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(57) Abstract: A catheter (10) having an elongate shaft including a plurality of apertures disposed along at least a length of the
shaft to facilitate bending. The catheter (10) includes an inflatable balloon (20), wherein a subset of the plurality of apertures (100)
provides fluid communication from an inflation lumen (80) to the inflatable balloon (20).
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CATHETER INCLUDING A COMPLIANT BALL.OON

Field of the Invention

The present invention generally relates to medical devices for navigating body
lumens. More specifically, the present invention relates to flexible medical devices

for providing an inflatable balloon in a body lumen during a medical procedure.

Background of the Invention

Medical devices such as intravascular and endovascular catheters are
commonly used in medical procedures such as treatment of aneurysms, arteriovenous
malformations (AVM), arteriovenous fistulae (AVF), as well as, intracranial
procedures, neurological procedures, radiological procedures, and peripheral vascular
procedures. There is an ongoing need to develop medical devices possessing
improved characteristics in order to facilitate navigation of the tortuous vasculature of

the human body during a medical procedure.

Summary of the Invention

The present invention provides a medical device having improved
characteristics for use during a medical procedure. The present invention includes an
elongate shaft having a plurality of apertures formed along the length of the shaft to
increase and/or control catheter flexibility and facilitate bending. An inflatable
balloon may be placed at a distal portion of the elongate shaft and a hub assembly
may be placed at a proximal portion of the elongate shaft. The hub assembly may
include an inflation port in fluid communication with the inflatable balloon. There
may be a polymer layer disposed along the portion of the shaft between the hub
assembly and the inflatable balloon. The polymer layer covers the apertures along
this portion to provide a fluid tight seal within the elongate shaft, while any apertures
located on the portion of the elongate shaft including the hub assembly and the
inflatable balloon remain unobstructed. Therefore, an inflation passageway is formed
from the hub assembly, through the lumen of the elongate shaft, through the

unobstructed apertures to the inflatable balloon.



10

15

20

25

30

WO 2006/062757 PCT/US2005/043019

Brief Description of the Drawings

The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection
with the accompanying drawings, in which:

Figure 1 is a plan view of a balloon catheter in accordance with an
embodiment of the invention;

Figure 2A is a cross-section taken along line 2A-2A in Figure 1;

Figure 2B is a cross-section taken along line 2B-2B in Figure 1;

Figure 3 is a cross-sectional view of the distal portion of a balloon catheter in
accordance with an embodiment of the invention;

Figure 4 is a partially sectioned view of the distal portion of a balloon catheter
as embodied in Figure 3;

Figures 5-8 are alternate embodiments of a portion of the catheter in
accordance w%th the invention;

Figure 9 is a cross-sectional view of the proximal portion of a catheter in
accordance with an embodiment of the invention;

Figure 10 is a cross-sectional view of the proximal portion of another catheter
in accordance with an embodiment of the invention and

Figure 11 is a cross-sectional view of the proximal portion of another catheter

in accordance with an embodiment of the invention.

Detailed Description of Preferred Embodiments

The following detailed description should be read with reference to the
drawings in which similar elements in different drawings are numbered the same.
The detailed description and the drawings, which are not necessarily to scale, depict
illustrative embodiments and are not intended to limit the scope of the invention.

Figure 1 generally shows a catheter 10 within the scope of the invention. Ina
preferred embodiment, the catheter 10 can include a distal portion 40 including an
inflatable balloon 20 and a proximal portion 30 including a hub assembly 50. The
catheter 10 can also include an elongate shaft 15 extending from the proximal portion
30 to the distal portion 40. The catheter 10 may have a length that is in the range of
about 50 centimeters to about 250 centimeters.

Figure 2A shows a cross-section of catheter 10 taken along line 2A-2A. As

shown in Figure 2A, the elongate shaft 10 may include an outer tubular member 7 0.
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The outer tubular member 70 may be formed of materials such as metals, metal
alloys, polymers, metal-polymer composites, or other suitable materials. Some
examples of some suitable materials may include stainless steels (e.g., 304v stainless
steel), nickel-titanium alloys (e.g., nitinol, such as super elastic or linear elastic
nitinol), nickel-chromium alloys, nickel-chromium-iron alloys, cobalt alloys, nickel,
titanium, platinum, or alternatively, a polymer material such as a high performance
polymer, or other suitable materials, and the like.

As can be better shown in Figures 5-8, outer tubular member 70 may include a
plurality of apertures 100 formed along the length of outer tubular member 70 to
increase the flexibility of the elongate shaft 15 to a desired level. Apertures 100 may
be slots, slits, grooves, helical cuts, or the like. The spacing, depth and type of
apertures 100 may be varied to control the flexure profile and torsional stiffness of the
outer tubular member 70. The spacing of apertures 100 may vary gradually along
outer tubular member 70, or may change incrementally. Apertures 100 may extend
through the wall of the outer tubular member 70, or they may extend only partially
through the wall. It is contemplated that at least some of the apertures extend through
the wall of the outer tubular member 70. Apertures may be micromachined into the
outer tubular member 70 by electrostatic discharge machining (EDM), chemical
milling, ablation, laser cutting, saw cutting, grinding, etching, or the like. Apertures
100 may extend substantially the full length of the elongate shaft 15, or apertures may
be positioned along selected portions of the elongate shaft 15 where increased
flexibility is desired. Such techniques for creating apertures 100 along the outer
tubular member 70 are discussed in detail in U.S. Patent Publication 2003/0069522 to
Jacobsen et al., as herein incorporated by reference in its entirety.

A polymer layer 72 may be disposed about at least a portion of the outer
tubular member 70. Polymer layer 72 may extend from the proximal portion 30 to the
distal portion 40 of outer tubular member 70. The polymer layer may cover the
apertures 100 along a portion of the outer tubular member 70, providing the outer
tubular member 70 with a fluid tight seal along the portion having the polymer 72.
Polymer layer 72 may be formed of a flexible material such as polyurethane, low-
density polyethylene (LDPE), polyvinyl chloride, polyether block amide (PEBAX),
styrene-ethylene/butylenes-styrene (SEBS), styrene-butadiene-styrene (SBS), as well
as other polymers of suitable properties.
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In some embodiments, part of or all of the elongate shaft 15 may be coated
with a lubricious layer 74 such as a hydrophilic polymer such as polyarylene oxides,
polyvinylpyrolidones, —polyvinylalcohols, hydroxyl alkyl cellulosics, aligns,
saccharides, caprolactones, and the like, and mixtures and combinations thereof.
Lubricious layer 74 may improve steerability and improve lesion crossing capability
of the catheter 10. The lubricious layer 74 may be chemically bonded to polymer
layer 72 or physically coated on the surface of polymer layer 72. In some
embodiments, a distal portion of the catheter 10 may be coated with a hydrophilic
polymer, while the more proximal portions may be coated with a fluoropolymer.
Lubricious layer 74 may be absent from the elongate shaft, or a portion thereof.

As shown in Figure 2A, an inner tubular member 76 may be disposed within
the outer tubular member 70. The outer surface of the inner tubular member 76 is
spaced away from the inner surface of the outer tubular member 70, defining an
annular inflation lumen 80 therebetween. The inner tubular member 76 may extend
substantially the entire length of the catheter 10. The inner tubular member inay
provide a lumen 78 for a guidewire or delivering a medical device.

The inner tubular member 76 may be formed of materials such as metals,
metal alloys, polymers, metal-polymer composites, or other suitable materials. Some
examples of some suitable materials may include high-density polyethylene (HDPE),
low-density polyethylene (LDPE), silicon, fluoropolymer, liquid crystal polymer
(LCP), polyimide, polyamide, polyester, polyethylene (PE), polypropylene, polyvinyl
chloride (PVC), polyfluorocarbon, polyurethane, polysulfone, ethyl vinyl acetate
(EVA), polyether block amide (PEBAX), styrene-ethylene/butylenes-styrene (SEBS),
styrene-butadiene-styrene (SBS), polyethylene terephthalate (PET), and their
mixtures, alloys, blends, copolymers, and block copolymers.

Figure 2B shows a cross-section taken along line 2B-2B at distal portion 40 of
catheter 10. Distal portion 40 includes inflatable balloon 20 disposed about elongate
shaft 15. In one embodiment, the inflatable balloon 20 is a compliant inflatable
membrane with elastomeric properties. Inflatable balloon 20 may be formed of a
urethane polymer or a thermoplastic rubber elastomer, such as Chronoprene™,
available from CardioTech International, Inc. The balloon 20 may be expandable
between a collapsed configuration and an inflated configuration. Upon inflation, the
balloon 20 may conform to the shape of the interior of a body lumen in which the

catheter 10 is disposed, such as a blood vessel. In the collapsed configuration (not
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shown), the balloon 20 may be collapsed about the distal portion 20 of the catheter 10
to create a low profile. As can be seen in Figure 2B, at least a portion of the outer
tubular member 70 of the elongate shaft 15 proximate the inflatable balloon 20 is free
of the polymer layer 72. As can more clearly be seen in Figure 4, apertures 100 along
the portion of the outer tubular member 70 including the balloon 20 are free of the
polymer layer 72. Unobstructed apertures 100 may be a subset of the apertures 100
extending along the length of the outer tubular member 70. Unobstructed apertures
100 along distal balloon section 25 are preferably formed during the same process as
forming apertures 100 along the length of the outer tubular member 70, as discussed
above. Unobstructed apertures 100 in distal balloon section 25 allow for fluid
communication between the interior of the balloon 82 and inflation lumen 80.
Inflation of the balloon 20 will be described in more detail with regard to Figures 3
and 4.

Figures 3 and 4 show a distal portion 40 of the catheter 10. Figure 3 shows a
cross-sectional view of the distal portion 40, while Figure 4 shows a plan view of
distal portion 40 with inflatable balloon 20 shown in cross-section. The distal portion
40 of the catheter 10 includes a distal balloon section 25 free of the polymer layer 72.
The distal balloon section 25 may extend substantially the length of the balloon 20 or
a portion thereof. The distal balloon section 25 includes a subset of apertures 100
formed about outer tubular member 70. At least some of apertures 100 in distal
balloon section 25 extend through the wall of outer tubular member 70. Unobstructed
apertures 100 in the distal balloon section 25 provide fluid communication between
the interior of the balloon 82 and inflation lumen 80. Further, it is noted thgt
flexibility under the balloon can be dramatically increased by the combination of
multiple apertures and lack of polymer coating, which would tend to reduce
flexibility. Further, the multiple apertures allow for quick inflation/deflation of the
balloon.

A distal tip 92 may be placed distal of the balloon 20. Inner tubular member
76 may extend into distal tip 92. Distal tip may include a coil 90 to provide flexibility
during navigation of the tortuous vasculature. Distal tip 92 may occlude the distal end
of inflation lumen 80 to provide a fluid-tight passageway along the length of elongate
shaft 15 to inflatable balloon 20. Distal tip may include radiopaque material.
Radiopaque materials are understood to be materials capable of producing a relatively

bright image on a fluoroscopy screen or other imaging technique during a medical
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procedure. Some examples of radibpaque materials may include, but are not limited
to, gold, platinum, palladium, tantalum, tungsten alloy, plastic material loaded with a
radiopaque filler, and the like.

Figure 9 shows one embodiment of the proximal portion 30 of the catheter 10.
Proximal portion 30 includes a hub assembly 50. Hub assembly 50 includes hub 52
disposed about a portion of elongate shaft 15. Outer tubular member 70 extends into
at least a portion of hub 50. Inner tubular member 76 may extend into at least a
portion of hub 50 and may provide a working lumen 78 extending to the proximal end
of hub 52 for use during a medical procedure. As shown in Figure 9, polymer layer
72 may terminate distal of the hub assembly 50. Termination of polymer layer 72
distal of hub assembly 50 provides a proximal segment 27 of outer tubular member 70
free of the polymer layer 72. Proximal segment 27 may include a plurality of
apertures 100 disposed along outer tubular member 70 unobstructed by the polymer
layer 72. Unobstructed apertures 100 may be a subset of the apertures 100 extending
along the length of the outer tubular member 70. Unobstructed apertures 100 along
proximal segment 27 are preferably formed during the same process as forming
apertures 100 along the length of the outer tubular member 70, as discussed above. At
least some of apertures 100 disposed along proximal segment 27 extend through the
wall of outer tubular member 70. The hub assembly 50 may also include an inflation
port 81. Inflation port 81 may be disposed about at least a portion of the elongate
shaft 15 including the proximal segment 27 having unobstructed apertures 100.
Unobstructed apertures 100 in proximal segment 27 provide fluid communication
between inflation port 81 and inflation lumen 80 of catheter 10.

Figure 10 shows another embodiment of the proximal portion 30 of the
catheter 10 in accordance with the invention. In this embodiment, polymer layer 72
extends into‘at least a portion of the hub assembly. However, proximal segment 27
adjacent to inflation port 81 is free of the polymer layer 72, such that a plurality of
apertures 100 are unobstructed by the polymer layer 72 along proximal segment 27.

Figure 11 shows another embodiment of the proximal portion 30 of the
catheter 10 in accordance with the invention. Hub assembly 50 may include a hub 52
and an inflation port 81. Inflation port 81 is disposed about at least a portion of
proximal segment 27 free of the polymer layer 72.  Unobstructed apertures 100

provide fluid communication between inflation port 81 and inflation lumen 80. Inner
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tubular member 76 may extend substantially to distal end of the hub 50 to provide a
working lumen 78.

Those skilled in the art will recognize that the present invention may be
manifes;ced in a variety of forms other than the specific embodiments described and
contemplated herein. Accordingly, departure in form and detail may be made without
departing from the scope and spirit of the present invention as described in the

appended claims.
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What we claim is:

1. A medical device comprising:

an elongate shaft including a metallic tube having a proximal end, a distal end,
a length and a lumen extending therethrough, the metallic tube having an outer
surface and an inner surface defining a wall therebetween, wherein the metallic tube
includes a plurality of apertures extending through the wall along at least a portion of
the length to facilitate bending;

a polymer layer disposed about at least a portion of the metallic tube, wherein
at least a portion of the plurality of apertures are fluidly sealed, a distal portion of the
metallic tube having a subset of the plurality of apertures being free of the polymer
coating; and

an inflatable balloon disposed about at least the distal portion of the metallic
tube having a plurality of the apertures free of the polymer coating; wherein the

inflatable balloon is in fluid communication with the lumen of the metallic tube.

2. The medical device of claim 1, further comprising:

an inner tubular member disposed in at least a portion of the metallic tube, the
inner tubular member having an outer surface spaced away from the inner surface of
the metallic tube, defining an annular inflation lumen therebetween in fluid

communication with the inflatable balloon.

3. The medical device of claim 2, further comprising:

a proximal portion of the metallic tube having a subset of the plurality of
apertures being free of the polymer layer; and

a hub assembly having an inflation port disposed about at least the proximal
portion of the metallic tube having a subset of the plurality of apertures being free of
the polymer layer, wherein the inflation port is in fluid communication with the

annular inflation lumen.
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4. . Themedical device of claim 1, further comprising:

a proximal portion of the metallic tube having a subset of the plurality of
apertures being free of the polymer layer; and

a hub assembly having an inflation port disposed about at least the proximal
portion of the metallic tube having a subset of the plurality of apertures being free of
the polymer layer, wherein the inflation port is in fluid communication with the

inflatable balloon.

5. The medical device of claim 1, wherein the plurality of apertures are

micromachined.

6. The medical device of claim 1, wherein the pluralify of apertures

extend substantially the length of the metallic tube.

7. The medical device of claim 2, further comprising a distal tip.

8. The medical device of claim 7, wherein the inner tubular member
extends distal of the distal end of the metallic tube, wherein the distal tip includes the
inner tubular member. ‘

9. °  The medical device of claim 7, wherein the distal tip includes a coil.

10.  The medical device of claim 7, wherein the distal tip occludes the

lumen of the metallic tube at the distal end.

11. The medical device of claim 1, wherein the metallic tube is a nickel-

titanium alloy.

12. The medical device of claim 1, wherein the metallic tube is a stainless

steel.

13.  The medical device of claim 1, wherein the polymer layer is PEBAX.
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14.  The medical device of claim 1, further comprising a hydrophilic

coating disposed over at least a portion of the polymer layer.

15. A medical device comprising:

an elongate shaft having a proximal end, a distal end, a length and a lumen
extending therethrough, the elongate shaft including a plurality of micromachined
apertures along at least a portion of the length to facilitate bending;

a polymer layer disposed on at least a portion of the elongate shaft, the
polymer layer fluidly sealing at least a portion of the plurality of micromachined
apertures, a distal portion of the elongate shaft including at least one of the plurality of
micromachined apertures being free of the polymer layer;

an inner tubular member disposed in the lumen of the elongate shaft, the inner
tubular member having an outer surface and the elongate shaft having an inner
surface;

an inflation lumen defined by a space between the outer surface of the inner
tubular member and the inner surface of the elongate shaft;

an inflatable balloon disposed about at least the distal portion of the elongate
shaft being free of the polymer layer, the inflatable balloon in fluid communication

with the inflation lumen.

16.  The medical device of claim 15, further comprising:

a proximal portion of the elongate shaft including at least one of the plurality
of micromachined apertures being free of the polymer layer; and

a hub assembly having an inflation port disposed about at least the proximal
portion of the elongate shaft being free of the polymer layer, wherein the inflation

port is in fluid communication with the inflatable balloon.

17.  The medical device of claim 15, wherein the micromachined apertures

extend substantially the length of the elongate shaft.
18.  The medical device of claim 15, further comprising a distal tip.

19.  The medical device of claim 18, wherein the distal tip includes a coil.

10
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20. The medical device of claim 18, wherein the distal tip occludes the

inflation lumen at the distal end of the elongate shaft.

21.  The medical device of claim 15, wherein the elongate shaft is a nickel-

titanium alloy.

22 The medical device of claim 15, wherein the elongate shaft is a

stainless steel.
23.  The medical device of claim 15, wherein the polymer layer is PEBAX.

24.  The medical device of claim 15, further comprising a hydrophilic

coating disposed over at least a portion of the polymer layer.

25. A medical device comprising:

an elongate shaft including a metallic tube having a proximal end, a distal end
and a lumen extending therethrough, the metallic tube having an inner surface and an
outer surface defining a wall therebetween, wherein the metallic tube includes a
plurality of micromachined apertures to facilitate bending extending through the wall
of at least a portion of a proximal section, an intermediate section, and a distal section
of the tubular member,

a polymer layer disposed about at least the intermediate section of the metallic
tube, wherein a subset of the plurality of micromachined apertures are fluidly sealed,
the proximal section and the distal section being free of the polymer layer,

an inner tubular member disposed in the lumen of the metallic tube, the inner
tubular member having an outer surface,

an annular inflation lumen defined by a space between the outer surface of the
inner tubular member and the inner surface of the metallic tube,

a hub assembly including an inflation port disposed about at least the proximal
section of the metallic tube,

an inflatable balloon disposed about at least the distal section of the metallic
tube, and

an inflation passageway defined by the inﬂation port, the plurality of

micromachined apertures of the proximal section of the metallic tube, the annular

11
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inflation lumen, the plurality of micromachined apertures of the distal section of the

metallic tube, and the inflatable balloon.

26. The medical device of claim 25, wherein fhe metallic tube is a nickel-

titanium alloy.

27. The medical device of claim 25, wherein the metallic tube is a stainless

steel.
28.  The medical device of claim 25, wherein the polymer layer is PEBAX.

29.  The medical device of claim 25, further comprising a hydrophilic

coating disposed over at least a portion of the polymer layer.

12
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