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(57) Abrégée/Abstract:

The present invention provides a catheter for the delivery of fluid medication across an anatomical region. |In accordance with one
embodiment, the catheter comprises an elongated tube with a plurality of exit holes along an infusion section of the catheter, and
an elongated flexible porous member residing within the tube and forming an annular space between the tube and the member. In
accordance with other embodiments, the catheter includes a tube having a plurality of exit holes In a side wall of the tube. The exit
holes may combine to form a flow-restricting orifice of the catheter. Advantageously, fluid within the catheter flows through all of the
exit holes, resulting In uniform distribution of fluid within an anatomical region. In one particular embodiment, the catheter
comprises a tube having elongated exit slots therein. In accordance with other embodiments, the catheter includes an elongated
tubular member made of a porous membrane. The porous membrane Is configured so that a fluid introduced into an open end of
the tubular member will flow through side walls of the tubular member at a substantially uniform rate along a length of the tubular
member. In accordance with other embodiments, the catheter includes an elongated "weeping" tubular coll spring attached to an
end of, or enclosed within, a tube. Fluid within the spring and greater than or equal to a threshold pressure advantageously flows
radially outward between the spring colls. Advantageously, the fluid is dispensed substantially uniformly throughout a length of the

spring.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02375930 2002-01-18

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
25 January 2001 (25.01.2001)

(51) International Patent Classification’: A61M 25/00

PCT

A 0 0 O

(10) International Publication Number

WO 01/05210 A3

(74) Agent: NATAUPSKY, Steven, J.; Knobbe, Martens, Ol-

son & Bear, LLP, 620 Newport Center Drive, 16th floor,

(21) International Application Number: PCT/US00/ 19746 Newport Beach, CA 92660 (US).
(22) International Filing Date: 19 July 2000 (19.07.2000) (81) Designated States (national): AE, AG, AL. AM, AT, AU,
. , AZ.BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ,
(25) Filing Language: English CZ (utility model), DE, DE (utility model), DK, DK (utility
L , model), DM, DZ, EE, EE (utility model), ES, F1, FI (utility
(26) Publication Language: English model), GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS. JP
(30) Priority Data: KE, KG, KP,KR,KZ,LC,LK, LR, LS, LT, LU, LV, MA,
' MD, MG, MK, MN, MW, MX, MZ, NO, NZ, PL, PT, RO,
09/363,228 19 July 1999 (19.07.1999) US RU. SD. SE, SG, SL SK, SK (utility model), SL, TJ, TM,
(71) Applicant (for all designated States except US): I-FLOW TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.
CORPORATION [US/US]; 20202 Windrow Drive, Lake . |
Forest, CA 092630 (US) (84) Desngnated States ( reglonal): ARIPO patent (GH, GM,

(72) Inventors; and

(75) Inventors/Applicants (for US only): DENIEGA, Jose,
Castillo [US/US]; 20961 Eagles Glenn, Lake Forest, CA
92630 (US). MASSENGALE, Roger [US/US]; 28 Harve-
ston, Mission Viejo, CA 92692 (US). RAKE, Kenneth, W.

KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG,KZ,MD, RU, TJ], TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

[US/US]; 29625 Vista Ladera, Laguna Niguel, CA 92677 Published:

(US). —  with international search report
[Continued on next page]
(54) Title: CATHETER FOR UNIFORM DELIVERY OF MEDICATION
200
p 214 208 /\/ P

Y 205/,7204\

1S

ALLLBLLAN T VA Ciza i 7,

NIRRTy

&
&

’fZ’//////////I';’Z'}’.7////,'//5’//#/7/////////7//40’#///////7/5’////////Iﬂ//,#/f//-rZ’///////

274

202

e”) (57) Abstract: The present invention provides a catheter for the delivery of fluid medication across an anatomical region. In accor-
< dance with one embodiment, the catheter comprises an elongated tube with a plurality of exit holes along an infusion section of the

catheter, and an elongated flexible porous member residing within the tube and forming an annular space between the tube and the
¢ member. In accordance with other embodiments, the catheter includes a tube having a plurality of exit holes in a side wall of the
v= tube. The exit holes may combine to form a flow-restricting orifice of the catheter. Advantageously, fluid within the catheter flows
f;]) through all of the exit holes, resulting in uniform distribution of fluid within an anatomical region. In one particular embodiment,
— the catheter comprises a tube having elongated exit slots therein. In accordance with other embodiments, the catheter includes an
~~ elongated tubular member made of a porous membrane. The porous membrane is configured so that a fluid introduced 1nto an open
; end of the tubular member will flow through side walls of the tubular member at a substantially uniform rate along a length of the

tubular member. In accordance with other embodiments, the catheter includes an elongated "weeping” tubular coil spring attached
o to an end of, or enclosed within, a tube. Fluid within the spring and greater than or equal to a threshold pressure advantageously

B flows radially outward between the spring coils. Advantageously, the fluid is dispensed substantially uniformly throughout a length
of the spring. |
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CATHETER FOR UNIFORM DELIVERY OF MEDICATION
BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to catheters and, in particular, to a catheter that delivers fluid medication
uniformly across an infusion section of the catheter. ‘

2. Description of the Related Art

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 flow. The proximal end of the catheter tube is
connected to a fiuid source from which fluid is introduced into the catheter tube. The tluid flows within one of the lumens
under pressure supplied at the proximal end of the tube. For each lumen, there are commonly provided one or more exit
holes along an infusion section near the distal end of the tube, for fluid to exit the tube. Such exit holes are created by
piercing the side wall of the hollow tube.

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, it is known to provide a
plurality of exit holes through which the fiuid medication exits 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 is disclosed in U.S. Patent No. 5,800,407 to Eldor. Also, in some cases
it is 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 effects. 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 is evenly distributed throughout the wound area.

Unfortunately, a limitation of prior art catheters with multiple exit holes, such as the catheter taught by Eldor, is
that during low pressure delivery of fluid medication the fiuid tends to exit only through the exit hole(s) nearest to the
proximal end of the infusion section of the catheter tube. This is 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 fiuid 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 exit the catheter tube primarily 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.
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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 is sufficiently high, the fluid will flow through all of the exit
holes. However, sometimes it is medically desirable to deliver medication at a relatively slow rate, .., at a low pressure.
Also, even in those cases in which high pressure fiuid delivery is acceptable or desirable, prior art catheters 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 fluid passing through the more proximal holes experiences a lower flow resistance and pressure drop. In
contrast, the fluid flowing through the more distal holes experiences greater flow resistance and pressure drop, and
consequently exits at a lower flow rate. The further distal the hole, the lower the exit flow rate of the fiuid. As a result,
there is an uneven distribution of medication throughout the wound area.

In another known type of infusion catheter, several lumens are provided within a catheter tube. For each lumen,
one exit hole is provided by piercing a hoie 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 offers 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 offer a
greater flow resistance for the same reasons discussed above. Another disadvantage is 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 only 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 manifoid which increases the cost of manufacturing the catheter.

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, fluid 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 fiuid to pass through the
more distal side holes. The fluid then flows iongitudinally 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.

Unfortunately, the Wang catheter is only effective for relatively high pressure fluid delivery. When used for
relatively low pressure fluid defivery, 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
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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 is 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 fiuid may flow uniformly therein.
Another limitation is that the annular passageway may be disturbed if there is
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 fluid delivery.
Thus, there is a need for an improved infusion catheter for delivering
fluid medication uniformly along its infusion section in a relatively simple, easy
to manufacture design which is effective for both high flow rate and low flow
rate fluid delivery. Furthermore, it is recognized that a particular class of
catheters, such as the Wang catheter, may provide uniform fluid delivery only
at high fluid pressure or flow rates. However, there is a need for an infusion
catheter belonging to this class that has a relatively simple, easy to
manufacture design and can maintain uniform fluid delivery while bent or

otherwise physically deformed.

SUMMARY OF THE INVENTION

Accordingly, it is a principle object and advantage of the present
iInvention to overcome some or all of these limitations and to provide an
improved catheter for delivering fluid medication to a wound area of an
anatomical region.

In one aspect of the present invention there is provided a catheter for
the delivery of fluid throughout an anatomical region, comprising a tube, a
tubular coil spring having a proximal end attached to a distal end of the tube,
and a stop closing a distal end of the spring, the tube and the spring each

defining a portion of a central lumen, the spring having 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
3
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from exiting the lumen by being prevented from flowing radially between saia
coils, the spring having the property of stretching when the fluid pressure Is
greater than or equal to the threshold dispensation pressure and permitting

the fluid to be dispensed from the lumen by flowing radially between the coils.

In another aspect of the present invention, there is provided a method
of manufacturing a catheter for the delivery of fluid throughout an anatomical
region, comprising the steps of providing a tube, attaching a proximal end of a
tubular coil spring to a distal end of the tube so that the tube and the spring
each define a portion of a central lumen, the spring having colls 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 being prevented from flowing radially between the coils, the
spring having the property of stretching when the fluid pressure is greater than
or equal to the threshold dispensation pressure and permitting the fluid to be
dispensed from the lumen by flowing radially between the coils, and attaching
a stop to the distal end of the spring.

In a further aspect of the invention, there is provided a catheter for the
delivery of fluid throughout an anatomical region, comprising a distally closed
tube, a length of the tube defining an infusion section of the tube, the infusion
section having a plurality of exit holes in a side wall of the tube, and a tubular
coil spring concentrically enclosed within the infusion section so that a lumen
Is defined within the tube and the spring, the spring having 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 being prevented
from flowing radially between the coils, the spring having the property of
stretching when the fluid pressure 1s greater than or equal to the threshold
dispensation pressure and permitting the fluid to be dispensed from the lumen
by flowing radially between the coils and through the exit holes.

In another aspect of the present invention, there is provided a method
of manufacturing a catheter for the delivery of fluid to an anatomical region,
comprising the steps of providing a distally closed tube, a length of the tube
defining an infusion section of the tube, the infusion section having exit holes

In side walls of the tube, and inserting a tubular coil spring concentrically into
3a
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the infusion section, a lumen being defined within the tube and spring, the
spring having 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 being prevented from flowing radially between the coils, the
spring having the property of stretching when the fluid pressure is greater than
or equal to the threshold dispensation pressure and permitting the fluid to be
dispensed from the lumen by flowing radially between the coils and through
the exit holes.

In accordance with one embodiment the present invention catheter Is
provided for the uniform delivery of fluid across an anatomical region,
comprising an elongated tubular mernber made of a porous membrane. The
membrane is sized to be inserted through a subcutaneous layer surrounding
the anatomical region, such as a person’s skin. The membrane is
configurated so that a fluid introduced under pressure into an open end of the
tubular member will flow through side walls of the tubular member at a
substantially uniform rate along a length of the tubular member. The present
invention provides a method of uniformly delivering fluid throughout an
anatomical region, comprising the steps of Inserting the elongated tubular
member into the anatomical region and introducing a fluid under pressure Iinto
an open end of the tubular member.

Another embodiment of the present invention provides a catheter and
method for the uniform delivery of fluid throughout an anatomical region. The
catheter comprises an elongated support and a porous membrane wrapped
around the support. The support is configured so that one or more lumens are

formed between the support and the membrane. Alternatively, the support

may be a tubular member having a plurality of holes therein. The method
comprises the steps of inserting the above-described catheter into the
anatomical region and introducing a fluid under pressure into the proximal end
of at least one of the lumens. Advantageously, the fluid passes through the
membrane at a substantially uniforrn rate into the anatomical region. The
present further provides a method of manufacturing this catheter comprising

the steps of forming an elongated support and wrapping a porous membrane

3b
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Another embodiment of the present invention provides a catheter and method for the uniform delivery of fluid
throughout an anatomical region. The catheter comprises an elongated tube including a plurality of exit holes along a
length thereof and a tubular porous membrane concentrically enclosed within the tube. The tube and membrane define a
lumen. The method comprises the steps of inserting the above-mentioned catheter into the anatomical region and
introducing a fluid under pressure into the proximal end of the lumen so that the fluid advantageously passes through the
membrane and the exit holes at a substantially uniform rate into the anatomical region. The present invention further
provides a method of manufacturing this catheter, comprising the steps of torming an elongated tube, providing a plurality
of exit holes along a length of the tube, forming a tubular porous membrane, and concentrically enclesing the tubular porous
membrane within the tube so that the tube and membrane define a lumen.

Yet another embodiment of the present invention provides a device and method for the uniform delivery of fluid
throughout an anatomical region. The device is advantageously simple and easy to manufacture, comprising an elongated
catheter having a plurality of exit holes along a length thereof. The exit holes may serve as the flow-restricting orifice.
Alternatively, a flow-restricting orifice may be provided elsewhere within the catheter or proximal to the catheter. The exit
holes may gradually increase in size along the length of the catheter, so that the largest exit hole is further distal than the
smallest exit hole. Alternatively, the holes can be laser drilled and be of approximately the same size. Advantageously, a
fluid flowing under pressure within the catheter will flow through substantially all of the exit holes at a substantially equal
rate. The method comprises the steps of inserting the catheter into the anatomical region and mtroducing a fluid under
pressure into the proximal end of the catheter. The fluid flows through the exit holes and enters the anatomical region,
advantageously flowing through substantially all of the exit holes at a substantially equal rate. The present invention
further provides a method of manufacturing this device, comprising the steps of forming an elongated catheter and
providing a plurality of exit holes along a length of the catheter in 2 manner so that the exit holes gradually increase in size
along the length of the catheter from the proximal end to the distal end thereof.

Yet another embodiment of the present invention provides a catheter and method for delivering fluid medication
to an anatomical region. The catheter comprises a tube, a “weeping” tubular coil spring attached to a distal end of the
tube, and a stop closing a distal end of the spring. The tube and spring each define a portion of a central lumen. The spring
has adjacent coils in contact with one another 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
fiuid pressure is greater than or equal to the thresheld dispensation pressure permitting the fluid to be dispensed from the
lumen by flowing radially between the coils, i.e. “weeping” through the spring. Alternatively, the fluid may weep through
imperfections in the spring coil. Advantageously, the fluid is dispensed substantially unitormly throughout the length and
circumference of a portion of the spring. In use, fluid is introduced into an open proximal end of the tube, allowed to flow

into the spring, and brought to a pressure greater than or equal to the threshold dispensation pressure so that the fluid

weeps through the spring.
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Yet another embodiment of the present invention provides a catheter and method for delivering fluid medication
to an anatomical region. The catheter comprises a distally closed tube and a “weeping” tubular coil spring, as described
above, concentrically enclosed within the tube. A plurality of exit holes are provided in side walls along a length of the
tube, defining an infusion section of the tube. The spring is enclosed within the infusion section so that a lumen is defined
within the tube and spring. In use, fluid is introduced into a proximal end of the tube, allowed to flow into the spring, and
brought to a pressure greater than or equal to the threshold dispensation pressure of the spring so that the fluid is
dispensed from the lumen by weeping through the spring and then flowing through the exit holes of the tube.

Yet another embodiment of the present invention provides a catheter comprising an elongated tube and a
solid flexible member positioned within the tube. The tube has a closed distal end and a plurality of exit holes in side
walls of the tube. The exit holes are provided along a length of the tube defining an infusion section of the catheter.
The tube is sized to be inserted into an anatomical region. The member is positioned within the tube and iIs sized so
that an annular space is formed between the tube and the member. The member is formed of a porous material.
Advantageously, the catheter is configured so that a fluid introduced into a proximal end of the tube will flow through
the exit holes at a substantially uniform rate throughout the infusion section.

In yet another embodiment, the present invention provides a catheter comprising an elongated tube having a
plurality of exit slots in side walls of the tube. The slots are provided along a length of the tube defining an infusion section
of the catheter. The exit slots are oriented generally parallel to the longitudinal axis of the tube. Advantageously, the tube
is configured so that a fluid flowing therein will flow through substantially all of the exit slots at a substantially equal rate.
In one optional aspect, the slots increase in length from the proximal to the distal ends of the infusion section.

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 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 group of advantages as taught herein without necessarily achieving other objects or
advantages as may be taught or suggested herein.

All of these embodiments are intended to be within the scope of the invention 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

narticular preferred embodiment(s) disclosed.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic side view of a catheter having features and advantages in accordance with a first
embodiment of the present invention;

Fig. 2 is a sectional view of the catheter of Fig. 1, taken along line 2-2 of Figure 1;

Fig. 3 is a sectional view of the catheter of Fig. 1, taken along line 3-3 of Figure 1;

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

Fig. b is a side view of a catheter having features and advantages in accordance with a second embodiment of
the present invention;

Fig. 6 is a cross-sectional view of the infusion section of the catheter of Fig. 5 taken along line 6-6 of Figure 5;

Fig. 7 is a cross-sectional view of a catheter having features and advantages in accordance with a third
embodiment of the present invention;

Fig. 8 is a side view of a catheter having features and advantages in accordance with a fourth embodiment of the
present invention;

Fig. 9 is a side view of a catheter having features and advantages in accordance with a fifth embodiment of the
present invention;

Fig. 10A is a cross-sectional view of the catheter of Fig. 9, illustrating an unstretched state of the spring;

Fig. 10B is a cross-sectional view of the catheter of Fig. 9, illustrating a stretched state of the spring;

Fig. 11 is a cross-sectional view of a catheter having features and advantages in accordance with a sixth

embodiment of the present invention;

Fig. 12 is a side view of a catheter having features and advantages in accordance with the sixth embodiment of

the present invention;

Fig. 13 is a longitudinal cross-sectional view of a catheter having features and advantages in accordance with

the seventh embodiment of the present invention;

Fig. 14-16 are longitudinal cross-sectional views of catheters similar to that of Fig. 13, illustrating alternative
attachments between the internal porous member and the tube;
Fig. 17 is a transverse cross-sectional view of a catheter according to Figs. 13-16, wherein the internal porous

member is concentric with the outer tube;

Fig. 18 is a transverse cross-sectional view of a catheter according to Figs. 13-16, wherein the internal porous

member is not concentric with the outer tube;

Fig. 19 is a schematic illustration of a catheter of the present invention used in conjunction with an air
eliminating filter;

Fig. 20 is a side view of a catheter having features and advantages in accordance with the eighth embodiment of

the present invention;
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Fig. 21 is a side view of a catheter having features and advantages in accordance with the ninth embodiment of

the present invention; and
Fig. 22 is a schematic illustration of the use of a catheter of the present invention for treating a blood clot.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 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 plurality of axial lumens between the inner surfaces of
the membranes 24 and 26 and the surface of the support 22, as described in 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. Similarly, 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 fluid 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.

In use, the catheter 20 is inserted into an anatomical system, such as a human body, to deiiver fluid medication
directly to a wound area within the anatomical system. In particular, the catheter 20 is designed to deliver medication
throughout a generally linear segment of the wound area, corresponding to the infusion section 32 of the 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 is 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.

Figs. 2 and 3 illustrate a preferred 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 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 in 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 inner 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 is preferably tightly wrapped around the outer edges of the
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ribs 40, so that the axial lumens 38 are formed between the inner surface of porous membrane 26 and the outer surface of
support 22.

In an alternative embodiment of the catheter 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 preximal end of the
support 22. In this embodiment, the tube 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 words, the tube defines the non-
infusing section 28.

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 In 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,

" i

maintaining the fluid independence of the lumens. Herein, the terms “fiuid 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 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 |s 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.

As shown in Fig. 4, the catheter 20 preferably includes an end portion or cap 48 secured to the distal end of
support 22. End portion 48 may be formed integrally with the support 22 or may be adhesively bonded thereto.
Preferably, the proximal end of end portion 48 is circular and has a diameter such that the outer surface of the proximal
end of end portion 48 is aligned with the outer edges of the ribs 40 of the support 22, as shown. The porous membrane 26
is wrapped around the proximal end of the end portion 48. The membrane 26 is preferably giued to the end portion 48 so
that fluid 36 within the lumens 38 is 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 material to permit some axial dispensation of fluid from the distal end of the catheter

20, if 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.
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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 to anatomical systems, i.e., safety. Suitable materials for the
support 22 include nylon, polyamide, teflon, and other materials known to those skilled in the art. The porous membrane
26 is preferably a sponge-like or foam-like material or a hollow fiber. The membrane 26 may be formed from a variety of
suitable materials, giving due consideration to the goals of being flexible 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 imit the flow of bacteria through
the membrane walls. Some suitable materials for the membrane 26 are polyethylene, polysulfone, polyethersulfone,
nolypropylene, polyvinylidene difluoride, polycarbonate, nylon, or high density polyethylene. These materials are
advantageously biocompatible. The porous membrane 26 may filter out unwanted 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 smailler 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. The average pore size, or pore diameter, of the membrane 26 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 about 0.8 microns.

As mentioned above, the proximal end of catheter 20 may be connected to a fluid 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 single fluid supply 34, so that the fluid 36 flows
within each of the lumens 38. Alternatively, the catheter 20 may be connected to a plurality of separate fluid supplies so
that several different fluids 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 is equal to the number of fumens 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.

In operation, the catheter 20 delivers fluid directly te the area of the anatomy that Is adjacent to the infusion
section 32. The fluid 36 from the fiuid seurce 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 1s 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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Figs. b 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 b2 that includes the exit holes 56
defines the infusion section of 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.
Aliso, 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 skilied in the art.

The tube 52 may be formed from any of a variety of suitable materials, such as nylon, 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 20
gauge catheter tube, having inside and outside diameters of 0.019 inches and 0.031 inches, respectively. The exit holes
56 of tube 52 are preferably about 0.015 inches in diameter and provided at equally spaced axial positions 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 throughout 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.

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. 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 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 fiuid through all of the exit holes 56 in tube 52. Some suitable materials for the membrane 54 are polyethylene,
polysulfone, polyethersulfone, polypropylene, polyvinylidene difluoride, polycarbonate, nylon, or high density polyethylene.
Preferablie inside and outside diameters of the tubular membrane 54 are 0.010 inches and 0.018 inches, respectively. In
the event that a quide wire 46 is 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 or other means known to those skilled in the art. Alternatively,

the membrane 54 may contact the tube 52 with an interference fit and not use other materials to secure the membrane 54

in the tube 52.
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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 b6 of the tube 52. Moreover, the tluid 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 is 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.

Fig. 7 illustrates a catheter 70 according to another embodiment of the present invention. Catheter /0 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 /6 and then begins to soak into the porous membrane /4.
The fluid diffuses longitudinally within the walls of the membrane until the membrane Is saturated. Thereafter, the fluid
leaves the membrane walls and enters the anatomy. Advantageously, the fluid ts dispensed to the anatomy at a
substantially uniform rate throughout the surface area of the membrane /4. As in the previous embodiments, this
advantage is obtained for both low and high pressure fluid delivery.

Fig. 8 illustrates a catheter 60 according to another embodiment of the present invention. Catheter 60 is 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.

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
fiowing through the more distal holes experiences a greater pressure drop. Conseguently, there is generally a greater flow
rate of fluid through the more proximal holes, resulting in non-uniform fiuid delivery. In contrast, catheter 60
advantageously provides substantially uniform fluid delivery through substantially all of the exit holes 64, under relatively
high flow rate conditions. This is because the larger size of the more distal holes compensates for their increased flow
resistance and pressure drop. !n 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 in substantially uniform fiuid

delivery. 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.
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As compared to prior art catheters, catheter 60 is advantageously simple and easy to manufacture. All that is
required is 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-section. When the tube 62 is somewhat bent, fluid flowing within the lumen is less likely to
experience blockage and a consequent pressure change which might lead to non-uniform fluid dispensation.

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
materials include nylon, polyimide, teflon, and other materials known to those skilled in the art. The infusion section can
have any desired length but is 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, i.e., 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 s 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 as in the embodiment of Fig. 5. Of course, if too many exit holes

64 are provided, the tube 62 may be undesirably weakened.

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 proximal 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 is attached to and closes the distal end of the spring 84. The portion of the spring 84 that is 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 Is
nrevented 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 fiuid 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 tluid 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 the spring is dispensed substantially uniformly
throughout the length and circumference 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 delvery.

In use, the catheter 80 is inserted into an anatomical region se that the spring 84 is in a region to which fluid
medication is desired to be delivered. The spring is initially in an unstretched state, as shown in Fig. 10A. The fluid is
introduced into 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 fiuid buiids inside of the spring 84.
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When the spring 84 is 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 pressure 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 radialiy, 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 fluid is no longer dispensed.

Several spring types will achieve the purposes of this invention. Suitable spring types are 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 materials, 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 diameter of about 0.005 inches. The proximal end of the spring 84 is
nreferably 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 materials. Alternatively, the spring can be
soldered within the tube 82 or be fitted with a proximal plug and tightly plugged into the tube 82.

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

Fig. 11 illustrates a catheter 90 according to another embodiment of the present invention. The catheter S0
comprises a distally ciosed tube 92 and a “weeping” tubular coil spring 94 concentrically enclosed within the tube 32 so
that a lumen is defined within the tube and spring. A plurality of exit holes 96 are provided 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 preferably provided throughout the walis of the infusion section. The infusion section can have any
desired length. In the preferred configuration, the axial spacing between adjacent holes 36 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°. 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. 8, 10A and 10B. The spring 94 is 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 trom
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exiting the lumen without fiowing 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.

In use, the catheter 90 is 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 fiuid builds inside of the spring 94. Eventually, the spring 94 becomes filled with fluid, the
fluid pressure rises, and the fluid 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 throughout 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 in size so that the fluid flows 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 fiuid from the
catheter. If 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 is no longer
dispensed.

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 is attached to the inside walls of the tube 92, permitting the other end of the spring to be displaced as the
spring stretches. The spring can be giued to the tube 82 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 2. 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.

Fig. 12 illustrates a catheter 100 according to another 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 is 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 fluid
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 is substantially prevented from flowing through the holes 104, due to their small size. Eventually, the infusion
nortion 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 build. At some point the pressure becomes sufficiently high to force the fiuid through the exit

holes 104. Moreover, the fiuid flows through substantially all of the exit holes 104.
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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 reg.ion. 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.

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 circumference 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 mfusion section of the
catheter. Alternatively, the member 206 may extend along only a portion of the infuston 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.

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 fiuid 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 the holes 204. There are several advantages of the
annular region 208. One advantage is that it tends to optimize the uniformity 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 liqguid. It 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 stili accomplish
the goals of the present invention.

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 is preferably within the
range of 0 to about 0.005 microns, and more preferably about 0.003 microns. The member 206 can be tormed of any of a

variety of materials, giving due consideration to the goals of porosity, flexibility, strength, and durability. A preferred

material is Mentek.
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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 is 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 ning-shaped bond 218. Fig. 15 shows an
embodiment in which the adhesive is 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 n Figs. 13,
14, and 15, respectively) is not required.

In the current best mode of the invention, preferably two bonds are incorporated - one at the most proximal hole
and one at the most distal hole of the catheter. Each bond is formed with an adhesive as described below.

The ring-shaped bond 214 can be formed by pouring the adhesive in liquid form through one of the exit holes 204
when the member 206 is in the tube 202. The adhesive, having a generally high viscosity, tends to flow about the
circumference 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 it is poured. Any of a variety of different types of adhesives will be acceptable, a preferred adhesive being Loctite.

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 is concentrically enclosed within the tube 202. Alternatively, the member 206
may be positioned adjacent to the tube 202, as shown in Fig. 18. The configuration of Fig. 18 may be easier to
manufacture than that of Fig. 17, since the member 206 does not have to be centered within the tube 202.

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 of 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.

When any of the catheters of the above embodiments is 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 fiquid medication into the catheter forces the air to flow out of the exit holes. However, this may
take several hours. If the catheter is inserted into a patient while air is inside, and liquid medication is introduced into the
catheter, the patient’s wound site may receive little or nb medication until air is 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
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air is expelled from the catheter prior to use. Further, with reference to Fig. 19, an air filter 224, as known in 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.

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 section of the catheter. Compared to smaller exit holes, the elongated
slots 232 tend to increase the flowrate of fiuid 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 of the catheter 200, as will be easily understood by those of skill in the art.

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 in
substantially uniform fluid delivery. Further, the elongated slots result in generally higher exit flowrates, as in the
embodiment of Fig. 20.

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.

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 is 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 is within the blood clot 240. Liguid medication is preferably introduced into the
proximal end of the catheter tube. Advantageously, the medication exits the catheter 20 at a uniform rate throughout
the infusion section to dissolve the clot 240.

As will be easily understood by those of skill in the art, any of the catheter embodiments described herein
may be used Iin a variety of applications including, but not limited to, peripheral nerve blocks, intrathecal infusions,
epideral infusions, intravascular infusions, intraarterial infusions and intraarticular infusions, as well as in wound site
pain management.

In addition, any of the catheters disclosed herein may be integral with a fluid line eminating from an infusion

pump as opposed to being an independent catheter designed to be connected or secured to an infusion pump.
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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 equivalents thereof. Thus, it
is intended that the scope of the present invention herein disclosed should not be limited by the particular disclosed

embodiments described above, but should be determined only by a fair reading of the claims that follow.
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WHAT IS CLAIMED IS:

1. A catheter for the delivery of fluid throughout an anatomical region,
comprising:
a tube;

a tubular coil spring having a proximal end attached to a distal end of
sald tube; and

a stop closing a distal end of said spring;

said tube and said spring each defining a portion of a central lumen,
said spring having adjacent coils in contact with one another when said spring
is in a relaxed state, so that fluid within said spring and below a threshold
dispensation pressure is prevented from exiting said lumen by being
prevented from flowing radially between said coils, said spring having the
property of stretching when the fluid pressure is greater than or equal to said
threshold dispensation pressure and permitting the fluid to be dispensed from

sald lumen by flowing radially between said coils.

2. The catheter of claim 1, wherein said spring is configured so that the
fluid between the coils is dispensed substantially uniformly throughout the

length and circumference of a portion of said spring.

3. The use of the catheter of claim 1, for delivering a fluid to an

anatomical region.

4. A method of manufacturing a catheter for the delivery of fluid
throughout an anatomical region, comprising the steps of:

providing a tube;

attaching a proximal end of a tubular coll spring to a distal end of said
tube so that said tube and said spring each define a portion of a central
lumen, said spring having coils in contact with one another when said spring
IS In a relaxed state, so that fluid within said spring and below a threshold
dispensation pressure is prevented from exiting said lumen by being

prevented from flowing radially between said coils, said spring having the
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property of stretching when the fluid pressure is greater than or equal to said
threshold dispensation pressure and permitting the fluid to be dispensed from
sald lumen by flowing radially between said coils; and

attaching a stop to the distal end of said spring.

D. A catheter for the delivery of fluid throughout an anatomical region,
comprising:

a distally closed tube, a length of said tube defining an infusion section
of said tube, said infusion section having a plurality of exit holes in a side wall
of said tube; and

a tubular coll spring concentrically enclosed within said infusion section
so that a lumen iIs defined within said tube and said spring;

sald spring having adjacent coils in contact with one another so that
fluid within said lumen and below a threshold dispensation pressure is
prevented from exiting said lumen by being prevented from flowing radially
between said coils, said spring having the property of stretching when the fluid
pressure Is greater than or equal to said threshold dispensation pressure and
permitting the fluid to be dispensed from said lumen by flowing radially

between said coils and through said exit holes.

0. The catheter of claim 5, wherein said spring is configured so that the
fluid between the coils is dispensed substantially uniformly throughout the
length and circumference of a portion of said spring and thereafter flows

through substantially all of said exit holes.

/. The catheter of claim 6, wherein said exit holes are substantially equal

In size so that the fluid flows through said exit holes at a substantially equal

rate.

8. The catheter of claim 5, wherein said spring and said tube are in

contact along a substantial length of said spring.

20
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9. The use of the catheter of claim 5 for delivering a fluid throughout an

anatomical region.

10. A method of manufacturing a catheter for the delivery of fluid to an
anatomical region, comprising the steps of:

providing a distally closed tube, a length of said tube defining an
infusion section of said tube, said infusion section having exit holes In side
walls of said tube; and

inserting a tubular coll spring concentrically into said infusion section, a
lumen being defined within said tube and spring, said spring having adjacent
colls in contact with one another so that fluid within said lumen and below a
threshold dispensation pressure is prevented from exiting said lumen by being
prevented from flowing radially between said coils, said spring having the
property of stretching when the fluid pressure is greater than or equal to said
threshold dispensation pressure and permitting the fluid to be dispensed from

sald lumen by flowing radially between said coils and through said exit holes.
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