, thus making the configuration symmetrical around a
single point of symmetry (i.e., central point 412). In either of these configurations, the
curved slits 402, 404 and 406 (or 410) cooperate to form a larger opening than might
be calculated from a sum of their individual contributions. In the open configuration,
portion 414 of the membrane 400 is displaced in the direction of fluid flow out of the
plane in which the membrane 400 resides when in the closed position, as edges of the
curved slits separate from one another. This out-of-plane displacement causes a large
opening area for the flow to be formed. For example, if slits 410, 404 and 402 are
used, the flow will be a spiraling flow causing the reversing of one of the slits such as
slit 406. This action will cause a counter flow with slit 404 and allow a broader stream.

[0032] Figure © shows a further exemplary embodiment of the flow control
membrane. Membrane 500 defines an S-shaped slit 506 that is symmetrical about the
bisecting lines 502 and 504. Alternatively, the single S-shaped slit 506 may be broken
into several smaller curved slits along the same path as the S-shaped slit 506, e.g,,
multiple slits forming a broken S-shape. As can be seen from Figure 9, the S-shaped
slit 506 is a series of curved slits in the membrane 500 allowing for a substantially
greater length than a straight slit from endpoint 508 to endpoint 510. Likewise, the
described broken S-shape (not shown) will also have a substantially greater length
than a straight slit from endpoints 508 to 510.

14
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[0033] it should be noted that the above described examples included
configurations having multiple slits. It is possible to design the membranes such that
the slits open in a pre-determined order. For example, the slits may open one at a
time or may be staged in any desired configuration. The varied opening times and
order may be based on the pressure build up due to the flow through the various slits.
The pressure sensitive slits may be created using local variations in the membrane
thickness or by varying the size and/or placement of the slits in the membrane.

[0034] In the foregoing description, specific embodiments related to a pressure
activated safety valve used in a dialysis catheter have been described. However,
other embodiments may be devised that are applicable to other medical devices.
Accordingly, various modifications and changes may be made to the embodiments
without departing from the broadest spirit and scope of the present disclosure, The
specification and drawings are accordingly to be regarded in an illustrative rather than
a restrictive sense.
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What is claimed is:

1. A system for exchanging fluid between an external reservoir and a patient,
comprising:

a catheter including at least one lumen, the catheter having a distal end
insertable into a patient and a proximal end connected to at least one valve,
comprising:

a housing including a lumen extending therethrough and capable of fluid
communication with a lumen of the catheter: and

a membrane extending across the lumen, the membrane including a
plurality of slits disposed within the membrane about an axis of symmetry and

at least one additional slit disposed along a first axis which passes through a

centerline of the membrane and connects at least two of said plurality of slits,

2. The system of claim 1, wherein each slit among the plurality of slits is located
near a periphery of the membrane and each slit among said plurality of slits extends
along a line or arc that approximates a line or arc defined by the periphery of the
membrane.

3. The system of claim 1, wherein at least one slit opens when acted upon by a
pressure of at least a predetermined threshold.

4. The system of claim 1, wherein the membrane is elliptical, the axis of symmetry
is a major axis of the membrane, and the first axis is perpendicular thereto,

5. The system of claim 1, wherein each lumen of the catheter is capable of fluid
communication with a lumen of a valve.

0. A flow control element for a catheter valve, comprising:
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a membrane having a plurality of slits disposed therewithin, the slits being
disposed substantially symmetrically about a midline of the membrane, and at least
one additional slit disposed along a first axis which passes through the midline of the
membrane and connects at least two of said plurality of slits.

7. The flow control element of claim 7, wherein each slit among the plurality of

slits is located near a periphery of the membrane and each slit among said plurality of
slits extends along a line or arc that approximates a line or arc defined by the
periphery of the membrane.

8. The flow control element of claim 7, wherein at least one slit opens when acted
upon by a pressure of at least a predetermined threshold.

9. The flow control element of claim 7, wherein the membrane is elliptical, the axis
of symmetry is a major axis of the membrane, and the first axis is perpendicular
thereto.
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