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CATHETER WITH REMOVABLE EXTENSION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a division of U.S. patent appli-
cation Ser. No. 10/987,647, filed Nov. 12, 2004, which is a
continuation-in-part of U.S. patent application Ser. No.
10/844,236, filed May 12, 2004, and a continuation-in-part of
U.S. patent application Ser. No. 10/844,276, filed May 12,
2004, now U.S. Pat. No. 7,063,685, each of which is incor-
porated by reference into this application as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] There are a variety of conditions that require injec-
tion of fluids into, or withdrawal of fluids from, a patient’s
circulatory system. It is common to use an implanted catheter
to repeatedly access the patient’s vascular system. A flexible
guidewire placed in the vascular system may be used to facili-
tate placement of the catheter, but its use would prevent the
physician from capping the proximal end of the catheter to
prevent fluid from exiting the catheter or air from entering the
vascular system through the catheter during placement. After
catheter placement, it is common to attach a valve cap or other
terminating device to the proximal end of the catheter to
prevent fluid from exiting the catheter or air from entering the
vascular system through the catheter. However, in case of
accidental separation of the valve cap from the catheter, the
distal end of the catheter would then be exposed to the envi-
ronment outside the body of the patient. The exposed catheter
lumen may increase the patient’s risk of blood loss, air embo-
lism, or infection.

[0003] The use of a cap or adapter to seal the proximal end
of a catheter may increase the risk of trapping air pockets
within the lumen of the catheter, resulting in an air embolism.
Furthermore, during a treatment process requiring infusion of
multiple fluids through the implanted catheter, the physician
may inadvertently leave the lumens unprotected between pro-
cedures, and expose one or more of the lumens to possible
contaminations. Thus, an improved catheter access interface
may allow easy access to the catheter lumen and at the same
time provide better protection against contamination and
infection. In addition, an improved catheter access interface
may also be configured for utilization as a needle-less access
interface for an implanted catheter.

[0004] Therefore, a catheter including a self-sealing proxi-
mal lumen opening and a corresponding connector for
accessing the catheter lumen may be desirable. In particular,
amulti-lumen interface with self-sealing mechanisms may be
especially desirable in medical procedures where infusion of
multiple fluids and/or medications is required.

SUMMARY OF THE INVENTION

[0005] Accordingly, described herein is a catheter intercon-
necting interface that provides a self-sealing capability to the
proximal end of a catheter and a corresponding connector for
releasing the seal and accessing the catheter lumen. In one
aspect of the invention, a multi-lumen catheter is configured
with a valve positioned at the proximal opening of each of the
lumens. A corresponding connector is provided for opening
the valves and providing fluid communication between the
catheter lumens and a purity of extension legs on the connec-
tor.
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[0006] In one variation, the catheter device comprises a
catheter valve assembly and an extension leg unit. The cath-
eter valve assembly has a proximal opening for receiving a
lumen insert on the extension leg unit. The valve in the cath-
eter valve assembly is opened by inserting the lumen insert
into the proximal end of the catheter valve assembly, and the
valveis closed by retracting the lumen insert from the catheter
valve assembly. The catheter valve assembly may be inte-
grated within the proximal end of a catheter. In another varia-
tion, the catheter valve assembly comprises a housing with a
lumen. The proximal end of the lumen is configured to receive
the lumen insert, while the distal end of the housing is con-
figured for connection to a catheter. The catheter may be
connected to the housing through a releasable interface. In
another variation, a permanent connection may be established
between the housing and the catheter.

[0007] Inanother variation, the catheter valve assembly and
its corresponding extension leg unit are configured to support
a multi-lumen catheter. Each of the lumens in the catheter
valve assembly may be provided with a corresponding valve
to prevent fluid outflow (i.e., retrograde backflow). A plurality
of lumen inserts may be provided on the extension leg unit for
opening the valves and providing fluid communication chan-
nels to the lumens in the catheter. A plurality of extension legs
may extend from the proximal end of the extension leg unit
for accessing the lumens in the catheter. In one example, each
of the lumens within the catheter is provided with a corre-
sponding extension leg on the extension leg unit, which
allows the user to establish fluid communication with each of
the lumens independently. Optionally, each of the extension
legs may be connected to an extension catheter or tubing. The
extension catheters may be attached to the extension leg unit
through a removable connection. In another variation, the
extension catheters may be permanently connected to the
extension leg unit.

[0008] In another aspect of the invention, a catheter valve
assembly is provided at the proximal end of a catheter to serve
as an access interface. In one variation, the catheter valve
assembly comprises a housing with a single spring-load valve
which actively seals access to one or more chambers in the
housing. The catheter valve assembly may be configured to
support a catheter including a plurality of lumens. The hous-
ing with a single spring-load valve actively seals access to a
plurality of chambers in the housing. Each of the chambers is
in fluid communication with a corresponding fluid channel. A
cannula is provided for interfacing with the valve assembly.
The cannula has a plurality of lumens matching the number of
chambers in the housing. The cannula is further configured
with a sealed distal end, and a side port is provided for each of
the lumens. When the cannula is inserted into the housing, the
distal end of the cannula displaces the spring loaded valve and
establishes fluid communication channels between each of
the lumens in the cannula with a corresponding chamber in
the housing through the lumen’s side port. In another design
variation, the catheter assembly with the spring-loaded valve
is configured for providing a bifurcating connection to a
single lumen catheter. A single lumen cannula with dual side
ports is configured for insertion into the valve assembly
including two chambers, such that fluid communication can
be established between the two chambers in the housing and
the single lumen in the cannula.

[0009] In yet another aspect of the invention, the catheter
valve assembly is configured as a single lumen catheter
access system. In one variation, the valve assembly comprises
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ahousing supporting an access tubing. The proximal end of a
catheter may be connected to the distal end of the housing
such that the lumen of the catheter is in fluid communication
with the lumen of the access tubing. The proximal end of the
access tubing is closed while one or more orifices are pro-
vided on the circumferential surface of the access tubing.
Within the housing, a low durometer polymeric material (e.g.,
silicone, closed cell foam rubber, etc.) surrounds the distal
portion of the access tubing and seals the orifices on the
access tubing. An access cannula which may be attached to an
extension catheter may be provided for interfacing with the
access tubing in the housing. When the distal end of the access
cannula is inserted into the housing and over the access tub-
ing, the seal around the tubing orifice is displaced, and the
proximal portion of the access tubing is positioned within the
lumen of the access cannula. The proximal portion of the
access cannula has a larger inner diameter than the outer
diameter of the access tubing, such that the inner lumen of the
access cannula can establish fluid communication with the
inner lumen of the access tubing through the tubing orifices.
The distal end of the access cannula may be tapered such that
it can surround the outer periphery of the access tubing to
provide a fluid seal when the access tubing inserted inside the
distal lumen of the access cannula.

[0010] In addition, methods for establishing fluid commu-
nications at the proximal end of a catheter are also disclosed.
In one variation, the method comprises inserting lumen
inserts into the proximal end of a catheter to displaced valves
positioned within the lumens of the catheter. Each of the
valves may comprise a unidirectional valve (e.g., duck-bill
valve, bi-leaf valve, etc.). The lumen inserts may be con-
nected to a distal end of a housing, with extension legs at the
proximal end of the housing for connection to extension
tubings. Once the lumen inserts from the housing are inserted
into their corresponding lumens at the proximal end of the
catheter, fluid communication is established between each of
the lumens within the catheters and a corresponding exten-
sion leg on the housing. A hemodialysis machine may be
connected to the housing through the extension tubings which
can be attached to the extension legs. To disconnect the hemo-
dialysis machine from the patient, the operator may simply
remove the housing and in the process retract the lumen
inserts from the proximal end of the catheter. Once the lumen
inserts are removed, the valves within the catheter lumens
closes by themselves without further intervention by the
operatotr.

[0011] Inanother variation, the method comprises inserting
acannula into a proximal end of a valve assembly to establish
fluid communication with a catheter connected at the distal
end of the valve assembly. In one example, the valve assembly
comprises a depressible valve, and the cannula includes a
blunt distal end for engaging the depressable valve. As the
cannula is inserted into the valve assembly, the depressable
valve is displaced, and fluid communication is established
between the plurality of lumens within the catheter and the
plurality of lumens within the cannula. In one variation, the
cannula comprises two lumens and each of the lumens has an
orifice located on a circumferential surface of the cannula.
Insertion of the cannula into the valve assembly establishes
fluid communication from each of the cannula lumen through
its orifice on the cannula surface to a corresponding catheter
lumen. Once the cannula is removed from the valve assembly,
the valve closes and seals the proximal end of the catheter.
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[0012] The implementation of the catheter valve assembly
and its corresponding extension leg unit provides various
advantages, which may include one or more of the following:
(1) the removable extension leg unit may allow the physician
to easily disengage multiple fluid infusion lines to a catheter,
while simultaneously sealing all access ports without addi-
tional efforts; (2) the catheter valve assembly may prevent
infection, limit backflow, and minimize embolism by keeping
the proximal end of the catheter closed except when accessed
by the extension leg unit or the corresponding access cannula;
(3) the catheter with the proximal end valve assembly may
improve patient safety by insuring that the proximal end of
the catheter is closed except when it is properly accessed; (4)
the catheter with the valve assembly may be accessed mul-
tiple times without requiring replacement; (5) in some varia-
tions the catheter valve assembly may allow selective access
of'individual lumen while keeping the unused lumens sealed;
(6) the catheter valve assembly may have built-in safety fea-
tures to prevent accidental opening of the valve; and (7)
because a blood clot begins to form when blood is exposed to
air, the automatic closure of the valves immediately upon
disengagement of the removable extension leg unit or the
access cannula may minimize coagulation within the catheter
lumen.

[0013] These and other embodiments, features and advan-
tages of the present invention will become more apparent to
those skilled in the art when taken with reference to the
following more detailed description of the invention in con-
junction with the accompanying drawings that are first briefly
described.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG.1 (left)illustrates the proximal portion of a dual
lumen catheter with an integrated valve assembly. FIG. 1
(right) illustrates the corresponding extension leg unit. The
extension leg unit comprises a removable bifurcate including
two lumen inserts at the distal end for engaging the valves in
the catheter valve assembly.

[0015] FIG. 2 is a cross-sectional view of the catheter and
the corresponding extension leg unit of FIG. 1. The catheter
and the extension leg unit are shown in a disengaged position.
[0016] FIG. 3 is a cross-sectional view illustrating the inter-
locking of the extension leg unit with the catheter. As shown,
the lumen inserts engage the valves in the catheter and keep
the valves open.

[0017] FIG. 4 illustrates another variation where the cath-
eter valve assembly is configured as a separate unit for con-
nection to the proximal end of a catheter to control flow and
provide the interface to an extension leg unit.

[0018] FIG. 5 illustrates yet another variation where the
catheter device comprises a triple lumen catheter with a cath-
eter valve assembly integrated within the proximal end of the
catheter. A corresponding extension leg unit with three leg
extensions for engaging the three lumens at the proximal end
of the catheter is also shown.

[0019] FIG. 6A illustrates one variation of a dual lumen
catheter valve assembly, comprising a depressable plunger,
and its corresponding blunt cannula for accessing the valve
assembly.

[0020] FIG. 6B is across-sectional view of the valve assem-
bly and its corresponding cannula of FIG. 6A.

[0021] FIG. 6Cis across-sectional view of the valve assem-
bly of FIG. 6A, shown with the cannula depressing the
plunger and accessing the valve assembly. One possible fluid
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flow implementation is illustrated with arrows showing the
dual lumen catheter being utilized to support simultaneous
inflow and outflow of fluids.

[0022] FIG. 6D is a plain view of the septum implemented
in the valve assembly of FIG. 6 A. The septum is shown from
its proximal end, viewed down its longitudinal axis toward its
distal end.

[0023] FIG. 6E is a cross-sectional view of the septum of
FIG. 6D, with the section taken along its longitudinal axis.
[0024] FIG. 6F is a cross-sectional view of the septum of
FIG. 6E, with the section taken at A-A as indicated in FIG. 6E.
[0025] FIG. 7A is a cross-sectional view of another varia-
tion of a dual lumen catheter valve assembly, comprising a
depressable plunger, and its corresponding blunt cannula for
accessing the valve assembly. The valve is shown fully
closed.

[0026] FIG. 7B illustrates the valve assembly of FIG. 7A
with the blunt cannula engaging the plunger of the valve. The
valve is shown partially accessed.

[0027] FIG. 7C illustrates the valve assembly of FIG. 7A
with the valve fully accessed.

[0028] FIG. 8A illustrates another variation ofa dual lumen
catheter valve assembly, comprising a despressable plunger,
and its corresponding blunt cannula for accessing the valve
assembly.

[0029] FIG. 8B is a cross-sectional view of the dual lumen
catheter valve assembly of FIG. 8 A. The valve is shown fully
closed.

[0030] FIG. 8C illustrates the valve assembly of FIG. 8A
with the valve partially accessed.

[0031] FIG. 8D illustrates the valve assembly of FIG. 8A
with the valve fully accessed.

[0032] FIG. 8E is a plain view of the septum implemented
in the valve assembly of FIG. 8 A. The septum is viewed from
the proximal end towards the distal end.

[0033] FIG. 8F is a side view of the septum of FIG. 8E.
[0034] FIG. 9A illustrates a side view of one variation of a
valve assembly where the accessing cannula is integrated
within a housing. The cannula housing is configured to
engage the valve assembly housing and property orient the
ports on the cannula when the cannula is inserted into the
valve assembly.

[0035] FIG. 9B is a top view of the valve assembly of FIG.
9A.
[0036] FIG.9Cis across-sectional view of the valve assem-

bly of FIG. 9B. The access cannula and its supporting housing
are shown disengaged from the valve assembly.

[0037] FIG. 9D illustrates the valve assembly of FIG. 9C
with the access cannula fully engaging the valve.

[0038] FIG. 9E illustrates a pair of removal tool being posi-
tioned for disengaging the access cannula from the valve
assembly.

[0039] FIG. 10A illustrates another variation of a valve
assembly where the access cannula supporting housing is
configured with latches for securing the access cannula unit to
the valve assembly housing. An optional removal tool for
disengaging the latches is also shown.

[0040] FIG.10Bis aside view of the valve assembly and its
corresponding access cannula unit of FIG. 10A.

[0041] FIG.11A isa side view of another variation of valve
assembly and its corresponding access unit with detachable
clips provided for securing the access unit to the valve assem-
bly housing. The access unit is shown separated from the
valve assembly.
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[0042] FIG. 11B shows the valve assembly and the corre-
sponding access unit of FIG. 11A with the access unit engag-
ing the valve assembly. The clips are shown engaging the
valve assembly housing and securing the access unit to the
valve assembly housing.

[0043] FIG. 12 illustrates another variation of an access
unit where the access cannula bifurcates at the proximal end,
and the housing supporting the cannula is provided with two
channels to supporting fluid communications to two separate
catheters that are connected to the proximal end of the can-
nula housing.

[0044] FIG. 13A is a cross-sectional view illustrating a
variation of an adapter cap for accessing a valve assembly.
The corresponding valve assembly is also shown.

[0045] FIG. 13B illustrates the adapter cap of FIG. 13A
engaging its corresponding valve assembly. The valve is
forced open to allow a guidewire to pass through the valve
assembly.

[0046] FIG. 14A illustrates another variation of a valve
assembly with an integrated safety sealing disk. The safety
sealing disk prevents air or fluid leak if the sealing plunger is
inadvertently depressed. The corresponding access cannula is
also shown.

[0047] FIG. 14B illustrates the valve assembly of FIG. 13A
with the corresponding access cannula engaging the valve
assembly. The access cannula is shown in a partially inserted
position and engaging both the plunger and the safety sealing
disk.

[0048] FIG. 14C illustrates the valve assembly of FIG. 13B
with the plunger and the safety disk fully depressed, allowing
fluids to flow through the valve assembly.

[0049] FIG. 14D is a frontal view of the valve assembly of
FIG. 14A viewed from the distal end of the valve assembly
along the longitudinal axis of the valve assembly towards the
proximal end.

[0050] FIG. 14E is an end view of the safety sealing disk
implemented within the valve assembly of FIG. 14A.

[0051] FIG. 14F is a side view ofthe sealing housing imple-
mented within the valve assembly of FIG. 14A.

[0052] FIG. 14G is an end view of the sealing housing of
FIG. 14F, shown from the distal end along the longitudinal
axis towards the proximal end.

[0053] FIG. 15A illustrates yet another variation of a valve
assembly with an integrated safety sealing disk. The safety
sealing disk prevents air or fluid leak if the sealing plunger is
inadvertently depressed. The corresponding access cannula is
also shown.

[0054] FIG. 15B shows the valve assembly of FIG. 15A
with its corresponding access cannula engaging the plunger
and the safety sealing disk to keep the valve open for fluid
flow.

[0055] FIG. 15C is an end view of the safety sealing disk
implemented within the valve assembly of FIG. 15A. The
safety sealing disk is viewed from the proximal end towards
the distal end.

[0056] FIG. 15D is a side view of the safety sealing disk of
FIG. 15C.
[0057] FIG. 15E is an end view of the septum implemented

within the valve assembly of FIG. 15A.

[0058] FIG. 15F is a side view of the septum of FIG. 15E.
[0059] FIG. 16A illustrates another variation of valve
assembly supporting single lumen catheter connections. The
corresponding access cannula is also shown.
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[0060] FIG. 16B is a cross-sectional view of the valve
assembly of FIG. 16A.

[0061] FIG.16C illustrates the access cannula engaging the
valve assembly of FIG. 16B. The valve is opened to allow
fluids to flow through the valve assembly.

[0062] FIG.16Dis aside view of the of the access tubing of
the valve assembly of FIG. 16B.

[0063] FIG. 16E is a side view of the access tubing of FIG.
16D with the access tubing rotated 90 degrees along the
longitudinal axis of the access tubing.

[0064] FIG. 16F is an end view of the sealing housing
shown from the proximal end along the longitudinal axis
toward the distal end.

[0065] FIG. 16G is a side view of the sealing housing of
FIG. 16F.
[0066] FIG. 17A illustrates another variation of a single

lumen catheter connector with a valve assembly comprising a
plurality of polymeric disks layered one over the other.
[0067] FIG. 17B shows the three polymeric disks and the
house chamber of the valve assembly of FIG. 17A in a disas-
sembled condition.

[0068] FIG. 18A is a cross-sectional view illustrating
another variation of a catheter valve assembly implanted
under the skin of a patient. The corresponding access cannula
is also shown.

[0069] FIG.18B illustrates the access cannula engaging the
valve assembly of FIG. 17A. The valve is shown in an opened
position to allow fluid flow.

DETAILED DESCRIPTION OF THE INVENTION

[0070] The following detailed description should be read
with reference to the drawings, in which like elements in
different drawings may be identically numbered. The draw-
ings, which are not necessarily to scale, depict selected
embodiments and are not intended to limit the scope of the
invention. The detailed description illustrates by way of
example, not by way of limitation, the principles of the inven-
tion. This description will clearly enable one skilled in the art
to make and use the invention, and describes several embodi-
ments, adaptations, variations, alternatives and uses of the
invention, including what is presently believed to be the best
mode of carrying out the invention.

[0071] Before describing the present invention, it is to be
understood that unless otherwise indicated this invention
need not be limited to applications in humans. As one of
ordinary skill in the art would appreciate, variations of the
invention may be applied to other mammals as well. More-
over, it should be understood that embodiments of the present
invention may be applied in combination with various cath-
eters, drug pumps, and infusion devices.

[0072] A hemodialysis catheter is used herein as an
example application of the extension leg unit with its corre-
sponding valve assembly to illustrate various aspects of the
invention disclosed herein. One of ordinary skill in the art
having the benefit of this disclosure would appreciate that the
valve assembly disclosed herein may be applicable with vari-
ous catheters for infusion of fluids into the circulatory system
in various medical applications. It is also contemplated that
the access cannula or extension leg unit with its correspond-
ing valve assembly described herein may be implemented
with various fluid infusion lines and catheters, including, but
not limited to, hemodialysis catheters, central line catheters
and contrast dye injection catheters.
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[0073] It must also be noted that, as used in this specifica-
tion and the appended claims, the singular forms “a,” “an” and
“the” include plural referents unless the context clearly dic-
tates otherwise. Thus, for example, the term “a lumen” is
intended to mean a single lumen or a combination of lumens,
“a fluid” is intended to mean one or more fluids, or a mixture
thereof. Furthermore, the words “proximal” and “distal” refer
to directions closer to and away from, respectively, a physi-
cian operating the implanted catheter with the tip-end (i.e.,
distal end) of the catheter inserted inside a patient’s body.
Thus, for example, the catheter end inserted inside a patient’s
circulatory system would be the distal end of the catheter,
while the catheter end outside the patient’s body would be the
proximal end of the catheter.

[0074] The catheter device with a valve assembly may be
used for facilitating the introduction/removal of a fluid into/
from a patient’s body. The catheter valve assembly may be
temporarily attached to the proximal end of the catheter or it
may be integrated within the proximal portion of the catheter
body. In one aspect of the invention, a removable extension
leg unit is implemented for accessing the valve assembly. The
distal end of the removable extension leg unit is designed for
coupling with the catheter valve assembly at the proximal end
of the catheter. The proximal end of the extension leg unit
may be coupled to an electromechanically powered and/or
magnetically coupled vascular pump to permit assisted flow
of'a fluid into or out of the patient’s body. Bi-directional flow
may be achieved with the implementation of multi-lumen
catheter.

[0075] The catheter valve assembly at the proximal end of
the catheter may be configured with an orifice that is large
enough to allow the passage of a guidewire and/or introducer
(e.g., dilator). Fluid valves, such as polymeric duck-bill
valves or bi-leaf valves, which are compatible with the
guidewire, may be implemented to support “over the
guidewire” placement of the catheter. The fluid valves may
prevent bleed-back or air embolism during the placement of
the catheter. In one design variation, the catheter valve assem-
bly is configured with lumens matching the lumens within the
catheter. Each of the lumens within the catheter valve assem-
bly may be configured with a cross-sectional area that is
+/-10% of the cross-sectional area of its corresponding cath-
eter lumen. In another variation, each of the lumens within the
catheter valve assembly matches the lumen of its correspond-
ing catheter lumen. For example, the valves may be built into
the lumen of the catheter.

[0076] As is apparent from the figures, the catheter valve
assembly at the proximal end of the catheter controls fluid
flow into and out of the proximal end of the catheter. In one
variation, each of the lumens is configured with a valve. In
one particular design, a unidirectional valve (e.g., duck-bill
valve, etc.) that allows fluid to flow into the catheter lumen but
prevents fluid from flowing out at the proximal end of the
catheter is implemented within the valve assembly. The uni-
directional valves may be configured such that the physician
may selectively inject fluids into one of the plurality of
lumens directly without the use of the extension leg unit. The
pressure from the injected fluid opens the valve and allows
inflow of the fluid. Since the unused lumens are sealed by
their corresponding unidirectional valve, the physician does
not have to worry about backflow coming out of the unused
lumens. In the lumen utilized for fluid injection, once the
inflow of the fluid stops, the valve returns to the closed posi-
tion. The syringe used for fluid injection may have a tip
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configured to fit into the lumen opening at the proximal end of
the catheter valve assembly to provide sealed connection for
the injection of the fluid. In another variation, the infusion
syringe/instrument may be configured with an extended distal
tip that can be inserted into the lumen and through the valve,
such that insertion of the extended distal tip forces the valve
open. As a result, as long as the extended syringe tip is
inserted inside the valve assembly, the valve is kept open, and
fluid may be infused or withdrawn by the syringe. Once the
syringe is removed, the valve closes.

[0077] To utilize the plurality of lumens in the catheter
simultaneously, an extension leg unit is provided for engaging
the valve assembly. The extension leg unit may be provided
with a plurality of lumen inserts for insertion into the catheter
valve assembly at the proximal end of the catheter. The lumen
inserts force the valves open and establishes fluid inflow/
outtflow pathways for each of the lumens in the catheter. The
valves within the catheter valve assembly may comprise
duck-bill valves, bi-leaf valves, spring-loaded valves, etc. For
example, the valve can be a spring-like biasing mechanism
that is coupled to a luer fitting at the proximal end of the
catheter valve assembly. When a corresponding extension leg
unit is attached to the catheter valve assembly, the pressure
from the insertion of the extension leg unit is transferred to the
spring, opening the valve. In the default position, with the
extension leg unit disengaged, the valve is biased in the closed
position by the spring.

[0078] As discussed earlier, unidirectional valves may be
advantageous in some applications. In the default state (i.e.,
extension leg unit not connected), the unidirectional valves
prevent fluids from exiting the proximal end of the catheter
but allow fluid inflow. When the extension leg unit is con-
nected, the unidirectional valves are kept open and fluid may
flow in either direction. For example, the valve may comprise
a duck-bill valve that opens when the lumen insert at the distal
end of the extension leg unit is inserted into the mouth of the
duck-bill valve and forces the two valve leafs to part laterally.
The valve may include silicone or other polymeric materials.
[0079] In another variation, bidirectional valves that are
configured to resist low fluid pressure in the lumen of the
catheter and can be forced open through the insertion of
lumen inserts may also be utilized. For example, a silicone
barrier with one or more pre-cut slit may be implemented as
a valve within the valve assembly. The elasticity of the sili-
cone can resist the normal fluid pressure within the catheter
lumen and prevent fluid backflow. When the extension leg
unit is attached to the catheter valve assembly, the lumen
insert pushes through the slit within the silicone barrier and
forms a flow-path through the barrier.

[0080] Referring to FIG. 1, one variation of a removable
extension leg unit 2 (right side of the figure) and a correspond-
ing catheter 4 with a catheter valve assembly 6 (left side of the
figure) are illustrated. In this particular variation, the exten-
sion leg unit 2 comprises a removable bifurcate including two
extension legs 8, 10 at the proximal end 12 and two lumen
inserts 14, 16 at the distal end 18. A luer connector 20 is
provided for securing the extension leg 2 unit to the proximal
end 22 of the catheter 4. The catheter valve assembly 6 is
integrated within the proximal portion of the dual lumen
catheter 4. Within each of the catheter lumen 24, 26 is a fluid
valve 28, 30 positioned close to the proximal opening. In this
particular design, each of the fluid valves 28, 30 comprises a
duck-bill valve as shown in FIG. 1. FIG. 2 is a cross-sectional
view of the extension leg unit 2 and the catheter 4 of FIG. 1.
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The catheter valve assembly 6 and the extension leg unit 2 can
be engaged by inserting the lumen inserts 14, 16 into the
lumens 24, 26 of the catheters, as shown in FIG. 2. FIG. 3
shows the extension leg unit 2 engaged to the catheter 4 via
the valve assembly 6. As shown, each of the two lumen inserts
14, 16 diverts the leaflets of the corresponding valve towards
the inner wall of the catheter lumen and establishes a continu-
ous fluid pathway from the lumen 24, 26 of the catheter,
through the valve 28, 30 and into the corresponding extension
leg 8, 10. In one embodiment, the catheter valve assembly 6 is
configured for repeated and/or prolonged access and does not
interfere with fluid flow when valves are opened. In the par-
ticular variation shown in FIG. 3, the lumen inserts 14, 16
isolate the valves 28, 30 from the fluid and prevent the valves
28, 30 from interfering with the fluid flow in any way.
[0081] In this variation, the luer connector 20 is provided
around the distal end of the extension leg unit 2, and corre-
sponding luer interface 32 is provided around the shaft of the
catheter 4 at the proximal end of the catheter. The luer con-
nector 20 provides for protection against accidental discon-
nection of the extension leg unit 2 from the proximal end of
the catheter 4. The luer connector 20 can be rotated around the
lumen inserts 14, 16, such that once the lumen inserts 14, 16
are inserted into the proximal end 22 of the catheter 4, the luer
connector 20 can be rotated to engage the corresponding
thread 34 on the circumferential surface at the proximal end
of the catheter body 4. The luer connector fits axially about
the distal portion of the extension leg unit 2. The inner surface
of'the luer connector 36 is appropriately threaded such that it
can be selectively attached to the threaded portion 34 of the
catheter body 4 to secure the catheter 4 to the extension leg
unit 2. As illustrated in FIG. 1, the luer connector 20 may
include female threads to selectively receive the male threads
formed around the shaft of the catheter.

[0082] Inanother variation, the catheter device may further
comprise a coupling lock that detachably locks the proximal
end of the extension leg set to the catheter valve assembly. In
one embodiment, the coupling lock is integrally connected to
the extension leg unit and/or the catheter shaft. While FIGS.
1-3 show the luer connector on the extension leg unit, the
position of the luer connector may be reversed such that the
male side of the luer interface can be on proximal end of the
catheter and the female side of the luer interface can be on the
extension leg unit.

[0083] The catheter device described herein may also
include a compression sleeve that fits axially about the distal
portion of the extension leg unit around the lumen inserts, as
well as fitting axially about each of the extension legs. The
compression sleeve may be formed of malleable material so
as to provide further compression on the connection between
the connecting catheter/tubing and its corresponding connec-
tor. For example, luer connection and the compression sleeve
may be implemented together to create a force to prevent
inadvertent separation of the extension catheter or tube from
the extension leg after the extension leg has been inserted into
the lumen of the extension catheter/tubing. In another varia-
tion, the compression sleeve may be placed on the multi-
lumen catheter to secure the catheter on the lumen inserts.
[0084] In one embodiment, the catheter has a first and sec-
ond lumen 24, 26 as shown in FIG. 1. Each of the first and
second lumens 24, 26 has a generally D-shaped cross-section.
A longitudinally extending wall 38 defines the two lumens
24, 26 along the length of the catheter body 4. Each lumen 24,
26 connect to a respective lumen insert 14, 16 for fluid com-
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munication therewith. As shown in FIG. 2, the connection
between the proximal portions of each of the extension leg 8,
10 and the distal portion of an extension catheter or tubing is
an overlapping fitted connection. However, any other appro-
priate fastening means, such as detents may be used. In
another variation, the proximal end of each leg extension is
configured with a female luer interface for connection to an
extension tubing’s male luer distal tip. In addition, ribs 40 or
grooves may be provided on the circumferential surface of the
leg extension 8, 10 to improve connection between the leg
extensions and their corresponding extension tubings.

[0085] Markings, indicators and/or coloring may be pro-
vided on the extension leg unit and the proximal portion of the
catheter to assist the operator in matching the proper connec-
tions between each of the lumen inserts and its corresponding
lumen within the catheter. To further ensure matched corre-
spondence, the catheter tips at the proximal end of the cath-
eter, the lumen inserts, and the extension legs may follow the
same marking pattern. Thus, the first indicator is associated
with one of the lumen inserts and a second indicator is asso-
ciated with the other lumen insert, such that the first indicator
and the second indicator define a correspondence between
that lumen insert and an associated catheter lumen. In addi-
tion, the corresponding leg extension may be provided with
the same indicator. While the indicator may be a visual indi-
cator, such as color or lettering, a multi-lumen catheter with
an extension leg attachment utilizing any indicator, visual,
tactile, or otherwise, should be considered within the scope of
the invention.

[0086] For example, the catheter may be a dialysis catheter
with staggered lumen openings at the distal end of the cath-
eter. One may provide blue and red markings on the catheter
body corresponding to the lumens representing the arterial-
line and the venous-line in the dialysis catheter. The lumen
inserts and the extension legs on the extension leg unit may
also be correspondingly marked with red and blue to prevent
the operator from accidentally connecting the venous feed
from the dialysis machine to the arterial-line on the catheter.

[0087] In another aspect of the invention, the catheter
device comprises a catheter valve assembly 6 with a distal end
42 for connection to the proximal end 22 of a catheter 4, and
a proximal end 44 for connection to the distal end 18 of an
extension leg unit 2, as shown in FIG. 4. The distal end 42 of
the catheter valve assembly 6 may comprise an oversleeve 46
for receiving the distal portion 48 of the catheter 4 and allow-
ing the catheter 4 to be solvent-bond to the distal end of the
catheter valve assembly 6. In another variation, the distal end
42 of the valve assembly 6 may comprise various locking
interfaces with corresponding locking interfaces provided on
the proximal end 22 of the catheter 4 for connecting the
catheter 4 to the valve assembly 6. In the particular variation
shown in FIG. 4, the catheter valve assembly 6 supports two
lumens 50, 52. The distal end of each lumen exits in a corre-
sponding lumen insert 54, 56 configured for insertion into one
of'the lumens 24, 26 at the proximal end 22 of the catheter 4.
Although semi-circular lumen shapes are illustrated here, one
of ordinary skill in the art would appreciate that other geom-
etries may also be implemented within the corresponding
lumens. The proximal ends 44 of the catheter valve assembly
6 are configured to receive the lumen inserts 14, 16 from the
extension leg unit 2. A valve 28, 30 is configured within each
of the lumens 50, 52 in the catheter valve assembly 6 to
prevent retrograde fluid flow when the extension leg unit 2 is
disengaged from the catheter valve assembly 6. When the
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extension leg unit 2 is connected to the proximal end 44 of the
catheter valve assembly 6, the lumen inserts 14, 16 from the
extension leg unit are inserted into their corresponding
lumens 50, 52 in the catheter valve assembly 6, forcing the
valves 28, 30 to open. Various locking mechanisms that were
described earlier may also be configured here for connecting
the extension leg unit 2 to the catheter valve assembly 6. An
adapter comprising a valve assembly 6, such as the one illus-
trated in FIG. 4, may also be implemented for connecting an
extension catheter to the proximal end of an implanted cath-
eter.

[0088] In another variation, the catheter adapter with an
integrated valve assembly may be configured with an anti-
thrombogenic agent and/or an antibacterial agent. An anti-
thrombogenic agent or material may be placed inside the
lumens of the adapter to prevent coagulation and formation of
thrombus within the adapter. For example, an antithrombo-
genic agent (e.g., heparinized hydrophilic polymer, various
heparin complexes, etc.) may be coated on the inner surface
of'the adapter’s lumens. In another variation, an antibacterial
agent or material may be placed within the lumens of the
adapter to serve as a bacterial barrier to prevent migration of
infective agents into the lumens of an implanted catheter. For
example, the adapter may comprise of an antibacterial poly-
mer. In another variation, the inner lumens of the adapter may
be coated with an antibacterial agent (e.g., polymer integrated
with antibiotic such as gentamicin, nitrofurazone, Minocy-
cline-rifampin, etc.). In anther variation, the polymeric valves
within the valve assembly comprise a polymer impregnated
with an antithrombogenic and/or an antibacterial agent. Fur-
thermore, an antibacterial agent may also be provided on the
outer surface of the adapter.

[0089] As stated above, the invention is described with a
design containing two lumen inserts and a catheter valve
assembly integrated within the tubing at the proximal end of
a dual-lumen catheter. The present invention should not be
limited, however, to this embodiment. Other appropriate con-
figurations should be considered within the scope of the
present invention. For example, the catheter tube and corre-
sponding lumen inserts may be a series of concentric tubes of
varying diameter. In another variation, the invention may
provide a similar configuration to that described hereinabove
with three (or more) lumen inserts and a triple (or more)
lumen catheter tube.

[0090] FIG. 5 illustrates one design variation of a triple
lumen configuration. In this variation, the catheter 62 com-
prises three pie-shaped lumens 64, 66, 68. Each of the cath-
eter lumens 64, 66, 68 has an integrated valve positioned close
to its proximal opening. An extension leg unit 70 supporting
three lumen inserts 72, 74, 76 is configured for connecting
extension tubings to the catheter 62. The three lumen inserts
72,74, 76 may be placed into the three corresponding lumen
openings 64, 66, 68 at the proximal end 78 of the catheter 62.
The insertion of the lumen inserts 72, 74, 76 forces the valves
in the catheter to open and establishes fluid communication
from each of the lumens 64, 66, 68 to one of the three exten-
sion legs 80, 82, 84 atthe proximal end 86 of the extension leg
unit 70. Each of the three leg extensions 80, 82, 84 may be
connected to an extension tubing or catheter. In another varia-
tion, the triple lumen configuration may be implemented with
three circular lumens, instead of the three pie-shaped lumens.
[0091] In another variation, the catheter device is config-
ured with fluid valves that allow introduction of an introducer
(dilator) and/or guidewire through the catheter device. For
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example, a duck-bill valve positioned in the lumen of the
catheter may be configured to accommodate a dilator. As the
dilator is inserted into the proximal end of the catheter, the
valve leaf of the duck-leaf valve is forced against the wall of
the catheter and allows the dilator to be advanced toward the
distal end of the catheter. One of ordinary skill in the art,
having the benefit of this disclosure would appreciate that
other polymeric valves or compressible/retractable valve
mechanisms may also be implemented.

[0092] It should be appreciated in view of this disclosure
that the catheter device described herein may be configured to
permit reverse tunneling of an associated catheter. In the
variation shown in FIG. 1, the proximal end 22 of the catheter
4 has a profile similar to the mid-shaft 23 of the catheter 4 such
that it can be easily reverse tunneled through a small channel
in the body of the patient. In comparison, if the catheter had a
large valve mechanism at its proximal end, it would be diffi-
cult to pass the proximal end of the catheter with a large
surface profile through a small channel created within the
body of the patient. In one particular design, the proximal
portion of the catheter, which houses the valve assembly, has
a cross-sectional area that is no more than 10% larger than the
cross-sectional area at the mid-shaft of the catheter body. In
another design variation, the proximal portion of the catheter
has a cross-sectional area that is no more than 5% larger than
the cross-sectional at the mid-shaft of the catheter body.

[0093] Because the extension leg unit may comprise low
cost polymeric materials, the extension leg unit may be dis-
pensed after one treatment. The use of a new extension leg
unit for each treatment may decrease the risk of infection. In
some applications, such as chemotherapy treatment, it may be
desirable to dispose of the extension leg unit and the associ-
ated extension tubings that are connected to the extension
legs. Furthermore, blood filters, drug infusion pumps, and
other medical instrumentation may be connected to a new
extension leg unit prior to connection of the extension leg unit
to the catheter, thereby enabling ease of connection of the
patient’s implanted catheter to a plurality of tubings or fluid
sources. For example, the arterial-line and the venous-line of
the dialysis machine may be connected to an extension leg
unit prior to the patient’s arrival. Once the patient is ready, the
patient can be quickly hooked up to the dialysis machine by
simply connecting the proximal end of the implanted dialysis
catheter to the extension leg unit. After treatment, patient may
be quickly disconnected from all the tubings by simply dis-
connecting the extension leg unit from the proximal end of the
implanted dialysis catheter. Once the extension leg unit is
removed, the valves at the proximal end of the catheter auto-
matically close, and prevent fluid backflow from the catheter
and seal the lumens from outside air exposure. An optional
cap may then be placed on the proximal end of the implanted
dialysis catheter.

[0094] In one variation, the extension leg unit may be con-
figured with an antithrombogenic agent and/or an antibacte-
rial agent. An antithrombogenic agent or material may be
placed inside the lumens of the extension leg unit to prevent
coagulation and formation of thrombus within the extension
leg unit. For example, an antithrombogenic agent (e.g., hep-
arinized hydrophilic polymer, various heparin complexes,
etc.) may be coated on the inner surface of the extension leg
unit’s lumens. In another variation, antibacterial agent or
material may be placed within the lumens of the extension leg
unit to serve as a bacterial barrier to prevent migration of
infective agents into the lumen of an implanted catheter. For
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example, the extension leg unit may comprise of an antibac-
terial polymer. In another variation, the inner lumens of the
extension leg unit may be coated with an antibacterial agent
(e.g., polymer integrated with antibiotic such as gentamicin,
nitrofurazone, Minocycline-rifampin, etc.). Furthermore, an
antibacterial agent may also be provided on the outer surface
of the extension leg unit.

[0095] In another variation, the catheter device is config-
ured to allow fluids to flow through the catheter device at a
flow rate of about 0-500 ml/min. The valves assembly and the
corresponding extension leg unit may be configured such that
they introduce minimal resistance along the fluid flow paths.
In another design, the catheter device is configured to support
a fluid infusion rate of at least 200 ml/min. In yet another
design, the catheter device is configured to support a fluid
infusion rate of at least 400 ml/min.

[0096] In yet another variation, the catheter device further
comprises a porous mesh or filter positioned along one or
more of the fluid paths. In one variation, the porous mesh or
filter is positioned in the catheter valve assembly unit. In
another variation, the porous mesh or filter is positioned in the
extension leg unit. For example, the porous mesh or filter may
be placed in the lumen within each of the extension legs. The
housing of the extension leg unit may comprise a transparent
plastic such that the operator can easily monitor fluid flow
inside the extension leg unit. Because the extension leg unit
may be disposable, if the porous mesh or filter is clogged, the
operator may simply replace the entire extension leg unit.
[0097] Inanother aspect of the invention, the catheter valve
assembly 102 is configured within a housing 104 that may be
removably or permanently attached to the proximal end 106
of a catheter 108. In one variation, as shown in FIG. 6A, a
valve assembly 102 is provided for accessing the proximal
end 106 of a dual lumen catheter 108. An access cannula 110
is configured for insertion into a housing supporting a valve
assembly. The distal end 112 of the housing 104 is connected
to a dual lumen catheter 108. In one particular design, the
housing 104 is configured with a length, I.1. The valve assem-
bly 102 comprises a depressable plunger 114 for sealing the
opening 116 on the valve assembly 102, as shown in FIG. 6B.
In this particular example, the plunger 114 is spring-loaded
118. However, one of ordinary skill in the art would appreci-
ate that other compression mechanisms or resilient materials
that can overcome compressive stress may also be utilized in
place of a spring 118 to actively displace the plunger 114 to
seal the access opening 116 of the valve assembly.

[0098] The proximal end 120 of the housing has an opening
116 for receiving an access cannula 110. At the distal end 112
of'the housing 104 are two ports 122, 124 for connectionto a
dual lumen catheter. Within the housing, two chambers 126,
128 are provided. Each of the two chambers 126, 128 is
connected to a corresponding port 122, 124 through a channel
130, 132. The distal end of the housing may be configured
with two extension legs 134, 136 for insertion into a dual
lumen catheter, such that the catheter may be directly con-
nected to the housing without the need for a standard bifur-
cation, extension legs and luer connectors.

[0099] A septum 138, which may be made of a material
such as silicone, is implemented to provide a seal around the
plunger 114 when the plunger is in an extended position. FIG.
6D shows the septum 138 from its proximal end. A center
opening 140 is provided for receiving the plunger, and two
side openings 142, 144 are provided to surround the two
chambers. FIG. 6F is a cross-sectional view ofthe septum 138
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taken along its longitudinal axis. FIG. 6F is a cross-sectional
view of the septum taken along section A-A as indicated in
FIG. 6E. An optional flexible boot or sleeve may be placed
around the spring 118 to protect the spring and prevent par-
ticle build-up within the gaps within the spring.

[0100] An access cannula 110 is provided to depress the
plunger 114, allowing fluid access of the chambers 126, 128
within the valve assembly housing 104. The proximal end of
the access cannula 110 may be connected to a catheter. In
another variation, the distal end of a catheter may be modified
to serve as an access cannula. In this example, the access
cannula has a blunt distal end 146 for interfacing with the
plunger 114. Two lumens 148, 150 are provided within the
access cannula. Each of the lumens 148, 150 has a side port
152, 154 such that when the access cannula is inserted within
the valve assembly, fluid communication may be established
between a corresponding chamber 126, 128 within the hous-
ing and the lumens 148, 150 of the access cannula. FIG. 6B
shows the valve closed with the access cannula 110 disen-
gaged from the valve assembly 102. FIG. 6C shows the access
cannula 110 depressing the plunger 114, which fully opens
the valve.

[0101] Another variation of the valve assembly 102 is illus-
trated in FIG. 7A. In this variation, the distal end of the access
cannula 110 has a taper 156 to facilitate the insertion of the
cannula 110 into the valve assembly 102. The tapered profile
may help separate the septum 138 from the plunger 114, as
shown in FIG. 7B. When the access cannula 110 is fully
inserted into the valve assembly 102, the tapered profile
engages the inner wall 158 of the septum 138 and seals the
plunger 114 and its spring mechanism from the fluid flowing
inthe chambers 126, 128 of the valve assembly 102, as shown
in FIG. 7C. In this variation, the fluid flow path is defined by
the septum 138 that also serves to seal around the plunger 114
when the valve assembly is not accessed. The septum 138 also
seals around the access cannula 110 when the valve assembly
is accessed. The inner surface 160, 162 of the septum 138 is
configured with a curved profile to allow a guidewire inserted
from the distal port 122, 124 of the housing to easily pass
through the valve assembly 102. For over the guidewire inser-
tion, an adapter with an access cannula may be utilized to
depress the plunger and keep the valve open.

[0102] Referring to FIGS. 8 A-8D, another variation of the
valve assembly 102 is illustrated. In this design, the septum
138 has a disk-shaped body with a center opening 140 to
accommodate the plunger 114. FIG. 8E shows the septum 138
from a top view. FIG. 8F is a side view of the septum 138. The
inner wall 164, 166 of the valve assembly housing surrounds
the two chambers 126, 128. The walls 168, 170 at the proxi-
mal end of the chambers are tapered to assist the pass-through
of a guidewire.

[0103] A housing, adapter, or casing 172 may be provided
to support the access cannula 110 and to position the access
cannula 110 within the valve assembly 102 when the valve
assembly 102 is accessed. FIGS. 9A-9E illustrate one varia-
tion in which the housing 172 for the access cannula 110 is
configured with leg/tubing extensions 174, 176. FIG. 9A is a
side view of a detachable extension leg unit 178 for interfac-
ing and accessing the corresponding valve assembly 102. The
distal end ofthe valve assembly housing is connected to a dual
lumen catheter 108. Latches 180, 182 are provided for secur-
ing the detachable extension leg unit 178 to the housing 104
of the valve assembly 102. FIG. 9B is a top view of the
detachable extension leg unit 178 and the corresponding

Jun. 19, 2008

valve assembly. In this particular design, the housing 104 of
extension leg unit 178 has a length 1.2. As shown in FIG. 9C,
two extension/tubing 174, 176 are connected to the proximal
end 184 of the access cannula 110 and direct fluids in and out
of the two lumens 148, 150 within the access cannula 110.
The two extensions 172, 176 bifurcate as they exit the housing
172. Luer connectors may be provided at the proximal end of
the extensions for connection to other tubing or catheters. In
another variation, a single extension with a dual lumen may
be implemented on the access cannula housing 172 for con-
nection to the proximal end of the access cannula 110. In
addition, an optional redundant O-ring seal 186 may be pro-
vided on the shaft of the access cannula 110 to improve the
seal between the access cannula 110 and the valve assembly
102 when the access cannula 110 engages the valve assembly
102.

[0104] Asshown in FIG. 9C, latches 180, 182 are provided
on the inner surface of the access cannula housing 172 for
engaging and securing the access cannula housing 172 to the
valve assembly housing 104. FIG. 9D shows the access can-
nula 110 fully inserted within the valve assembly 102 and the
latches 180, 182 engages their corresponding notches 188,
190 on the valve assembly housing 104. In this particular
design, slots 192, 194 are provided on the access cannula
housing 172 for receiving a removal tool 196, 198 to release
the latches from the valve assembly housing. As shown in
FIG. 9E, a pair of removable tools 196, 198 are inserted into
the removal tool access slots and the latches 180, 182 are
forced to disengage from their corresponding notches 188,
190. Once the latches 180, 182 have disengaged, the detach-
able extension unit 178 with its access cannula 110 may be
pried apart from the valve assembly unit 102.

[0105] One of ordinary skill in the art having the benefit of
this disclosure would appreciate that various other locking
mechanisms may be implemented to secure the access can-
nula within the valve assembly. In another variation, latches
180, 182 with built-in levers 200, 202, such as the ones
illustrated in FIG. 10A may be utilized. An optional removal
tool 204 may be provided to disengage the latches 180, 182.
FIG. 10B is a side view illustrating the position of an inte-
grated latch 182. In another example, detachable clips 206,
208 may be provided on the housing 172 supporting the
access cannula 110, as shown in FIG. 1A. The operator
depresses the lever 210, 212 on the clip to release the distal
end of the clip so the valve assembly 102 may be slid into the
access cannula housing 172. Once the valve assembly 102 is
positioned in place, the clips 206, 208 are released to engage
the valve assembly housing 104 and secure the proximal end
120 of the valve assembly housing 104 within the access
cannula housing 172 as shown in FIG. 11B. To disengage
from the valve assembly 102, the operator may depress the
clips 206, 208 and pull the access cannula unit 178 off of the
valve assembly 102.

[0106] In another variation, the access cannula unit 178
may be configured with extension legs 214, 216 branching
from the housing 172, supporting the access cannula, as show
in FIG. 12. In this particular design, the proximal portion 218
of the cannula 110 is configured with a bifurcation. Each
branch of the bifurcate 220, 222 is connected to a respective
lumen of one of the two extension legs 214, 216. Tubing or
catheters 224, 226 may be solvent bond onto the extension
legs as shown in FIG. 12. In another variation, a luer fitting
may be provided at the proximal ends of the extension legs
214, 216 such that tubing or catheters 224, 226 may be con-
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nected to the extension legs 214, 216. Certainly, there are
many other ways to connect tubing 224, 226 to extension legs
214, 216, which would be within the scope of this invention.

[0107] An optional adapter 228 may be provided to allow
the operator to electively access the valve assembly 102. In
one variation the access adapter 228 comprises a housing 230
with a protruding element 232 for depressing the plunger 114
in the valve assembly 102. In one example, the access adapter
228 comprises a housing 230, supporting a single lumen
access cannula 234. An optional valve 236 may be provided at
the proximal end 238 of the cannula 234 to prevent fluid
backflow from the opened valve assembly 102 and keeping
the system sealed when not in use. The valve 236 may include
various pliable polymeric materials. In one variation, the
valve 236 comprises a block of pliable silicone with a slit to
allow needles or wiring to pass through. In another variation,
the valve 236 comprises a silicone block 240 with an inner
lumen modeled in an hourglass-shape 242 as shown in FIG.
13A. The proximal end 244 of the hourglass lumen is closed.
A slit 246 is provided on the closed proximal end 244 to allow
an elongated object to be pushed through.

[0108] With the access adapter 228 connected to the valve
assembly 102, the operator may insert a needle on a syringe
through the valve 236 and inject fluids and/or medication
through the opened valve assembly 102. In another applica-
tion, the access adapter 228 is utilized for over the guidewire
insertion of a catheter, as shown in FIG. 13B. The distal end
112 of the valve assembly 102 is attached to the proximal end
of a catheter. An access adapter 228 is attached to the proxi-
mal end 120 of the valve assembly to depress the plunger 114
and open the valve assembly. The distal end of the catheter
may then be inserted over a guidewire that has its proximal
portion inserted within a vessel of a patient. The catheter is
then advanced forward along the length of the guidewire.
Finally, the proximal end 248 of the guidewire 250 passes
through the opened valve assembly and then through the
valve 236 at the distal end of the access cannula 234. The
valve 236 prevents fluids in the catheter lumen from back-
flowing out of the proximal end of the access adapter 238.
[0109] Inapplications where an hourglass-valve 236 is uti-
lized as illustrated in FIG. 13B, the neck ofthe hour glass may
provide a seal around -circumferential surface of the
guidewire 250 and provide added protection to back-flow in
addition to the slit 246 at the proximal end. Since the neck 252
of the hourglass 236 valve may be configured with a circum-
ferential inner surface including an inner diameter that is
equal or slightly smaller than the outer diameter of the
guidewire 250, the neck portion 252 may provide a more even
seal around the body of the guidewire 250 than the proximal
end slit 246.

[0110] Although a single lumen access cannula 234 is illus-
trated in FIG. 13A, one of ordinary skill in the art would
appreciate that a dual lumen access cannula may also be
implemented in the access adapter to allow the operator to
selectively inject or withdrawal fluids from either of the cath-
eter lumens. In addition, one may modify the single lumen
access cannula adapter 228 by removing the valve 236, and
attaching a catheter to the proximal end of the cannula hous-
ing. In another variation, an extension leg may be provided at
the proximal end of the housing for connection to a catheter.
The modified access cannula adapter may then be utilized to
connect a single lumen catheter to a dual lumen catheter for
accessing the two lumens simultaneously.
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[0111] In another variation of the valve assembly 102, a
safety sealing disk 254 is implemented to prevent accidental
opening of the valve. The safety disk 254 is configured such
that depressing the plunger 114 alone can not open the valve.
In this design, the access cannula 110 may depress the
plunger 114 and at the same time engage the safety disk 254
to establish an open fluid pathway within the valve assembly
102. In one variation, as shown in FIG. 14 A, a first spring 256
positioned at the distal end of the plunger provides spring-
loading ofthe plunger 114. A second spring 258 positioned on
the shaft of the plunger 114 between the base 260 of the
plunger and the safety disk 254 provides the spring-loading of
the safety disk 254. Depending on the design criteria, the
thickness of the safety disk 254 may be modified to provide
the necessary protection. In this design, if the plunger 114 is
depressed without engaging the safety sealing disk 254, the
second spring 258 keeps the safety sealing disk 254 in place
and prevent premature leakage of fluids. When an access
cannula 110 is partially inserted into the valve assembly, as
shown in FIG. 14B, the distal tip of the cannula 110 engages
both the plunger 114 and the safety sealing disk 254. As the
plunger 114 and the safety sealing disk 254 are fully
depressed, fluids may then flow out of the lumens 148, 150 of
the access cannula 110, through the openings 262, 264 on the
safety sealing disk 254, and into the channels 130, 132 in the
valve assembly housing 104, as shown in FIG. 14C.

[0112] FIG. 14D shows the valve assembly housing 104
viewed from the distal end 112 of the housing. Two extension
legs 134, 136 form the two inserts for insertion into a dual
lumen catheter. FIG. 14E is a plain view of the safety sealing
disk 254. A center opening 266 accommodates the plunger
114; two side openings 262, 264 provide the pathways for
fluid pass-through when the safety disk 254 is depressed.
FIG. 14F is a side view of the septum 138 which provides the
seal around the plunger 114 and the safety sealing disk 254
when the valve is closed. When the valve is accessed by an
access cannula 110, the septum 138 provides the seal around
the access cannula 110 and guides the safety sealing disk as it
displaces toward the distal end of the housing. FIG. 14G is a
plain view of the septum 138 viewed form the proximal end
down its longitudinal axis.

[0113] In another variation, as shown in FIG. 15A, the
safety sealing disk 254 is spring-loaded by a spring 268
position along the inner wall 270 of the valve assembly hous-
ing 104. The septum 138 comprises a disk-shaped block with
an opening 140 to accommodate the plunger 114, as shown in
FIG. 15E. FIG. 15F illustrates the side view of the septum
138. The safety disk 254, as shown in FIG. 15C, comprises a
center opening 266 to accommodate the plunger 114 and two
side channels 262, 264 to allow fluid pass-through when the
safety sealing disk 254 is depressed. In this design, if the
plunger 114 is accidentally depressed without engaging the
safety disk 254, as the plunger advances distally, the inner
wall 270 of the safety sealing disk is exposed. However, the
presence of the safety sealing disk 254 blocks fluid from
flowing into or out of the chambers 126, 128 within the valve
assembly 102. The distal end of the access cannula 110 is
tapered 272 to facilitate insertion of the tip 274 of the cannula
between the plunger 114 and the septum 138. In addition, the
tapered profile 272 is also configured to engage the safety
sealing disk 254. As shown in FIG. 15D, the inner wall 270 of
the center opening 266 of the safety sealing disk 254 is con-
figured with a slanted profile 276 matching the tapered profile
272 on the distal end of the access cannula 110. When the
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access cannula 110 is inserted into the valve assembly 102,
the tapered profile 272 on the outer wall of the access cannula
110 engages the inner wall 270 of the safety sealing disk’s
center opening 266 and forces the safety sealing disk 254 to
displace distally, as shown in FIG. 15B. Consequently, fluid
paths are established through the valve assembly.

[0114] Although in the above examples, a dual channel
valve assembly is used to illustrate the functionality of a
plunger-based valve assembly, one of ordinary skill in the art
having the benefit of this disclosure would appreciate that the
plunger-based valve assembly may be modified to accommo-
date single channel connections or connections with three or
more fluid channels. For example, the device shown in FIG.
15B may be modified such that the access cannula 110 has a
single lumen and the extension legs 134, 136 at the distal end
of the housing may be merged into a single extension. As
such, the valve assembly unit may serve as a proximal end
protection for a single lumen catheter, and at the same time,
provide an interface for connecting another single lumen
catheter to serve as an extension. In another variation, the
device shown in FIG. 15B may also be modified such that the
access cannula 110 supports three or more lumens with cor-
responding side ports. The valve assembly 102 may be con-
figured with a plurality of chambers matching the number of
lumens in the access cannula. As such, the valve assembly
may be utilized to provide proximal end protection and con-
nection to a catheter including a plurality of lumens. In
another variation, the valve assembly may be utilized for
sealing a plurality of single lumen catheters and allow simul-
taneous access of all the single lumen catheters connected to
the valve assembly. For example, the valve assembly may
have four chambers with four corresponding ports. Each of
the ports is connected to a separate catheter. An access can-
nula including four lumens may then be utilized to access the
four catheters connected to the four chamber valve assembly
simultaneously.

[0115] Inyetanotheraspectoftheinvention, a valve assem-
bly 102 is configured for single lumen catheter connection
and access protection. The valve assembly comprises a hous-
ing which is accessible at the proximal end 180 with an access
cannula 110 including a slightly tapered 282 blunt end 284, as
shown in FIG. 16A. A catheter 292 may be attached (either
pre-connected or attachable) to the distal end of the valve
assembly housing 294. An access tubing 286 with a closed
proximal end 288, and one or more side orifices 290 for
accessing the lumen of the tubing 286 is positioned at the
center of the housing 290. The distal end 296 of the access
tubing is attached to the valve assembly housing 294 and a
fluid communication path is established between the lumen of
the catheter 292 and the lumen of the access tubing 286. In
one design, the access tubing 286 has two oval shaped orifices
290, 296, as shown in FIG. 16D and FIG. 16E.

[0116] A compressible seal 298 is positioned within the
valve assembly housing 294 and surrounds the access tubing
286 to seal the orifices 290, 296 on the access tubing 286, as
shown in FIG. 16B. The compressible seal 298 may comprise
various compressible polymeric materials (e.g., low durom-
eter silicone, closed cell foam rubber, etc.). FIG. 16F is a
proximal end view of the compressible seal 298. FIG. 16G is
a side view of the compressible seal 298. Indentations 300 are
provided around the circumferential surface of the compress-
ible seal 298, such that the compressible seal may have room
302 for displacement within the valve assembly housing 294
when the access cannula 110 engages the valve assembly 102.
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To provide access to the catheter, the access cannula 110 is
aligned with the access tubing 286 within the valve assembly
housing 294, and then the access cannula 110 is inserted into
the valve assembly 102 and over the access tubing 286. As the
access cannula 110 is advanced into the valve assembly 102,
as shown in FIG. 16C, the access cannula 110 separates the
compressible seal 298 from the access tubing 288 and pushes
the compressible seal 298 against the inner wall 304 of the
valve assembly housing 294. Because the inner diameter 306
of'the access cannula 110 is larger than the outer diameter 308
of the access tubing 286, a fluid flow-path is established
between the inner lumen of the access tubing 286 and the
inner lumen of the access cannula 110, through the orifices
290, 296 on the inner tubing 286. The distal end 284 of the
access cannula 110 is tapered and may be configured to pro-
vide an additional seal around the base 310 of the access
tubing 286.

[0117] Inanother variation, a single lumen catheter connec-
tion 312 is configured with a valve assembly 314 comprising
a plurality of polymeric layers, each with at least one access
slit 316. In the example shown in FIG. 17A, the valve assem-
bly comprises a housing 318 supporting three layers of a disk,
which may be made of silicone, layered over each other to
form the access port 312. The top layer 320 has an opening
322 at the center of the disk to guide the placement of an
access cannula, as shown in FIG. 17B. The middle layer 324
has a slit 316 across the center of the disk. The bottom layer
326 also has a slit 328 on the center of the disk. An inner frame
330 is provided to support the polymeric disks. The middle
324 and the bottom disk 326 are positioned such that their
corresponding slits 316, 328 are angularly aligned with each
other. In one variation, the two slits 316, 328 are positioned
perpendicularly with each other such that the slits cross at the
center of the access port. One of ordinary skill in the art would
appreciate that three or more polymer disks with slits may
also be implemented. Additional disks with circular openings
may be implemented as the base layer or between the slit
disks to keep the access cannula aligned when it is inserted in
to the valve assembly.

[0118] The various valve assemblies described above may
be configured to serve as needle-less catheter access systems.
In one example, illustrated in FIG. 18A, the valve assembly
102 is attached to the proximal end 335 of a catheter 332 and
implanted into a patient’s body. The outer circumference of
the valve assembly may be encased within a Vitacuff® mate-
rial 334 to facilitate tissue in-growth to seal around the valve
assembly 102 implanted under the skin of the patient. The
proximal access end 336 of the valve assembly 102 is exposed
on the surface of the skin. The distal end 338 of the valve
assembly housing 342 may be modified to provide suitable
catheter connection angles depending on the particular appli-
cation. For example, in FIG. 18A, the distal portion 340 ofthe
valve assembly housing 342 has a bent profile to support that
attachment of a catheter 332 at an angle. To access the
implanted catheter 332, an access cannula 110 is inserted into
the valve assembly 102 through the access port 344 exposed
on the surface of the skin. FIG. 18B shows the access cannula
110 engaging the valve assembly 102 and a fluid path is
established between the lumen of the implanted catheter 332
and the lumen of the access cannula 110. Although, in FIGS.
18A and 18B, a single lumen catheter connection is illus-
trated, one of ordinary skill in the art having the benefit of this
disclosure would appreciate that other valve assemblies dis-
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closed herein, whether including one, two or three lumens/
chambers, may also be implemented as an access port for an
implanted catheter.

[0119] Furthermore, the various valve assemblies
described herein, whether integrated within the proximal end
of'a catheter or as a separate adapter, may be configured with
an antithrombogenic agent and/or an antibacterial agent. An
antithrombogenic agents or material may be placed inside the
lumen of the valve assembly to prevent coagulation and for-
mation of thrombus within the valve assembly. For example,
an antithrombogenic agent (e.g., heparinized hydrophilic
polymer, various heparin complexes, etc.) may be coated on
the inner surface of the adapter’s lumens/chambers. In
another variation, an antibacterial agent or material may be
placed within the lumen/chamber of the valve assembly to
serve as a bacterial barrier to prevent migration of infective
agents into the lumen of an implanted catheter. For example,
the valve assembly housing may comprise of an antibacterial
polymer. In another variation, the inner lumen/chamber of the
valve assembly may be coated with an antibacterial agent
(e.g., polymer integrated with antibiotic such as gentamicin,
nitrofurazone, Minocycline-rifampin, etc.). In anther varia-
tion, the valve (e.g., polymeric duckbill valve, spring-loaded
plunger, etc.) within the valve assembly comprises a polymer
impregnated with an antithrombogenic and/or an antibacte-
rial agent. Furthermore, an antibacterial agent may also be
provided on the outer surface of the valve assembly housing.
[0120] In view of the disclosure herein, one of ordinary
skill in the art would appreciate that a catheter device incor-
porating the valve assembly described herein may be utilized
in various medical procedures. One of ordinary skill in the art
would also appreciate that catheters including integrated
valve assemblies described herein may be inserted into the
patient’s circulatory system through various veins and arter-
ies with procedures that are well known to one of ordinary
skill in the art.

[0121] In one example, the following devices and instru-
ments are prepared for carrying out an implant procedure:
multi-lumen catheter tube, introducer needle, multiple tear
away sheath dilator introducers, J-flex guidewires, trocars,
lock right adapters with clamps, injection caps, scalpel,
sutures, and adhesive wound dressing. Additionally, the phy-
sician is also be provided with scissors, forceps, needles
dishes, syringes and gauze. In particular approach, the cath-
eter with a valve assembly incorporated at the proximal end is
inserted into a patient’s jugular vein. The procedure begins
with placing the patient in a position with the patient’s head
turned to the opposite side of where catheter tip is to be placed
into the jugular vein. The anatomical landmark for proper
insertion is defined by the triangle formed by the lateral edge
of the sternal head, the medial edge of the clavicular head of
the sternocleidomastoid muscle, and the upper edge of the
clavicle. The patient’s neck and a portion of the patient’s
thorax beneath the clavicle, at least about 20 cm, are prepared
for incision. Thereafter, the patient is draped and a local
anesthetic is administered.

[0122] Alocal anesthetic skin wheel may be created, taking
care to infiltrate the subcutaneous tissue for about 2 to 3 cm.
Next, with an 18-gauge needle attached to a syringe, the
physician can identify the internal jugular vein by aspiration
and then proceed at an angle while continuing to aspirate with
the syringe. Once the internal jugular vein has been located,
the method includes detaching the syringe while leaving the
needle in place. Thereafter the J-flex guidewire is introduced
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through the needle and into the internal jugular vein. The
guidewire is passed with minimal resistance into the desired
location. The needle is removed, leaving the guidewire in
place. The tip of the guidewire rests at the junction of the
superior vena cava and the right atrium. Appropriate
guidewire placement may be confirmed with fluoroscopy.
[0123] Next, witha scalpel, the physician makes an incision
in the skin that is wide enough for the catheter tube to pass. A
tearaway sheath dilator may be introduced over the guidewire
and into the vein far enough to dilate the vessel. After expand-
ing the vein wall, the guidewire may be removed. A trocar is
screwed onto the catheter tube. The dilator may be removed,
leaving the tearaway sheath in place to introduce the catheter
tube. As the catheter tube is fed into the sheath the tearaway
sheath may be torn away. Fluoroscopy may then be performed
to confirm catheter tube placement. The distal tip with the
venous lumen opening on the dual lumen dialysis catheter is
positioned at the opening of the right atrium, and the arterial
lumen opening, proximal to the distal tip, is positioned
approximately 4 cm higher. Positioning, as described, may
prevent blood recirculation during hemodialysis. Next, a tun-
nel, of about 8 to 10 cm, is created in a caudal and internal
direction by means of the tunneler, which may be shaped to
physician’s preference. The proximal portion of the catheter
tube is gently pulled through the tunnel until the loop at the
original puncture site is gone. The catheter tube is then
adjusted to rest over the clavicle.

[0124] Ifthe catheter implanted has a built-in valve assem-
bly within the lumens of the catheter, an extension leg unit
may then be attached to the proximal end of the implanted
catheter through the valve assembly. As the extension leg unit
is attached to the proximal end of the implanted catheter, the
lumen inserts from the extension leg unit or the access can-
nula engages the valve assembly located within the proximal
end of the implanted catheter. In another variation, after tun-
neling the proximal end of the catheter, a removable valve
assembly may be connected to the proximal end of the
implanted catheter. An access cannula may then be inserted
into the valve assembly to access the implanted catheter.
[0125] For dialysis application, the arterial-line and the
venous-line on the dialysis machine may be connected to the
extension leg unit or the access cannula prior to attaching the
extension leg unit or the access cannula to the valve assembly
on the catheter. When an extension leg unit is utilized, the luer
connector on the extension leg unit may be backfitted over the
shaft of the implanted catheter. Next, the compression sleeve
may be backfitted over the catheter shaft. The two lumen
inserts are positioned within the implanted catheter’s two
lumens, respectively, creating a friction fit. Optionally, proper
markings may be provided on the valve assembly and the
extension leg unit (or the access cannula unit), so that the
arterial and venous lines from the hemodialysis machine can
be connected to withdraw and infuse blood from the appro-
priate lumen in the implanted hemodialysis catheter.

[0126] Inapplications where tunneling is required, the phy-
sician may attach the tunneler to the distal end of the catheter.
The catheter may then be tunneled from the exit incision site
to the cut-down site before inserting the distal end of the
catheter into the body. However, for catheter implementing an
extension leg unit with a removable bifurcate or a detachable
valve assembly, the physician may be removed the bifurcate
or the detachable valve assembly so that the proximal end of
the catheter can be easily reverse tunneled. In this case, the
proximal portion of the catheter is tunneled from the cut-
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down site to the exit incision site. Optionally, a tunneler
including an interconnector or locking mechanism matching
the locking interface at the proximal end of catheter may be
utilized for tunneling of the catheter. For example, the proxi-
mal end of a multi-lumen catheter with a built-in valve assem-
bly may have a threading 34 surrounding the body of the
catheter, as shown in FIG. 1 (left). One may provide a tunneler
including a connector with matching threads, for the tunnel-
ing procedure. The physician screws the proximal end of the
multi-lumen catheter onto the connector at the proximal end
of the tunneler to secure the catheter to the tunneler. Once the
proximal portion of the multi-lumen catheter is tunneled
through the tissue, the tunneler is then removed, and the
corresponding extension leg unit may be inserted into the
proximal end of the catheter. In another variation, tunneling
devices with other attachment mechanisms that are capable of
holding/gripping onto the proximal end of the catheter may
also be utilized to complete the tunneling of the catheter.
[0127] This invention has been described and specific
examples of the invention have been portrayed. While the
invention has been described in terms of particular variations
and illustrative figures, those of ordinary skill in the art will
recognize that the invention is not limited to the variations or
figures described. In addition, where methods and steps
described above indicate certain events occurring in certain
order, those of ordinary skill in the art will recognize that the
ordering of certain steps may be modified and that such modi-
fications are in accordance with the variations of the inven-
tion. Additionally, certain of the steps may be performed
concurrently in a parallel process when possible, as well as
performed sequentially as described above. Therefore, to the
extent that there are variations of the invention, which are
within the spirit of the disclosure or equivalent to the inven-
tions found in the claims, it is the intent that this patent will
cover those variations as well. Finally, all publications and
patent applications cited in this specification are herein incor-
porated by reference in their entirety as if each individual
publication or patent application were specifically and indi-
vidually put forth herein.

What is claimed is:

1. A catheter connector, comprising:

a valve assembly including a housing with a distal end
adapted for insertion into a dual lumen catheter, spaced
apart first and second channels, a septum having a proxi-
mal opening adjacent to a proximal opening of the hous-
ing, and a displaceable plunger extending through the
proximal openings of the septum and housing in a valve
assembly closed position; and

an access cannula including a distal end configured to
engage the plunger, and first and second lumens in
respective fluid communication with first and second
side ports, insertion of a distal portion of the cannula
through the proximal openings of the septum and hous-
ing displacing the plunger and establishing fluid com-
munication between the side ports and the channels in a
valve assembly open position.

2. The catheter connector according to claim 1, wherein the

plunger is spring-loaded.

3. The catheter connector according to claim 1, wherein the
distal end of the access cannula includes a recess configured
to receive a proximal portion of the plunger.

4. The catheter connector according to claim 1, wherein the
distal end of the access cannula is tapered.
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5. The catheter connector according to claim 1, wherein the
housing comprises first and second chambers in respective
fluid communication with the first and second channels, the
plunger separating the first and second chambers from one
another in the valve assembly closed position.

6. The catheter connector according to claim 5, wherein at
least one of the first and second chambers includes a curved
surface.

7. The catheter connector according to claim 5, wherein the
first and second chambers are defined by the septum.

8. The catheter connector according to claim 7, wherein the
septum further comprises a plunger receiving section posi-
tioned between the first and second chambers, the distal end
of'the cannula received in the plunger receiving section in the
valve assembly open position.

9. The catheter connector according to claim 1, wherein the
septum has a disk-shaped configuration.

10. The catheter connector according to claim 1, wherein
the access cannula further comprises first and second tubing
extensions in respective fluid communication with first and
second lumens.

11. The catheter connector according to claim 1, wherein
the access cannula further comprises a cannula casing includ-
ing an outer wall circumscribing the distal portion of the
cannula.

12. The catheter connector according to claim 11, wherein
the cannula casing outer wall includes latches configured to
engage the valve assembly housing.

13. The catheter connector according to claim 12, wherein
the cannula casing further comprises levers cooperating with
the latches.

14. The catheter connector according to claim 12, wherein
the cannula casing outer wall further comprises slots proxi-
mal of the latches configured to receive a removal tool.

15. The catheter connector according to claim 11, wherein
the cannula casing includes a clip configured to engage the
valve assembly housing.

16. The catheter connector according to claim 11, further
comprising an O-ring seal around a shaft of the access can-
nula, the O-ring seal positioned adjacent the septum proximal
opening in the valve assembly open position.

17. The catheter connector according to claim 11, wherein
the cannula casing further comprises a bifurcation positioned
ata proximal end, the bifurcation including a first and second
extension leg with passages in respective fluid communica-
tion with first and second tubings.

18. The catheter connector according to claim 11, further
comprising a valve positioned in a proximal portion of the
cannula casing, including a closed proximal end with a slit, an
open distal end in fluid communication with at least one of the
first and second lumens, and a side wall that narrows from the
valve proximal end to a neck and expands from the neck to the
valve distal end, the neck configured to seal around a standard
guidewire.

19. A catheter connector, comprising:

a valve assembly including a housing with a distal end
adapted for insertion into a catheter, a septum having a
proximal opening adjacent to a proximal opening of the
housing, a displaceable sealing disk biased against a
surface of the septum, a plunger displaceable indepen-
dent of the sealing disk, a first spring positioned between
a base of the plunger and the valve assembly housing,
and a second spring positioned between the sealing disk
and the plunger base; and
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an access cannula including a distal end configured to surface of the septum, and a plunger displaceable inde-
engage the plunger, insertion of a distal portion of the pendent of the sealing disk; and
cannula through the proximal openings of the septum an access cannula including a distal end configured to
and housing displacing the plunger and sealing disk to . - . .
establish fluid communication between a lumen of the engage the plunger, insertion of a distal portion of the
cannula and a channel of the valve assembly. cannula through the proximal openings of the septum
20. A catheter connector, comprising; and housing displacing the plunger and sealing disk to
a valve assembly inc]uding a housing with a distal end establish fluid communication between a lumen of the
adapted for insertion into a catheter, a septum having a cannula and a channel of the valve assembly.

proximal opening adjacent to a proximal opening of the
housing, a displaceable sealing disk biased against a ok Rk ok



