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HIGH PRESSURE CATHETER AND METHODS
FOR MANUFACTURING THE SAME
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States provisional
application Serial No. 60/473,683, filed May 28, 2003, which is expressly
incorporated by reference as if fully set forth herein.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] Not applicable.

REFERENCE TO A COMPACT DISK APPENDIX

[0003] Not applicable.
FIELD OF THE INVENTION
[0004] The invention generally relates to medical devices and methods for

manufacturing such medical devices. In particular, the invention relates to catheters,
methods for making such catheters, and methods for using such catheters. More
particularly, the invention relates to power injection catheters, methods for
manufacturing such catheters to address the high-pressure requirements and

applications, and methods for using such catheters for high-pressure vascular access.

BACKGROUND OF THE INVENTION

[0005] Catheters and their use as medical devices are well known in the art.
Some medical procedures, such as CT Scans, typically require rapid infusion of
contrast media into the vascular system. These types of procedures are currently
accomplished by accessing the vascular system with a needle and cannula that is
connected to a power injection machine. The injection pressure of the machine is set
to a clinically predetermined limit that is relatively high. When activated, the
machine rapidly injects the media into the vascular system of the patient at a flow rate
that will not exceed the predetermined pressure limit. The wide variation in the
viscosity of different contrast media or medications, coupled with rapid flow rate

requirements, can often result in a wide range of pressures.
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[0006] A large number of patients that require the procedure described above
already have a typical implanted catheter that is being used for other medical
procedures. Typical catheter designs usually contain three major components: (1) the
catheter shaft, (2) an extension tube assembly, and (3) a bifurcation in the case of
multi lumen catheters or a hub in the case of a single lumen catheter. As used herein,
the term "catheter" may refer to a device comprising each of said three major
components. The catheter shaft is the portion of the catheter that is inserted into the
vascular system. The extension tube assembly is the portion of the catheter that
provides vascular access from outside of the body. The bifurcation or hub is the
portion of the catheter that connects to the proximal end of the catheter shaft,
connecting the catheter shaft to the extension tube assembly. The bifurcation or hub
usually contains geometry required to secure the catheter to the body such as suture
wings. The bifurcation or hub also provides a location to print instructions or logos

on the catheter surface.

[0007] Typical catheters are usually designed and manufactured with flexible
materials that are compliant. Using flexible materials increases patient comfort,

especially when securing the catheter to the body, and also reduces trauma to the

‘vascular system. As well, the catheter shaft and extension tube assembly are typically

made of thin walled tubing. The strength of the tubing, especially for high pressure
applications, can be increased (within certain limits) by increasing the durometer of
the raw materials while retaining most of the flexibility and comfort of the assembly.
Such an increase in strength by increasing the durometer of the raw material,
however, is not possible with respect to the bifurcation and hub due to the relatively
thicker geometry thereof. More particularly, due to the thicker geometry, any
increase in the durometer of the raw material would greatly increase the stiffness of
the bifurcation and hub, which increased stiffness would negatively affect patient

comfort and the ability to attach the bifurcation and hub to the patient's body.

[0008] Thus, improving the pressure resistance of a typical catheter assembly,
such as a venous access catheter assembly that can usually only withstand pressures
of up to approximately 150 psi, has proved difficult due to the inability to provide a
bifurcation and hub having a pressure resistance that matches that of the tubing.

Accordingly, typical catheters do not exhibit the properties that are needed for the
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high-pressure (i.e., power injection) medical procedures described above, meaning
that the patient must undergo more invasive procedures, such as repeated vascular

access (i.e., needle sticks).

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention provides high pressure catheters, methods for
manufacturing such catheters to address high-pressure requirements and applications,
and methods for using such catheters for high-pressure vascular access. The high
pressure catheters can be produced by maintaining the typical soft flexible exterior in
the bifurcation, hub, and/or suture wings, while providing a more rigid high-pressure
connection interior. The stiffer internal geometry transforms the typical catheter into
a high-pressure catheter and allows a single implanted catheter to perform both
standard and high-pressure functions, thereby reducing the number of vascular access

procedures required during a course of therapy.

[0010] In one embodiment of the present invention a catheter comprises a
catheter shaft, an extension tube assembly, an inner hub comprising a rigid hard
material, connecting said catheter shaft to said extension tube assembly, wherein said
C;Ltheter shaft is in fluid communication with said extension tube assembly, and an

outer hub comprising a soft flexible material positioned around said inner hub.

[0011] In another embodiment of the present invention, a method for making a
catheter comprising a catheter shaft and an extension tube assembly, comprises the
steps of placing said catheter shaft and said extension tube assembly into a first mold,
wherein a proximal end of said catheter shaft is positioned adjacent a distal end of
said extension tube assembly within a first mold cavity, insert molding an inner hub
comprising a rigid hard material over said proximal end of said catheter shaft and said
distal end of said extension tube assembly, placing the combination of said inner hub,
catheter shaft and extension tube assembly into a second mold, wherein said inner hub
is placed within a second mold cavity, said inner hub being supported and centered
therewithin, and insert molding an outer hub comprising a soft flexible material over

said inner hub.
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[0012] In yet another embodiment of the present invention, a method for
making a catheter comprising a catheter shaft and an extension tube assembly,
wherein said catheter shaft and said extension tube assembly each comprise a single
lumen, comprises the steps of inserting a portion of an inner hub having a
throughgoing lumen into a proximal end of said catheter shaft lumen and a distal end
of said extension tube assembly lumen such that said inner hub is substantially
contained within said catheter shaft and said extension tube assembly, wherein said
catheter shaft is in fluid communication with said extension tube assembly, placing
the combination .of said inner hub, catheter shaft and extension tube assembly into a
mold, wherein said inner hub is positioned within a mold cavity, and insert molding
an outer hub comprising a soft flexible material over said catheter shaft and extension

tube assembly.

[0013] These and other embodiments, features and advantages 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 conjunction

with the accompanying drawings that are first briefly described.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a side perspective view of a rigid single lumen inner hub,
insert molded over a catheter shaft and extension tube assembly, according to one

aspect of the present invention.

[0015] FIG. 2 is a side perspective view of a soft flexible single lumen outer

hub, insert molded over the rigid inner hub of FIG. 1;

[0016] FIG. 3 is a side perspective view of a rigid dual lumen inner hub, insert
molded over a catheter shaft and extension tube assembly, according to one aspect of

the present invention.

[0017] FIG. 4 is a side perspective view of a soft flexible dual lumen outer

hub, insert molded over the rigid inner hub of FIG. 3.

[0018] FIG. 5 is a side perspective view of a single lumen rigid inner hub,

according to another aspect of the present invention.



WO 2004/105850 PCT/US2004/016595

10

- 15

.20

25

30

5

[0019] FIG. 6 is a side perspective exploded view of a single lumen catheter

shaft, extension tube assembly and rigid inner hub of FIG. 5.

[0020] FIG. 7 is a side perspective view of the components of FIG. 6
assembled.
[0021] FIG. 8 is a side perspective view of a soft flexible single lumen outer

hub, insert molded over the rigid inner hub of FIG. 7.

[0022] FIGS. 1-8 illustrate specific aspects of the invention and are a part of
the specification. Together with the following description, these figures demonstrate

and explain the principles of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The following description provides specific details in order to provide
a thorough understanding of the invention. The skilled artisan, however, would
understand that the invention can be practiced without employing these specific
details. Indeed, the invention can be practiced by modifying the illustrated method
and resulting product and can be used in conjunction with apparatus and techniques
conventionally used in the industry. For example, the invention is described for a
single or dual lumen catheter. The invention, however, could easily be adapted for
three or four (or even more) lumen catheters. In another example, the manufacturing
process of the invention is described primarily in terms of insert molding or solvent
bonding relating to plastic as the base material in the context of catheter applications.
However, the invention could be used with manufacturing processes that require snap
fits using metal components as the rigid medical inner structure of the bifurcation or

hub.

[0024] The invention provides a catheter capable of high-pressure applications
while maintaining the look and feel of standard catheter devices. The high pressure
catheter of the invention maintains the typical soft flexible exterior in the bifurcation,
hub, and/or suture wings while providing a more rigid high-pressure connection
interior. One example of such a catheter is illustrated in FIGS. 1-8. It should be
appreciated in the following examples of the invention that the rigid inner hub (i.e.,

inner hub 12, 16, 18) may be formed from a material such as medical grade
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polyurethane (e.g., Tecoflex®, Carbothane®, Pelathane®, Chronoflex®, Tecoplast®,
etc.) having a hardness in the range of approximately 90 Shore A durometer to 80
Shore D durometer, with the currently preferred polyurethane being Tecoflex® having
a hardness in the range of approximately 70-75 Shore D durometer. The rigid inner
hub may also be formed from other materials, such as metal (e.g., stainless steel,
titanium, etc.), polyvinylchloride, nylon, polyester, and castable epoxy, provided the
materials are sufficiently hard to withstand pressures present in typical high pressure
catheter applications. The outer hub, on the other hand, may be formed from a much
softer, flexible material, which is suitable for contacting the skin of a patient, such as
médical grade polyurethane having a hardness rating in the range of approximately
35-80 Shore A durometer. The outer hub may also be formed from silicone or other
materials discussed herein, provided that the material utilized is sufficiently soft to

provide flexibility and patient comfort.

[0025] One aspect of the invention is illustrated in FIGS. 1-2. FIG. 1 depicts a
single lumen rigid inner hub 12 that forms a rigid high pressure connection between
the fluid paths of catheter shaft 11 and extension tube assembly 10. Inner hub 12 may
be insert molded directly over both the catheter shaft 11 and the extension tube
assembly 10, or may be separately molded as a pre-formed insert and attached to the
catheter shaft 11 and extension tube assembly 10 manually (i.e., catheter shaft 11 and
extension tube assembly 10 are respectively inserted into opposite ends of the inner
hub 12). In the case of a separately molded inner hub 12, variations include having
through holes with lead-in tapers, the use of adhesives, and or having barbs or other
fittings that would ensure a tight fit of the catheter shaft 11 and extension tube
assembly 10 within the inner hub 12. FIG. 2 depicts a soft pliable outer hub 13 that
contains flexible suture wings substantially similar to those found on typical catheters.
In one method of manufacture, the outer hub 13 can be insert molded over the inner
hub 12, such that the geometry of the inner hub 12 is supported during the insert
molding process by the outer hub 13 mold cavity, thereby keeping the inner hub 12

located in the center of the molded assembly.

[0026] Another aspect of the invention is illustrated in FIGS. 3-4. FIG. 3
depicts a dual lumen rigid inner hub (or inner connector) 16 that forms a rigid high

pressure connection between the fluid paths of dual lumen catheter shaft 15 and the



WO 2004/105850 PCT/US2004/016595

10

15

20

25

30

7

extension tube assembly 14. Like inner hub 12, inner hub 16 may be insert molded
directly over both the dual lumen catheter shaft 15 and the extension tube assembly
14, or may be sep‘arately molded as a pre-formed insert and manually attached to the
dual lumen catheter shaft 15 and the extension tube assembly 14 in the same manner
as described above in connection with inner hub 12. FIG. 4 depicts a soft pliable dual
lumen outer hub 17 containing flexible suture wings substantially similar to those
found on typical catheters. The outer hub 17 can be insert molded over the inner hub
16. As with the single lumen embodiment described above, the geometry of the inner
hub 16 can be supported during the insert molding process by the outer hub 17 mold

cavity, thereby keeping the inner hub 16 located in the center of the molded assembly.

[0027] Another aspect of the invention is illustrated in FIGS. 5-8, depicting an
alternative method of design and manufacture of a high-pressure inner hub according
to the present invention. As illustrated in FIG.5, an inner hub 18 contains distal barbs
19 for retention of the catheter shaft 11 and proximal barbs 20 for retention of the
extension tube assembly 10, as well as a ring configuration 21 around a central
portion thereof. FIG. 6 shows an exploded view of the inner hub 18 in relationship to
the catheter shaft 11 and the extension tube assembly 10. FIG. 7 depicts the inner hub
18 with the catheter shaft 11 pressed over the distal retention barbs 19, and extension
tube assembly 10 pressed over the proximal retention barbs 20, such that the proximal
end of the catheter shaft 11 and the distal end of the extension tube assembly 10 abut
the ring configuration 21. Such a configuration forms a rigid high-pressure
connection between the fluid paths of the catheter shaft 11 and extension tube

assembly 10.

[0028] In an alternate embodiment, a compression sleeve could be placed over
the inner hub 18, following insertion into the catheter shaft 11 and the extension tube
assembly 10, such that the compression sleeve covered the ring configuration 21 and
portions of the catheter shaft 11 and the extension tube assembly 10. The
compression sleeve could then be crimped onto the assembly to provide a smooth
outer surface for the transition between the catheter shaft 11 and the extension tube
assembly 10. FIG. 8 depicts a soft pliable single lumen outer hub 17 containing

flexible suture wings substantially similar to those found on typical catheters. The
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outer hub 17 can be insert molded over the inner hub 18 similar to that described

above in connection with FIG. 2.

[0029] As described above, the high pressure catheters are made with a soft
flexible exterior in the conmector/hub while providing a more rigid high-pressure
interior. Any manufacturing process known in the art that can provide this soft
flexible exterior and rigid, high-pressure interior can be used to make the hub of the
invention. In one aspect of the invention, the inner hub is made by inserting a ridged
core pin between the extension tube assembly and the catheter shaft. As with
standard insert molding practice, use of a core pin keeps the fluid path between the
extension tube assembly and catheter shaft open during the molding process. The
extension tube assembly, catheter shaft and core pin combination are loaded into a
mold, which is machined to create a cavity having the desired shape and geometry of
the inner hub. Molten high durometer (ridged) plastic is then injected into the mold
cavity, encapsulating the extension tube assembly and catheter shaft. The core pin is
then removed, leaving a ridged high-pressure connection between the extension tube
assembly and catheter shaft. The outer hub is produced in a similar procedure. A
ridged core pin is inserted into the ridged high-pressure connection described above
and the combination is loaded into a mold, which is machined to create a cavity with
the desired shape and geometry of the outer hub. Molten low durometer (soft) plastic
is then injected into the mold cavity, encapsulating the ridged high-pressure
connection. The core pin is then removed, leaving a soft flexible outer hub over the
rigid high-pressure connection between the extension tube assembly and catheter

shatft.

[0030] Using the hub of the invention, a typical catheter can be used in both
standard pressure and high-pressure medical procedures. Thus, for example, a single
catheter can be used for both procedures, saving equipment cost (using a single
catheter in place of two or more catheters), physician time (needing only a single
needle prick), and safer, less intrusive procedures (requiring only a single vascular

access site). ‘

[0031] In addition to any previously indicated variation, numerous other

modifications and alternative arrangements may be devised by those skilled in the art
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without departing from the spirit and scope of the invention and appended claims are
intended to cover such modifications and arrangements. Thus, while the invention
has been described above with particularity and detail in connection with what is
presently deemed to be the most practical and preferred aspects of the invention, it
5  will be apparent to those of ordinary skill in the art that numerous modifications,
including but not limited to, form, function, manner of operations and use may be

made without departing form the principles and concepts set forth herein.
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CLAIMS

1. A catheter, comprising:

a catheter shaft;

an extension tube assembly;

an inner hub comprising a rigid hard material, connecting said
catheter shaft to said extension tube assembly, wherein
said catheter shaft is in fluid communication with said
extension tube assembly; and

an outer hub comprising a soft flexible material positioned

around said inner hub.

2. The catheter according to claim 1, wherein said catheter shaft

and said extension tube assembly each comprise a single lumen.

3. The catheter according to claim 2, wherein a portion of said
inner hub is inserted into a proximal end of said catheter shaft lumen and a distal end

of said extension tube assembly lumen.

4. The catheter according to claim 3, wherein said inner hub is

substantially contained within said catheter shaft and said extension tube assembly.

5. The catheter according to claim 3, wherein said inner hub

comprises distal and proximal barbs.

6. The catheter according to claim 5, wherein said inner hub

further comprises a central ring.

7. The catheter according to claim 2, wherein said inner hub
comprises openings configured for receiving said catheter shaft and said extension

tube assembly.

8. The catheter according to claim 7, wherein a lumen of said

inner hub comprises tapered portions adjacent to said openings.

9. The catheter according to claim 1, wherein said catheter shaft

comprises an outer wall enclosing at least two lumens therein, and wherein said
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extension tube assembly comprises at least two separate tubes in respective fluid

communication with each of said at least two lumens.

10.  The catheter according to claim 1, wherein said rigid hard
material comprises a material selected from the group consisting of medical grade

polyuréthane, metal, polyvinylchloride, nylon, polyester, and castable epoxy.

11.  The catheter according to claim 10, wherein said rigid hard
material comprises medical grade polyurethane having a hardness in the range of

approximately 90 Shore A durometer to 80 Shore D durometer.

12.  The catheter according to claim 11, wherein said rigid hard
material comprises Tecoflex® having a hardness in the range of approximately 70-75

Shore D durometer.

13.  The catheter according to claim 1, wherein said soft flexible
material comprises a material selected from the group consisting of medical grade

polyurethane, silicone, polyvinylchloride, nylon, polyester, and castable epoxy.

14.  The catheter according to claim 13, wherein said soft flexible
material comprises silicone having a hardness in the range of approximately 35-80

Shore A durometer.

15.  The catheter according to claim 1, wherein said rigid hard

material is adapted to accommodate pressures higher than approximately 150 psi.

16.  The catheter according to claim 1, wherein said outer hub

comprises a pair of suture wings.
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17. A method for making a catheter comprising a catheter shaft and
an extension tube assembly, comprising the steps of:

placing said catheter shaft and said extension tube assembly
into a first mold, wherein a proximal end of said
5 catheter shaft is positioned adjacent a distal end of said

extension tube assembly within a first mold cavity;
insert molding an inner hub comprising a rigid hard material
over said proximal end of said catheter shaft and said

distal end of said extension tube assembly;

10 placing the combination of said inner hub, catheter shaft and
extension tube assembly into a second mold, wherein
said inner hub is placed within a second mold cavity,
said inner hub being supported and centered
therewithin; and

15 insert molding an outer hub comprising a soft flexible material

over said inner hub.

18. A method for making a catheter comprising a catheter shaft and
an extension tube assembly, wherein said catheter shaft and said extension tube
assembly each comprise a single lumen, comprising the steps of:

20 inserting a portion of an inner hub having a throughgoing
lumen into a proximal end of said catheter shaft lumen
and a distal end of said extension tube assembly lumen
such that sajd inner hub is substantially contained
within said catheter shaft and said extension tube

25 assembly, wherein said catheter shaft is in fluid
communication with said extension tube assembly;

placing the combination of said inner hub, catheter shaft and
extension tube assembly into a mold, wherein said inner
hub is positioned within a mold cavity; and

30 insert molding an outer hub comprising a soft flexible material

over said catheter shaft and extension tube assembly.
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19. A method for making a catheter comprising a catheter shaft and
an extension tube assembly, comprising the stebs of:
providing an inner hub comprising a rigid hard material and at
least one throughgoing lumen;
5 positioning a proximal end of said catheter shaft into an
opening at a distal end of said inner hub;
positioning a distal end of said extension tube assembly into at
least one opening at a proximal end of said inner hub;
placing the combination of said inner hub, catheter shaft and
10 extension tube assembly into a mold, wherein said inner
hub is placed within a mold cavity, said inner hub being
supported and centered therewithin; and
insert molding an outer hub comprising a soft flexible material

over said inner hub.

15 20.  The method according to claim 19, wherein said inner hub
comprises two proximal openings and said extension tube assembly comprises two
separate tubes, wherein said step of positioning a distal end of said extension tube
assembly comprises positioning a first of said tubes into a first of said openings and

positioning a second of said tubes into a second of said openings.

20
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