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ABSTRACT

The present disclosure is directed to a catheter having anti-microbial properties. The catheter provides a
sustained release of an active anti-microbial substance, such as metal ions. The catheter has a tubular
catheter body having an exterior surface and an interior surface which defines a lumen. The catheter body
permits fluid to pass from the lumen to external of the catheter, defining an infusion section of the

catheter. The catheter includes a quantity of silver nanoparticles disposed on each of its exterior surface

and interior surface.



CA 02825233 2014-10-01

ANTI-MICROBIAL CATHETER HAVING AN _
ANTI-MICROBIAL SUBSTANCE IN THE FORM OF SILVER

This is a divisional of Canadian Patent Application No. 2,618,644, filed August 28,
2006.

Background of the Invention

Field of the Invention

10002] This invention generally relates to catheters and, in particular, to a
catheter that exhibits anti-microbial properties and delivers fluid medication uniformly

across an infusion section of the catheter.

Description of the Related Art

[0003] Infusion catheters for delivery of fluid medication into anatomical
systems, such as the human body, are well known in the art. Such catheters generally
include a flexible hollow tube inserted into some region of the anatomy. The tube
typically contains one or more axial lumens within which the fluid may tlow. The
proximal end of the catheter tube is connected to a fluid source from which flud 1s
introduced into the catheter tube. The fluid flows within one of the lumens under pressure
supplied at the proximal end of the tube. For each lumen, there are commonly provided
or more exit holes along an infusion section near the distal end of the tube, for fluid to the
tube. Such exit holes are created by piercing the side wall of the hollow tube.

(0004] In certain medical conditions, it is advantageous to deliver fluid
medication to a plurality of sites within a wound area. For instance, some wounds which
require pain medication may be in communication with many nerve endings, rather than a
single nerve trunk. One example of such a wound is a surgical incision. As stated above,

known to provide a plurality of exit holes through which the fluid medication exits
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the catheter tube. The exit holes may be provided at various axial and circumferential
positions along the catheter tube in order to control the position of the medication delivery
sites. An example of a catheter having this configuration 1s disclosed in U.S. Patent No.
5,800,407 to Eldor. Also, in some cases it 1s desirable to deliver such medication under
low pressure, so that the fluid is delivered at a relatively low rate. For example, some
pain medications must be delivered slowly to avoid toxicity and other side eifects.
Furthermore, in many cases it is desirable to dispense fluid medication at a substantially
uniform rate throughout the infusion section of the catheter, so that the medication 1is
evenly distnibuted throughout the wound area.

[0005] Unfortunately, a limitation of pnior art catheters with multiple exit
holes, such as the catheter taught by Eldor, is that during low pressure delivery of fluid
medication the fluid tends to exit only through the ex1t hole(s) nearest to the proximal end
of the infusion section of the catheter tube. This 1s because fluids flowing through a tube
more readily exit through the exit holes offering the least flow resistance. The longer the
flow path followed by the fluid in the lumen, the higher the flow resistance and pressure
drop experienced by the fluid. The most proximal holes offer the least flow resistance
and pressure drop. Therefore, the fluid tends to exitithe catheter tube primanly through
- these exit holes. As a result, the fluid medication is delivered only to a small region
within the wound area. The tendency of the fluid to undesirably flow only through the
most proximal exit holes depends upon the hole size, the total number of exit holes, and
the flow rate. As the hole size or number of holes increases, the fluid becomes more
likely to. exit only through the most proximal holes. Conversely, as the flow rate
Increases, the fluid becomes less likely to do so.

[0006] The tendency of the fluid to undesirably exit only through the most
proximal holes of the catheter can in some cases be overcome by increasing the flow rate
or pressure of the fluid, which causes the fluid to flow through more of the exit holes of
the catheter.  Indeed, if the flow rate or pressure 1s sufficiently high, the fluid will flow

through all of the exit holes. However, sometimes it 1s medically desirable to deliver
'medication at a relatively slow rate, 1.e., at a low pressure. Also, even in those cases in
which high pressure fluid delivery is acceptable or desirable, prior art cathéters do not
provide for uniform fluid delivery along the infusion section of the catheter. Rather, the
flow rate through the exit holes nearer to the proximal end of the infusion section tends to

be greater than that through the exit holes nearer to the distal end. This is because the
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fluid passing through the more proximal holes expeniences a lower flow resistance and

pressure drop. In contrast, the flmd flowing through the more distal holes expenences
greater flow resistance and pressure drop, and consequently exits at a lower tlow rate.
The further distal the hole, the lower the exit flow rate of the fluid. As a result, there 1s an
uneven distribution of medication throughout the wound area.

[0007] In another known type of infusion catheter, several lumens are
provided within a catheter tube. For each lumen, one exit hole 1s provided by piercing a
hole within the wall of the tube. The exit holes are provided at different axial positions
along the infusion section of the catheter tube. In this manner, fluid medication may be
delivered to several positions within the wound area. While this conﬁguration' ofiers
improved fluid distribution, it has some disadvantages. One disadvantage is that the fluid
flow rates through the exit holes are not equal, since the more distal exit holes otfer a
greater flow resistance for the same reasons discussed above. Another disadvantage 1s
that the number of lumens, and consequently the number of fluid exit holes, is limited by
the small diameter of the catheter tube. As a result, fluid may be delivered dnly to a very
limited number of positions within the wound area. Yet another disadvantage is that the
proximal ends of the lumens must be attached to a complicated manifold which increases
the cost of manufacturing the catheter.

[0008] An example of a catheter providing a more uniform dispensation of
fluid medication throughout an infusion section of the catheter is illustrated by U.S.
Patent No. 5,425,723 to Wang. Wang discloses an infusion catheter including an outer
tube, an inner tube concentrically enclosed within the outer tube, and a central lumen

within the inner tube. The inner tube has a smaller diameter than the outer tube, so that an

annular passageway is formed therebetween. The outer tube has a plurality of evenly
spaced exit holes defining the infusion section of the catheter. In use, tfluid flowing within
the central lumen passes through strategically positioned side holes within the side walls
of the inner tube. In particular, the spacing between adjacent side holes decreases along a
length of the inner tube to induce more fluid to pass through the more distal side holes.
The fluid then flows longitud.inally through the annular passageway before exiting
through the exit holes in the outer tube wall. In the annular passageway, the fluid can
flow in a distal or proximal direction, depending on the location of the nearest exit hole in

the outer tube. This configuration is provided to induce a more uniform exit flow rate of

fluid from the catheter.
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[0009] Untortunately, the Wang catheter is only effective for relatively high
pressure fluid delivery. When used for relatively low pressure flmid delivery, the catheter
disclosed by Wang does not provide uniform dispensation of fluid. Instead, the fluid
tends to exit through the side holes of the inner and outer tubes that are nearest to the
proximal end of the infusion section of the catheter, since these holes offer the least flow
resistance. Even for high pressure fluid delivery, there are several limitations of this
design. One limitation 1s that the concentric tubes design is relatively complex and
difficult to manufacture. Both tubes must be flexible enough to permit maneuverability
through an anatomical system, yet the annular passageway must remain open so that fluid
may flow uniformly therein. Another limitation is that the annular passageway may be
disturbed if there 1s a bend in the infusion section of the tube. A bend in the catheter may
deform the annular passageway or even cause the inner and outer tubes to come into
contact. This can cause an uneven fluid pressure within a longitudinal cross-section of the
annular passageway, resulting in non-uniform tluid delivery.

[0010] Another problem with prior art:catheters used for epidural, nerve block
and wound site pain management applications is the increased potential for infection
resulting from incision in the patient’s skin to permit insertion of the catheter or from the
mere existence of the catheter within the patient. The incision that permits the catheter to
‘be inserted into the patient compromises the protective function bf the skin and may allow
microbial growth at or near the incision.- In addition, the catheter itself may provide a
means for microbes to enter the body and cause an infection. Typically, the area around
the insertion site of the catheter 1s cleaned regularly and protected with a wound dressing

and/or antibiotic ointment. However, this repetitive cleaning is usually uncomfortable to

the patient and may not entirely prevent the occurrence of an infection.

Summary of the Invention

[0011] Accordingly, preferred embodiments of the present catheter are
configured to overcome some or all of these limitations and to provide an improved
catheter for delivering fluid medication to an anatomical region, while also providing
advantageous anti-microbial properties. Preferably, the catheters are configured to
provide a sustained release of an active anti~micro})ia1 substance, such as metal ions, for
example. In one preferred arrangement, the catheter includes a silver ion containing

matenial coated on or dispersed within one or more components or portions of the
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catheter. In certain preferred arrangements, at least a portion of the catheter is made of a
bio-absorbable material. Furthermore, the catheters may be constructed as aspiration

catheters and employed to remove fluid from an anatomical region.

[0012] A preferred embodiment is a catheter for delivery of fluid including an
elongated tube having a plurality of exit holes provided along a length of the tube to
define an infusion section of the catheter. The tube is sized to be inserted into an
anatomical region. An elongated member is positioned within the tube and is formed of a
porous material configured to control a rate of flmd flow through the member. The
catheter is configured such that a fluid introduced into a proximal end of the tube will
flow through the exit holes. At least one of the tube and the elongated member
incorporates an anti-microbial substance and is configured for the sustained release of the
anti-microbial substance into the fluid.

[0013] Another preferred embodiment is a catheter for delivery of flmd
including an elongated support and a porous membrane wrapped around the support. The
support and the porous membrane cooperate to define at least one lumen to receive a flow
of fluid. At least one of the support and the porous membrane incorporate an anti-
microbial substance and is configured for the sustained release ot the anti-microbial
substance into the fluid.

[0014] Yet another preferred embodiment is a catheter for the delivery of fluid
including a tube and a tubular coil spring having a proximal end attached to a distal end of
the tube. A stop closes a distal end of the spring. The tube and the spring each define a
portion of a central lumen. The spring has adjacent coils in contact with one another
when the spring is in a relaxed state, so that fluid within the spring and below a threshold
dispensation pressure is prevented from exiting the lumen by flowing radially between the
coils. The spring has the property of stretching when the fluid pressure is greater than or
equal to the threshold dispensation pressure to permit the fluid to be dispensed from the
lumen by flowing radially between the coils. At least one of the tube and the tubular coil
spring comprises an anti-microbial substance and is configured for the sustained release
of the anti-microbial substance into the fluid.

[0015]  Another preferred embodiment is a catheter for the delivery of fluid
including a distally closed tube. A length of the tube defines an infusion section of the
catheter and has a plurality of exit holes in a side wall of the tube. A tubular coil spring is

enclosed within the infusion section so that a lumen is defined within the tube and the
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spring. The spring has adjacent coils in contact with one another so that fluid within the
lumen and below a threshold dispensation pressure is prevented from exiting the lumen by
flowing radially between the coils. The spring has the property of stretching when the
tfluid pressure 1s greater than or equal to the t};reshold dispensation pressure to permit the
fluid to be dispensed from the lumen by flowing radially between the coils and through
the exit holes. At least one of the tube and the spring incorporates an anti-microbial

substance and 1s configured for the sustained release of the anti-microbial substance into

the fluid.

[0016]  Yet another preferred embodiment is a catheter for the delivery of fluid
throughout an anatomical region including a tube having a closed distal end and defining
an 1nterior lumen having a minimum cross-sectional flow area. A distal end portion of
the tube includes a plurality ofiexit holes therethrough. The plurality of exit holes are

sized such that a combined flow area of the exit holes is less than the minimum cross-
sectional flow area such that the exit holes form a flow-restricting orifice for the flow of a
flmid from within the lumen through the exit holes. The tube incorporates an anti-
microbial substance and 1s configured for the sustained release of the anti-microbial
substance into the fluid.

[0017] Still another preterred embodiment 1s a catheter for delivering a fluid
iﬁcluding an elongated tube having a closed distal end. At least a distal section of the
tube is cc‘mstructed‘from a bio-absorbable material. At least a portion of the distal section
defines a porous side wall, which permits fluid within the lumen to pass through the
portion of the distal section. At least a portion of the distal section incorporates an anti-
microbial substance and is configured for the sustained release of the anti-microbial
substance into the fluid.

[0018] All of these embodiments are intended to be within the scope of the
mvention herein disclosed. These and other embodiments of the present invention will
become readily apparent to those skilled in the art from the following detailed description
of the preferred embodiments having reference to the attached figures, the invention not
being limited to any particular preferred embodiments disclosed.

[0019]  For purposes of summarizing the invention and the advantages
achieved over the prior art, certain objects and advantages of the invention have been

described herein above. Of course, it is to be understood that not necessarily all such

objects or advantages may be achieved in accordance with any particular embodiment of
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the invention. Thus, for example, those skilled in the art will recognize that the invention
may be embodied or carried out in a manner that achieves or optimizes one advantage or
oroup of advantages as taught herein without necessarily achieving other objects or
advantages as may be taught or suggested herein.

Brief Description of the Drawings

[0020] Figure 1 1s a schematic side view of a catheter having features and
advantages in accordance with a first embodiment of the present invention.

[0021] Figure 2 1s a sectional view of the catheter of Figure 1, taken along line
2-2 of Figure 1.

[0022] Figure 3 is a sectional view of the catheter of Figure 1, taken along line
3-3 of Figure 1.

[0023] Figure 4 1s a perspective view of the end portion and support beam of
the catheter of Figure 1, illustrating a cross-section taken along line 4-4 of Figure 1.

[0024] Figure 5 is a side view of a catheter having features and advantages 1n
accordance with a second embodiment of the present imnvention.

[0025] Figure 6 1s a cross-sectional view of the infusion scction of the catheter
of Figure 5 taken along line 6-6 of Figure 5.

[0026] Figure 7 1s a cross-sectional view of a catheter having features and
advantages in accordance with a third embodiment of the present invention.

[0027] Figure 8 is a side view of a catheter having features and advantages in
accordance with a fourth embodiment of the present invention.

[0028] Figure 9 is a side view of a catheter having features and advantages in

accordance with a fifth embodiment of the present invention.

[0029]  Figure 10A is a cross-sectional view of the catheter of Figure 9,
illustrating an unstretched state of the spring.

[0030] Figure 10B is a cross-sectional view of the catheter of Figure 9,
illustrating a stretched state of the spring.

[0031] Figure 11 is a cross-sectional view of a catheter having features and
advantages in accordance with a sixth embodiment of the present invention.

[0032] Figure 12 is a side view of a catheter having features and advantages in

accordance with a seventh embodiment of the present invention.
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[0033] Figure 13 is a longitudinal cross-sectional view of a catheter having
features and advantages in accordance with an eighth embodiment of the present
invention. .

[0034] Figure 14 is a longitudinal cross-sectional view of a catheter similar to
that of Figure 13, illustrating a first attachment alternative between the internal porous
member and the tube.

[0035] Figure 15 is a longitudinal cross-sectional view of a catheter similar to
that of Figure 13, illustrating a second attachment alternative between the internal porous
member and the tube.

- [0036] Figure 16 is a longitudinal cross-sectional view of a catheter similar to
that of Figure 13, illustrating a third attachment alternative between the internal porous
member and the tube.

[0037] Figure 17 is a transverse cross-sectional view of a catheter according to
Figures 13-16, wherein the internal porous member is concentric with the outer tube.

[0038] Figure 18 is a transverse cross-sectional view of a catheter according to
Figures 13-16, wherein the internal porous member is not concentric with the outer tube.

[0039] Figure 19 is a schematic illustration of a catheter ot the present
invention used in conjunction with an air eliminating filter.

{0040} Figure 20 is a side view of a catheter having features and advantages in
accordance with a ninth embodiment of the present invention.

[0041] Figure 21 is a side view of a catheter having features and advantages 1n
accordance with a tenth embodiment of the present invention. |

[0042]  Figure 22 is a schematic illustration of the use of a catheter of the
present invention for treating a blood clot.

[0043] Figure 23 is a cross-sectional view of a catheter similar to the catheter
of Figures 1-4 and having an anti-microbial layer on the membrane and support.

(0044 ] Figure 24 is a cross-sectional view of a catheter similar to the catheter
of Figures 1-4 and having an anti-microbial material embedded within the membrane and
support.

[0045]  Figure 25 is a longitudinal cross-sectional view of a catheter similar to

the catheter of Figures 6 and 7 and having an anti-microbial layer on the catheter body.
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[0046] Figure 26 is a longitudinal cross-sectional view of a catheter similar to
the catheter of Figures 6 and 7 and having an anti-microbial material embedded within the
porous membrane.

(0047} Figure 27 is a longitudinal cross-sectional view of a catheter similar to
the catheters of Figures 13-18 and having an anti-microbial layer on the catheter body.

[0048] Figure 28 is a longitudinal cross-sectional view of a catheter similar to
the catheters of Figures 13-18 and having an anti-microbial material embedded within the
porous member.

[0049] Figure 29 is a longitudinal cross-sectional view of a catheter similar to
the catheter of Figure 11 and having an anti-microbial layer on the catheter body.

[0050] Figure 30 1s a 10f1gitudinal cross-sectional view of a catheter similar to
the catheter of Figure 11 and having an anti-microbial material embedded within the
catheter body.

[0051] Figure 31 is a longitudinal cross-sectional view of a catheter similar to
the catheter of Figure 12 and having an anti-microbial layer on the catheter body:.

[0052] Figure 32 1s a longitudinal cross-sectional view of a catheter similar to
the catheter of Figure 12 and having an anti-microbial material embedded within the
catheter body.

[0053] Figure 33 is side elevation view of a catheter having features and
advantages in accordance with another embodiment of the present invention, which
includes a tubular porous membrane, or sheath. .

[0054] Figure 33A is a cross-sectional view of the catheter of Figure 33, taken
along hine 33A-33A.

[0055] Figure 34 is é cross-sectional view of the catheter of Figure 33, taken
along line 34-34.

10056} Figure 35 is a schematic side view of a catheter having features and
advantages in accordance with another embodiment of the present invention, wherein at
least a portion of the catheter is constructed from a bio-absorbable material.

[0057] Figure 36 is an enlarged side view of a junction between a non-porous
section and a bio-absorbable section of the catheter of Figure 35.

10058] Figure 36A is a cross-sectional view of the junction of Figure 30, taken
along line 36A-30A.
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[0059] Figure 37 1s an enlarged side view of distal end of the catheter of
Figure 35.

Detailed Description of the Preferred Embodiments

10060} Figures 1-4 illustrate an infusion catheter 20 according to one
embodiment of the present invention. Catheter 20 preferably includes a flexible support
22 (Figs. 2-4), a non-porous membrane 24, and a porous membrane 26. The membranes
24 and 26 are wrapped around the support 22 to form a piurality of axial lumens between
the inner surfaces of the membranes 24 and 26 and the surface of the support 22, as
described 1n greater detail below. The non-porous membrane 24 defines a non-infusing
section 28 of the catheter 20, and preferably covers the support 22 from the proximal end
thereof to a point 30, shown in Fig. 1. Simlarly, the porous membrane 26 defines an
infusion section 32 of catheter 20, and preferably covers the support 22 from the point 30
to the distal end of support 22. Alternatively, the catheter 20 may be configured without a
non-porous membrane 24. In this configuration, the porous membrane 26 covers the
entire length of the support 22, so that the entire length of the support 22 corresponds to
the infusion section of the catheter 20. The infusion section can have any desired length.
The proximal end of the catheter 20 may be connected to a flmd supply 34 containing a
fluid 36 such as a liquid medication. The distal end of catheter 20 may include a cap 48
(Fig. 4) defining the endpoint of the axial lumens within the catheter 20.

[0061] In use, the catheter 20 1s inserted 1nto an anatomical system, such as a
human body, to deliver fluid medication directly to a wound area within the anatomical
system. In particular, the catheter 20 1s designed to deliver medication throughout a
generally linear segment of the wound area, corresponding to the infusion section 32 of
thé catheter 20. Thus, the catheter is preferably inserted so that the infusion section 32 is
positioned within the wound area. By using well known methods, a physician or nurse
may insert the catheter 20 with the aid of an axial guide wire 46 positioned within an axial
guide wire lumen 44 of the catheter. Once the catheter is positioned as desired, the guide
wire 46 1s simply pulled back out through the proximal end of the catheter 20.
Alternatively, the catheter 20 may be provided without a guide wire or a guide wire

lumen. '
[0062]  Figs. 2 and 3 illustrate a preterred configuration of the support 22. The
surface of the support 22 includes interruptions such as a plurality of ribs 40 as shown in

the figures. The interruptions are configured so that when the membranes 24 and 26 are

-10-
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wrapped around the support 22, the membranes form a portion of the walls of a plurality
of axial lumens 38 within which the fluid 36 may flow. In a preferred configuration, a
plurality of ribs 40 extend radially from a common axial center portion 42 of the support
22. The ribs 40 also extend longitudinally along a length of the support 22, and preferably
along the entire length thereof. In the non-infusing section 28, shown 1n Fig. 2, the non-
porous membrane 24 is preferably tightly wrapped around the outer edges of the ribs 40.
As a result, the axial lumens 38 are formed between the mner surface of the non-porous
membrane 24 and the outer surface of support 22. Similarly, in the infusion section 32,
shown in Fig. 3, the porous membrane 26 1s preferably tightly wrapped around the outer
edges of the ribs 40, so that the axial lumens 38 are formed between the inner surface ot
porous membrane 26 and the outer surface ot support 22.

[0063] In an alternative embodiment of the caiheter 20, the porous membrane
26 may be wrapped around the entire length of the support 20, thus replacing the non-
porous membrane 24. In this embodiment, the entire length of the support 22 corresponds
to the infusion section 32. According to another alternative embodiment, the support 22
may extend only within the infusion section 32, and a tube may be provided extending
from the fluid supply 34 to the proximal end of the support 22. In this embodiment, the
fube replaces the non-porous membrane 24 and the portion of the support 22 extending
within the non-infusing section 28 of the preferred embodiment. In other wiords, the tube
defines the non-infusing section 28.

[0064] In the preferred configuration, the number of ribs 40 equals the number
of axial lumens 38. Although five ribs 40 and axial lumens 38 are shown 1n Figs. 2 and 3,

any suitable number of ribs 40 and lumens 38 may be provided, giving due consideration

to the goals of providing a plurality of lumens within the catheter 20, maintaining
flexibility, and, if desired, maintaining the fluid independence of the lumens. Heren, the

?

terms “fluid independence,” “fluid separation,” and the like, when used to describe a
plurality of axial lumens, simply mean that the lumens do not fluidly communicate with
each other. The membranes 24 and 26 are preferably glued along the outer edges of the
ribs 40, utilizing any suitable glue, such as a medical grade glue or epoxy. This prevents
the membranes 24 and 26 from slipping, which might occur as the catheter is inserted or
removed from the anatomy. More preferably, the membranes are glued along the entire

length of the outer edges of each of the ribs 40. Alternatively, the membrane may be

wrapped around the support and not secured to the support by a foreign substance. The

-11-



CA 02825233 2013-08-28

membrane and support may also be secured to each other by other means known to those
of skill in the art. This maintains the fluid independence of the lumens 38. If desired, an
axial guide wire lumen 44 may be provided within the axial central portion 42 of the
support 22. The guide wire lumen 44 is adapted to receive a guide wire 46 which may be
used to aid in the insertion of the catheter 20 into the anatomy, as described above and as
will be easily understood by those of skill in the art.

[0065] As shown in Fig. 4, the catheter 20 preferably includes an end portion
or éap 48 secured to the distal end of support 22. End portion 48 may be formed
mtegrally with the support 22 or may be adhesively bonded thereto. Preferably, the
proximal end of end portion 48 1s circular and has a diameter such that the outer surface
of the proximal end of end portion 48 i1s aligned with the outer edges of the ribs 40 of the
support 22, as shown. The porous membrane 26 1s wrapped éround the proximal end of
the end portion 48. The membrane 26 1s preferably glued to the end portion 48 so that
fluid 36 within the lumens 38 1s prevented from exiting the catheter 20 without passing
through the walls of the membrane 26. End portion 48 blocks axial fluid flow through the
distal end of catheter 20. However, end portion 48 may optionally be formed from a
porous matenal to permit some axial dispensation of fluid from the distal end of the
catheter 20, 1f desired. The distal end of end portion 48 is preferably dome-shaped, as
shown, to permit the catheter 20 to more easily be inserted into an anatomical region.

[0066] The support 22 can be formed from a variety of materials, giving due
consideration to the goals of flexibility, light-weight, strength, smoothness, and non-
reactivity té anatomical systems, 1.e., safety. Suitable materials for the support 22 include
nylon, polyamide, teflon, and other materials known to those skilled in the aft. The
porous membrane 20 is preferably a sponge-like or foam-like material or a hollow fiber.
The membrane 26 may be formed from a varietf of suitable matenals, giving due
consideration to the goals of being tlexible and non-reactive to anatomical systems. The
membrane 26 preferably has a porosity resulting in substantially uniform dispensation of
fluid along the surface area of the infusion section 32 of the catheter 20, and has an
average pore size sufficiently small to limit the flow of bacteria through the membrane
walls. Some suitable materials for the membrane 26 are polyethylene, polysulfone,
polyethersulfone, polypropylene, polyvinylidene difluoride, polycarbonate, nylon, high
density polyethylene or any other hydrophilic material.  These materials are

advantageously biocompatible. The porous membrane 26 may filter out unwanted
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bacteria from the fluid medication as it passes through the membrane 26. It is known that
the smallest bacteria cannot pass through a pore any smaller than 0.23 microns. Thus, the
average pore size, or pore diameter, of the porous membrane 26 may be less than 0.23
microns to prevent bacteria from traversing the membrane 26. In other arrangements,
however, the average pore size, or pore diameter, of the membrane 26 1s preferably within
the range of about 0.1 to 1.2 microns, more preferably within the range of about 0.3 to 1
micron, and even more preferably about 0.8 microns.

[0067] As mentioned above, the proximal end of catheter 20 may be
connected to a flutd supply 34. The catheter 20 may be configured so that each axial
lumen 38 is fluidly independent. In other words, the lumens 38 would not fluidly
communicate with one.another. The catheter 20 may be connected to a singie fluid supply
34, so that the fluid 36 flows within each of the lumens 38. Aliernatively, the catheter 20
may be connected to a plurality of separate fluid supplies so that several different flmds
may separately flow within the lumens 38. According to this configuration, each lumen
38 may be connected to a separate fluid supply so that the total number of different fluids
that may be delivered to the anatomy 1s equal to the number of lumens 38. Alternatively,
the fluid lumens need not be fluidly independent. For example, the membrane 26 may not
be secured to the support 22 along the entire length of the support 22, thus permitting
fluid 36 to migrate between lumens 38.

[0068] In operation, the catheter 20 delivers fluid directly to the area of the
anatomy that is adjacent to the infusion section 32. The fluid 36 from the fluid source 34
is introduced into the axial lumens 38 at the proximal end of the catheter 20. The fluid 36
initially flows through the non-infusing section 28. When the fluid 36 first reaches the

infusion section 32, it soaks into the porous membrane 26. As more fluid 36 enters the
infusion section 32, it diffuses longitudinally within the walls of the membrane 26 until
the entire membrane 26 and infusion section 32 are saturated with fluid. At this point the
fluid 36 begins to pass through the membrane 26, thereby exiting the catheter 20 and
entering the anatomy. Moreover, the fluid 36 advantageously passes through the entire
surface area of the porous membrane 26 at a substantially uniform rate, due to the
characteristics of the membrane 26. Thus, the fluid is delivered at a substantially equal
rate throughout a generally linear segment of the wound area of the anatomy.

Furthermore, this advantage is obtained for both low and high pressure fluid delivery.
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[0069]  Figs. 5 and 6 illustrate a catheter 50 according to an alternative
embodiment of the present invention. According to this embodiment, the catheter 50
includes an elongated outer tube 52 and an inner elongated tubular porous membrane 54,
The tubular membrane 54 is preferably concentrically enclosed within the outer tube 52.
More preferably, the tube 52 tightly surrounds and supports the tubular membrane 54 so
that a relatively tight fit is achieved between the inner dimensions of tube 52 and the outer
dimensions of membrane 54. A plurality of fluid exit holes 56 are provided within the
tube 52, preferably throughout the entire circumference thereof. The portion of tube 52
that includes the exit holes 56 defines the infusion section 6f catheter 50. The tubular
membrane 54 need only be provided along the length of the infusion section, but could be
longer. Optionally, axial exit holes may be provided within the distal tip 58 of the tube
52. Also, a guide wire and/or guide wire lumen may be provided to aid in the insertion of
the catheter 50 into the anatomy, as will be understood by those skilled in the art.

[0070] The tube 52 may be formed from any of a variety of suitable materials,
such as nylon, polyether block polyamide, PTFE, polyimide, teflon and other materials
known to those skilled in the art, giving due consideration to the goals of non-reactivity to
anatomical systems, flexibility, light-weight, strength, smoothness, and safety. In a
preferred configuration, the tube 52 is preferaBly a 19 to 20 gauge catheter tube, having
inside and outside diameters of 0.021 inches and 0.035 to 0.043 inches, respectively. The
exit holes 56 of tube 52 are preferably about 0.015 inches in diameter and provided at
equally spaced axial positiéns along the tube 52. The holes 56 are preferably arranged so
that every hole is angularly displaced about 120° relative to the longitudinal axis of the
tube 52, from the angular location of the previous hole. The axial separation between
adjacent exit holes 56 is preferably within the range of about 0.125 to 0.25 inches, and
more preferably about 3/16 inch. Also, the infusion section can have any desirable length.
This configuration results in {a thorough, uniform delivery of fluid throughoﬁt a generally
linear segment of the wound area. Of course, the exit holes 56 may be provided in any of
a variety of alternative arrangements.

[0071] The tubular porous membrane 54 is preferably a sponge-like or foam-
like material or a hollow fiber. The tubular membrane 54 may have an average pore size,
or pore diameter, less than 0.23 microns to filter bacteria. In other arrangements,

however, the pore diameter is preferably within the range of about 0.1 to 1.2 microns,

more preferably within the range of about 0.3 to 1 micron, and even more preferably

_14-



CA 02825233 2013-08-28

about 0.8 microns. The tubular membrane 54 may be formed from any of a variety of
suitable materials, giving due consideration to the goals of non-reactivity to anatomical
systems, maintaining flexibility, fitting within the size constraints of the tube 52, and
having a porosity resulting in the substantially uniform dispensation of fluid through all of
the exit holes 56 in tube 52. Some suitable materials for the membrane 54 are
polyethylene, polysulfone, polyethersulfone, polypropylene, polyvinylidene difluonde,
polycarbonate, nylon, high density polyethylene or any other hydrophilic material.
Preferable inside and outside diameters of the tubular membrane 54 are 0.010 inches and
0.018 inches, respectively. In the event that a guide wire 46 1s provided, the guide wire
may be a stainless steel wire about 0.005 inches in diameter. The tube 52 may be secured
to the membrane 54 by epoxy, cyanoacrylate or other means known to those skilled in the
art. Alternatively, the membrané 54 may contact the tube 52 with an interference fit and-
not use other matenals to secure the membrane 54 in the tube 52.

[0072] In operation, the catheter 50 delivers fluid to the region of an
anatomical system adjacent to the infusion section of catheter 50. As the fluid flows into
the infusion section, it initially soaks into the tubular porous membrane 54. As more fluid
enters the infusion section, the fluid diffuses longitudinally within the walls of the tubular
member 54. Once the membrane 54 and the tubular space therein are saturated, the fluid
passes through the membrane 54 and exits the catheter 50 by flowing through the exit
holes 56 of the tube 52. Moreover, the fluid advantageously passes through the
membrane substantially uniformly throughout the surface area of the membrane 54,
resulting in a substantially uniform flow through substantially all of the exit holes 56.
Thus, the fluid 1s delivered at a substantially equal rate throughout the wound area of the
anatomy. Furthermore, this advantage is obtained for both low and high pressure fluid
delivery.

[0073] Fig. 7 illustrates a catheter 70 according to another embodiment of the
present mvention. Catheter 70 includes a tube 72 having a plurality of exit holes 76 in
side walls of the tube, and a tubular porous membrane 74 concentrically enclosing the
tube 72. Catheter 70 operates in a similar manner to catheter 50 described above in
connection with Figs 5 and 6. In use, fluid medication passes through the exit holes 76
and then begins to soak into the porous membrane 74. The fluid diffuses longitudinally
within the walls of thé membrane until the membrane is saturated. Thereafter, the fluid

leaves the membrane walls and enters the anatomy. Advantageously, the fluid is
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dispensed to the anatomy at a substantially uniform rate throughout the surface area of the
membrane 74. As in the previous embodumnents, this advantage is obtained for both low
and high pressure fluid delivery. |

[0074] Fig. 8 illustrates a catheter 60 according to another embodiment of the
present invention. Catheter 60 1s better suited for relatively high flow rate delivery of
fluid to a region within an anatomical system. Catheter 60 includes a tube 62 having a
plurality of exit holes 64 of increasing size. In particular, the more distal exit holes are
larger in diameter than the more proximal exit holes. The position of the exit holes 64 on
the tube 62 defines the length of the infusion section of the catheter 60. The infusion
section can have any desired length. The proximal end of catheter 60 is connected to a
fluid supply, and a guide wire and/or guide wire lumen may also be provided for aiding in
the insertion of catheter 60 into the anatomy.

[0075]) As discussed above, for high or low pressure fluid delivery, exit holes
nearer to the distal end of a catheter tube generally have increased flow resistance
compared to exit holes nearer to the proximal end of the tube. Also, the fluid flowing
through the more distal holes experiences a greater pressure drop. Consequently, there is
generally a greater flow rate of fluid through the more proximal holes, resulting in non-
uniform fluid delivery. In contrast, catheter 60 advantageously provides substantially
uniform fluid delivery through substantially all of the exit holes 64, under relatively high
tlow rate conditions. This is because the larger size of the more distal holes compensates
for their increased flow resistance and pressure drop. In other words, since the more
distal holes are larger than the more proximal holes, there is a greater flow rate through
the more distal holes than there would be if they were the same size as the more proximal
holes. Advantageously, the holes 64 are provided in a gradually increasing size which
results 1n substantially uniform fluid dehvery. In addition, the exit holes 64 may be sized
so that they combine to form a flow-restricting oriﬁce; as described below in connection
with the embodiment of Fig. 12.

[0076] As compared to prior art catheters, catheter 60 1s advantageously
stmple and easy to manufacture. All that is required 1s to drill a plurality of exit holes 64
in the tube 62. Furthermore, catheter 60 can sustain greater bending than prior art
catheters while maintaining operability.. In contrast to prior art catheters, such as the
Wang catheter, if the tube 62 is bent somewhat, it will still deliver fluid relatively

uniformly. This is because the tube 62 has a single lumen with a relatively large cross-
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section. When the tube 62 is somewhat bent, fluid flowing within the lumen 1s less likely
to experience blockage and a consequent pressure change which might lead to non-
uniform fluid dispensation.

[0077] The tube 62 of catheter 60 may be formed from any of a wide variety
of materials, giving due consideration to the goals of non-reactivity to anatomical
systems, flexibility, light-weight, strength, smoothness, and safety. Suitable matenals
include nylon, polyether block polyamide, PTFE, polyimide, teflon, and other matertals
known to those skilled in the art. The infusion section can have any desired length but 1s
preferably about 0.5 to 20 inches long, and more preferably about 10 inches long. The
diameter of the exit holes 64 preferably ranges from about 0.0002 inches at the proximal
end of the infusion section to about 0.01 inches at the distal end thereof. The largest, 1.¢.,
most distal, exit hole 64 is preferably about 0.25 inches from the distal end of the tube 62.
In the preferred cOnﬁguration, the axial separation between adjacent holes 64 is within the
range of about 0.125 to 0.25 inches, and more preferably about 3/16 inch. Optionally, the
holes 64 may be provided so that adjacent holes are angularly displaced by about 120
degrees as 1n the embodiment of Fig. 5. Of course, if too many exit holes 64 are provided,
‘the tube 62 may be undesirably weakened.

[0078] Figures 9, 10A, and 10B illustrate a catheter 80 according to another
embodiment of the present invention. The catheter 80 comprises a tube 82, a “weeping”
tubular coil spring 84, and a stop 86. The proxirﬁal end of the spring 84 is attached to the
distal end of the tube 82 so that the tube and spring each define a portion of a central
lumen. A preferably dome-shaped stop 86 1s attached to and closes the distal end of the
spring 84. The portion of the spring 84 that 1s distal to the tube 82 comprises the infusion

section of the catheter 80. In an unstretched state, shown in Fig. 10A, the spring 84 has
adjacent coils in contact with one another so that fluid within the spring and below a
threshold dispensation pressure 1s prevented from exiting the lumen by flowing radially
between the coils. The spring 84 has the property of stretching longitudinally, as shown
in Fig. 10B, when the fluid pressure is greater than or equal to the threshold dispensation
pressure of the spring, thereby permitting the fluid to be dispensed from the lumen by
“weeping,” i.e., leaking radially outward between the coils. Alternatively, the spring may
stretch radially without elongating to permit fluid to weep through the coils of the spring.
Further, the spring may stretch both longitudinally and radially to permit weeping, as will
be understood by those of skill in the art. Advantageously, the fluid between the coils of
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the spring is dispensed substantially uniformly throughout the length and circumierence of
the portion of the spring that is distal to the tube 82, 1.e., the infusion section. The
catheter 80 can be used for both high or low flow rate fluid delivery.

10079] In use, the catheter 80 is inserted into an anatomical region so that the
spring 84 is in a region to which fluid medication 1s desired to be delivered. The spring 1s,
initially in an unstretched state, as shown in Fig. 10A. The tluid 1s introduced nto a
proximal end of the tube 82 of the catheter 80 and flows into and through the spring 84
until it reaches the stop 86. As fluid is continually introduced into the proximal end of the
tube 82, the fluid builds inside of the spring 84. When the spring 84 1s filled with fluid,
the fluid pressure rises more quickly. The fluid imparts a force directed radially outward
“onto the spring coils. As the pressure builds, the outward force becomes larger. Once the
fluid préssure rises to the threshold dispensation pressure, the outward force causes the
spring coils to separate slightly so that the spring stretches longitudinally, as shown in Fig.
10B. Alternatively, the coils may separate radially, as discussed above. The fluid then
ﬂows through the separated coils to be dispensed from the catheter 80. Moreover, the
dispensation is advantageously uniform throughout the infusion section of the catheter 80.
As fluid is continually introduced into the tube 82, the spring 84 remains 'stretched to
continually dispense fluid to the desired region within the anatomy. If the fluid
introduction temporarily ceases, the fluid pressure within the spring 84 may fall below the
threshold dispensation pressure. If so, the spring will compress so that the coils are once
again adjacent and the ﬂuidiis no longer dispenéed.

[0080] Several spring typés will achieve the purposes of this invention.
Su;table stainless steel spring types are 304, 316L or 402L, which can be readily
purchased. In a preferred configuration, the spring 84 has about 200 coils per inch along
its length. In this configuration, the spring can advantageously sustain a high degree of
bending without leaking fluid from within, and only a severe bend will cause adjacent
coils to separate. Thus, the spring 84 may be flexed considerably within an anatomical
region without causing fluid to leak and therefore be dispensed to only one region within
the anatomy. The spring 84 can have any desired length to define the length of the
infusion section of the catheter 80. The spring may be formed from a variety of matenals,
giving due consideration to the goals of strength, flexibility, and safety. A preferred
material is stainless steel. In the preferred configuration, the inside and outside diameters

of the spring are about 0.02 inches and 0.03 inches, respectively, and the spring wire has a
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diameter of about 0.005 inches. The proximal end of the spring 84 is preferably
concentrically enclosed within the distal end of the tube 82. The spring can be glued to
the inside wall of the tube 82 using, for example, a U.V. adhesive, a potting material, or
other bonding matenals. Alternatively, the spring can be soldered within the tube 82 or
be fitted with a proximal plug and tightly plugged into the tube 82.

[0081] The tube 82 and stop 86 can be formed from any of a variety of
matenals, giving due consideration to the goals of flexibility, light-weight, strength,
smoothness, and safety. Suitable materials include nylon, polyether block polyamide,
PTFE, polyimide, teflon, and other materials known to those skilled in the art.

[0082] Fig. 11 illustrates a catheter 90 according to another embodiment of the
present invention. -The catheter 90 comprises a distally closed tube 92 and a “weeping”
tubular coil spring 94 concentrically enclosed within the tube 92 so that a lumen is
defined within the tube and spring. A plurality of exit holes 96 are pro?ided along a
length of the tube 92, in the side wall thereof. The length of the tube 92 including such
exit holes 96 defines an infusion section of the catheter 90. The exit holes 96 are
preterably provided throughout the walls of the infusion section. The infusion section can
have any desired length. In the preferred configuration, the axial spacing between
adjacent holes 96 is within the range of about 0.125 to 0.25 inches, and more preferably
about 3/16 inch. Adjacent holes 96 are preferably angularly spaced apart by about 120
degrees. The spring 94 is preferably enclosed within the infusion section of the catheter
and configured similarly to the spring 84 of the embodiment of Figs. 9, 10A and 10B.
The spring 94 1s preferably longer than the infusion portion and positioned so that all of
the exit holes 96 are adjacent to the spring 94. In this configuration, the fluid is prevented
from exiting the lumen without flowing between the spring coils. A stop is preferably
attached to the tube to close the distal end thereof. Alternatively, the tube 92 may be
formed with a closed distal end. The catheter 90 can be used for high or low flow rate
fluid delivery.

[0083] In use, the catheter 90 1s inserted into an anatomical region so that the
infusion section is in a region to which fluid medication is desired to be delivered. The
fluid is introduced into a proximal end of the tube 92 of the catheter 90 and flows through
the spring 94 until it reaches the closed distal end of the tube 92. ‘AS fluid is continually
introduced into the proximal end of the tube 92, the fluid builds inside of the spring 94.

Eventually, the spring 94 becomes filled with fluid, the fluid pressure rises, and the fluid
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weeps through the spring coils as described above in connection with the embodiment of
Figs. 9, 10A, and 10B. Moreover, the fluid flows through the spring coils substantially
uniformly througﬁout the length and circumference of the spring 94. The fluid then exits
the tube 92 by flowing through the exit holes 96 of the infusion section. The exit holes
are preferably equal 1n size so that the fluid tlows at a substantially equal rate through the
exit holes, advantageously resulting in a generally uniform distribution of fluid throughout
a desired region of the anatomy. As fluid is continually introduced into the catheter 90,
the spring 94 remains stretched to continually dispense fluid from the catheter. It the fluid
introduction ceases temporarily, the fluid pressure within the spring 94 may fall below the
threshold dispensation pressure. If so, the spring may compress so that the coils are once
again adjacent and the fluid 1s no longer dispensed.

[0084] In the preferred configuration, the spring 94 and tube 92 are in contact
along the entire length of the spring, so that the fluid weeping through the spring is forced
to flow through the holes 96 of the infusion section. Preferably, one end of the spring 94
1s attached to the inside walls of the tube 92, permitting the other end of the spring to be
Tdisplaced as the spring stretches. The spring can be glued to the tube 92 with, for
example, a U.V. adhesive, potting material, or other bonding materials. Alternatively, an
end of the spring can be soldered onto the inner walls of the tube 92. The tube 92 can be
formed from any suitable material. The inside walls of the tube 92 are preferably smooth
so that the spring can more freely stretch and compress.

[0085] Fig. 12 illustrates a catheter 100 according to anothef embodiment of
the present invention. The catheter 100 comprises a distally closed tube 102 having a

plurality of exit holes 104 in side walls of the tube 102. The portion of the tube 102

having exit holes 104 defines an infusion section of the catheter 100. The exit holes 104
are sized to have a combined area of opening that 1s smaller than the area of any other
flow-restricting cross-section or orifice of the catheter. Thus, the exit holes 104 are the
flow-restrictor of the catheter 100. In use, the catheter advantageously dispenses tlhud
through substantially all of the exit holes 104. A fluid introduced into a proximal end of
the tube 102 flows through the tube until it reaches the closed distal end thereof. At this
point, the fluid builds within the infusion portion of the catheter. The fluid 1s
substantially prevented from flowing through the holes 104, due to their small size.
Eventually, the infusion portion of the catheter becomes filled with fluid. As fluid is

continually introduced into the proximal end of the tube 102, the fluid pressure begins to
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build. At some point the pressure becomes sufficiently high to force the fluid through the
exit holes 104. Moreover, the fluid flows through substantially all of the exit holes 104.

[0086] In this preferred configuration, the exit holes 104 are all equal in size
so that the fluid 1s dispensed at a substantially equal rate through substantially all of the
holes. The holes 104 are preferably laser drilled to achieve a very small hole diameter. A
preferred diameter of the exit holes 104 is about 0.0002 inches, or about 5 microns.
Numerous exit holes 104 may be provided within the tube 102. The holes are
advantageously provided throughout the circumference of the infusion portion of the
catheter 100, to more uniformly deliver the fluid throughout an anatomical region. A
preferred axial spacing between adjacent holes 104 is within the range of about 0.125 to
0.25 inches, and more preferably about 3/16 inch. The catheter 100 can be used for high
or low flow rate fluid delivery. The tube 102 can be formed from any of a variety of
materials known to those skilled in the art and discussed previously.

[0087] Fig. 13 illustrates a catheter 200 according to another embodiment of
the present invention. Catheter 200 includes a distally closed tube 202 having a plurality
of exit holes 204 therein along an infusion section of the catheter, as in the above-
described embodiments. The holes 204 are desirably provided throughout the
circumterence of the tube 202. Enclosed within the tube 202 is an elongated member 206
~ formed of a porous material. Preferably, the member 206 is generally cylindrical in
shape, and solid. Preferably, the member 206 is positioned within the tube 204 so that an
annular space 208 is formed between the outer surface of the member 206 and the inner
surface of the tube 202. Preferably, the member 206 extends from the distal end 210 of

the tube 202 rearwardly to a point proximal of the infusion section of the catheter.

Alternatively, the member 206 may extend along only a portion of the infusion section.
The member 206 is preferably generally concentric with the tube 202, but non-concentric
designs will achieve the advantages of the invention. Preferably, the member 206 is
manufactured of a flexible material to assist with the placement of the catheter 200 in the
body of a patient.

[0088] In operation, fluid medication flowing in the tube 202 saturates the
porous member 206 and flows into the annular region 208. Once the member 206 is
saturated, the fluid in the member 206 flows into the region 208 and out of the catheter
200 through the exit holes 204. Advantageously, since the fluid pressure is uniform

throughout the annular region 208, the fluid flows substantially uniformly through all of
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the holes 204. There are several advantages of the annular region 208. One advantage 1s
that it tends to optimize the unmiformity of flow through the exit holes 204. Also, the
member 206 may be formed from a porous material that tends to expand when saturated
with liquid. If so, the member 206 preferably expands into the annular region 208 without
pressing against the tube 202. This limits the possibility of high pressure regions at the
interior surface of the tube 202, which could cause uneven exit flow of the medication
within the wound site. Alternatively, the member 206 may expand and come into contact
with the tube 202, and still accomplish the goals of the present invention.

[0089] The member 206 is formed of a porous material having an average
pore size preferably within the range of .1- 50 microns, and more preferably about 0.45
microns. The radial width W of the annular region 208 1s preferably within the range of O
to about 0.005 microns, and more preferably about 0.003 microns. The member 206 can
be formed of any of a variety of materials, giving due consideration to the goals of
porbsity, flexibility, strength, and durability.- A preferred material is Mentek.

[0090] The member 206 can be secured within the tube 202 by the use of an
adhesive. In one embodiment, as shown in Fig. 13, the adhesive is applied at the distal
end of the member 206 to form a bond With the interior surface of the distal end of the
tube 202. Preferably, adhesive is applied at or near the proximal end of the infusion
section of the catheter 200. Additionally, the adhesive can be applied to the
circumference of the member 206 at any longitudinal position thereof, forming a ring-
shaped bond with the interior surface of the tube 202, For example, in the embodiment of
Fig. 13, a ring-shaped bond 214 1s provided just proximal of the infusion section of the
catheter 200. Other configurations are possible. For example, Fig. 14 shows an
embodiment in which the adhesive is applied to the distal end of the member 206 to' form
a bond 216, and also at generally the center of the infusion section to form a ring-shaped
bond 218. Fig. 15 shows an embodiment in which the adhesive 1s applied only to the
distal end of the member 206 to form a bond 220. Fig. 16 shows an embodiment in which
the adhesive is applied only to the center of the infusion section to form a ring-shaped

bond 222. Those of ordinary skill in the art will understand from the teachings herein that
the adhesive may be applied in any of a variety of configurations. Thus, for example,

adhesive at the distal end of the catheter (i.e., 212, 216, and 220 in Figs. 13, 14, and 15,

respectively) is not required.
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[0091] In a presently preferred embodiment of the invention, preferably one
bond is incorporated at the most proximal hole of the catheter. The bond preterably 1s
formed with an adhesive as described below.

[0092] The ring-shaped bond 214 can be formed by pouring the adhesive 1n
liquid form through one of the exit holes 204 when the member 206 1s 1n the tube 202.
The adhesive, having a generally high viscosity, tends to flow about the circumterence of
the member 206, rather than into the body of the member. The adhesive thus forms a
ring-shaped bond with the tube 202, as will be understood by those of skill in the art.
Also, the adhesive plugs the exit hole 204 through which if 1s poured. Any of a variety of
different types of adhesives will be acceptable, a preferred adhesive being Loctite.

[0093] As mentioned above, the member 206 is preferably concentric with the
tube 202. Fig. 17 shows a cross-section of a catheter 200 in which the member 206 1s
concentrically enclosed within the tube 202. Alternatively, the member 206 may be
positioned adjacent to the tube 202, as shown n Fig. 18. The configuration of kig. 138
may be easier to manufacture than that of Fig. 17, since the member 206 does not have to
be centered within the tube 202.

[0094] Those of ordinary skill in the art will understand from the teachings
herein that the member 206 can be of any desired length and can extend along any desired
length of the infusion section 6f the catheter 200. For example, the member 206 does not
have to extend to the distal end of the tube 202. Further, the proximal end of the member
206 may be either distal or proximal to the proximal end of the infusion section.

[0095] When any of the catheters of the above embodiments 1s used, the
catheter may initially have air inside of the catheter tube. For example, the catheter 200
shown in Fig. 13 may have air inside of the porous material of the member 206. The
introduction of liquid medication into the catheter forces the air to flow out of the exit
holes. However, this may take several hours. If the catheter 1s inserted mnto a patient
while air is inside, and liquid medication is introduced into the catheter, the patient’s
wound site may receive little or no medication until air 1s expelled from the catheter tube.
Thus, it is preferred to run the liquid medication through the catheter prior to inserting the
catheter into a patient, to ensure that the air 1s expelled from the cathf;ter prior to use.
Further, with reference to Fig. 19, an air filter 224, as known 1n the art, can be inserted

into the catheter tubing proximal the infusion section 226 of the catheter 200. The filter

224 prevents undesirable air from entering the infusion section 226 of the catheter 200.
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[0096] Figs. 20 and 21 illustrate catheter tubes having elongated exit holes or
slots. These catheter tubes may be used in place of the catheter tubes shown and
described above. Fig. 20 shows a tube 230 having exit holes or slots 232 that are
elongated in the longitudinal direction of the tube 230. The slots 232 are preferably
provided throughout the circumference of the tube 230, along the infusion sectton of the
catheter. Compared to smaller exit holes, the elongated slots 232 tend to increase the
flowrate of fluid exiting the catheter, by reducing the flow impedance experienced by the
fluid. Preferably, the slots 232 may be oriented longitudinally on the catheter body so as
not to compromise the structural integrity ot the catheter 200, as will be easily understood
by those of skill in the art. -

j0097] Fig. 21 shows a tube 234 having exit holes or slots 236 whose lengths
increase along the length of the tube in the distal direction. In the illustrated embodiment,
the slots nearer to the proximal end of the infusion section of the tube 234 are shorter in
length than the slots nearer to the distal end of the infusion section. As in the
embodiment of Fig. 8, the catheter tube 234 advantageously provides substantially
uniform fluid delivery through substantially all of the exit slots 236, under relatively high
flow rate conditions. This is because the larger size of the more distal slots compensates
for their increased flow resistance and pressure drop. In other words, since the more
distal slots are larger than the more proximal slots, there is a greater flow rate through the
more distal slots than there would be if they were the same size as the more proximal
slots. Advantageously, the slots 236 are provided in a gradually increasing length, which
results 1n substantially umiform fluid delivery. Further, the elongated slots resuilt in
generally higher exit flowrates, as in the embodiment of Fig. 20.

[0098] With regard to all of the above embodiments of catheters, an
independent guide wire lumen may be provided within or adjacent to the lumen(s)
disclosed, as will be understood by those skilled in the art.

[0099] The catheters of the present invention can be used in various medical
applications. With reference to Fig. 22, in one exemplary application a catheter 20
(reference numeral 20 1s used to identify the catheter, but any of the above-described
catheters can be used) is inserted into a blood clot 240 inside of a vein or artery 242.
Preferably, the infusion section of the catheter 1s within the blood clot 240. Liquid

medication is preferably introduced into the proximal end of the catheter tube.
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Advantageously, the medication exits the catheter 20 at a uniform rate throughout the

infusion section to dissolve the clot 240.

[0100] As will be easily understood by those of skill in the art, any of the
catheter embodiments described herein may be used in a variety of applications including,
but not hmited to, peripheral nerve blocks, intrathecal infusions, epideral infusions,
intravascular infusions, intraarterial infusions and intraarticular infusions, as well as in
wound site pain management. Furthermore, the disclosed catheters may be adapted for
use as aspiration catheters, as well.

[0101] In addition, any of the catheters disclosed herein may be integral with a
fluid line emanating from an infusion pump as opposed to being an independent catheter
designed to be connected or secured to an infusion pump.

[0102]  Figures 23-32 illustrate several preferred embodiments of a catheter
having features configured to facilitate the uniform flow of a fluid exiting the catheter.
These flow control features preferably are similar to the features described above with
reference to Figures 1-21. Furthermore, the catheters of Figures 23-32 may be
constructed of similar materials using processes similar to those described above, unless
otherwise noted. In addition, preferably the catheters of Figures 23-32 also include anti-
microbial properties to inhibit the growth of microbes on or within the catheter and,
preferably, to inhibit microbe growth in an anatomical region adjacent the catheter. As
described in greater detail below, the illustrated catheters may include an anti-microbial
layer, anti-microbial materials embedded within the material from which components of
the catheters are constructed, or a combination of anti-microbial layers and embedded
anti-microbial materials. .

- [0103] In preferred arrangements, the anti-microbial layers or materials are
configured to provide the sustained release of anti-microbial agents. In one arrangement,
the anti-microbial layer or material comprises a heavy metal such as gold, platinum,
silver, zinc or copper, all of which are known to possess anti-microbial properties and,
more preferably, the heavy metal is in the form of metal ions. In a particularly preferred
embodiment, the anti-microbial layer or material is silver and, more preferably, silver
ions. However, other anti-microbial substances such as antibiotics or germicidal
chemaicals may also be used or incorporated on or in the catheter.

[0104] In some arrangements, the metal ions may be contained within a carmer

material, such as a natural or synthetic polymer, which preferably assists 1n the sustained

!
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release of the metal ions and inhibits degradation of the metal ions. Other suitable
methods for providing for the sustained release of the anti-microbial substances may also
be used.

[0105] As described above, in certain arrangements, the anti-microbial
material may be in the form of a layer of material making up a portion of a component of
the catheter, such as the tubular catheter body or a flow control component, for example.
To create such an anti-microbial layer, the anti-microbial material may be applied as a
coating to a component of the catheter, such as by a deposition, dipping, spraying, co-
extrusion, or other fechniques or processes suitable for creating a multi-layered article.

[0106] In alternative arrangements, the anti-microbial material may be
dispersed within the base material(s) that construct a component of the catheter, such that
the base material forms an anti-microbial layer. For example, the anti-microbial material
may be compounded or otherwise embedded or dispersed within the polymer material
forming the catheter body. However, the anti-microbial material may be embedded
within other components of the catheter, as described in greater detail below. The anti-
microbial material may be provided within the base material prior to the process of
manutacturing the catheter component. For example, the anti-microbial material may bé
provided within the polymer resin used to create the catheter body by extrusion or other
forming processes.

[0107] Preferably, the anti-microbial substance is both embedded within a
base material of the catheter tube or other catheter components and forms a layer on the
tube or other component(s). In one particularly preferred arrangement, the anti-microbial
substance comprises stabilized ionic silver nanoparticles, which preferably are less than
about 50nm in size and, mofe preferably, are between about 5 to 15 nm in size, in a
solution. |

[0108] The catheter (or catheter component) is preferably submerged nto the
solution, which 1n one arrangement may comprise silver chloride with a reducing agent.
The catheter preferably 1s submerged in the solution for a period of time sufficient to
permit the silver particles to adhere to the catheter. In one arrangement, the catheter is
submerged for about 16 hours in a solution that is above room temperature. For example,
the temperature of the solution may be approximately 35 degrees Celsius. Desirably,

multiple catheters are submerged in a container of solution at the same time. Preferably,

the solution and/or catheters are agitated to assist in providing a uniform silver particle
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distribution throughout the length of the catheters and, desirably, on both inner and outer
surfaces of the catheters. In one preferred method, the catheter body (or tubular portion ot
the catheter assembly) is treated with the anti-microbial substance separate from the flow
control components, such as those described above. If desired, the flow control
components, such as the hollow fiber member or membrane, may be treated with the anti-
microbial substance separately. The catheter body and flow control component(s) may
then be assembled.

[0109] Once the catheters have been submerged in the silver solution for a
desirable period of time, the catheters are removed from the solution and, preferably,
rinsed. The rinsing agent is alcohol in one preferred method of manufacture. After
rinsing, the catheters are allowed to dry. If desired, means may be provided to assist the
drying of the catheters. For example, the catheters may be spun. In one arrangement, the
catheters are spun at approximately 80-100 rpm for about two minutes. After spinning,
the catheters preferably are allowed to fully dry, preferably 6vernight.

[0110] The dried catheters preferably are then exposed to light. Catheters
which have been submerged in silver solutions and are then exposed to light change n
color or become colored. For example, typical nylon catheters usually are clear or opaque
and become colored after submersion in the silver particle solution. Catheters exposed to
certain silver solutions, such as those disclosed herein, may take on a gold or amber
coloration. The coloration of such catheters enhances the ease of identification of treated
catheters in contrast to untreated catheters. It is believed that the silver treated catheters
described heremn are ;the only non-clear, or colored, catheters used for wound site,

peripheral nerve block or epidural applications and, thus, the coloration will provide the

advantage of easy identification that the catheters possess anti-microbial properties.

[0111] During the submersion of the catheters, the nanoparticles are able to
become lodged in surface imperfections in the catheter tube, or other components, such as
the flow control membrane (hollow fiber), for example. Furthermore, due to their small
size and charge, the silver nanoparticles tend to stick to the surface of the catheter tube or
other component that is being treated. Thus, in this preferred arrangement, the anti-
microbial substance is both impregnated and coated onto the catheter. The catheters are
then dried. The silver ions are then released over time when the catheter comes into

contact with moisture, such as when placed within a body.
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10112] The silver nanoparticles may be created by any suitable process. In one
preferred arrangement, the silver nanoparticles are prepared by adding a reducing agent to
silver chloride. Such compositions are well-suited for use in the commercial scale
manufacture of medical devices, such as the catheters disclosed herein. However, other
suitable methods of producing silver nanoparticles may also be used. In a preferred
arrangement, the catheter body 1s constructed from a nylon material and the anti-microbial
material 1s applied to and/or impregnated within the nylon.

[0113]) Preferably, the anti-microbial substance is configured for sustained
release by the catheter. In a fluid delivery catheter, the anti-microbial substance may be
released into the fluid, and carried by the fluid into the anatomical region adjacent the
catheter. Such an amrangement advantageously inhibits microbe growth both in the
catheter and in the region adjacent the catheter, as the anti-microbial substances are likely
to travel a greater distance within the anatomical region with the fluid being dispensed
than when only released to the tissue from the catheter body itself. Accordingly, 1t 1s
preferred that the catheter 1s configured to release anti-microbial substances into the fluid
being dispensed, such as by treating the internal (lumen-defining) surface of the catheter
or the above-described flow control components. In the case of a wound site pain
management application, advantageously, such a catheter would not only provide pain
management substances, but would also inhibit microbe growth, and infection, in the
wound site.

[0114] Preferably, the catheter is configured to release an anti-microbial
substance at an elution rate of between about 0.8 and 3.0 pg/cfn for at least the infusion
section of the catheter and, preferably, for at least the entire portion of the catheter internal
to the patient. Preferably, the catheter is configured to maintain such an anti-microbial
release over an expected duration of use of the catheter. In one arrangement, the catheter
is configured to maintain a significant release of an anti-microbial substance for a
minimum ot 10 days.

[0115] In addition, in some preferred arrangements, the catheter 1s configured
to release a greater amount of an anti-microbial substance initially (a bolus dose) and then
maintain a lesser dose thereafter. For example, in one preferred arrangement, the catheter
releases a greater amount of an anti-microbial substance for the first 5 days after
placement and then maintains a substantially constant lower level of release for at least

about 5 days thereafter. However, in other arrangements, release of the anti-microbial
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substance may be relatively constant or may decline over time in a generally linear
fashion. For a 20 gauge catheter, preferably, about 15% of the silver particle content is
released within about 10 days. In other applications, however, a lesser or greater release
of anti-microbial substances or agents may be desired.

[0116] Preferably, the catheter is treated to contain, or i1s loaded with, a
sufficient amount of the anti-microbial substance to obtain desirable elution rates. The
anti-microbial content of the catheter may be varied by altering the time of submersion in
the anti-microbial substance solution, for exampie. In a 20 gauge catheter containing
silver nanoparticles, it is preferred that the catheter be loaded to a level such that the ratio
of silver particles to the base material of the catheter (or treated catheter component) 1s
about 600-2000 parts per million (ppm). In one preterred arrangement, the catheter 1s
loaded to a level of about 1000 ppm. Such silver nanoparticle contents were determined
to produce satisfactory elution rates which encompassed the above-recited ranges. For
example, a catheter containing approximately 600 ppm, the elution rate was found to
average approximately 1.8 pg/cm for the first 5 days and approximately 0.8 ug/cm for the
next 5 days. . A catheter containing approximately 1000 ppm provided an elution rate of
about 3.0 pg/cm for the first 5 days and about 1.4 pug/cm for the next 5 days. In addition,
the silver nanoparticle contents of the catheter may be modified to produce other desired
elution rates.

[0117] Figure 23 1s a cross-sectional view of an anti-microbial catheter 250,
which preferably i1s configured to provide substantially uniform fluid flow over the
infusion section of the catheter 250, similar to the catheter 20 described above with

respect to Figures 1-4. However, in some arrangements, the catheter 250 (or other

catheters disclosed herein) may be configured as aspiration catheters to remove fluid from
a site. The catheter 250 of Figure 23 includes an internal support member 252. The
support 252 preferably includes a plurality of ribs 254 extending radially outward from an
elongate base portion 256. Preferably, the ribs 254 extend in a longitudinal direction at
least the entire length of the infusion section of the catheter 250. Desirably, the support 1s
constructed from a medical grade polymer, and preferably, from a nylon material.

[0118] A porous membrane 258 1s wrapped around the support and pretferably
contacts the outward facing surfaces of the ribs 254. If desired, the membrane 258 may
be secured to the ribs 254, such as with a medical grade adhesive, for example.

Preferably, the membrane 258 is similar to the membrane 26 of the catheter 20 and
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possesses properties tending to regulate a flow of fluid through the membrane 258.
Accordingly, fluird exits the infusion section of the catheter in a substantially uniform flow
rate along the length of the infusion section.

[0119] The support 252 and the membrane 258 cooperate to define a plurality
of lumens between adjacent ribs 254. Fluid enters the lumens 260 and exits the catheter
250 through the membrane 258, desirably at a substantially uniform rate. The provision
of multiple lumens 260 enhances the membranes 258 ability to control fluid flow from the
catheter 250 by insulating the fluid within each lumen 260 from having an effect on the
flmd within any other lumen 260.

[0120] Preferably, the support 252 includes an external anti-microbial layer
262. As described above, the anti-microbial layer 262 preferably contains silver ions that
are released into fluid within the lumens 260 to inhibit microbe growth on or within the
catheter 250 and, preferably, in the area surrounding the catheter 250. If desired, the
membrane 258 may also include an anti-microbial layer 264. Advantageously, the
provision of the anti-microbial layer 264 on the membrane 258 facilitates the release of
anti-microbial substances into the fluid delivered by the catheter 250. The membrane 258
regulates the flow of the fluid from the lumens 260 and increases the amount of time that
the fluid 1s in contact with the anti-microbial layer 264.

[0121) The illustrated anti-microbial layer 264 1s an external coating on the
membrane 258. However, in an alternative arrangement, the anti-microbial layer 264 may
be on the inner surface of the membrane 258 in the alternative or in addition to the
external layer 264. Furthermore, although the illustrated catheter 250 includes an anti-
microbial layer 262 on the support 252 and anti-microbial layer 264 on the membrane
238, 1t 1s not necessary that each layer 262, 264 be present. That is, an anti-microbial
layer may be provided on only one of the support 252 and membrane 258.

[0122] Figure 24 1illustrates an alternative arrangement of a catheter 270
including a support 272 and a membrane 274 wrapped around the support 272.
Preferably, the catheter 270 is substantially similar to the catheter 20 of Figures 1 — 4 and
the catheter 250 of Figure 23, In a preferred arrangement, the membrane 274 compﬁses a
hollow-fiber material. The catheter 270 varies from the previously-described catheter 20
of Figures 1-4 in that the catheter 270 includes an anti-microbial material 276 embedded,
or otherwise dispersed, within the material from which the support 272 and the membrane

274 are constructed.
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[0123] As described above, the anti-microbial material 276 preferably
comprises silver ions and may be introduced within the material of the support 272 or
membrane 274 by any suitable method, such as an impregnation process, for example. In
addition, the anti-microbial material 276 may be present within either of the support 272
or membrane 274 without being provided within the other. Furthermore, if desired, the
support 272 and membrane 274 of the catheter 270 may include anti-microbial layers,
similar to the layers 262, 264 of the catheter 250 described above with reference to Figure
23.

[0124] The structure of the catheter 270 is advantageous in that the hollow
fiber material of the membrane 274 provides a relatively large surface area, for a given
length. As the fluid passes through the empty spaces defined by the hollow fiber
membrane 274, it comes into contact with the anti-microbial material 276 within the
‘membrane 274 and, preferably, anti-microbial substances are released into the fluid.
Because of the large surface area provided by the hollow fiber, the fluid comes into
contact with anti-microbial material 276 for a greater amount of time before exiting the
catheter 270. This advantageous feature of the catheter 270 may apply to all of the
catheters disclosed herein that incorporate a membrane.

10125] Figure 25 1s a longitudinal cross-sectional view of a catheter 280
having uniform fluid delivery features similar to the catheters 50 and 70 of Figures 6 and
T, respectively. In addition, the catheter 280 preferably includes anti-microbial properties.
The catheter 280 includes a tubular catheter body 282 preferably constructed from a
medical grade polymer, and more preferably, is constructed from nylon. The catheter
body 282 includes a plurality of exit holes 284 which together define an infusion section
of the catheter 280. Within the catheter body 282 is a hollow, tubular membrane 286.
The membrane 286 preferably extends at least the length of the infusion section of the
catheter 280. That 1s, preferably, the membrane 286 covers all of the exit holes 284.
Desirably, the membrane 286 also exhibits flow control properties to control a rate at
which fluid passes through the membrane 286. Such flow control properties tend to
regulate a tlow rate of fluid through the exit holes 284, substantially as described above
with reference to Figures 5 — 7. Furthermore, in the illustrated arrangement, the
membrane 286 contacts the inner surface of the catheter body 282. However, in

alternative arrangements, a space or gap exists between the membrane 286 and the

catheter body 282, if desired.
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[0126] Preferably, the catheter 280 includes an anti-microbial layer 288 on an
external surface of the catheter body 282. In addition, or in the alternative, the catheter
280 may include an anti-microbial layer on the inner surface of the catheter body 282
and/or on the inner or outer surface of the membrane 286, if desired. However, providing
the anti-microbial layer 288 on the exterior and/or interior surface of the catheter body
282 1s desired for its relative ease of manufacture.

[0127] Figure 26 illustrates a catheter 290 stmilar to the catheter 280 ot Figure
25. The catheter 290 includes a catheter body 292 having a plurality of exit holes 294
defining an infusion section of the catheter 290. Preferably, the catheter 290 also includes
a hollow, tubular membrane 296 within the catheter body 292. Desirably, the mémbrane
296 contacts the inner surface of the catheter body 292 and covers the exit holes 294.

[0128] Preferably; an anti-microbial material 298 i1s dispersed within the
membrane 296 in a manner similar to that of the catheter 270 of Figure 24. In addition, or
in the alternative, the catheter body 292 may be embedded with an anti-microbial
material, depending on the degree of anti-microbial activity desired.

[0129]  Figure 27 illustrates a catheter 300 preferably having anti-microbial
properties and uniform fluid delivery properties. Preferably, fluid flow from the catheter
300 is controlled in a manner similar to the catheters described above with reference to
Figures 13 — 18 to provide substantially uniform fluid flow from the catheter 300. The
catheter 300 includes a tubular catheter body 302, preferably constructed from a medical
é,rade polymer and, more preferably, constructed from a nylon material. The catheter
body 302 includes a plurality of exit holes 304 that cooperate to define an infusion section
ot the catheter 302. Preferably, the catheter 300 also includes a generally cylindrical
porous member 306 positioned within the catheter body 302. If desired, the porous
member 306 may be secured to the catheter body 302 by one or more bonds 308, which
may be constructed from a medical grade adhesive or other suitable arrangement, as
described above with reference to Figures 13-18.

[0130] The catheter 300 also includes an anti-microbial layer 310 on an outer
surface of the catheter body 302. If desired, however, an anti-microbial layer may be
provided on the inner surface of the catheter body 302 in addition to, or alternative to, the

external anti-microbial layer 310. Furthermore, the porous member 306 may include an

anti-microbial layer, if desired.
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[0131] Figure 28 illustrates a catheter 320 having fluid flow control features
similar to the catheter 300 of Figure 27 and the catheters of Figures 5 — 7. The catheter
320 includes a hollow catheter body 322 having a plurality of exit holes 324, which define
an 1nfusion section of the catheter 320. A porous member 326 is enclosed within the
catheter body 322 and may be secured to the catheter body 322 by one or more bonds 328.

[0132] The 1illustrated arrangement includes an anti-microbial material 330
dispersed within the porous member 326. As described above, preferably the anti-
microbial material 330 includes a h\eta\}y metal, and more preferably, comprises a material
configured to release silver ions. Although not shown, if desired, an anti-microbial
material may also be dispersed within the catheter body 322 in addition to, or alternative
to, to the anti-microbial material 330 within the porous member 326. Furthermore, some
components of the catheter may be coated with an antt-microbial substance and other
components of the catheter may have the same or a difference anti-microbial substance
embedded within the component.

j0133] Figure 29 1s a longitudinal, cross-sectional view of a catheter 340
including anti-microbial properties and, preferably, fluid flow control properties similar to
the catheter 90 described above with reference to Figure 11. The catheter 340 includes a
hollow catheter body 342, which preferably defines a plurality of exit holes 344. The exit
holes 344 in combination define an infusion section of the catheter 340. Within the
lumen 346 of the catheter body 342 is a coiled member 348 that preferably extends at
least the length of the infusion section of the catheter 340. The coiled member 348 may
be a coil spring or may be constructed of individual coil members connected together.

Fimid within the lumen 346 flows between the coils of the coiled member 348 before

passing through the exit holes 344.

[0134] Desirably, the coiled member 348 influences a rate of flmd flow from
the lumen 346 and through the exit holes 344. In one arrangement, the coiled member
348 1s a coil spring constructed of an elongate material formed mto a helical shape.
Desirably, the individual coils of the coil spring contact one another when the fluid within
the lumen 346 1s below a threshold pressure and expand once the fluid reaches a threshold
pressure to permit fluid flow between the coils. However, in other arrangements, the
coiled member 348 does not necessarily stretch during fluid delivery, but the fluid flow
rate may instead influenced by a gap between the individual coils of the coiled member

348.
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[0135] If desired, the coiled member 348 may be secured to the catheter body
342 at one or more locations. For example, the coiled member 348 may be secured to the
catheter body 342 at a proximal end, a distal end, or at both the proximal and distal ends.
Furthermore, the coiled member 348 may in addition, or 1nstead, be secured at locations
intermediate the proximal and distal ends. The coiled member 348 may be secured to the
catheter body 342 with a medical grade adhesive, or by any other suitable method.

10136} The illustrated catheter 340 also includes an anti-microbial layer 350
on an external surface of the catheter body 342. In other arrangements, the internal
surface of the catheter body 342 may include an anti-microbial layer in addition to, or
alternative to, the anti-microbial layer 350. Furthermore, 1f desired, the colled member
348 may include an anti-microbial layer or an anti-microbial substance embedded within
the material of the coiled member 348. ‘

[0137] Figure 30 illustrates a catheter 360 having anti-microbial properties
and, preferably, fluid flow control properties similar to the catheter 340 of Figure 29 and
the catheter 90 of Figure 11. The catheter 360 includes a hollow catheter body 362
defining a plurality of exit holes 364. Collectively, the exit holes 364 define an infusion
section of the catheter 360. Within a lumen 364 of the catheter body 362, 1s a coiled
member 368. Preferably, the c.oiled member 368 i1s substantially similar to the coiled
member 348 described above with reference to Figure 29 or the coilg:d member 94
described with reference to Figure 11.

[0138] The catheter body 362 of the catheter 360 preferably includes an anti-
microbial material 370 dispersed within the material from which the catheter body 362 is
constructed. As described above, preferably, the anti-microbial material 370 comprises a
heavy metal and, more preferably, a material containing silver ions. The silver ions
preferably are configured to be released from the catheter body 362 for a sustained period
into the fluid within the lumen 364 of the catheter 360 to provide the catheter 360 with
anti-microbial properties.

[0139]  Figure 31 1s a longitudinal, cross-sectional view of a catheter 380
having anti-microbial properties and, preferably, fluid flow control properties similar to
the catheter 100 of Figure 12. The catheter 380 includes a tubular catheter body 382
defining a plurality of exit holes 384. Collectively, the exit holes 384 define an infusion
section of the catheter 380. Furthermore, the exit holes 384 together define a collective

exit flow area of the catheter 380. The catheter body 382 also defines a generally
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cylindrical lumen 386 having a diameter D. Preferably, the exit holes 384 and diameter D
are configured such that a collective exit flow area defined by the exit holes 384 is less
than a cross-sectional flow area defined by the lumen 386. Accordingly, the collection of
exit holes 384 define a flow restricting orifice that controls a flow rate of fluid from the
lumen 386 and, desirably, results in a substantially equal flow rate through each of the
exit holes 384 despite the relative longitudinal position of the particular exit hole 384
along the catheter 380. Other arrangements of the exit holes 384 may also be utilized to
provide desirable flow control features in addition to, or alternative to, the exit holes 384
forming a flow restricting orifice. For example, the flow area of the exit holes 384 may
be configured to increase along the length of the catheter 380, similar to the catheter of
Figure 21.

[0140] The catheter 380 of Figure 31. preferably also includes an anti-
microbial layer 388 provided on an external surface of the catheter body 382. If desired,
an anti-microbial layer may also be present on an inner surface of the catheter body 382 in
addition to, or alternative to, the external anti-microbial layer 388.

10141} Figure 32 illustrates a catheter 390 having anti-microbial properties
and, preferably, fluid flow control properties similar to the catheter 380 of Figure 31. The
catheter 390 includes a catheter body 392 having a plurality of exit holes 394 preferably
cooperating to define an infusion section of the catheter 390. In the illustrated
arrangement, the total flow area defined by the exit holes 394 is less than a minimum
cross-sectional flow area defined by the l.umen‘396 of the catheter 390 such that the exit
holes 394 cooperate to define a flow restricting orifice.

10142] Preferably, an anti-microbial matenal 398 is dispersed within the
catheter body 392 such that the catheter body 392 forms an anti-microbial layer. As
described above, the anti-microbial material 398 may be dispersed within the catheter
body 392 by any suitable method, before or after the formation of the catheter body 392.
For example, the anti-microbial material 398 may be compounded within the raw material
of the catheter body 392 or the formed catheter body 392 may be impregnated with the
anti-microbial material 398.

10143] In addition to the catheters disclosed herein, 1t 1s also contemplated that
other medical devices, and especially implantable medical devices, may incorporate the
anti-microbial features described above. For example, it 1s contemplated that a catheter

introducer needle may be treated with the above-described anti-microbial processes. As

_35-



CA 02825233 2014-10-01

another example, a drain tube collar may be treated so as to possess anti-rmicrobial

propertics. One exemplary embodiment of a drain tube collar 1s disclosed i U.S. Patent
Noa. 6,402,735, One of skill in the art will be able to adapt the teachings herein to apply to

other medical devices, such as the drain tube collar of the '735 patent, without undue
experimentation,

[0144] Figures 33 and 34 illustrate another preferred embodiment of a catheter
450. As shown in Figure 33, preferably, the catheter 450 i1s comprised of an elongated
catheter body, or tube 454, and an outer elongated tubular porous membrane, or tubular
sheath 452. The elongated tube 454 has a central lumen 468, which is in fluid
communication with a {luid supply, preferably sumilar to the fluid supply 34 of Figure 1.

[0145]  Preferably, the tubular membrane 452 covers a length 455 of the
clongated tube 454 and 1s positioned a distance 453 proximal of a distal end 462 of the
clongated tube 454. In one embodiment, the length 455 is about 2.40 inches and the
distance 453 1s about 0.10 inches. In another embodiment, the length 455 is about 2.50
inches. In still another embodiment, the length 455 1s about 5.00 inches. In other
embodiments, the length 455 and the distance 453 may be varied so that the catheter 450

generally conforms to the parficular anatomy contemplated.

[0146] As shown in Figure 33A, desirably the tubular membrane 452 encloses
a portion of the elongated tube 454 such that an annular, interstitial space 470 1s created
between an exterior surface of the tube 454 and an interior surface of the tubular
membrane 452, In a preferred embodiment, the tube 454 is substantially concentric with
© the tubular membrane 452. In a preferred arrangement, the spaéé 470 has a radial
dimension of less than about 0.007 inches. In another arrangement, the space 470 may
have a radial dimension of between about 0.002 and 0.007 inches. However, in some
arrangements, the space 470 may be mimmal, or the inner surface of tubular membrane
452 may even be in contact with a portion or all of the outer surface of the tube 454.

[0147] A plurality of fluid exit holes 466 are provided within the portion of
the fube 454 enclosed within the tubular membrane 452. Preferably, the exit holes 466
are positioned throughout the entire circumference of the enclosed portion of the tube
454. The portion of tube 454 that includes the exit holes 466 defines an mnfusion section
of catheter 450. Desirably the tubular membrane 452 is only provided along the length

455 of the mfusion section. However, in an alternative arrangement, the tubular

membrane could be longer than the infusion section. Also, in other embodiments, a guide
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wire and/or guide wire lumen may be provided to aid in the insertion of the catheter 450
mto the anatomy, as will be understood by those skilled in the art.

[0148] The tube 454 may be formed from any of a wvariety of suitable
materials, such as nylon, polyether block polyamide, PTFE, polyimide, and other
materials known to those skilled in the art, giving due consideration to the goals of non-
reactivity to anatomical systems, flexibility, light-weight, strength, smoothness, and
satety. In a preferred configuration, the tube 454 is preferably a 19 to 20 gauge catheter
tube, having inside and outside diameters of about 0.038 inches and about 0.042 to 0.045
inches, respectively. .

(0149]  The exit holes 466 of tube 454 are preferably about 0.015 inches in
diameter and provided at equally spaced axial positions along the infusion section of the
tube 454. The holes 466 preferably are arranged so that every hole is angularly displaced
about 120 degrees relative to the longitudinal axis of the tube 454, from the angular
location of the previous hole. The axial separation between adjacent exit holes 466 is
preferably within the range of about 0.125 to 0.25 inches, and more preferably about 3/16
inch. Of course, the exit holes 466 may be provided in any of a variety of alternative
arrangements. Furthermore, the infusion section of the tube 454 may have any desirable
lenéth. However, preferably the infusion section remains enclosed within the tubular
membrane 452 as discussed above. The embodiment illustrated in Figures 33 and 34
provides a thorough, uniform delivery of fluid throughout a generally linear segment of
the wound area. '

[0150] The tubular membrane 452 preferably is comprised of a highly porous

material. In another embodiment, the tubular membrane 452 may be made of a sponge-

like or foam-like material, or a hollow fiber. The tubular membrane 452 may have an
average pore size, or pore diameter, of less than about 0.23 microns so as to filter bacteria.
In other arrangements, however, the pore diameter preferably is within the range of about
0.1 microns to about 0.5 microns, and more preferably within the range of about 0.2 to
0.45 microns. The tubular membrane 452 may be formed from any of a variety of suitable
matenals, giving due consideration to the goals of non-reactivity to anatomical systems,
maintaining flexibility, fitting within the size constraints of the tubular membrane 452,
and having a porosity resulting in the substantially uniform dispensation of fluid through

all of the pores in the tubular membrane 452, Some suitable materials for the membrane

452 are polyethylene, polysulfone, polyethersulfone, polypropylene, polyvinylidene
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difluoride, polycarbonate, nylon, high density polyethylene or polytetraflouroethylene.
Preferably, the tubular membrane 452 1s a 19 gauge tube, having inside and outside
diameters of about 0.038 inches and about 0.042 inches to 0.045 inches, respectively.
(0151} As shown in Figure 34, preierably, the tubular membrane 452 i1s
secured to the tube 454 by distal and proximal tubular segments, or collars 464, 465.
Preferably, the tubular segments 464, 465 comprise shrink tubes that are atfixed to the
tube 454 and the ends of the tubular membrane 452. The tubes 464, 465 may also utilize
an adhesive, such as an adhesive sold under the brand hame LOCTITE, or other means
known to those skilled in the art to assist 1n securing the tubular membrane 452 to the
tube 454. Alternatively, other suitable methods may be used to secure the membrane 452
to the tube 454. For example, the membrane 452 may be secured to the tube 454 by
thermal or chemical bonding, with or without the use of the tubular segments 464, 463.
[0152] In operation, the catheter 450 delivers fluid to the region of an
anatomical system generally adjacent the tubular membrane 452 of the catheter 450. As
the fluid flows though the central lumen 468 into the infusion section, it initially flows
through the exit holes 466 and into the space 470. Fluid in the space 470 then soaks mto
the tubular porous membrane 452. Once the walls of the tubular membrane 452 are
saturated, the fluid passes through the tubular membrane 452 and exits the catheter 450.
Moreover, the fluid advantageously passes through the membrane substantially uniformly
t}uqughout the surface area of the tubular membrane 452, resulting in a substantially
uniform fluid output along the length 455 of the tubulaf membrane 452. Thus, the flud 1s
delivered at a substantially equal rate throughout the wound area of the anatomy.
Furthermore, this advantage is‘ obtained for both low and high pressure fluid delivery.
[0153] In certain prefefred arrangements, one or more componénts' of the
catheter 450 may employ an anti-microbial substance as described in relation to the
catheters of Figures 23-32. For example, the inside and/or outside of the catheter tube
454 and/or tubular membrane 452 may be coated with an anti-microbial substance, or may
include an anti-microbial substance embedded within the material of the particular
component. Desirably, in such an arrangement, the tube 454 and/or membrane 452 are
configured to release an anti-microbial agent into the fluid that may be delivered by the
catheter 450, as described in detail above.
[0154] Figures 35-37 illustrate another embodiment of an infusion catheter,

referred to generally by the reference numeral 472. Preferably, the catheter 472 comprises
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a non-porous tubular section, or tube 482, which is connected to a distal bio-absorbable,
porous tubular section 480. The porous tubular section 480 has an interior lumen 481 and
the non-porous tube 482 has an interior lumen 483. The non-porous tube 482 defines a
non-infusing section 474 of the catheter 472, and preferably extends from a fluid supply
483 to a junction, or joint 478, as shown in Figure 35. Similarly, the porous tubular
section 480 defines an infusion section 476 of the catheter 472, and preferably extends
from the junction 478 to a distal end 484 of the catheter. Preferably, the distal end‘484 1S
defined by a tip 484a, which defines a distal end of the lumen 481 within the porous
tubular section 480.

[0155] As shown 1n Figures 36-30A, preferably the junction 478 is comprised
of a distal end 485 of the tube 482 being inserted into a proximal end 487 of the lumen
481 within the tubular section 480. Preferably, a suitable type of medical adhesive is
applied between the overlapping surfaces of the tube 482 and the tubular section 480, to
hold the tubes 480, 482 tdgether. It 1s contemplated that the adhesive is of the
biocompatible variety, such as medical “glue” that is used for closing wounds.

[0156] As shown 1n Figure 36A, the proximal end 487 of the tubular section
480 overlaps the distal end 485 by a distance 486. The distance 486 preferably is at least
about 0.02 inches. More preferably, the distance 486 is at least about 0.03 inches, though
in other embodiments the distance 486 may be varied to achieve a desirable level of joint
strength. The above-described overlap distances are preferred because they are capable of
providing a secure jomnt between the tube 482 and the tubular section 480. Preferably,
however, the overlap distance does not exceed about 0.25 inches so that the overlap
section does not inhibit the overall flexibility of the catheter 472.

[0157] The tube 482 may be formed from any of a variety of suitable
biocompatible materials, such as nylon, polyether block polyamide, PTFE, polyimide, ptfe
and other materials known to those skilled in the art, giving due consideration to the goals
of non-reactivity to anatomical systems, flexibility, light-weight, strength, smoothness,
and safety. In one preferred embodiment, the tube 482 is compﬂéed of a 19 gauge
catheter tube, preferably having an outside diameter of no more than about 0.037 inches.

[0158] Preferably, the tubular section 480 has an outer diameter of about 0.042
inches and has an inner diameter sized so that the distal end 485 of the tube 482 fits
snugly within the proximal end 487 of the lumen 481, as shown in Figure 36A. In one

preferred embodiment, the tubular section 480 is comprised of a highly porous material
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having an average pore size, or pore diameter, less than about 0.23 microns to filter
bacteria. In other arrangements, however, the pore diameter 1s greater to increase the flow
rate at a given fluid pressure. In such preferred embodiments, the pore diameter 1s within
the range of about 0.1 microns to about 0.5 microns, and still more preferably the pore
diameter is within the range of about 0.2 to 0.45 microns.

[0159] As used herein, a porous matenal, or porous membrane, desirably
refers to a material or member that 1s configured to permit a substance to pass
therethrough with at least a small amount of resistance in the area through which the
substance passes. A porous material or membrane, preferably, is comprised of a material
which has an inherent property, or 1s manipulated to attain or enhance a property, that
permits a liquid to pass therethrough preferably to slow the rate of passing of the
substance through the material. Alternatively, the porous material or member may slow
the diffusion rate of a substance by having a pore diameter sufficiently close in size to a
size of a single molecule of the substance, or a unitary grouping of molecules, to inhibit
the passing of a large number of molecules, or groups of molecules, through any one pore
at one time. Typically, a porous material or membrane will achieve its desired regulation
of the flow of a substance as a result of micro passages through the material itself, and not
as a result of distinct passages created through the material or membrane by manipulative
processes such as laser dnilling, for example. The distinction between a porous material
or membrane and a member having a plurality of distinct holes therethrough will be
readily appreciated by one of skill in the art.

i [0160]  In another embodiment, the tubular section 480 may be comprised of a
non-porous material provided with a plurality of exit holes, as discussed herein. It is to be
noted that these exit holes may be employed in the tubular section 480 in accordance with
any of the embodiments discussed above. Moreover, the tubular section 480 can have any
desirablé length. In one embodiment, the tubular section 480 has a length of about 5
inches, and the tubular section 480 and the non-porous tube 482 ‘have a combined length
of about 20 inches. It will be appreciated that this configuration of the tubular section 480
provides uniform delivery of fluid along the length of the tubular section 480, and thus is
particularly useful for delivering fluids, such as medications to a length of wound areas,
such as incisions and the like. Alternatively, the catheter 472 may be configured as an

aspiration catheter to remove fluids from a wound site, or other anatomic region.
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[0161) The material comprising the tubular section 480, in addition to being
porous, desirably is bio-absorbable, as mentioned briefly above. In one embodiment, the
material comprising the tubular section 480 is dissolvable within the patient’s body during
a time period preferably ranging between about 5 days to about 7 days from insertion.
During this period of time, the patient’s body processes the bio-absorbable material such
that the strength of the junction 478 1is reduced. This weakening of the junction 478
tacilitates detachment of the non-porous tube 482 from the tubular section 480 and
subsequent removal of the tube 482 from the wound site without disturbing the placement
of the remaining portion (non-absorbed portion) of the porous tubular section 480 within
the wound.

10162} The catheter 472 1s particularly suitable for use in conjunction with a

pain management or intravenous system (i.e., an infusion pump). In operation, a
physician or other practitioner positions the catheter 472 within a wound site on a
patient’s body. The tubular section 480 is inserted into the wound site to such an extent
that, preferably, the enfirety of the tubular section 480 and a portion of the distal end 485
of the tube 482 are enclosed within the patient’s body. Preferably, between about 0.1 and
0.5 1nches of the distal end of the non-bioabsorbable tube 482 is enclosed within the
patient. More preferably, between about 0.1 and 0.4 inches of the distal end of the non-
bioabsorbable tube 482 1s enclosed within the patient. The tubular section 480 may be
sutured to the surrounding tissue within the wound to “tack” the catheter 472 in position.
This facilitates positioning the catheter 472 precisely within the wound site. Preferably,
any sutures used to tack the catheter 472 into position are also constructed from a bio-
absorbable material. As a result, both the tubular section 480 and the sutures will be
absorbed by the body.

[0163] Once the catheter 472 1s suitably attached to the patient, a proximal end
of the tube 482 may be connected to an intravenous system or other fluid supply
arrangement. The catheter 472 advantageously delivers fluid or other medication to the
patient over the course of 5-7 days, or longer, depending on the nature of the particular
wound site in question. During this time, the tubular section 480 is absorbed by the
patient’s body. Once the tubular section 480 1s sufficiently absorbed, and the junction 478
18 weakened, the non-porous tube 482 is pulled from the wound site. Because the
junction 478 1s weakened, pulling on the tube 482 detaches the distal end 485 of the tube
482 from the proximal end 487 of the tubular section 480. Thus, when the tube 482 1s
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removed, the tubular section 480 remains within the wound site and is absorbed by the
patient’s body.

[0164] It will be appreciated that leaving the tubular section 480 within the
wound site advantageously reduces the amount of trauma imparted to the surrounding
tissue that would otherwise be caused by the use and removal of a conventional catheter
or pain management system. Furthermore, such an arrangement 1s advantageous because
a small, though significant, percentage of pain management catheters break off within the
patient. For example, it has been determined that approximately 0.15 percent of epidural
catheters shear off, leaving a portion of the catheter within the patient. This equates to
approximately 3-5 catheters per month. The implanted portion of the catheter must then
be removed, resulting in undesirable trauma to the patient. With the catheter 472 as
described with reference to Figures 35-37, the implanted portion 480 of the catheter 472
will be absorbed by the body in the event that the joint 478 separates prematurely.

[0165] In certain preferred arrangements, one or more components of the
catheter 472 may employ anti-microbial substances, as described above in relation to
Figures 23-32. For example, one or both of the tubes 480 and 482 may be coated, or
embedded, with an anti-microbial substance, preferably as described above. Desirably, in
such an arrangement, the tube 480 and/or 482 are configured to release an anti-microbial
agent -into the fluid that may be delivered by the catheter 472 or directly to the
surrounding tissue, as described in detail above.

[0166] Although this invention has been disclosed in the context of certain
preferred embodiments and examples, it will be understood by those skilled in the art that
the present invention extends beyond the specifically disclosed embodiments to other
alternative embodiments and/or uses of the invention and obvious modifications and
equvalents thereof. In particular, while the present anti-microbial cétheter has been
described in the context of particularly preferred embodiments, the skilled artisan will
appreciate, i view of the present disclosure, that certain advantages, features and aspects
of the catheter may be realized in a variety of other applications, many of which have
been noted aboye. Additionally, 1t i1s contemplated that various aspects and features of the
invention described can be practiced separately, combined together, or substituted for one
another, and that a variety of combination and subcombinations of the features and
aspects can be made and still fall within the scope of the invention. Thus, it is intended

that the scope of the present invention herein disclosed should not be limited by the
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particular disclosed embodiments described above, but should be determined only by a

fair reading of the claims.
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CLAIMS:

1. A catheter comprising a tubular catheter body having an exterior surface and an
interior surface which defines a lumen, said catheter body including a portion configured to
permit fluid to pass from said lumen to external of said catheter thereby defining an infusion
section of said catheter, wherein said cathetef includes a quantity of silver nanoparticles
disposed on said exterior surface and further includes a quantity of silver nanoparticles
disposed on said interior surface, wherein the silver nanoparticles are between 5 to 10 nm in

S1Z¢E.
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