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An Infusion catheter assembly has the abillity to infinitely titrate the length of a porous fluid distribution section in situ. The infusion
catheter assembly thereby provides a length of infusion that can be infinitely varied over a prescribed range, to control the effective
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(57) Abstract: An mnfusion catheter assembly has the ability to mnfinitely titrate the length of a porous tluid distribution section in
situ. The infusion catheter assembly thereby provides a length of infusion that can be mfinitely varied over a prescribed range, to
control the effective infusion length and the rate of infusion. Using the mfusion catheter assembly, a physician has the capability to
treat only the length of the vessel desired, thereby preventing excessive drug/patient exposures. The porous tluid distribution section
can include an array of spaced apart apertures that vary in size and/or density along the length of the porous fluid distribution sec -
tion, such that the tlow rate remains essentially constant for a given inlet pressure independent of the effective mfusion length.
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ASSEMBLIES, SYSTEMS, AND METHODS FOR INFUSING
THERAPEUTIC AGENTS INTO THE BODY

CROSS-REFERENCE
[0001] The present application 1s a non-provisional of and claims the benefit of US Provisional

Patent Application No. 61/514,728 (Attorney Docket No. 41891-703.101, formerly 2009-
21551-PROV) filed August 3, 2011; the entire contents of which 1s incorporated herein by

reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention. The present invention generally relates to medical devices

and methods. More particularly, the present mnvention 1s related to the delivery of therapeutic
agents nto the body:.

[0003] 2. Background. Infusion catheters are known, which provide the administration of

various therapeutic agents in solutions into the peripheral vasculature. Conventional designs
usually contain mner and outer catheter shafts. The outer catheter shaft provides a series of
holes over a prescribed length through which the agent(s) can be administered to the vessel and
surrounding tissue or disease. Conventional technology 1s focused on the shape and/or density
of the holes for infusion, and/or providing a zone of infusion by blocking a segment of the
vessel, and/or providing a guide wire lumen. While this technology 1s promising, improved
devices and method are still needed to provide catheters or other therapeutic agent delivery
systems that deliver the therapeutic agent to a specific target site and with better control of
infusion rates. At least some of these objective will be met by the embodiments disclosed

herein.

SUMMARY OF THE INVENTION
[0004] One aspect of the mvention provides an infusion catheter assembly having the ability to
infinitely titrate the length of the infusion section in situ. The infusion catheter assembly
provides a length of mnfusion that can be mfinitely varied over a prescribed range, to control the
cffective mfusion length and the rate of mmfusion. Using the mfusion catheter assembly, a
physician has the capability to treat only the length of the vessel desired, thereby preventing
excessive drug/patient exposures.
[0005] Another aspect of the invention provides an infusion catheter assembly having a porous
fluid distribution section that includes an array of spaced apart apertures that vary in size

and/or density along the length of the porous fluid distribution section. A barrier mechanism
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can be provided that 1s movable along the porous distribution section to establish for the
infusion catheter assembly an infinitely variable range of effective infusion lengths between a
maximum length and any smaller length along the porous fluid distribution section. The spaced
apart apertures vary 1n size and/or density i a predetermined fashion along the maximum
length such that the flow rate remains essentially constant for a given inlet pressure
independent of the effective mmfusion length.

[0006] In another aspect of the present invention an infusion catheter assembly comprises a
catheter body having an interior lumen and including a porous fluid distribution section having
a predefined maximum length communicating with the mterior lumen. The catheter assembly
also includes at least one fluid delivery port for dispensing a fluid from an external source into
communication with the porous fluid distribution section for infusion through the porous fluid
distribution section at a flow rate, and also a barrier mechanism movable within the catheter
body to establish for the infusion catheter assembly an mfinitely variable range of effective
infusion lengths between the maximum length and any smaller length along the porous fluid
distribution section.

[0007] In another aspect of the present mnvention, an infusion catheter assembly may comprise
a catheter body having an interior lumen and mcluding a porous fluid distribution section
having a predefined maximum length communicating with the interior lumen. The porous
discharge section may comprise an array of spaced apart apertures that vary in size and/or
density along the length of the porous fluid distribution section. The catheter assembly may
also have at least one fluid delivery port for dispensing a fluid from an external source into
communication with the porous fluid distribution section for infusion through the porous fluid
distribution section at a flow rate.

[0008] The barrier mechanism may comprise an expandable structure which may expand
response to introduction of a fluid. The barrier mechanism may also be movable within the
catheter body to establish for the infusion catheter assembly an infinitely variable range of
cttective mfusion lengths between the maximum length and any smaller length along the
porous fluid distribution section. The spaced apart apertures may vary 1 size and/or density in
a predetermined fashion along the maximum length such that the flow rate remains essentially
constant for a given inlet pressure mdependent of the effective infusion length. The assembly
may further include a lumen 1 the catheter body to accommodate passage of a guide wire, and
the barrier mechanism may also mclude a lumen to accommodate passage of the guide wire. A

first radiopaque marker may be disposed on the barrier mechanism and a second radiopaque
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marker may be disposed on the catheter body to visualize the effective infusion length by
radiographic 1maging.

[0009] The porous fluid distribution section may be sized and configured for weep or pulse-
spray mfusion of the fluid. The catheter body may be sized and configured for intravascular
introduction, mtramuscular introduction, or introduction into a tissue mass or organ. The fluid
dispensed by the fluid delivery port may include a therapeutic agent such as a thrombolytic
agent.

[0010] The barrier mechanism may include an mner catheter body sized and configured to be
manipulated by sliding within the catheter body along the maximum length of the porous fluid
distribution section. The inner catheter body may include the at least one fluid delivery port.
A barrier structure may be carried by the mnner catheter body proximal of the fluid delivery
port. The barrier structure may have a reduced dimension condition, which accommodates the
sliding manipulation of the inner catheter body along the maximum length of porous fluid
distribution section. The barrier structure may have an increased dimension condition, which
presses against the mterior lumen and forms a barrier wall that blocks flow of the dispensed
fluid mto communication with the porous fluid distribution section proximal of the barrier
wall. The assembly may also have a mechanism to selectively reduce and icrease the barrier
structure within the outer catheter body anywhere along the maximum length of the porous
fluid distribution section to establish for the mfusion catheter assembly an infinitely variable
range of effective infusion lengths between the maximum length and any smaller length along
the porous fluid distribution section.

[0011] In yet another aspect of the present invention, an infusion method comprises (1)
providing an infusion catheter assembly comprising a catheter body having an mterior lumen
and including a porous fluid distribution section having a predefined maximum length
communicating with the mterior lumen. The porous discharge section comprises an array of
spaced apart apertures that vary in size and/or density along the length of the porous fluid
distribution section. The infusion catheter assembly further comprising at least one fluid
delivery port for dispensing a fluid from an external source at an inlet pressure mnto
communication with the porous fluid distribution section for infusion through the porous fluid
distribution section at an infusion flow rate, and a barrier mechanism movable within the
catheter body to establish for the infusion catheter assembly an infinitely variable range of
cttective mfusion lengths between the maximum length and any smaller length along the
porous fluid distribution section. The spaced apart apertures vary 1n size and/or density in a

predetermined fashion along the maximum length such that the flow rate remains essentially
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constant for a given mlet pressure mndependent of the effective mnfusion length. The method
also comprises (1)  moving the barrier mechanism within the catheter body to establish a
desired effective mfusion length, and (111) mmfusing a fluid through the desired effective infusion
length of the porous fluid distribution section.

[0012] The infusing step may include visualizing the effective infusion length by radiographic
imaging of a first radiopaque marker on the catheter body and a second radiopaque marker on
the barrier mechanism. Infusing may be performed 1n a blood vessel, a tissue mass or organ,
and may include delivery of a therapeutic agent, anesthesia or treatment of an occlusion of
thrombus 1n the vasculature, or treatment of a tumor.

[0013] In still another aspect of the present invention, an infusion method comprises (1)
providing an mfusion catheter assembly comprising a catheter body having an mterior lumen
and including a porous fluid distribution section having a predefined maximum length
communicating with the mterior lumen. The mfusion catheter assembly further comprises at
lcast one fluid delivery port for dispensing a fluid from an external source into communication
with the porous fluid distribution section for infusion through the porous fluid distribution
section, and a barrier mechanism movable within the catheter body to establish for the infusion
catheter assembly an mfinitely variable range of effective mfusion lengths between the
maximum length and any smaller length along the porous fluid distribution section. The
method also comprises (1) moving the barrier mechanism within the catheter body to establish
a desired effective infusion length, and (111) infusing a fluid through the desired effective
infusion length of the porous fluid distribution section.

In still another aspect of the present invention, an mfusion catheter assembly comprises an
outer catheter body having an mterior lumen and including a porous fluid distribution section
having a predefined maximum length communicating with the interior lumen. The assembly
also comprises an mner catheter body sized and configured, when 1n use, to be mserted into the
outer catheter body and manipulated by shding within the outer catheter body along the
maximum length of the porous fluid distribution section. The inner catheter body includes at
least one fluid delivery port for dispensing a fluid from an external source mto communication
with the porous fluid distribution section for infusion through the porous fluid distribution
section. The assembly includes a barrier structure carried by the mner catheter body proximal
of the fluid delivery port. The barrier structure has a reduced dimension condition, which
accommodates the sliding manipulation of the inner catheter body along the maximum length
of porous fluid distribution section, and an increased dimension condition, which presses

against the mterior lumen and forms a barrier wall that blocks tlow of the dispensed fluid mto
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communication with the porous fluid distribution section proximal of the barrier wall. The
assembly also mcludes a mechanism to selectively reduce and increase the dimension of the
barrier structure within the outer catheter body anywhere along the maximum length of the
porous fluid distribution section to establish for the mfusion catheter assembly an mfinitely
variable range of effective infusion lengths between the maximum length and any smaller
length along the porous fluid distribution section.

[0014] The mfusion catheter assembly may further include an outer radiopaque marker on the
outer catheter body and an mner radiopaque marker on the inner catheter body to visualize the
cttective infusion length by radiographic imagining. The assembly may have a lumen in the
inner catheter body to accommodate passage of a guide wire, and the outer catheter body may
also mclude a lumen to accommodate passage of the guide wire. The porous fluid distribution
section may comprise an array of axially spaced-apart apertures or pores that communicate
with the interior lumen along the maximum length of the porous fluid discharge section. The
porous fluid discharge section may be sized and configured for weep or pulse-spray infusion of
the fluid.

[0015] In another aspect of the present mnvention, an infusion method comprises (1) providing
an outer catheter body having an interior lumen and icluding a porous fluid distribution
section having a predefined maximum length communicating with the interior lumen. The
method also includes (11) inserting into the outer catheter body an mner catheter body having at
least one fluid delivery port for dispensing a fluid from an external source mto communication
with the porous fluid distribution section for infusion through the porous fluid distribution
section. The inner inner catheter body includes a barrier structure proximal of the fluid
delivery port, the barrier structure having a reduced dimension condition and an increased
dimension condition. The method also mcludes (1) manipulating the inner catheter body by
sliding the mnner catheter body within the outer catheter body when the barrier structure 1s in a
reduced dimension condition along the maximum length of the porous fluid distribution
section; (1v) manipulating the mner catheter body by placing the barrier structure in an
increased dimension condition to press the barrier structure against the interior lumen and form
a barrier wall that blocks flow of the dispensed fluid mto communication with the porous fluid
distribution section proximal of the barrier wall; (v) performing (111) and (1v) to selectively
reduce and mcrease the dimension of the barrier structure within the outer catheter body along
the maximum length of the porous fluid distribution section to establish for the infusion
catheter assembly a desired effective mfusion length, wherem the desired effective mfusion

length 1s mfinitely variable between the maximum length and any smaller length along the
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porous fluid distribution section; and (v1)  infusing a fluid through the desired effective
infusion length of the porous fluid distribution section. Step (v) may be performed using a
guide wire.

[0016] These and other aspects and advantages of the mvention are evident i the description

which follows and m the accompanying drawings.

INCORPORATION BY REFERENCE
[0017] All publications, patents, and patent applications mentioned 1n this specification are
herein incorporated by reference to the same extent as if each mdividual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present mvention will be
obtamed by reference to the following detailed description that sets forth illustrative
embodiments, 1 which the principles of the mvention are utilized, and the accompanying
drawings of which:
[0019] Fig. 1A 1s an exploded view of an infusion catheter assembly comprising an mner
catheter body and an outer catheter body that embodies the technical features of the mvention.
[0020] Fig. 1B 1s an enlarged view of the distal end of the mner catheter body shown mn Fig.
1A, showing the presence of a barrier structure.
[0021] Fig. 1C 1s a section view of the mner catheter body taken generally along line 1C-1C 1n
Fig. 1A.
[0022] Fig. 2A 1s an assembled view of the infusion catheter assembly shown i Fig. 1A.
[0023] Figs. 2B and 2C are enlarged views of the distal end of the mner catheter body residing
within the outer catheter body, with the barrier structure shown, respectively, in a reduced
dimension condition (Fig. 2B) and an increased dimension condition (Fig. 2C), to form a fluid
tight secal and define a fluid distribution chamber within the outer catheter body.
[0024] Fig. 2D 1s enlarged view showing the capability of mfinitely moving the distal end of
the mner catheter body in situ within the outer catheter body:.
[0025] Fig. 2E 1s an enlarged view of the distal end of the inner catheter body residing at a first
position within the outer catheter body, with the barrier structure in 1ts increased dimension
condition to form a chamber which distributes therapeutic agent(s) for discharge only by the
fluid discharge apertures 1n the outer catheter body that are distal to (and not proximal of) the

location of the fluid tight seal.
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[0026] Fig. 2F 1s an enlarged view of the distal end of the inner catheter body residing at a
second position within the outer catheter body, with the barrier structure shown 1 1ts increased
dimension condition to form a chamber that 1s larger than the chamber shown 1n Fig. 2E, which
likewise distributes therapeutic agent(s) for discharge only by the fluid discharge apertures in
the outer catheter body that are distal to (and not proximal of) the location of the fluid tight
seal, the mmfusion length shown 1n Fig. 2F being longer than the infusion length shown in Fig.
2E.

[0027] Figs. 3A to 3E 1illustrate the use of the mfusion catheter assembly shown 1n Figs. 1A
and 2A to treat an occlusion having a length significantly less than the maximum infusion
length of the assembly.

[0028] Figs. 4A to 4E 1illustrate the use of the mfusion catheter assembly shown 1n Figs. 1A
and 2A to treat an occlusion having a length longer than the length of the occlusion shown in
Figs. 3A to 3E, 1illustrating the capability of the infusion catheter assembly to treat only the
length of the vessel desired, thereby preventing excessive drug/patient exposures.

[0029] Fig. 5 18 another representative embodiment of an infusion catheter assembly
comprising an mner catheter body movable within an outer catheter body to infinitely titrate
the length of an infusion section in situ without significantly altering a desired flow rate of
infusion.

[0030] Figs. 6 to 8 are enlarged views 1llustrating the manipulation of mmfusion catheter
assembly shown in Fig. 5 to mfinitely titrate the length of the infusion section in situ without

significantly altering a desired flow rate of infusion (F).

DETAILED DESCRIPTION OF THE INVENTION
[0031] The physical embodiments disclosed merely exemplify the technical features of the
invention, which may be embodied 1n other specific structure. While a preferred embodiment
has been described, the details may be changed without departing from the technical features

ot the mnvention.

I. The Assembly

[0032] Fig. 1A shows, mn an exploded view, an infusion catheter assembly 10. In Fig. 1A, the
infusion catheter assembly 10 1s sized and configured for delivering one or more therapeutic
agents 1 solution into the peripheral vasculature. However, the technical features that will be
described are not limited to intravascular mfusion. Intravascular infusion 1s but one of many
exemplary embodiments 1llustrating the technical features of the assembly. It should be
appreciated that the technical features of the mfusion catheter assembly 10 that will be

described are applicable for use to achieve diverse infusion therapy or treatment objectives by
7-
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delivering therapeutic agents to targeted tissue or organ regions by any non-oral route
throughout the body, ¢.g., during surgery, and/or for oncological purposes in the treatment of
tumors, and/or whenever subcutancous, intramuscular, or epidural infusions are desired.

[0033] As Fig. 1A shows for exemplary purposes, the assembly 10 includes a first catheter
body 12 and a second catheter body 14. As Fig. 2A shows 1n an assembled view, the second
catheter body 14 1s sized and configured, when 1n use, to be mserted mto the first catheter body
12. For this reason, the first and second catheter bodies 12 and 14 will also be called,
respectively, an outer catheter body 12 and an mner catheter body 14.

[0034] In the exemplary embodiment, as Fig. 2A also shows, the assembly of the mner
catheter body 14 and the outer catheter body 12 1s sized and configured to be introduced over a
conventional guide wire 16 (e.g., .035 inch diameter), for delivery into a targeted treatment
region in the peripheral vasculature (see Fig. 3A). The targeted treatment region can be within
a vein or an artery of the peripheral vasculature, depending upon therapeutic objective desired.
The outside diameter of the outer catheter body 12 can be sized, depending upon anatomy of
the targeted treatment region ¢.g., from 4 Fr to 10 Fr. As Fig. 1A shows, the distal end of the
outer catheter body 12 1s desirably tapered to provide atraumatic access to the targeted tissue
region.

[0035] The catheter bodies 12 and 14 can comprise, ¢.g£., high or low density polyethylene
which has a low friction surface, casing passage over the guide wire 16. Other candidate
materials mclude fluormated ethylene propylene (FEP), polyether block amide, nylon 12,
polyamide, polyamide copolymer, polypropylene, polyester copolymer, polyvinyl difluoride or
silicon rubber. The length of the assembly can range, depending upon anatomy of the target
treatment region, €.g., from 45 ¢cm or less to 135 cm or more.

[0036] In the exemplary embodiment, upon introduction to the targeted treatment region in the
peripheral vasculature (see, ¢.g., Fig. 3E), the assembly 10 1s sized and configured to deliver
one or more therapeutic agents 1n solution mto the targeted region. In the 1llustrated
embodiment, the therapeutic agent(s) can comprise, €.g., a drug for systemic circulation to treat
the mdividual, or an anesthetic agent, or a lytic agent to dissolve thrombus residing in the
targeted treatment region.

[0037] For this purpose, the distal region of the outer catheter body 12 mcludes a porous fluid
distribution section 18. The length or arca of the section 18 can vary, ¢.g., between 1 to 3 cm.
Residing within the outer catheter body 12, the mner catheter body 14 delivers the therapeutic
agent 1 solution from an external source into communication with the porous fluid distribution

section 18 see Fig. 2A). The porous fluid distribution section 18 can be sized and configured,

_8_
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¢.g., for weep infusion (regional, continuous, lower pressure delivery) or pulse-spray mfusion
(directly mjected, higher pressure, burst or pulsed delivery) of the therapeutic agent at the
targeted treatment site. The source can comprise, €.g., a conventional mfusion pump for slow,
contiuous mfusion of the therapeutic agent, or a traditional syringe system for manual and/or
burst delivery.

[0038] As will be described 1n greater detail later, the mnner catheter body 14 can be
manipulated by shiding within the outer catheter body 12 along the length of the porous fluid
distribution section 18. By fixing a desired relative position of the inner catheter body 14 along
the porous fluid distribution section 18, the effective mfusion length or area of the porous fluid
distribution section 18 can be titrated in situ (see Figs. 2E and 2F) anywhere within a range
between the maximum length of the porous fluid distribution section 18 and any smaller length
of the porous fluid distribution section 18 down to i1ts mimnimum length.

[0039] According to this aspect of the invention, as exemplified in Figs. 2E and 2F,
manipulating the mner catheter body 14 relative to the outer catheter body 12 makes 1t possible
to infinitely vary in situ the effective infusion length or area of the porous fluid distribution
section 18 between zero up to the maximum length provided by the outer catheter body 12. In
this way, the distribution of the therapeutic agent(s) can be precisely titrated in situ according
to the morphology and delivery demands of targeted treatment region.

[0040] The assembly 10 may be variously constructed to imnclude these technical features.
[0041] In the embodiment illustrated m Fig. 1A, the inner catheter body 14 includes a proximal
end 20 and a distal end 22. A handle 24, sized and configured for manipulation by a caregiver,
1s attached to the proximal end 20.

[0042] The outer catheter body 12 includes an mterior lumen 26 (see Fig. 1A). The mner
diameter of the interior lumen 26 and the outer diameter of the mner catheter body 14 are
mutually sized, so that the inner catheter body 14 can be fitted mto and easily advanced by
sliding through the interior lumen 26, up to the distal terminus of the mterior lumen 26 of the
outer catheter body 12.

[0043] A guide wire lumen 28 1n the mner catheter body 14 (see Fig. 1C) 1s sized and
configured to accommodate the passage of a conventional guide wire 16. A hemostatic fitting
30 on the handle 24 (see Fig. 1A) communicates with the guide wire lumen 28 to permit the
introduction of the guide wire 16 into the guide wire lumen 28 axially through the mner
catheter body 14. This allows the mner catheter body 14 to be mtroduced over a guide wire 16.
The distal tip of the mner catheter body 14 may include an occluding valve or septum 32,

which seals against the guide wire 16.
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[0044] As Fig. 2A shows, the outer catheter body 12 also accommodates passage of the guide
wire 16, so that the mner catheter body 14 can be inserted over the guide wire 16 into the outer
catheter body 12. Thus, m use, both the outer catheter body 12 and the inner catheter body 14
can be introduced 1n tandem over a guide wire 16 into the peripheral vasculature, as Fig. 2A
illustrates. The distal terminus of the interior lumen of the outer catheter body 12 may also
include an occluding valve or septum 32, which also scals against the guide wire 16.

[0045] As further shown 1 Fig. 1C, one or more infusion lumens 34 are formed within the
inner catheter body 14. The infusion lumens 32 communicate with infusion ports 36 at the
distal end of the mner catheter body 14. A standard luer lock adapter 38 on the handle 24
communicates with the mfusion lumens 34. A source 40 of therapeutic agent(s) can be coupled
to the adapter 38 (as exemplified i Fig. 2A). Therapeutic agent(s) i solution are conveyed
through the infusion lumens 34 of the inner catheter body 14 for discharge by the ports 36 into
the mterior lumen 26 of the outer catheter body 12 (see Figs. 2E and 2F).

[0046] In the illustrated embodiment, the porous fluid distribution section 18 of the outer
catheter body 12 comprises an array of axially spaced-apart apertures 42 that communicate
with the interior lumen 26 along the length of the porous fluid distribution section 18. The
apertures 42 can comprise an array of discrete holes formed, ¢.g., by laser drilling, or an array
of pores 1 a microporous membrane affixed to the distal end of the outer catheter body 12, or
combinations thercof.

[0047] When the inner catheter body 14 occupies the mterior lumen 26 of the outer catheter
body 12 within the porous fluid distribution section 18, therapeutic agent(s) in solution
discharged by the mfusion ports 36 are conveyed into the iterior lumen of the outer catheter
body 12.

[0048] The distal end of the inner catheter body 14 carries a barrier structure 44, which can
comprise ¢.g., an expandable body like a balloon or a coated wire mesh. In Fig. 1A, the barrier
structure 44 1s shown 1 a normally reduced dimension condition (¢.g., collapsed or a low
profile condition), which accommodates the sliding insertion of the inner catheter body 14 mto
the interior lumen 26 of the outer catheter body 12 (as Fig. 2B shows).

[0049] As Fig. 2C shows, the barrier structure 44 can be enlarged on demand toward an
increased dimension condition. The barrier structure 44 can be enlarged 1n various ways. It
can, ¢.g., mclude an umbrella-like mechanism, operated by a stylet (not shown) axially
movable within the inner catheter body 14.

[0050] In the representative embodiment 1llustrated, the barrier structure 44 expands by

introduction of an expansion medium. In this arrangement, the inner catheter body 14 mcludes
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an expansion media lumen 46, shown m Fig. 1C (in the alternative umbrella-like embodiment
described, the stylet could occupy and axially slide through this lumen 46). The expansion
media lumen 46 communicates with the barrier structure 44 to convey an expansion media mnto
the barrier structure 44 to cause it to enlarge or expand. In this arrangement, a standard luer
lock adapter 48 on the handle 24 communicates with the expansion media lumen 48 to
accommodate coupling to a source of expansion media (e.g., a syringe 50 containing saline, as
exemplified in Fig. 2A), to convey the expansion media upon demand to place the barrier
structure 44 1n 1ts mcreased dimension condition (as Fig. 2C shows). In this arrangement, the
luer lock adapter 48 on the handle 24 1s also desirably able to vent the expansion media upon
demand, to return the barrier structure 44 to 1ts reduced dimension condition (as Fig. 2B
shows), 1f repositioning or withdrawal of the inner catheter body 14 1s desired.

[0051] When 1 1ts increased dimension condition (see Fig. 2C), the barrier structure 44
presses against the interior lumen 26 of the outer catheter body 12, forming a fluid tight seal.
The fluid tight scal forms a barrier wall that blocks passage of the therapeutic agent(s) i a
proximal flow direction (1.¢., toward the handle 24) when discharged into the interior lumen. A
fluid distribution chamber 52 1s formed in situ within the interior lumen 26. The fluid
distribution channel 52 1s defined axially by the separation distance between the fluid tight seal
formed by the barrier structure 44 and the distal terminus of the interior lumen 26 of the outer
catheter body 12. The degree of separation can be visualized in situ by radiographic imagining
of an outer radiopaque marker 54 on the outer catheter body 12 and an inner radiopaque
marker 56 on the inner catheter body 14.

[0052] When discharged mto the formed chamber 52 (see Figs. 2E and 2F), the therapeutic
agent(s) are distributed only by the fluid discharge apertures 42 in the porous fluid distribution
section 18 that are distal to (and not proximal of) the location of the fluid tight seal formed by
the barrier structure 44 when in 1ts imncreased dimension condition.

[0053] By manipulation of the mner catheter body 14 relative to the outer catheter body 12, 1n
tandem with the selective enlargement of the barrier structure 44, to thereby form the chamber
52, the effective infusion length or area of the fluid distribution section 18 of the outer catheter
body 12 can be infiitely varied in situ. As Fig. 2D shows, the relative separation between the
barrier structure 44 on the mner catheter body 14 and the terminus of the mterior lumen 26 of
the outer catheter body 12 (1.¢., defining the volume of the chamber 52) can be infiitely varied
(aided by radiographic visualization) by withdrawing and/or advancing the inner catheter body
14 within the outer catheter body 12 while the barrier structure 44 1s 1 1ts reduced dimension

condition. Once a desired separation 18 achieved, enlargement of the barrier structure 44 to 1ts

-11-



CA 02842466 2014-01-20
WO 2013/019947 PCT/US2012/049322

increased dimension condition locks the separation and forms the respective chamber 52, as
Figs. 2E and 2F 1llustrate.
II. Representative Use of the Assembly

[0054] Figs. 3A to 3E 1illustrate use of the assembly 10 for delivering one or more therapeutic
agents 1 solution mto the peripheral vasculature. For the purpose of illustration, Figs. 3A to 3E
will be described 1n the context of treating an occlusion or thrombus 1 the vasculature, to
reestablish blood flow through an affected arca of the vasculature. In this way, the technical
features of the assembly 10 1n use can be described, ¢.g., to treat a peripheral arterial occlusion,
or a hemodialysis graft occlusion, or a deep vein thrombosis.

[0055] Still, 1t should be appreciated that the assembly 10, which will be described 1n this
particular context, 1s not limited in 1ts application to the treatment of vascular occlusions. The
usc of the assembly 10, as will be described, 1s applicable to diverse situations requiring
“infusion therapy,” in which 1t 1s desired to deliver one or more therapeutic agents to a region
of the body other than by means of an oral route. While this includes the delivery of
therapeutic agents m solution mto the peripheral vasculature, ¢.g., in systemic drug delivery, or
anesthesia, it also encompasses the infusion of therapeutic agents into tissue masses or organs,
¢.g., during surgery and/or for oncological purposes 1n the treatment of tumors, and/or
intramuscular mfusions and/or epidural infusions.

[0056] Fig. 3A depicts for the purpose of 1llustration the mtroduction of the assembly 10 1n
conventional fashion over a guide wire 16 mto the peripheral vasculature. When mtroduced,
the assembly 10 comprises, as already described, the inner catheter body 14 nested within the
outer catheter body 12, with the barrier structure 44 1 1ts reduced dimension condition. In the
exemplary embodiment, the assembly 10 1s positioned, aided by radiographic 1imaging, in a
region where a vascular occlusion (thrombus) treatable by a lytic agent 1s present.

[0057] Aided by radiographic imaging, the guide wire 16 1s first passed through the vascular
occlusion. Further aided by radiographic imaging, the assembly 10 1s advanced over the guide
wire 16 until the porous fluid distribution section 18 of the outer catheter body 12 occupies a
significant portion of the vascular occlusion.

[0058] As 1s illustrated m Fig. 3A, the vascular occlusion possesses an axial length that 1s less
than the maximum length of the porous fluid distribution section 18 of the outer catheter body
12. Due to the technical features of the assembly 10, the caregiver can choose to titrate the
infusion length (1.¢., arca) of the porous fluid distribution section 18 to more closely match the
length (1.¢., arca) of the occlusion, to thereby focus the infusion arca of the assembly 10 on the

therapeutic needs of the anatomic region to be treated. As Fig. 3B shows, keeping the outer
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catheter body 12 stationary, the caregiver manipulates the inner catheter body 14 within the
outer catheter body 12 to reduce the mfusion length of the porous fluid distribution section 18
of the outer catheter, by withdrawing the inner catheter body 14 within the outer catheter body
12, while gauging the separation distance of the two markers 54 and 56 by radiographic
Imaging.

[0059] When the separation distance visualized by the markers 54 and 56 best conforms to the
morphology of the vascular occlusion (see Fig. 3C), the caregiver enlarges the barrier structure
44 to 1ts increased dimension condition, by conveying expansion media through the inner
catheter body 14 into the barrier structure 44. The barrier structure 44 enlarges toward its
increased dimension condition shown in Fig. 3C. When 1n this condition, the barrier structure
44 presses against the interior lumen 26 of the outer catheter body 12, forming a fluid tight
seal. The chamber 52 18 formed.

[0060] The caregiver conveys a selected lytic agent(s) through the infusion ports 36 of the
inner catheter body 14 into the chamber 52 (see Fig. 3D). The chamber 52, due to 1ts
prescribed dimensions, distributes the agent(s) to only the fluid discharge apertures 42 that are
distal to (and not proximal of) the location of the fluid tight seal formed by the barrier structure
44 (see Fig. 3E). This defined mfusion length or area 1s significantly less than the maximum
infusion length of the porous fluid distribution section 18, and therefore tailors the infusion
arca of the assembly 10 to the therapeutic needs of the anatomic region to be treated.

[0061] Figs. 4A to 4E illustrate a different situation, in which the vascular occlusion possesses
an axial length that more closely approaches the maximum length of the porous fluid
distribution section 18 of the outer catheter body 12. Due to the technical features of the
assembly 10, the caregiver can, using an assembly 10 that can be titrated in situ to treat a
smaller occlusion shown 1 Figs. 3A to 3E, choose now to instead titrate in situ the mfusion
length (arca) of the porous fluid distribution section 18 to treat the longer occlusion shown
Figs. 4A to 4E.

[0062] As Fig. 4B shows, with the barrier structure 44 1 its reduced dimension condition, the
carcgiver manipulates the mner catheter body 14 within the outer catheter body 12 to increase
the mfusion length or arca of the porous fluid distribution section 18 of the outer catheter body
12, by withdrawing the mner catheter body 14 from the outer catheter body 12 while gauging
the separation distance of the two markers 54 and 56 by radiographic imaging.

[0063] When the separation distance visualized by the markers 54 and 56 conforms to the
morphology of the vascular occlusion (see Fig. 4C), the caregiver enlarges the barrier structure

44 by conveying expansion media through the mner catheter body 14 into the barrier structure
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44. The barrier structure 44 enlarges toward 1ts increased dimension condition shown mm Fig.
4C. When m 1ts increased dimension condition, the barrier structure 44 presses against the
interior lumen 26 of the outer catheter body 12, forming a fluid tight seal. The chamber 32 1s
formed, which 1n Fig. 4C 1s significantly larger than the chamber 52 formed by manipulation
of the assembly 10 in Fig. 3C.

[0064] The caregiver conveys a selected lytic agent(s) through the infusion ports 36 of the
inner catheter body 14 into larger chamber 52 (see Fig. 4D), which are distributed from the
outer catheter body 12 by the apertures 42 of the fluid distribution section 18 that are distal to
(and not proximal of) the location of the fluid tight seal of the larger chamber 52 (see Fig. 4E).
[0065] By manipulation of the mner catheter body 14 relative to the outer catheter body 12, 1n
tandem with the selective enlargement of the barrier structure 44, the chamber volume, and
thus the effective length or area of the fluid distribution section 18 of the outer catheter body
12, can be mfinitely varied in situ. The relative separation between the expandable body on the
inner catheter body 14 and the terminus of the mterior lumen of the outer catheter body 12 (1.¢.,
the chamber volume) can be infinitely varied by withdrawing and/or advancing the mner
catheter body 14 relative to the outer catheter body 12 while the barrier structure 44 1S 1n 1ts
reduced diameter condition. The degree of separation can be visualized in situ by radiographic
monitoring of an outer radiopaque marker 54 on the outer catheter body 12 and an mner
radiopaque marker 56 on the inner catheter body 14. Once a desired separation 18 achieved,
enlargement of the barrier structure 44 to 1ts mcreased dimension condition locks the
separation and forms the chamber 52.

[0066] The invention thereby provides an infusion catheter assembly 10 having the ability to
infinitely titrate the length of the porous distribution section 18 ixn situ. The mfusion catheter
assembly 10 provides a length of mnfusion that can be mfinitely varied over a prescribed range,
to control the effective mmfusion length and the rate of infusion. Using the mfusion catheter
assembly 10, a physician has the capability to treat only the length of the vessel desired,
thereby preventing excessive drug/patient exposures.

III.  Other Representative Embodiments

[0067] Fig. 5 shows another representative embodiment of an mnfusion catheter assembly 10
that provides a length of infusion that can be infiitely varied over a prescribed range, to
control the effective infusion length. As before described, the assembly 10 mcludes an mner
catheter body 14 that can be manipulated by sliding within an outer catheter body 12 along the
length of a porous fluid distribution section 18. Manipulating the inner catheter body 14

relative to the outer catheter body 12 1n the manner already described makes 1t possible to
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infinitely vary in situ the effective mnfusion length or area of the porous fluid distribution
section 18 between zero up to the maximum length provided by the outer catheter body 12.
[0068] In Fig. 5, the porous fluid distribution section 18 of the outer catheter body 12
comprises an array of axially spaced-apart apertures 42, ¢.g., an array of discrete holes formed,
c.g., by laser drilling, or an array of pores 1n a microporous membrane affixed to the distal end
of the outer catheter, or combinations thercof. As shown 1n Fig. 5, the apertures 42 vary 1n size
and/or density 1 a predefined fashion along the length of the porous fluid distribution section
18, so that, regardless of the effective infusion length or area of the porous fluid distribution
section 18 established, the flow rate remains essentially constant. In other words, given a
constant mlet fluid pressure to the inner catheter body 14, the mfusion flow rate from the outer
catheter body 12 remains essentially the same, independent of the effective mfusion length or
area.

[0069] In one exemplary embodiment (shown m Fig. 5), the apertures 42 at the distal end of
the porous fluid distribution section 18 are larger in diameter (1.¢., larger 1 size) and fewer
number (1.¢., less dense) than the apertures 42 at the proximal end of the porous tluid
distribution section 18. The diameter (1.¢., size) and number (1.¢., density) of the apertures 42
between the distal and proximal ends of the porous fluid distribution section 18 are desirably
sized and configured to vary 1n a linear fashion along the length of the porous fluid distribution
section 18 between the distal and proximal ends.

[0070] As shown 1n Fig. 6, when the mner catheter body 14 1s positioned in a sealing
relationship near the distal end of the outer catheter body 12 (as previously described), fluid
discharge at an established pressure from the inner catheter body 14 infuses only through the
apertures 42 at the distal end of the porous fluid distribution section 18 that extend beyond the
terminus of the mner catheter body 14. These distal apertures 42 are larger and less densely
arranged than apertures 42 more proximally located on the porous fluid distribution section 18.
The mfusion tlow rate (F) through the effective infusion length of the porous fluid distribution
section 18 defined 1in Fig. 6 can be expressed as the sum of the individual fluid volumes A
infused through the effective apertures 42 over a given period of time (t), or F = X1 1o n) An/t,
where n equals the number of effective apertures 42.

[0071] As shown 1n Fig. 7, when the mner catheter body 14 1s positioned in a sealing
relationship farther from the distal end of the outer catheter body 12, fluid discharged at the
same established pressure conditions from the inner catheter body 14 will now infuse through
an array of more, but purposely smaller and more densely arranged apertures 42 on the porous

fluid distribution section 18. In Fig. 7, the infusion flow rate (F) through the effective mfusion
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length of the porous fluid distribution section 18 can be expressed as the sum of the individual
fluid volumes B mfused through the effective apertures 42 over a given period of time (t), or F
= 2(1 1o n) Bn/t, where n equals the number of effective apertures 42. In Fig. 7, the individual
infusion fluid volumes B will be less than the individual fluid volumes A 1n Fig. 6, but the
number (n) of effective apertures 42 1in Fig. 7 1s greater than 1 Fig. 6. Because the diameter
(1.¢., size) and number (1.¢., density) of the apertures 42 between the distal and proximal ends
of the porous fluid distribution section 18 are sized and configured to vary in a linear fashion
with the length of the porous fluid distribution section 18, F = 21 (, ny By/t (for the larger
cffective infusion length i Fig. 7) 1s essentially the same as F = X(; (o n) Ap/t (for the smaller
ctfective infusion length in Fig. 6).

[0072] As shown 1n Fig. 8, when the mner catheter body 14 18 positioned 1n a sealing
relationship still farther from the distal end of the outer catheter body 12, fluid discharge at the
same established pressure from the mner catheter body 14 now infuses through an array of
cven more, but purposely even smaller and more densely arranged apertures 42 on the porous
fluid distribution section 18. In Fig. 8, the infusion flow rate (F) through the effective mfusion
length of the porous fluid distribution section 18 can be expressed as the sum of the mdividual
fluid volumes C infused through the effective apertures 42 over a given period of time (t), or F
= 2110 n) Co/t, where n equals the number of effective apertures 42. In Fig. 8, the individual
infusion fluid volumes C will be less than the individual fluid volumes B 1n Fig. 7 and
individual fluid volumes A 1n Fig. 6, but the number (n) of effective apertures 42 1n Fig. 8 18
orcater than m Figs. 6 and 7. Because the diameter (1.¢., s1ze) and number (1.¢., density) of the
apertures 42 between the distal and proximal ends of the porous fluid distribution section 18
are sized and configured to vary 1n a linear fashion with the length of the porous fluid
distribution section 18, F = X1 1, n) Cp/t (for the effective mfusion length shown in Fig. &) 1s
essentially the same as F = X(; (, ny By/t (for the smaller effective infusion length shown 1n Fig.
7), which 1s essentially the same as F = X o ny Ay/t (for the even smaller effective infusion
length shown 1n Fig. 6).

[0073] The representative embodiment shown 1 Fig. 5 provides an infusion catheter assembly
10 having the ability to mfinitely titrate the length of the infusion section in situ without
significantly altering a desired flow rate of infusion. Using the infusion catheter assembly 10
shown 1n Fig. 5, a physician not only has the capability to treat only the length of the vessel
desired, but also to maintain a desired flow rate of infusion to prevent excessive drug/patient

exposures, independent of the effective infusion length defined.
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[0074] The representative embodiment shown 1n Fig. 5, like the previous representative
embodiments described, 1s applicable to diverse situations requiring “infusion therapy,” in
which 1t 1s desired to deliver one or more therapeutic agents to a region of the body other than
by means of an oral route. While this includes the delivery of therapeutic agents 1 solution
into the peripheral vasculature (as described), €.g., in systemic drug delivery, or anesthesia, it
also encompasses the infusion of therapeutic agents into tissue masses or organs, €.g., during
surgery and/or for oncological purposes 1n the treatment of tumors, and/or mtramuscular
infusions and/or epidural mmfusions.

[0075] While preferred embodiments of the present invention have been shown and described
herein, 1t will be obvious to those skilled 1n the art that such embodiments are provided by way
of example only. Numerous variations, changes, and substitutions will now occur to those
skilled 1n the art without departing from the mvention. It should be understood that various
alternatives to the embodiments of the mvention described herein may be employed 1n
practicing the invention. It 1s intended that the following claims define the scope of the
invention and that methods and structures within the scope of these claims and their

cquivalents be covered thereby.
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WHAT IS CLAIMED IS:
1. An mfusion catheter assembly comprising

a catheter body having an interior lumen and mcluding a porous fluid
distribution section having a predefined maximum length communicating with the mterior
lumen;

at least one fluid delivery port for dispensing a fluid from an external source
into communication with the porous fluid distribution section for infusion through the porous
fluid distribution section at a flow rate; and

a barrier mechanism movable within the catheter body to establish for the
infusion catheter assembly an mfinitely variable range of effective infusion lengths between
the maximum length and any smaller length along the porous fluid distribution section.

2. An mfusion catheter assembly according to claim 1, wherein the barrier
mechanism comprises an expandable structure.

3. An mfusion catheter assembly according to claim 1, wherein the barrier
mechanism comprises an expandable structure that expands in response to introduction of a
flud.

4. An mfusion catheter assembly according to claim 1, further mncluding a lumen
in the catheter body to accommodate passage of a guide wire, and the barrier mechanism also
including a lumen to accommodate passage of the guide wire.

5. An mfusion catheter assembly according to claim 1, further including a first
radiopaque marker on the barrier mechanism and a second radiopaque marker on the catheter
body to visualize the effective infusion length by radiographic imaging.

0. An mfusion catheter assembly according to claim 1, wherem the porous fluid
distribution section 1s sized and configured for weep or pulse-spray infusion of the fluid.

7. An mfusion catheter assembly according to claim 1, wherein the catheter body
1s sized and configured for intravascular imtroduction.

8. An mfusion catheter assembly according to claim 1, wherein the catheter body
1s sized and configured for introduction into a tissue mass or organ.

9. An mfusion catheter assembly according to claim 1, wherein the catheter body
1s sized and configured for intramuscular mtroduction.

10.  An infusion catheter assembly according to claim 1, wherein the fluid dispensed

by fluid delivery port includes a therapeutic agent.
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11.  An infusion catheter assembly comprising

a catheter body having an interior lumen and mcluding a porous fluid
distribution section having a predefined maximum length communicating with the mterior
lumen, the porous discharge section comprising an array of spaced apart apertures that vary in
size and/or density along the length of the porous fluid distribution section; and

at least one fluid delivery port for dispensing a fluid from an external source
into communication with the porous fluid distribution section for infusion through the porous
fluid distribution section at a flow rate.

12.  An infusion catheter assembly according to claim 11, further including a barrier
mechanism movable within the catheter body to establish for the mnfusion catheter assembly an
infinitely variable range of effective infusion lengths between the maximum length and any
smaller length along the porous fluid distribution section, and

wheren the spaced apart apertures vary in size and/or density in a
predetermined fashion along the maximum length such that the flow rate remains essentially
constant for a given let pressure independent of the effective infusion length.

13.  An infusion catheter assembly according to claim 12, wherein the barrier
mechanism comprises an expandable structure.

14.  An infusion catheter assembly according to claim 12, wherein the barrier
mechanism comprises an expandable structure that expands in response to introduction of a
fluid.

15.  An infusion catheter assembly according to claim 12, further including a lumen
in the catheter body to accommodate passage of a guide wire, and the barrier mechanism also
including a lumen to accommodate passage of the guide wire.

16.  An infusion catheter assembly according to claim 12, further mncluding a first
radiopaque marker on the barrier mechanism and a second radiopaque marker on the catheter
body to visualize the effective infusion length by radiographic imaging.

17.  An infusion catheter assembly according to claim 12, wherein the barrier
mechanism includes an mner catheter body sized and configured to be manipulated by sliding
within the catheter body along the maximum length of the porous fluid distribution section, the
inner catheter body mcluding the at least one fluid delivery port;

a barrier structure carried by the mner catheter body proximal of the fluid
delivery port, the barrier structure having a reduced dimension condition, which accommodates
the sliding manipulation of the mner catheter body along the maximum length of porous fluid

distribution section, and an increased dimension condition, which presses against the interior
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lumen and forms a barrier wall that blocks tflow of the dispensed fluid into communication
with the porous fluid distribution section proximal of the barrier wall; and
a mechanism to selectively reduce and increase the barrier structure within the
outer catheter body anywhere along the maximum length of the porous fluid distribution
section to establish for the infusion catheter assembly an infinitely variable range of effective
infusion lengths between the maximum length and any smaller length along the porous fluid
distribution section.
18.  An infusion catheter assembly according to claim 11, wherein the porous fluid
distribution section 1s sized and configured for weep or pulse-spray infusion of the fluid.
19.  An infusion catheter assembly according to claim 11, wherein the catheter body
1s sized and configured for intravascular imtroduction.
20.  An infusion catheter assembly according to claim 11, wherein the catheter body
1s sized and configured for introduction into a tissue mass or organ.
21.  An infusion catheter assembly according to claim 11, wherein the catheter body
1s sized and configured for intramuscular mtroduction.
22.  An nfusion catheter assembly according to claim 11, wherein the fluid
dispensed by fluid delivery port includes a therapeutic agent.
23.  An mfusion method comprising
(1) providing an mfusion catheter assembly comprising a catheter body
having an interior lumen and including a porous tluid distribution section having a predefined
maximum length communicating with the interior lumen, the porous discharge section
comprising an array of spaced apart apertures that vary in size and/or density along the length
of the porous fluid distribution section, the mfusion catheter assembly further comprising at
least one fluid delivery port for dispensing a fluid from an external source at an mlet pressure
into communication with the porous fluid distribution section for infusion through the porous
fluid distribution section at an infusion flow rate, and a barrier mechanism movable within the
catheter body to establish for the infusion catheter assembly an infinitely variable range of
cttective mtusion lengths between the maximum length and any smaller length along the
porous fluid distribution section, wherein the spaced apart apertures vary in size and/or density
in a predetermined fashion along the maximum length such that the flow rate remains
essentially constant for a given mlet pressure independent of the effective mfusion length,
(1)  moving the barrier mechanism within the catheter body to establish a

desired effective infusion length, and
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() 1nfusing a fluid through the desired effective mfusion length of the
porous fluid distribution section.

24.  An mfusion method according to claim 23, wherein (111) includes visualizing the
cttective mfusion length by radiographic imagining of a first radiopaque marker on the catheter
body and a second radiopaque marker on the barrier mechanism.

25.  An infusion method according to claim 23, wherein (111) 18 performed in a blood
vessel.

26.  An infusion method according to claim 23, wherein (111) 1s performed 1n a tissue
mass or organ.

27.  An mfusion method according to claim 23, wherein (111) includes delivery of a

therapeutic agent.

28.  An mfusion method according to claim 23, wherein (111) includes delivery of
ancsthesia.
29.  An mfusion method according to claim 23, wherein (111) includes treatment of

an occlusion or thrombus 1n the vasculature.
30.  An infusion method comprising

(1) providing an infusion catheter assembly comprising a catheter body
having an interior lumen and including a porous fluid distribution section having a predefined
maximum length communicating with the interior lumen, the infusion catheter assembly
further comprising at least one fluid delivery port for dispensing a fluid from an external
source mto communication with the porous fluid distribution section for mfusion through the
porous fluid distribution section, and a barrier mechanism movable within the catheter body to
establish for the infusion catheter assembly an infinitely variable range of effective mfusion
lengths between the maximum length and any smaller length along the porous fluid
distribution section,

(1)  moving the barrier mechanism within the catheter body to establish a
desired effective mfusion length, and

() mfusing a fluid through the desired effective infusion length of the
porous fluid distribution section.

31.  An infusion method according to claim 30, wherein (111) includes visualizing the
cttective mfusion length by radiographic imagining of a first radiopaque marker on the catheter
body and a second radiopaque marker on the barrier mechanism.

32.  An mfusion method according to claim 30, wherein (111) 18 performed in a blood

vessel.
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33.  An infusion method according to claim 30, wherein (111) 1s performed 1in a tissue
mass or organ.
34.  An infusion method according to claim 30, wherein (111) includes delivery of a

therapeutic agent.

35.  An mfusion method according to claim 30, wherein (111) includes delivery of
ancsthesia.
36.  An mfusion method according to claim 30, wherein (111) includes treatment of

an occlusion or thrombus 1n the vasculature.

37.  Aninfusion catheter assembly comprising

an outer catheter body having an interior lumen and including a porous fluid
distribution section having a predefined maximum length communicating with the mterior
lumen;

an mner catheter body sized and configured, when 1n use, to be inserted into the
outer catheter body and manipulated by shding within the outer catheter body along the
maximum length of the porous fluid distribution section, the inner catheter body including at
least one fluid delivery port for dispensing a fluid from an external source into communication
with the porous fluid distribution section for mfusion through the porous fluid distribution
section;

a barrier structure carried by the mner catheter body proximal of the fluid
delivery port, the barrier structure having a reduced dimension condition, which accommodates
the sliding manipulation of the mner catheter body along the maximum length of porous fluid
distribution section, and an mcreased dimension condition, which presses against the interior
lumen and forms a barrier wall that blocks tflow of the dispensed fluid mmto communication
with the porous fluid distribution section proximal of the barrier wall; and

a mechanism to selectively reduce and increase the dimension of the barrier
structure within the outer catheter body anywhere along the maximum length of the porous
fluid distribution section to establish for the mnfusion catheter assembly an infinitely variable
range of effective infusion lengths between the maximum length and any smaller length along
the porous fluid distribution section.

38.  An infusion catheter assembly according to claim 37, further including an outer
radiopaque marker on the outer catheter body and an inner radiopaque marker on the inner
catheter body to visualize the effective mfusion length by radiographic imagining.

39.  An infusion catheter assembly according to claim 37, further including a lumen

in the inner catheter body to accommodate passage of a guide wire, and
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the outer catheter body also including a lumen to accommodate passage of the
gulde wire.

40.  An infusion catheter assembly according to claim 37, wherein the porous fluid
distribution section comprises an array of axially spaced-apart apertures or pores that
communicate with the mterior lumen along the maximum length of the porous fluid discharge
section.

41.  An infusion catheter assembly according to claim 37, wherein the porous fluid
discharge section 1s sized and configured for weep or pulse-spray infusion of the fluid.

42.  An infusion catheter assembly according to claim 37, wherem the barrier
structure comprises an expandable structure.

43.  An mfusion catheter assembly according to claim 37, wherein the barrier
structure comprises an expandable structure that expands 1 response to introduction of a fluid.

44.  An mnfusion catheter assembly according to claim 37, wherein the mner and
outer catheter bodies are each sized and configured for mtravascular introduction.

45.  An nfusion catheter assembly according to claim 37, wherein the mner and
outer catheter bodies are cach sized and configured for introduction into a tissue mass or organ.

46.  An mfusion catheter assembly according to claim 37, wherein the mner and
outer catheter bodies are each sized and configured for intramuscular mtroduction.

47.  An mfusion catheter assembly according to claim 37, wherein the fluid
dispensed by fluid delivery port includes a therapeutic agent.

48.  An mfusion method comprising

(1) providing an outer catheter body having an mterior lumen and mcluding
a porous fluid distribution section having a predefined maximum length communicating with
the interior lumen;

(1)  mserting mto the outer catheter body an inner catheter body having at
lcast one fluid delivery port for dispensing a fluid from an external source mto communication
with the porous fluid distribution section for infusion through the porous fluid distribution
section, the mnner catheter body including a barrier structure proximal of the fluid delivery port,
the barrier structure having a reduced dimension condition and an increased dimension
condition;

(1)  manipulating the mner catheter body by shiding the inner catheter body
within the outer catheter body when the barrier structure 18 1n a reduced dimension condition

along the maximum length of the porous fluid distribution section;

23
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(iv)  manipulating the inner catheter body by placing the barrier structure
an mcreased dimension condition to press the barrier structure against the mterior lumen and
form a barrier wall that blocks flow of the dispensed fluid mto communication with the porous
fluid distribution section proximal of the barrier wall;

(v)  performing (i11) and (1v) to selectively reduce and increase the dimension
of the barrier structure within the outer catheter body along the maximum length of the porous
fluid distribution section to establish for the mfusion catheter assembly a desired effective
infusion length, wherein the desired effective infusion length is imnfinitely variable between the
maximum length and any smaller length along the porous fluid distribution section; and

(vi)  mfusing a fluid through the desired effective infusion length of the
porous fluid distribution section.

49.  An mfusion method according to claim 48, wherein (v) includes visualizing the
cttective mfusion length by radiographic imagining of an outer radiopaque marker on the outer

catheter body and an mnner radiopaque marker on the mner catheter body.

50.  An mfusion method according to claim 48, wherein (v) includes using a guide
WIre.

51.  An mfusion method according to claim 48, wherein (vi) 18 performed 1n a blood
vessel.

52. An mfusion method according to claim 48, wherein (v1) 1s performed 1n a tissue

mass or organ.
53.  An mfusion method according to claim 48, wherein (vi) includes delivery of a

therapcutic agent.

54.  An mfusion method according to claim 48, wherein (vi) includes delivery of
ancsthesia.
55.  An infusion method according to claim 48, wherein (vi1) mcludes treatment of

an occlusion or thrombus 1n the vasculature.
56.  An mfusion method according to claim 48, wherein (vi) includes treatment of a

fumor.
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CA 02842466 2014-01-20

WO 2013/019947 PCT/US2012/049322
1/9

N
nS
|
A
\\
pooooe
Ry
Y
A
)
’
S
-r‘-n-"f-n-n-‘
{
LAY
P

'I‘ Al & B A B Al B AE & s - B .

LR U U D U U B ™ ™ e
——

+
+
+*
+
+
+*
+
+
+*
+

AR BN EEE RN R R EEEEEEEEEEBIEIEEIEIEIEIEIEBIBIBIEIBIEIBIEBIBIBIEIBIBIBIBIBIBIBIBIBIBIR BB

- '
-~ ny
o ” » -
- "~
L ~
” »
- e
' N
’ N
L ~
> v LN
y { | N
¥ 4 ! ']I <,
£ [ i \
;*I ' ,;‘ %
L
LY
¢ 11 X N\
& \ / .
X \ !
i | i !
& 'sl\ f &
. rarararoc 1
§ | . )N 1
X *,I - §
: | . R N
i R 1
¢ X o X
L R R :
3 N o ™~ 5
* T 4
Y . ‘et A §
. Y F
4 \ ’
% | r
% | ¥
\ ~ $
Y 7
S 3 2 ¢
“ " g
N " 4
e § ¥ 4
>
~ - &
' ”
~ &
" ”
. -~
L »
™ o”
~ o
e e -
b+ ™Y
~ o o -




CA 02842466 2014-01-20

WO 2013/019947 PCT/US2012/049322
2/9

0000000000000000

Sourge
4(}

o~

............................................................................................................

L B N

L B B A

L B B B N

L N

L B B % ’
L N
L B B B
L B B B A
L B B B A

L B B B B B B B B B U B B B B B B B B B B B N
L N

L
L L -
L R I R
L L L R
L L L L )
L R I R
L L L R
L L L L )
L R I R
L L L R
L L L L )
L R I R
L L L R
L L L L )
L R I R
L L L R
L L L L )
L R I R
L L L R
L L L L )
L R I R

L B B B N
L B N

LN J
LN

0000000000000000000000000000

L B B B B B A
L B B

L B B B B B B I B B B O

L A I L I B
’ ’
L L4
L B B B B B B B B U I U U I B B B B B B B e

;
< |

!

!

* +
+ +,
+ .
| +
| | %
.................. 5
[

000000000000000000000000000000000000000000000

L B N
L N
L R N
LN J LJ
L B N
L B B A
L B B A

000000000000000000000000000

Ry
=
b
™

L L L L L

V&= ey U A X

-~

Ne.
! ~

s M "

>

N ! ot
i e J -3

-, v
/ "*"'a‘ *,ﬂ".d’
= <A
__,--f-"‘"f ! "“:‘Nﬂlm:xxx':-ﬂ-‘“‘" -

/

v

12—



CA 02842466 2014-01-20
WO 2013/019947 PCT/US2012/049322

VIIﬂ R VROV NE NN VNI OO -WI”II TN S9NV ORI, I

42

" Fig. 2D

14 12 44 36 42 J

':
|

". ,ff |," ] \
|

VM“WII&*W&“WII&*WIIM Iﬂ WIMW"A

10—

M\ﬁ
~
’,,.ﬂ"

Ia ! ’
/ \ s f

12 ¥y 42
10— 54

Fi g. 2F



CA 02842466 2014-01-20

WO 2013/019947 PCT/US2012/049322
4/9

Thrombus

"“""r-'-""-‘-"‘"""r-r---'-'-‘"""ﬁr"-r--'v'-‘-‘"“""r-r-""-‘)-‘u\"ﬁ

MR R R EEEEEEEEEEEIEEEEIEIEIEIEEIE BB IEIEE BB BB IEIEIEIEE BB BB EBIEEBIEEBIEIEIEIEEIEEIEIEBIEIEBIEIEEBIEIEEBIEEBIEEBIEEBE BB EEEEEEEEE BB IEEEEIEEEEEEBEEBEEBEEEEBIEIEIEINS

A 1"'11‘1'5‘ R AREIN 'Il‘l,l"l AN /
k'yzzzzza’:z?- -}---zv{?‘-r?-: ?}w A T S -ft-tvtlyg“r‘{.- :‘. zr-:--x - 7---‘v-5-" T 0, . . =r=.--v=r_yx-§7--w }:f;&:?l)’ ?A:L : ':Fsv Iﬁ#% 4%_5-!-:7-7-3--?---’7‘-”'?27“‘----- f
. AN LT R WIS Y I AT &4 P AN K (ke P A AT i B G AT S & B AR TN Lo ) SN TE N R A R(Ws

-

| 10— 54 /

. @

MR R R E R R EEEEEEEEEEEBIEEIEEIE BB BB IEEB BB IE BB IEEIEBIEIEEIEEIE BB IEEBIEIEBIEEIEIEIEIEN

RN E AR AN EEEEE R

AMERAEEEEEE RN

i —
+
+

i

'

'

'

Thrombus

N

|

- 12 18 | 16

" /

: 14 | / ,

" . 1

I ;' fl “\ / }

f i / / ] AN
: . / )
; \ / / ; }
; . ~ . f

. K7 rraeren AP Z R ) Wl S aria® N4 D [ A T i B
: -*'_e.-,::.?.ég,.:iLS.ﬁ.'ﬁﬁd.ﬁ;.ﬁ.ﬂ;-.@--- Kl e NI A A VR Bﬁﬁ-ﬁg_ﬂ_ﬂ;__g,?__ KA 5

g S R4 mA RA AR AE MR U L e R RS RA RA AR AE LE e s s mal mA R e AE LE um . e e R R4 RA R e e m e m aO e alm meOne e G .-A--‘, 3 [ o "Wo c o !%

lnenerneecrmen e §: en e em om ox oor s m: s ms &3 =3 £3 E3 £3 W CEE IS S N S SN BE3 M3 EN N3 EN CI CEE IS NE SN NE BN BN 3 &3 EN CN (I CNE OGN N I N e w3 oma d) km ex(dem om(dm o WPE: w=: o w3 B3 == b (2] a :x o ) am m(d maxf) k3 xxGem cm(oms

" L HH \ -
| 1 IR Ly

- - JULARS N AN
y ?"‘ A . ,” ] “i_c F , N >~ ' -] 7’.' AT .- .
e e T e e e e A P e A T e A L el e o A e A T o s
s .
’ L -
’ \ -
"/ \\ \ }
. \
-’ l

!
. r
: :
r
I [

&
. g ® :



CA 02842466 2014-01-20

PCT/US2012/049322

WO 2013/019947

5/9

Thrombus

16

&

Pzg

Thrombus

Thrombus

00000000

00000000

MR R R EEEEEEER

* * 4 4+ e
s Bx s

I I R R R R R R R R R I R R R R I R R R EEE RS

i

s

W“f‘{};’;’ -

.

-

==
¥

i B

+

-

-q----
L4

¥

-‘-
i

.i}w:;

T ———
Yin

13

SO T 7T P

-~

-7--- = = -r- +
DL S A

v

==
¥

N { oy I L

-

-q----
L3

v

g =
F o

.}..}.-.ﬂ.}f

10—

Fﬁgg 3K



CA 02842466 2014-01-20

WO 2013/019947 PCT/US2012/049322

6/9

Thrombus 18

;lll
|
/NS \ N\ “'
"\ Y ]
S, . \ ‘ ||.
A i/

x \ | !
‘ \ \ /

[N
)

- .
x@{ ’_:‘ ? : s - . " b, J - .. = ﬂ + 74 K .- v.' ' . ~-. ’ A 74 i Lot . . = 5 + Yy ; l w A w
1 |

v

c .
v 4 4 & i :_\;. 5

e R RN NI NN I
i ~ s ™ e . . o . J ] ~ ~
' 1 :\\t \/ - — ;-/' '_,‘. \‘ * '.:/:x “--//:" .'b - ‘.,',‘ ‘-‘-/4/ * \‘ ll
MU W MR AR M P M R RS RS AR A MY R R AR R P P R RS RS AR AN M R R AR AR A PR TR M RS RA A M MR W AR A A P M R W K AR WO DA A G A e R e B wm i e R a0 R [VERV - RV IV AV R e g C ]]|
3 EK] K3 KN KN KN K3 (3 INC INE MK MK MK EK) K3 KN KN KN K3 (3 DN INK MK MK MK MK) K3 KN KN EN K3 CIN O INK INE MK MK K] K] K3 KN KN EN £ 3 cak a3 R o ofy =3 =¥ x3 cexew cmlrow (D o Do omo (ke =m (B3 cm Bm o« @:xgx:Q-:,qS:: né: D N
mnnnnumuvvummnnnnmmwuvUnﬂmlﬂnnunmMvv'mmnnnnumuvv-lgllngn@nwmwvgvmoﬂn@‘n@ngyuyvgmgJQNd

'

PT WEENTE

Al “ + - + + + » + - +

I R R R R EEEEEEEEEE =

AR RN E RN R RN R R EEEEEEEEEIEEIEBIEIEIEIEIRIEBIEIBIBIEBIEBIEIBIEIBIBIBIBIBIIN

/
/

/
/
f

12

o —— _—
.,;:; -
o

Thrombus 18

-
pa— )
@)

s
T—— —— e e e =

"4 -
* "\’ ‘) "-;-" \ N s —— . \ -
- ~ |
'\ I L .-/ N . A \‘ .- / -~ |
I

—— o —

10- 44 56 54

‘00 :~' - . -
+, A *
LYBR YNV RV BV RNV RV SN N VI VRN VRN VRN VERVEN Y RNV REV RNV RNV NN N VRN VRN VRN VRN VRN VIRV RNV RNV RV RV I N VRN ¥ ¢ M M MR WR A A i - - ¥ c O o = O 84 = o a ’{ |
+* +* +
e W T T YWY MW MK O EK] BK3 K3 KN KN K£3 (3 CEC O INKE K MK MK SK) SK3 K3 KN K3 £3 38 CEC O INE N MK MK BK) K3 K3 KN KN KEN I CE Ia x LR BK) K3 K3 KN KN :-!x- (3 3 :q: =7y owx: sy my maxs == km cm Tax ax x wx: S om) 3 =3 ¥y == oy cm :g: 7y mx: Ty wd sy, mEs R EEEEEEEEEEEEE R
mmnnnnmmmvvUmmnnnummmw-'mmnnnnummvv'mmnnnnmm‘ - o c o a c o o o o o o o > :1
* +'+
. 4'- I'I:I
. P Y ¥
T _"r bl r A - ) > o by ! ¢ r = 7 T T "_r 5 er
' / . gl . V U . /s rd - " PR ) i .y @ Vi 'f/ Gy /s rd
r > o T - + b TR % ” Ry - (W Ja% > x -
‘0 A * » e - + + g ' ’i = * * .0 + ' + + £ ‘ 0 - 4= * } } oy ' 2 s A + + A
r .

/



CA 02842466 2014-01-20

PCT/US2012/049322

WO 2013/019947

719

g. 4

1

14 44 56

e
L 7T A

——— — —

-

a~h

0
|
/
/
AP AV T

e T S e
-y

{
J
!
!
!
!
{
J
T

N “\'f{' A

RN

-l

\
Y
\
TR
A

:_':

-

\

-,

AR E RS

bia

-:-;’ yjm b v

N

L

r
L
L
L
L
L
!

|

Ky
i
mm

L

F N
+
%
gﬁ’b:

") Y s
e !
WENA P
» W ¢
Y ke &
[T g i
:AA
i JEE
sr 5
v}.f B i
Ny e

7 0 O 0 S VSO U O U R

'
T e
+

o

-
i

>4 g

*/7

56

g. 4F

44

10—

@

1



CA 02842466 2014-01-20

PCT/US2012/049322

WO 2013/019947

8/9

l
\
\
\
\

|

- -
- I-I-ll.

R E

P

/”

+ -
.

.n -

P

/0’

._..g\l\ ﬁ ;‘

e
W s

N
. ,f

10—

44 56 42

\ s,maeo? N

B 10 v.:m / / LN
4 ¢ SN g ogw \\
7 :,a,,/, i X
2yl aopey [/ 1/
o = »aoocg H-,
- M .
el
o

7
-
.
’
L4
r

—— -

P PN W W N W W W Y WY WY MR PN PR N N TR Y WY A WY Y Y PR PN PR M R R W WY WY WY Y Y e Y N
+

"'-'-'---‘-‘-""‘J‘

10



CA 02842466 2014-01-20

PCT/US2012/049322

WO 2013/019947

9/9

44 56

Throrrbus

-
-

-—

-
MAE W W AR M AW W A W

— o ——

i
¢ © 0564

10~

Thrombus
‘x\

\ﬂ\_‘
PR

-
+
-

-
.
—
-

— e e
-
-

§
= rmemm mm m o w e emmm = o mw
§
i
)

- -

E3 3 3 3 k3 . WX] W) X3 -L

tam txx Ir

%

J e
[ 3PRABEO QOO

-?:W._ Ry
A 8y BeED B8RP
T e
N
J 4

A

% *

&

Fig. &



f-’/
JFFF
LR R R R EEEEEEREEEEEEEEN

LN 4 L B B B B I O
L I I I R

L B B B B B I I B B B B L ’
L L D L L
L B B B O L
L B B B D L L D L L O R
L I R ’
L L D L L
L B B B O L
L B ’
A A A A A A A A s s s asaaaaaaaa -

-
L
L R
L
L L
L T

Ld

-

-
-

-
-

.\‘\.‘\.‘\.‘\.‘\.‘\.‘\.‘\.‘\.‘\.

I I R R R R
L N

4
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
h\‘\\\\\\
-
-
-

% % % % 8NN
L L L L L )

_——_———-L.....L-\ L R

5% % % 888N

-
-
-
-
-
-
-

L
-

-
.
-
L]
-
L]
-
.
-
L]
-
L]
-
.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

i~

+*
+*
+*
+*
MR R R R R R R R EEEEEEEE BB

ﬂ

+* 4

LR RN R EEEEEEEEEEEEEIEIEEIEIEBIEBIEBIEBIEIBIEIBIEIEBN

MR R R R R EEEEEEEEEEEIEEIEEBIEIEIEIN

+*




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - abstract drawing

