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DUAL WELL PORT DEVICE

[0001] The present application incorporates by reference the entire disclosure of U.S.
Application entitled “Pressure Activated Safety Valve With Anti-Adherent Coating” filed
on even day herewith naming Karla Weaver and Paul DiCarlo as inventors, U.S.
Application entitled “Stacked Membrane For Pressure Actuated Valve” filed on even
day herewith naming Karla Weaver and Paul DiCarlo as inventors, U.S. Application
entitled “Pressure Activated Safety Valve With High Flow Slit” filed on even day
herewith naming Karla Weaver and Paul DiCarlo as inventors, and U.S. Application
entitled “Pressure Actuated Safety Valve with Spiral Flow Membrane” filed on an even
day herewith naming Paul DiCarlo and Karla Weaver as inventors.

Background of the Invention

[0002] Many medical procedures require repeated and prolonged access to a
patient’s vascular system. For example, chemotherapy, paraternal nutrition antibiotic
regimens, blood withdrawals and other similar treatments require such repeated access
to the patient’s vascular system. It is impractical and dangerous to insert and remove
the catheter for each 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. Alternatively, the proximal portion may be implanted
subcutaneously with a port formed therein for access via, for example, a syringe. In
many cases, such a port will be implanted subcutaneously in the patient's arm or chest,
to keep it protected while affording easy access, and consists of a housing with one or
more wells to receive the therapeutic agents.

[0003] Itis often necessary to infuse into the patient therapeutic agents that are not
compatible with each other. For example, certain chemotherapy agents are

Page 1



WO 2005/072811 PCT/US2005/001392

incompatible with one another and, therefore, require special handling during
therapeutic sessions. In some cases, the therapeutic agents are fluids that cannot be
mixed together outside of the body, but which will preferably be infused together or
within a certain period of time. Some of these fluids cannot be infused through the
same lumen because they may coagulate or form a precipitate that clogs the port or
catheter lumen. In other instances, the fluids may be incompatible for other reasons,
and are therefore kept separate until they reach the patient’s blood stream. This has
conventionally been achieved by employing, for example, a separate catheter for each
of the agents with distal ends of the catheters opening to the bloodstream in proximity
to one another. Alternatively, a dual lumen catheter may be used, with each lumen

containing a different one of the agents.

[0004] Providing two unmixable therapeutic fluids to a dual lumen catheter or to two
separate catheters near each other presents challenges, since a conventional port
cannot be used to inject both fluids. Ports are generally not implanted near one another
because of the surgery required to insert each port in place, and the additional
complications that may arise as a result of the port residing in an area. A dual well port
device may be used, with two ports formed within a single housing, each port being
connectable to a different catheter or to a different lumen of a dual lumen catheter.
However, conventional dual well port devices are larger than single port devices, and
may be difficult to place in the patient’s body. In addition, an adapter is often required
to connect a dual lumen catheter to conventional dual well port devices, because the
distance between the outlets of the dual well port device is greater than the separation
between the two lumens of the catheter.

Summary of the Invention

[0005] In one aspect, the present invention is directed to a port for implantation within

a body, comprising a housing having a proximal surface, a distal surface and a side
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surface wherein, when the port is implanted within a body in a desired orientation, the
proximal surface faces outward toward the skin, the distal surface faces inward away
from the skin and the side surface extends between the proximal and distal surfaces
and first and second wells formed within the housing, and including, respectively, first
and second openings in the proximal surface in combination with first and second outlet
openings formed on the side surface separated from one another by a distance
substantially equal to a distance separating lumens of a dual lumen catheter to which
the port is to be connected, wherein the first outlet opening is in fluid communication
with the first well and the second outlet opening is in fluid communication with the

second well.

[0006] The present invention is also directed to a method of infusing fluids fo a
patient, comprising the steps of attaching a dual lumen catheter to a blood vessel of the
patient and implanting subcutaneously a port including first and second openings
separated by a distance substantially equal to a distance between the dual lumens of
the catheter, wherein the first opening is in fluid communication with a first well of the
port and the second opening is in fluid communication with a second well of the port in
combination with the steps of connecting the dual lumen catheter to first and second
openings of the port and providing first and second fluids to the first and second wells,
respectively.

Brief Description of the Drawings

[0007] Figure 1 is across sectional side view showing a dual body port according to
an embodiment of the invention;

Figure 2 is a top plan view of the dual body port shown in Fig. 1;
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Figure 3A is a front view showing a first embodiment of an outlet for the dual
body port of Fig. 1;

Figure 3B is a front view showing a second embodiment of an outlet for the
dual body port of Fig. 1;

Figure 4 is a top plan view of a second embodiment of the dual body port

according to the present invention;

Figure 5 is a top plan view of a third embodiment of the dual body port
according to the present invention;

Figure 6 is a perspective view of a fourth embodiment of the dual body port
according to the present invention; and

Figure 7 is an exploded view of the dual body port of Fig. 6.

Detailed Description

[0008] The present invention may be further understood with reference to the
following description and the appended drawings, wherein like elements are referred to
with the same reference numerals. The present invention is related to medical devices
that are used to access the vascular system of a patient. In particular, the present
invention relates to access ports used to inject therapeutic agents into the patient
vasculature.

[0009] Semi-permanently placed poris may be useful for a variety of medical
procedures which require repeated access to a patient's vascular system. For

example, chemotherapy infusions may be repeated several times a week for extended
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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 port. There are many conditions that require chronic
venous supply of therapeutic agents, nutrients, antibiotics, blood products or other
fluids to the patient or withdrawing blood from the patient that may benefit from
implantable access ports, to avoid repeated insertion of a needle into the patient’'s
blood vessels. Thus, those skilled in the art will understand that the invention may be
used in conjunction with any of a wide variety of procedures which require long term
implantation of ports within the body. The port is a device placed subcutaneously in the
patient (e.g., the arm or chest) to selectively provide access to the vascular system.
The port may include a self sealing surface that can be pierced through the skin, for

example by a needle, to inject the therapeutic agents into the vascular system.

[0010] Implantable catheters are typically 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.

[0011] In many therapeutic regimes it becomes necessary to infuse fluids that react
negatively if they are mixed together outside of the patient’s bloodstream, but that are
injected together to mix in the bloodstream. These fluids may be chemotherapy agents
that develop excessive toxicity or lose their potency if they are mixed prior to reaching
the patient's blood. Some antibiotics may also have to be injected separately from, but
at the same time as, other fluids. Dual well port devices are currently used to infuse
these unmixable fiuids, so that each of the fluids is injected into one of the device’s
wells, without contacting the other fluid prior to entering the blood stream. Such a dual
lumen catheter or, alternatively, a pair of separate single lumen catheters, may be
connected to the ports to carry the fluids to the patient's blood vessel. The wells of
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these dual port devices are separated and the channels leading from the wells to the
catheter(s) are also separate to prevent mixing of the fluids before they exit the distal
end of the catheter(s). Due to size constraints, the wells of the port are often too far
apart to allow direct connection to a dual lumen catheter. Therefore, adapters and
connectors may be necessary to couple the dual well port to a catheter or catheters,
increasing the size and complexity of the devices being implanted.

[0012] According to exemplary embodiments of the present invention, a dual well port
device is provided which does not necessitate the use of adapters or connectors, and
which can be coupled directly to a dual lumen catheter. The dual well port according to
the present invention includes a dual outlet at which two channels extending from the
dual wells converge to permit a fluid connection with the dual lumen catheter. The
channels are disposed a small distance apart (i.e., a distance comparable to the
distance between lumens of a dual lumen catheter). Accordingly, the catheter may be
connected directly to the outlet of the dual well port, without additional components
being necessary. The ability to connect the port directly to a dual lumen catheter
simplifies the surgical procedure necessary to implant the device, and reduces the size

and number of the elements that have to be implanted.

[0013] Figures 1 and 2 show an exemplary embodiment of a dual well port 100
according to the present invention. The port 100 comprises a housing 101 in which two
wells 102 and 104 are formed. Two unmixable therapeutic agents to be administered
to the patient may be inserted via, for example, a syringe or other injection means, to
the wells 102 and 104 so that they remain separated until they reach the patient’s blood
stream. The wells 102, 104 each open through a top surface 114 of the port 100, and
extend a selected depth into the port 100. Those skilled in the art will understand that
the term “top” surface as used herein does not refer to an orientation with respect to the
vertical, but rather refers to a surface which, when the device is implanted in a desired
configuration, will face the surface of the skin. That is, the “top” surface 114 will lie just
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underneath and substantially parallel to the skin so that the openings formed therein
are accessible from outside the skin. Septums 106 are used to allow access to the
ports and may also serve as a barrier between the interior well of the port and the
surrounding tissue. This prevents, for example, chemotherapy or other harmful drugs
from contacting the tissue in quantities that may prove damaging. Each septum 106
may, for example, be formed of silicone or any other suitable polymeric element that
can be repeatedly pierced with a needle, and which re-seals itself after the needle has
been removed. The life span of such septums 106 typically is on the order of
thousands of punctures, before they can no longer reliably re-seal themselves. Those
skilled in the art will understand that this life span may vary based on a number of
factors including, for example, a gage of needle which is used to puncture the septum
106.

[0014] The wells 102 and 104 extend, respectively, to channels 108 and 110 which
lead to an exit portion of the port 100 which may be formed, for example, as a dual
outlet 112. Each of the channels 108, 110 is in fluid connection with a corresponding
one of the wells 102, 104, and is separate the other of the wells 102, 104 and the other
of the channels 108, 110. As shown more clearly in Fig. 2, the channels 108, 110 are
disposed within the housing 101 to minimize a distance between the centers of the
channels. In the example shown, the channels 108, 110 extend substantially parallel to
one another and 1o the top surface 114 in different planes. Specifically, the channel
108 lies at a greater depth from the top surface 114 than does the channel 110. For
efficient draining of fluids from the wells 102, 104, each of the channels 108, 110, is
connected to the bottom surface of the respective well 102, 104. Accordingly, a depth
d1 of the well 102 is greater than a depth d2 of the well 104, as measured from the top
surface 114.

[0015] This configuration of the wells 102, 104 and the channels 108, 110 shown in
Figs. 1 and 2 provides a compact and easily manufactured dual well port 100. In
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conventional designs, wells are formed at substantially similar depths, so that channels
extending from the center of the wells have must either be separated at least by the
sum of the radii of the wells, or must follow a complex path to reach outlets adjacent to
one another. In the exemplary embodiment, the channels 108, 110 may be
substantially straight passages with no curves, which are relatively easy to
manufacture. The distance X between the channels 108 and 110 may be selected as
small as necessary, limited only by the structural properties of the material forming a
partition 120 between the channels 108, 110. For example, the distance X between the
centers of the channels 108 and 110 may be selected to match a distance between
lumens of a dual lumen catheter which is to be connected thereto. This catheter may
then be connected directly to the channels 108, 110. Those skilled in the art will
understand that the distance X may vary over the lengths of the channels 108, 110 but
that this distance may preferably be substantially equal to a spacing between the
lumens of the double lumen catheter to which the port 100 is to be coupled at the outlet
112.

[0016] Figs. 3A and 3B show first and second embodiments of a face 116 of the
device on the dual outlet 112 is formed. The embodiment shown in Fig. 3A
corresponds to the port 100 shown in Figs. 1 and 2, where the channels 108, 110 are
disposed vertically one directly above the other. In some applications, it may be
desirable to further reduce a thickness of the device. Accordingly as shown in Fig. 3B,
the channels 108, 110 may be offset from one another laterally and/or vertically with
respect to the surface 116 to give the port 100" a more slender profile. Once again,
those skilled in the art will understand that the term vertical refers to a direction along
the device which, when the device is implanted, will be substantially perpendicular to a
portion of skin against which the surface 114 is to rest and laterally describes a distance
along the device in a direction substantially parallel to the portion of skin against which
the surface 114 is to rest. For example, the channels 108" and 110’ of the port 110 of
Fig. 3B may extend from opposite edges of their respective wells rather than from
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centers thereof as shown in Fig. 2. The distance X between the centers of channels
108', 110" is the same as that between channels 108, 110, but the additional depth of
one well with respect to the other well may be reduced to less than X. Offsetting the
centers of channels 108", 110" thus reduces an overall height h2 of port 100 relative to
the height h1 of port 100.

[0017] For certain applications, it may be necessary to provide wells of a dual well
port device that are laid out in a particular orientation with respect to an outlet, and thus
with respect to a catheter coupled to the port and leading to a blood vessel. In that
case, the dual outlet of the port is constructed so that the desired orientation is obtained
when the device is implanted with the septums 106 facing in a desired outward direction
(e.g., toward and outer surface of the skin). Figures 4 and 5 depict exemplary
embodiments of the dual well port according to the invention, showing a desired
orientation of the outlets and the wells with respect to one anther. For example, Fig. 4
shows a port 130 having wells 134, 136 disposed adjacent to one another in
substantially the same plane with channels 138 and 140 extending toward an outlet 142
diagonally with respect to one another. The openings of the channels 138 and 140 at
the outlet 142 are arranged adjacent to one another in a plane which, when the device
is implanted beneath the skin in a desired orientation, will be substantially parallel to an
outer surface of the skin so that a dual lumen catheter attached thereto, will show a
minimum profile as it passes from the port 130 to the blood vessel. Of course, those
skilled in the art will understand that the orientation of the channels 138, 140 at the
outlet 142 may be set to any desired configuration with respect to a plane of the skin
(e.g., substantially perpendicular to the plane of the skin or at any angle with respect to
the plane of the skin) to accommodate any desired orientation of a dual lumen catheter
coupled thereto.

[0018] Figure 5 shows another embodiment of a dual lumen port according to the

present invention with a specified orientation of the outlet and wells with respect to one
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another. In this case, channels 158, 160 extend respectively from wells 154, 156 in a
plane which, when the device is implanted beneath the skin in a desired orientation, is
substantially perpendicular to a plane of the skin. The channels 158, 160 extend to
openings at an outlet 162 for coupling to a dual lumen catheter. In this embodiment,
the channels 158,160 lie at different depths within the housing 152 with respect to a
plane in which outer surfaces of the septums lie, so that they extend one above the
other at least near the outlet 162. It will be apparent to those skilled in the art that
different layouts of the wells and channels may be constructed, depending on the
requirements of individual situations. Accordingly, different combinations of well
orientations and channel outlet orientations may be achieved, to obtain a shape of the
dual well port that is appropriate to the specified medical procedure. For certain
applications, the outlet may combine the openings of the two channels, so that the
fiuids separately injected into the wells can be mixed in the channels prior to exiting the
dual well port.

[0019] For certain specialized applications, the height of the dual well port is reduced
to a minimum value. Figure 6 shows an exemplary embodiment according to the
present invention of a port 200 having a reduced thickness. In this example, the dual
well port 200 comprises two wells 206, 208, each sealed by a septum 204. The port
200 achieves a thin profile by slightly widening its footprint. As shown more clearly in
Fig. 7, channels 210 and 212 connect wells 206 and 208, respectively, to the outlet
214. In the exemplary embodiment, the channel 210 is substantially straight, and
extends a short distance from one edge of the well 206 to the outlet 214. In contrast,
the channel 212 is longer, and curves around the outer perimeter of the well 206 to
fluidly connect the well 208 to the outlet 214. In this configuration, the channels 210,
212 do not overlie one another, but instead are formed in substantially the same plane.
The bottom surfaces of the wells 206, 208 also are in substantially the same plane,
generally corresponding to the plane in which the channels lie.
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[0020] As shown in figure 7, the exemplary dual well port according to the invention
may be manufactured from several separate pieces which may be combined in a final
assembly step. For example, the housing 222 of the port 200 may be formed by three
separate parts joined together. Upper housing 216, center housing 218 and lower
housing 220 may be formed separately,-and may be joined together using methods
known in the art. For example, gaskets or welds may be employed to connect the
housing components 216, 218, 220 to form a leak-proof housing 222. The components
of the dual well port 200 may be formed by molding, machining or any other
conventional method suitable for the materials used and the geometry of the wells and
channels. In one exemplary embodiment, the port 200 may be formed of a plastic or
polymeric material, however metals (such as titanium) and other bio-compatible

materials may be used as well.

[0021] A flow control valve or valves may also be provided either as part of the dual
well port according to the invention, or as an add-on element that may be fitted thereto.
For example, as shown in Figs. 6 and 7, a pressure actuated valve 300 may be fitted
into the outlet 214 for each of the openings of the channels 210, 212. Inside a housing
302 thereof, the pressure actuated valve 300 may include a flow control membrane
304, designed to allow fluid to flow therethrough when a flow pressure reaches a
selected threshold value and the prevent flow when the fluid pressure is less than the
threshold value. The flow control membrane 304 may be designed to make the pASV a
three-way valve meaning that the valve permits infusion (i.e., flow into the patient),
aspiration (i.e., flow out of the patient) or remains closed to permit no flow. The
pressure actuated valve 300 may also include a nozzle portion 306 that is shaped to
fluidly connect with an attachment portion of a dual lumen catheter. (Not shown in the
drawing). As will be apparent to those skilled in the art, various conventional methods
of attaching valve 300 to outlet 214 may be used, without departing from the scope of
the invention. It will also be apparent that elements such as valve 300 described with
reference to the embodiment of Figs. 7, 8 may also be utilized in other embodiments
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according to the invention. Those of skill in the art will understand that there may be

various types of flow control valves that can be attached to the dual well port.

[0022] The present invention has been described with reference to specific
embodiments, and more specifically to a two well port for use with a central catheter.
However, other embodiments may be devised that are applicable to other medical
devices, without departing from the scope of the invention. Accordingly, various
modifications and changes may be made to the embodiments, without departing from
the broadest spirit and scope of the present invention as set forth in the claims that
follow. The specification and drawings are accordingly to be regarded in an illustrative

rather than restrictive sense.
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What is claimed is:

1. A port for implantation within a body, comprising:

a housing having a proximal surface, a distal surface and a side surface
wherein, when the port is implanted within a body in a desired orientation, the
proximal surface faces outward toward the skin, the distal surface faces inward
away from the skin and the side surface extends between the proximal and distal

surfaces;

a first well formed within the housing, the first well including a first inlet
opening in the proximal surface;

a second well formed in the housing adjacent to the first well, the second

well having a second inlet opening formed in the proximal surface; and

first and second outlet openings formed on the side surface, the first outlet
opening being in fluid communication with the first well and the second outlet
opening being in fluid communication with the second well, the first and second
outlet openings being separated from one another by a distance substantially
equal to a distance separating lumens of a dual lumen catheter to which the port
is to be connected.

2. The port according to claim 1, further comprising:

a first channel extending from the first well to the first outlet opening; and

a second channel extending from the second well to the second outlet
opening.
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The port according to claim 1, further comprising a septum closing each of the
first and second inlet openings.

The port according to claim 1, wherein the first and second outlet openings are
disposed on the side surface so that a line joining the first and second outlet

‘openings extends substantially perpendicular to a plane of the proximal surface.

The port according to claim 1, wherein the first and second outlet openings are
disposed on the side surface so that a line joining the first and second openings
extends substantially paralie! to a plane of the proximal surface.

The port according to claim 1, wherein the first and second outlet openings are
disposed on the side surface separated by a first distance along a line
substantially parallel to a plane of the proximal surface and by a second distance

along a line substantially perpendicular to the proximal surface.

The port according to claim 2, wherein the first and second outlet openings are
disposed on the side surface so that a line joining the first and second outlet
openings extends substantially perpendicular to a plane of the proximal surface
and wherein the first channel is closer to the proximal surface than the second
channel.

The port according to claim 7, wherein a bottom surface of the first well is closer
to the proximal surface than a bottom surface of the second well.

The port according to claim 2, wherein the first and second channels overlie one
another.
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14.
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The port according to claim 2, wherein the first and second channels are
substantially parallel to one another.

The port according to claim 2, wherein the first channel extends around the

second well.

The port according to claim 1, further comprising a flow control valve disposed in
one of the first and second channels to permit fluid flow therethrough only when
a fluid pressure exceeds a predetermined threshold level.

A method of infusing fluids to a patient, comprising:

attaching a dual lumen catheter to a blood vessel of the patient;

implanting a port subcutaneously, the port including first and second outlet
openings separated by a distance substantially equal to a distance between the
dual lumens of the catheter, wherein the outlet inlet opening is in fluid
communication with a first well of the port and the second outlet opening is in

fluid communication with a second well of the port;

connecting the dual lumen catheter to the first and second outlet

openings;
providing a first fluid to the first well; and
providing a second fluid to the second well.

The method according to claim 13, wherein fluid is provided to the first well by

piercing a septum covering the first well with a needle.
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The method according to claim 13, wherein the first and second wells and the
first and second inlet openings are separated so that the first and second fluids

remain separated until after they have left the port.

The method according to claim 15, wherein the port is implanted subcutaneously
with a proximal surface thereof facing outward, each of the first and second wells

including an opening formed in the proximal surface.

The method according to claim 16, wherein the first and second outlet openings
are positioned relative to one another so that, when the port is implanted, the
first outlet opening is closer to an outer surface of the skin than the second outlet
opening.

The method according to claim 17, wherein the first and second outlet openings
are coupled to the first and second wells by first and second channels,
respectively and wherein, when the port is implanted, the first channel is closer
to the outer surface of the skin than the second channel.

The method according to claim 16, wherein the first and second outlet openings
are positioned relative to one another so that, when the port is implanted, the
first and second openings are substantially equidistant from an outer surface of
the skin.

The method according to claim 19, wherein the first and second outlet openings
are coupled to the first and second wells by first and second channels,
respectively and wherein, when the port is implanted, the first and second
channels are substantially equidistant from the outer surface of the skin and

wherein the first channel extends around a perimeter of the second well.
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