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SUBINTIMAL RE-ENTRY BALLOON CATHETER

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of and priority to US Provisional

Patent Application No 62/135,529, filed March 9, 2015, the disclosure of which is

incorporated herein by reference.

TECHNICAL FIELD

[0002] The disclosure is directed to devices and methods for recanalization of an

occluded blood vessel. More particularly, the disclosure is directed to devices and

methods for re-entry into the true lumen from the extraiuminal or subintimal space of a

blood vessel.

BACKGROUND

[0003] Chronic total occlusion (CTO) is an arterial vessel blockage that obstructs

blood flow through the vessel, and can occur in both coronary and peripheral arteries.

In some instances, it may be difficult or impossible to pass through the CTO with a

medical device in an antegrade direction to recanalize the vessel. Accordingly,

techniques have been developed for creating a subintimal pathway (i.e., a pathway

between the intimal and adventitial tissue layers of the vessel) around the occlusion and

then re-entering the tme lumen of the vessel distal of the occlusion in an attempt to

recanalize the vessel. n some instances re-entering the true lumen from the subintimal

space and/or recanalization can be difficult. Accordingly, it is desirable to provide

alternative recanalization devices and/or methods of recanalizing a blood vessel in

which a CTO is present.

BRIEF SUMMARY

[0004] The disclosure is directed to several alternative designs, materials and

methods of manufacturing medical device structures and assemblies, and uses thereof.

[0005] One example is a balloon catheter including a catheter shaft having a central

longitudinal axis, a guidewire lumen and an inflation lumen extending therethrough.

The balloon catheter also includes an inflatable balloon secured to a distal end region



of the catheter shaft. The inflatable balloon has a proximal waist secured to the catheter

shaft and a distal waist secured to the catheter shaft. The inflatable balloon has a

generally conical shape having a proximal conical portion that tapers radially outward

(e.g., away from the central longitudinal axis) in a distal direction from the proximal

waist. The proximal conical portion has an elliptical cross-section taken in a plane

perpendicular to the central longitudinal axis that passes through the proximal conical

portion.

[0006] Alternatively or additionally to any of the embodiments above, the

inflatable balloon has a distal conical portion and a radially outermost extent between

the proximal conical portion and the distal conical portion and the distal conical portion

has an elliptical cross-section taken in a plane perpendicular to the central longitudinal

axis that passes through the distal conical portion.

[0007] Alternatively or additionally to any of the embodiments above, the distal

conical portion tapers radially inward (e.g., toward the central longitudinal axis) in a

distal direction toward the distal waist.

[0008] Alternatively or additionally to any of the embodiments above, the

proximal conical portion has a first length measured along the central longitudinal axis

from the proximal waist to the radially outermost extent and the distal conical portion

has a second length measured along the central longitudinal axis from the radially

outermost extent to a distal tip of the balloon. The first length is greater than the second

length.

[0009] Alternatively or additionally to any of the embodiments above, the

proximal conical portion tapers away from the central longitudinal axis at a first angle

in a first plane parallel to and passing through the central longitudinal axis, and the

proximal conical portion tapers away from the central longitudinal axis at a second

angle in a second plane parallel to and passing through the central longitudinal axis.

The second plane is perpendicular to the first plane and the fi rst angle is greater than

the second angle.

[0010] Alternatively or additionally to any of the embodiments above, the distal

conical portion tapers toward the central longitudinal axis at a third angle in the first

plane parallel to and passing through the central longitudinal axis, and the distal conical



portion tapers toward the central longitudinal axis at a fourth angle in the second plane

parallel to and passing through the central longitudinal axis. The third angle is greater

than the fourth angle.

[0011] Alternatively or additionally to any of the embodiments above, the first

angle is less than the fourth angle.

[0012] Alternatively or additionally to any of the embodiments above, the first

angle is greater than the fourth angle.

[0013] Alternatively or additionally to any of the embodiments above, the balloon

is located a first distance from e central longitudinal axis in a first direction taken in

a plane perpendicular to the central longitudinal axis that passes through the radially

outermost extent, and the balloon is located a second distance from the central

longitudinal axis in a second direction taken in the plane perpendicular to the central

longitudinal axis that passes through the radially outermost extent. The second

direction is perpendicular to the first direction and the first distance is less than the

second distance.

[0014] Alternatively or additionally to any of the embodiments above, the distal

waist is an inverted distal waist secured to the catheter shaft.

[0015] Alternatively or additionally to any of the embodiments above, the

inflatable balloon is only secured to the catheter shaft at the proximal and distal waists.

[0016] Alternatively or additionally to any of the embodiments above, a distalmost

extent of the inflatable balloon is flush with or extends distal of a distal end of the

catheter shaft in an inflated configuration.

[0017] Alternatively or additionally to any of the embodiments above, the catheter

shaft includes an inner tubular member defining the guidewire lumen and an outer

tubular member extending around the inner tubular member. The inflation lumen s

defined between the inner tubular member and the outer tubular member. The proximal

waist is secured to a distal end region of the outer tubular member and the distal waist

is secured to a distal end region of the inner tubular member.



[0018] Another example is a subintimal recanalization catheter assembly for

recanalizing a blood vessel having an occlusion in a lumen thereof. The catheter

assembly includes an elongate catheter shaft having a central longitudinal axis and an

inflatable balloon. The catheter shaft includes an outer tubular member having a lumen

extending therethrough and an inner tubular member having a lumen extending

therethrough. The inner tubular member is disposed in the lumen of the outer tubular

member. The inflatable balloon has a proximal waist secured to a distal end region of

the outer tubular member and a distai waist secured to a distal end region of the inner

tubular member. The inflatable balloon is configured to be inflated from an uninflated

configuration to an inflated configuration with a inflation fluid. A distalmost extent

of the inflatable balloon is flush with or extends distal of a distal end of the catheter

shaft in the inflated configuration. The inflatable balloon has an elliptical cross-section

taken in a plane perpendicular to the central longitudinal axis that passes through the

inflatable balloon .

[0019] Alternatively or additionally to any of the embodiments above, the

inflatable balloon has a generally conical shape having a proximal conical portion that

tapers away from the central longitudinal axis in a distal direction from the proximal

waist.

[0020] Alternatively or additionally to any of the embodiments above, the

inflatable balloon has a distal conical portion and a radially outermost extent between

the proximal conical portion and the distal conical portion.

[0021] Alternatively or additionally to any of the embodiments above, the

proximal conical portion has an elliptical cross-section taken in a plane perpendicular

to the central longitudinal axis that passes through the proximal conical portion and the

distal conical portion has an elliptical cross-section taken in a plane perpendicular to

the central longitudinal axis that passes through the distal conical portion.

[0022] Alternatively or additionally to any of the embodiments above, the distal

conical portion tapers toward the central longitudinal axis in a distal direction toward

the distal waist.

[0023] Another example is a method of forming a catheter. The method includes

forming an inflatable balloon having a proximal waist and a distai waist. The inflatable



balloon has a generally conical shape having a proximal conical portion that tapers

radially outward in a distal direction from the proximal waist. The proximal conical

portion has an elliptical cross-section. The method further includes securing the

inflatable balloon to a distal end region of a catheter shaft with the proximal waist of

the inflatable balloon secured to the catheter shaft and the distal waist of the inflatable

balloon secured to the catheter shaft.

[0024] Alternatively or additionally to any of the embodiments above, the

inflatable balloon has a distal conical portion and a radially outermost extent between

the proximal conical portion and the distal conical portion. Tire distal conical portion

has an elliptical cross-section. The distal conical portion tapers radially inward in a

distal direction toward the distal waist.

[0025] Another example is a method of recanalizing a blood vessel having an

occlusion in a lumen thereof. The method includes advancing an inflatable balloon

secured to a distal end region of a catheter shaft into a subintimal space between a first

tissue layer and a second tissue layer of a wall of a vessel such that the inflatable balloon

is positioned in the subintimal space distal to the occlusion. Thereafter, the method

includes inflating the inflatable balloon to an inflated configuration within the

subintimal space n in the inflated configuration the inflatable balloon has a generally

conical shape having a proximal conical portion that tapers radially outward (e.g., away

from a central longitudinal axis of the catheter shaft) in a distal direction from a

proximal waist of the inflatable balloon. The proximal conical portion has an elliptical

cross-section taken in a plane perpendicular to a central longitudinal axis of the catheter

shaft that passes through the proximal conical portion. The method further includes

advancing a penetration member through the catheter shaft such that the penetration

member extends distally from the inflatable balloon through the first tissue layer into

the lumen of the blood vessel.

[0026] Alternatively or additionally to any of the embodiments above, the

inflatable balloon has a distal conical portion and a radially outermost extent between

the proximal conical portion and the distal conical portion . The distal conical portion

tapers radially inward (e.g., toward the central longitudinal axis) in a distal direction

toward a distal waist of the inflatable balloon. The distal conical portion has an



elliptical cross-section taken in a plane perpendicular to the central longitudinal axis

that passes through the distal conical portion.

[0027] The above summary of some example embodiments is not intended to

describe each disclosed embodiment or every implementation of the aspects of the

disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The aspects of the disclosure may be further understood in consideration of

the following detailed description of various embodiments in connection with the

accompanying drawings, in which:

[0029] FIG. 1 is a perspective view of an exemplary balloon catheter in accordance

with the disclosure;

[0030] FIG. 2 is a longitudinal cross-sectional view of the distal end region of the

balloon catheter of FIG. 1 taken along line 2-2;

[0031 ] FIG. 3 is a longitudinal cross-sectional view of the distal end region of the

balloon catheter of FIG. 1 taken along line 3-3;

[0032] FIG. 4 is a transverse cross-sectional view taken along line 4-4 of FIGS. 2

and 3;

[0033] FIG. 5 is a transverse cross-sectional view taken along line 5-5 of FIGS. 2

and 3;

[0034] FIG. 6 is transverse cross-sectional view taken along line 6-6 of FIGS. 2

and 3;

[0035] FIG. 7 is a longitudinal cross-sectional view of an alternative distal region

of the balloon catheter of FIG. ;

[0036] FIG. 8 is a transverse cross-sectional view taken along line 8-8 of FIG. 7;

[0037] FIG. 9 is a transverse cross-sectional view taken along line 9-9 of FIG. 7;



[0038| FIG. 0 is a transverse cross-sectional view taken along line 10-10 of FIG.

7;

[0039] FIGS. -15 illustrate several aspects of an exemplar method for

recanalizing an occluded blood vessel using the balloon catheter of FIG. 1; and

[0040] FIG. 6 is a cross-sectional view taken along line 6- 6 of FIG. 15.

[0041] While the aspects of the disclosure are amenable to various modifications

and alternative forms, specifics thereof have been shown by way of example in the

drawings and will be described in detail. It should be understood, however, that the

intention is not to limit aspects of the disclosure to the particular embodiments

described. On the contrary, the intention is to cover all modifications, equivalents, and

alternatives failing within the spirit and scope of the disclosure.

DETAILED DESCRIPTION

[0042] For the following defined terms, these definitions shall be applied, unless a

different definition is given in the claims or elsewhere in this specifi cation

[0043] Definitions of certain terms are provided below and shall be applied, unless

a different definition is given in the claims or elsewhere in this specification.

[0044] All numeric values are herein assumed to be modified by the term "about",

whether or not explicitly indicated. The term "about" generally refers to a range of

numbers that one of skill in the art would consider equivalent to the recited value (i.e.,

having the same function or result). In many instances, the term "about" may be

indicative as including numbers that are rounded to the nearest significant figure.

[0045] The recitation of numerical ranges by endpoints includes all numbers

within thai range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).

[0046] Although some suitable dimensions, ranges and/or values pertaining o

various components, features and/or specifications are disclosed, one of skill in the art,

incited by the present disclosure, would understand desired dimensions, ranges and/or

values may deviate from those expressly disclosed.



[ΘΘ47] As used in this specification and the appended claims, the singular forms

"a," 'an," and "the ' include or otherwise refer to singular as well as plural referents,

unless the content clearly dictates otherwise. As used in this specification and the

appended claims, the term "or" is generally employed to include "and/or," unless the

content clearly dictates otherwise.

[ΘΘ48] 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, ch are not necessarily to scale, depict

illustrative embodiments and are not intended to limit the scope of the disclosure. The

illustrative embodiments depicted are intended only as exemplary. Selected features of

any illustrative embodiment may be incorporated into an additional embodiment unless

clearly stated to the contrary.

[0049] An exemplary balloon catheter 10 is illustrated at FIG. 1. The balloon

catheter 1 may include a catheter shaft 2 extending from a hub assembly 25 at a

proximal end 16 of the catheter shaft 12 to an inflatable balloon 20 mounted on a distal

end region of the catheter shaft 2 proximate the distal end 4 of the catheter shaft 12.

In some instances, the balloon catheter 10 may be used as a recanalization catheter for

recanalizing an occluded blood vessel via a subintimal approach

[0050] The catheter 10 may be configured to be advanced over a guidewire 2 for

delivery to a remote location in the vasculature of a patient. For example, in some

instances the catheter may be configured as an over-the-wire (OTW) catheter having

a guidewire lumen 22 (see FIGS. 2 and 3) extending through the entire length of the

catheter 10 from a distal opening or port 29 at a distal tip of the catheter 10 to a

proximal guidewire port 26 in the hub assembly 25. In oilier instances, the catheter 10

may be configured as a single-operator-exchange (SOE) catheter having a guidewire

lumen 22 extending from the distal port 29 to a proximal guidewire port (not shown)

located a short distance proximal of the inflatable balloon 20 and distal of the hub

assembly 25. In such a configuration, the guidewire 2 may extend through the

guidewire lumen 22 between the distal opening or port 29 and the proximal port, and

extend along an exterior of the catheter shaft 12 proximal of the proximal port to the

proximal end 16 of the catheter shaft 12. It is noted that in instances in which the



catheter 10 is an SOE catheter, the hub assembly 25 may not include a proximal

guidewire port 26.

[0051] The catheter shaft 12 may also include an inflation lumen 28 (see FIGS. 2

and 3) in fluid communication with the inflatable balloon 20 configured to deliver an

inflation fluid to the inflatable balloon 20 to inflate the inflatable balloon 20 and/or

withdraw an inflation fluid from the inflatable balloon to deflate the inflatable balloon

20 during use. The inflation lumen 28 may extend from an inflation port 24 in the hub

assembly 25, through the catheter shaft 2 to the interior of the inflatable balloon 20.

[0052] The catheter shaft 12 may have a central longitudinal axis X . The catheter

shaft 12 may be formed of any desired construction, having the guidewire lumen 22,

the inflation lumen 28, and/or one or more additional lumens extending therethrough,

if desired. For example, as shown in FIGS. 2 and 3, the catheter shaft 12 may include

an outer tubular member 30 and an inner tubular member 32 extending through the

lumen of the outer tubular member 30. In such a construction, the lumen of the inner

tubular member 32, e.g., the guidewire tube, may define the guidewire lumen 22, and

the space between the inner surface of the outer tubular member 30 and the outer surface

of the inner tubular member 32 may define the inflation lumen 28. In some instances,

the inner tubular member 32 may extend coaxially with the outer tubular member 30

along the central longitudinal axis X, with the annular space formed therebetween

defining the inflation lumen 28. The inner tubular member 32 may extend distal of the

distal end of the outer tubular member 30, with the proximal waist 36 of the inflatable

balloon 20 secured to the distal end of the outer tubular member 30 and the distal waist

38 of the inflatable balloon 20 secured to the distal end of the inner tubular member 32

proximate the distal tip of the catheter shaft 2. Accordingly, the inner tubular member

32, e.g., the guidewire tube, may extend through the interior of the inflatable balloon

20.

[0053] The outer tubular member 30 and/or the inner tubular member 32 may be

an extruded tubular member formed during an extrusion process. In some instances,

the outer tubular member 30 and/or the inner tubular member 32 may be a single layer

extruded tube formed of a single layer of polymeric material. In other instances, the

outer tubular member 30 and/or the inner tubular member 32 may be a multilayer

extruded tube formed of multiple layers of polymeric materials. For example, the outer



tubular member 30 and/or the inner tubular member 32 may include two, three, or more

discrete layers of different polymer materials and/or compositions.

[0054] n other instances, the catheter shaft 12, or portions thereof, may be an

extruded shaft having the guidewire lumen 22, the inflation lumen 28, and/or one or

more additional lumens formed therein. In such instances, the guidewire tube defining

the guidewire lumen 22 may extend through the interior of the inflatable balloon 20.

[0055] The balloon 20 may include a proximal waist 36 bonded, for example

thermally bonded (e.g., laser, hot jaws) or adhesively bonded to a component of the

catheter shaft 12. For example, the proximal waist 36 of the balloon 20 may be bonded

or secured to the distal end of the outer tubular member 30. The balloon 20 may also

include a distal waist 38 bonded, for example thermally bonded (e.g., laser, hot jaws)

or adhesively bonded to a component of the catheter shaft 12. For example, the distal

waist 38 of the balloon 20 may be bonded or secured to the distal end of the inner

tubular member 32 The balloon 20 may only be secured to the catheter shaft 2 (e.g.,

inner tubular member 32 and outer tubular member 30) at the proximal and distal

balloon waists 36, 38.

[0056] As shown in FIGS. 2 and 3, the distal waist 38 may be inverted (e.g., extend

proximally from the distal balloon tip 40) such that an inflatable portion of the balloon

20 is located at the distalmost extent of the catheter 10. Thus, the distal tip 40 of the

balloon 20, which may be an inflatable portion of the balloon 20, may be positioned at

(flush with) or distal of the distal end 48 of the inner tubular member 32 and distal of

the distal waist 38 of the balloon 20.

[0057] The inflatable balloon 20 may have a generally conical shape in a fully

inflated configuration. For example, the inflatable balloon 20 may have a proximal

conical portion 42 that tapers away from the central longitudinal axis X in a distal

direction from the proximal waist 36. The proximal conical portion 42 may taper

radially outward from the central longitudinal axis X in a distal direction to a radially

outermost extent 44 of the inflatable balloon 20. The inflatable balloon 20 may also

have a distal conical portion 46 that tapers toward the central longitudinal axis X in a

distal direction toward the distal waist 38, with the radially outermost extent 44 located

between the proximal conical portion 42 and the distal conical portion 46



[0058] The proximal conical portion 42 may have a first length Li measured along

the central longitudinal axis X from tl e proximal waist 36 to tlie radially outermost

extent 44 and the distal conical portion 46 may have a second length L measured along

the central longitudinal axis X from the radially outermost extent 44 to the distal tip 40

(i.e., distalmost extent) of the inflatable balloon 20. In some instances, the first length

Li may be equal to the second length hi, or the first length Li may be different from

the second length For instance, the first length Li may be greater than or less than

the second length L2. In the illustrated embodiment, the first length Li is greater than

the second length L2, such that the outermost extent 44 of the inflatable balloon 20 is

located closer to the distal tip 40 (i.e., distalmost extent) of the inflatable balloon 20

than the proximal waist 36 of the inflatable balloon 20. In some instances, the first

length L may about 1mm to about 30 mm, about 1mm to about 20 mm, 2 mm to about

5 mm, about 5 mm to about 20 mm, or about 5 mm to about mm, for example. In

some instances, the second length L 2 may about 1m m to about 30 mm, about 1mm to

about 20 mm, 2 mm to about 5 mm, about 5 mm to about 20 mm, or about 5 mm to

about 15 mm, for example

[0059] FIG. 2, which is a longitudinal cross-sectional view taken along line 2-2 in

FIG. I , shows the cross-section of the inflatable balloon 20 in a first plane parallel to

and passing through the central longitudinal axis X of the catheter shaft 12. FIG. 3,

which is a longitudinal cross-sectional view taken along line 3-3 in FIG. 1, shows the

cross-section of the inflatable balloon 20 in a second plane parallel to and passing

through the central longitudinal axis X of the catheter shaft 1 which is perpendicular

to the first plane shown in FIG. 2 .

[0060] The proximal conical portion 42 may taper away from the central

longitudinal axis X at a first angle θ ι in the first plane (FIG. 2) and the proximal conical

portion 42 may taper away from the central longitudinal axis X at a second angle Θ2 in

the second plane (FIG. 3) different from the first angle θι. In the illustrated

embodiment, the first angle θι is greater than the second angle Θ2. In some instances

the first angle θι may be about 10° to about 35° or about 10° to about 30°, and the

second angle Θ2may be about 5° to about 25° or about 5° to about 20°, for example.

[0061 ] The distal conical portion 46 may taper toward the central longitudinal axis

X at a third angle Θ3 in the first plane (FIG. 2) and the distal corneal portion 46 may



taper toward the central longitudinal axis X at a fourth angle 04 in the second plane

(FIG. 3) different from the third angle 03. In the illustrated embodiment, the third angle

3 is greater than the fourth angle 4. In some instances the third angle 0 3 may be about

20° to about 60° or about 25° to about 45°, and the fourth angle 04 may be about 5° to

about 30° or about 5° to about 25°, for example.

[Θ062] As shown in FIG. 2, the first angle 0i may be less than the third angle 3 in

instances in which the first length Li is greater than the second length La, however, in

other instances, the first angle 0i may be greater than or equal to the third angle 03. As

shown in FIG. 3, the second angle 02 may be less than the fourth angle 04 in instances

in which the first length Li is greater than the second length L , however, in other

instances, the second angle 02 may be greater than or equal to the fourth angle 04. In

some instances, the first angle θ may be greater than the fourth angle 04, whereas in

other instances, the first angle 0i may be less than the fourth angle 04.

[0063] The inflatable balloon 20 may have a non-circular cross-section, such as an

elliptical cross-section, in a fully inflated configuration. In some instances the elliptical

cross-section may have an ellipse shape, an oval shape, or flattened shape, for example.

Accordingly, at a given plane perpendicular to the central longitudinal axis X the

balloon 20 may extend away from the central longitudinal axis X a greater distance at

a first location (e.g., antipodal points on a major axis of the balloon 20) than at a second

location (e.g., antipodal points on a minor axis of the balloon 20} in an inflated

configuration. For example, in a fully inflated configuration the proximal conical

portion 42, the radially outermost extent 44, and/or the distal conical portion 46 may-

have elliptical cross-sections taken in planes perpendicular to the central longitudinal

axis X and passing through the respective section of the balloon 20. It is noted that in

instances in which the outer tubular member 30 and the inner tubular member 32 are

cylindrical, the proximal waist 36 and the distal waist 38 may have a circular cross-

section.

[0064] FIG. 4, which is a transverse cross-sectional view taken along line 4-4 in

FIGS. 2 and 3, shows the transverse cross-section of the inflatable balloon 20 in a plane

perpendicular to the central longitudinal axis X of the catheter shaft 12 that passes

through the proximal conical portion 42 of the balloon 20. FIG. 5, which is atransverse

cross-sectional view taken along line 5-5 in FIGS. 2 and 3, shows the transverse cross-



section of the inflatable balloon 20 in a plane perpendicular to the central longitudinal

axis X of the catheter shaft 12 that passes through the radially outermost extent 44 of

the balloon 20. FIG. 6, which is a transverse cross-sectional view taken along line 6-6

in FIGS. 2 and 3, shows the transverse cross-section of the mflatable balloon 20 in a

plane perpendicular to the central longitudinal axis X ofthe catheter shaft 12 that passes

through the distal conical portion 46.

[0065] As shown in FIG. 4, in a fully inflated configuration, the wall ofthe balloon

20 may be located a first distance Di from the central longitudinal axis X in a first

direction taken in a plane perpendicular to the central longitudinal axis X that passes

through the proximal conical portion 42, and the balloon 20 is located a second distance

D . from the central longitudinal axis X in a second direction taken in the plane

perpendicular to the central longitudinal axis X that passes through the proximal conical

portion 42. The second direction is perpendicular to the first direction and the first

distance D is less than the second distance D2. In some instances, the second distance

D 2 may be 1.2 to 3, or about 1.2 to about 3, 1.5 to 3, or about 1.5 to about 3, 1.5 to 2.5,

or about 1.5 to about 2.5, 1.5 to 2, or about 1.5 to about 2 times the first distance Di,

for example. In some instances the second distance D may be about 1.2, 1.5, 1.7, 2,0,

2.2, 2.5 or 3 times the first distance Di.

[0066] As shown in FIG. 5, in a fully inflated configuration, the wall ofthe balloon

20 is located a third distance D 3 from the central longitudinal axis X in a first direction

taken in a plane perpendicular to the central longitudinal axis X that passes through the

radially outermost extent 44, and the balloon 20 is located a fourth distance D from the

central longitudinal axis X in a second direction taken in the plane perpendicular to the

central longitudinal axis X that passes through the radially outermost extent 44. The

second direction is perpendicular to the first direction and the third distance D 3 is less

than the fourth distance . In some instances, the fourth distance may be 1.2 to 3,

or about .2 to about 3, . to 3, or about . to about 3, .5 to 2. , or about .5 to about

2.5, .5 to 2, or about .5 to about 2 times the third distance D3, for example. In some

instances the fourth distance D may be about 1.2, 1.5, 1.7, 2.0, 2.2, 2.5 or 3 times the

third distance D3.

[0067] In the plane shown in FIG. 5, the elliptical cross-section ofthe fully inflated

balloon 20 may have a major axis extending through antipodal points 50a, 50b (points



thai are diametrically opposite one another on the major axis) and a minor axis

extending through antipodal points 52a, 52b (points that are diametrically opposite one

another on the minor axis), wherein the major axis is perpendicular to the minor axis,

and both the major axis and the minor axis are perpendicular to the central longitudinal

axis X of the catheter shaft 12. The antipodal points 50a, 50b on the major axis may be

a greater distance from the central longitudinal axis X than the antipodal points 52a,

52b on the minor axis.

[0068] As shown in FIG. 6, in a fully inflated configuration, the wall of the balloon

20 may be located a fifth distance from the central longitudinal axis X in a first

direction taken in a plane perpendicular to the central longitudinal axis X that passes

through the distal conical portion 46, and the balloon 20 is located a sixth distance De

from the central longitudinal axis X in a second direction taken in the plane

perpendicular to the central longitudinal axis X that passes through tlie distal conical

portion 46. The second direction is perpendicular to tlie first direction and the fifth

distance D is less than the sixth distance De. In some instances, the sixth distance De

may be .2 to 3, or about .2 to about 3, .5 to 3, or about .5 to about 3, 1.5 to 2.5, or

about 1.5 to about 2.5, 1.5 to 2, or about 1.5 to about 2 times the fifth distance Ds, for

example. In some instances the sixth distance De may be about 1.2, 1.5, 1.7, 2.0, 2.2,

2.5 or 3 times the fifth distance Ds.

[0069] An alternative distal region of the catheter 10, including an inflatable

balloon 20 secured to a distal end region of the catheter shaft 2, is illustrated at FIG.

7, which is a longitudinal cross-sectional view of the inflatable balloon 120 in a plane

parallel to and passing through the central longitudinal axis of the catheter shaft 12. The

balloon 1 0 may include a proximal waist 36 bonded, for example thermally bonded

(e.g., laser, hot jaws) or adhesively bonded to a component of the catheter shaft 12 For

example, the proximal waist 136 of the balloon 120 may be bonded or secured to the

distal end of the outer tubular member 30. The balloon 120 may also include a distal

waist 138 bonded, for example thermally bonded (e.g., laser, hot jaws) or adhesively

bonded to a component of the catheter shaft 12. For example, the distal waist 138 of

tlie balloon 120 may be bonded or secured to tlie distal end of the inner tubular member

32. The balloon 120 may only be secured to the catheter shaft 1 (e.g., inner tubular

member 32 and outer tubular member 30) at the proximal and distal balloon waists 136,



138. The inflation lumen 28 extending through the catheter shaft 2 may be in fluid

communication with the interior of the balloon 120.

[0070] The distal waist 8 may be secured to the distal end 48 of the inner t bular

member 32 to form a distal tip. However, in other embodiments, the distal waist 138

may be inverted similar to the balloon 20 such that an inflatable portion of the balloon

120 is located at the distalmost extent of the catheter 10. The distal opening or port 29

of the guidewire lumen 22 be arranged at the distal tip of the catheter 10.

[0071] As shown in FIG. 7, at least a portion of the length of the portion of the

catheter shaft 12 extending through the balloon 120 (e.g., the inner tubular member 32)

may be non-centrally located (e.g., offset) within the balloon 120. For example, the

portion of the catheter shaft 12 extending through the balloon 120 may be curved or

angled, moving the portion of the catheter shaft 12 nearer to the wall of the balloon 120

on one side of the balloon 120 than to the wall of the balloon 1 0 on an opposite side

of the balloon 120 The angle or curve of the portion of the catheter shaft 12 within the

balloon 20 may further orient the distal opening 2 of the guidewire lumen 22 toward

the true lumen of a blood vessel to facilitate the trajectory of a penetration member

passing through the guidewire lumen 22 and out the distal opening 29 of the catheter

shaft 2 into the true lumen of a blood vessel from a subintimal location

[0072] The inflatable balloon 120 may have a generally conical shape in a fully

inflated configuration. For example, the inflatable balloon 120 may have a proximal

conical portion 142 that tapers away from the central longitudinal axis of the catheter

shaft 12 in a distal direction from the proximal waist 136. The proximal conical portion

142 may taper radially outward from the central longitudinal axis of the catheter shaft

12 in a distal direction to a radially outermost extent 144 of the inflatable balloon 120.

The inflatable balloon 120 may also have a distal conical portion 146 that tapers toward

the central longitudinal axis of the catheter shaft 2 in a distal direction toward the distal

waist 138, with the radially outermost extent 144 located between the proximal conical

portion 142 and the distal conical portion 146.

[0073| The proximal conical portion 142 may have a first length L i measured

along the central longitudinal axis of the catheter shaft 12 from the proximal waist 136

to the radially outermost extent 144 and the distal conical portion 146 may have a



second length L2 measured along the central longitudinal axis of the catheter shaft 12

from the radially outermost extent 44 to the distal tip 140. In some instances, the first

length L may be equal to the second length L2, or the first length L may be different

from the second length L2. For instance, the first length Li may be greater than or less

than the second length L2. In the illustrated embodiment, the first length L i is greater

than the second length L2, such that the outermost extent 144 of the inflatable balloon

120 is located closer to the distal tip 140 than the proximal waist 136 of the inflatable

balloon 120.

[0074] The inflatable balloon 20 may have a non-circular cross-section, such as

an elliptical cross-section, in a fully inflated configuration. In some instances the

elliptical cross-section may have an ellipse shape, an oval shape, or flattened shape, for

example. Accordingly, at a given plane perpendicular to the central longitudinal axis of

the catheter shaft 12, the balloon 120 may extend away from the portion of the catheter

shaft 12 (e.g., the inner tubular member 32) extending through the balloon 20 a greater

distance at first locations (e.g., antipodal points on a major axis of the balloon 120) than

at second locations (e.g., antipodal points on a minor axis of the balloon 120) in an

inflated configuration. For example, in a fully inflated configuration the proximal

conical portion 142, the radially outermost extent 144, and/or the distal conical portion

146 may have elliptical cross-sections taken in planes perpendicular to the central

longitudinal axis of the catheter shaft 12 and passing through the respective section of

the balloon 20. It is noted that in instances in which the outer tubular member 3 and

the inner tubular member 32 are cylindrical, the proximal waist 36 and the distal waist

38 may have a circular cross-section.

[0075] FIG. 8, which is a transverse cross-sectional view taken along line 8-8 in

FIG. 7, shows the transverse cross-section of the inflatable balloon 20 in a plane

perpendicular to the central longitudinal axis of the catheter shaft 12 that passes through

the proximal conical portion 142 of the balloon 120. FIG. 9, which is a transverse cross-

sectional view taken along line 9-9 in FIG. 7, shows the transverse cross-section of the

inflatable balloon 120 in a plane perpendicular to the central longitudinal axis of the

catheter shaft 12 that passes through the radially outermost extent 144 of the balloon

120. FIG. 10, which is a transverse cross-sectional view taken along line 10-10 in FIG.

7, shows the transverse cross-section of the inflatable balloon 120 in a plane



perpendicular to the central longitudinal axis of the catheter shaft 12 that passes through

the distal conical portion 146.

[0076] As shown in FIG. 8, in a fully inflated configuration, within a plane

perpendicular to the central longitudinal axis of the catheter shaft 12 that passes through

the proximal conical portion 142 of the balloon 120 antipodal points 170a, 170b on the

wall of the balloon 120 along a major axis of the balloon 120 (points that are

diametrically opposite one another on the major axis) may be located a greater distance

from the portion of the catheter shaft 1 (e.g., the inner tubular member 32) extending

through the balloon 120 than antipodal points 172a, 72b on the wall of the balloon 120

along a minor axis of the balloon 120 (points that are diametrically opposite one another

on the minor axis). The major axis being perpendicular to the minor axis. In some

instances in which the portion of the catheter shaft 12 extending through the balloon

120 is not centrally oriented within the balloon 120, the wall of the catheter shaft 12

(e.g., the inner tubular member 32) may be positioned closer to the antipodal point 172b

than the antipodal point 172a, while the wail of the catheter shaft 12 (e.g., the inner

tubular member 32) may be equidistantly spaced between the antipodal points 170a,

170b.

0Θ77] As shown in FIG. 9, in a fully inflated configuration, within a plane

perpendicular to the central longitudinal axis of the catheter shaft 12 that passes through

the radially outermost extent 144 of the balloon 120 antipodal points 180a, 180b o the

wall of the balloon 120 along a major axis of the balloon 120 (points that are

diametrically opposite one another on the major axis) may be located a greater distance

from the portion of the catheter shaft 2 (e.g., the inner tubular member 32) extending

through the balloon 20 than antipodal points 2a, 182b on the wall of the balloon 1 0

along aminor axis of the balloon 120 (points that are diametrically opposite one another

on the minor axis). The major axis being perpendicular to the minor axis. In some

instances in which the portion of the catheter shaft 12 extending through the balloon

120 is not centrally oriented within the balloon 120, the wall of the catheter shaft 12

(e.g., e inner tubular member 32) may be positioned closer to the antipodal point 2b

than the antipodal point 182a, while the wail of the catheter shaft 2 (e.g., the inner

tubular member 32) may be equidistantly spaced between the antipodal points 0a,

180b.



[ΘΘ78] As shown in FIG. 10, in a fully inflated configuration, within a plane

perpendicular to the central longitudinal axis of the catheter shaft 12 that passes through

the distal conical portion 146 of the balloon 120 antipodal points 190a, 190b on the wall

of the balloon 120 along a major axis of the balloon 120 (points that are diametrically

opposite one another on the major axis) may be located a greater distance from the

portion of the catheter shaft 12 (e.g., the inner tubular member 32) extending through

the balloon 120 than antipodal points 192a, 192b on the wall of the balloon 120 along

a minor axis of the balloon 120 (points that are diametrically opposite one another on

the m or axis). The major axis being perpendicular to the minor axis. In some

instances in which the portion of the catheter shaft 12 extending through the balloon

20 is not centrally oriented within the balloon 120, the wall of the catheter shaft

(e.g., e inner tubular member 32) may be positioned closer to the antipodal point 192b

than the antipodal point 192a, while the wail of the catheter shaft 2 (e.g., the inner

tubular member 32) may be equidistantly spaced between the antipodal points 190a,

190b.

[0079] The balloon 20, 120 may be made from typical balloon materials including

polymers such as polyethylene terephthalate (PET), polytetrafluoroethylene (PTFE),

ethylene tetrafluoroethylene (ETFE), polybutylene terephthalate (PBT), poiyurethane,

polyvinylchloride (PVC), polyether-ester, polyester, polyamide, elastomeric

polyamides, polyether block amide (PEBA), as well as other suitable materials, or

mixtures, combinations, copolymers thereof, polymer/metal composites, and the like.

In some instances, the balloon 20 may include a single layer of material, whereas in

other instances the balloon 20 may be of a multi-layer construction, including a plurality

of layers of materials. For ins tance, the balloon 20 may be formed as a co-extrusion or

t - ayer extrusion in some instances.

[Θ080] In some instances, it may be undesired, difficult or impossible to pass

through an occlusion, such as a chronic total occlusion (CTO) in a lumen of a blood

vessel with a medical device to recanalize the vessel. In such instances, it may be

possible to recanalize the blood vessel through a subintimal approach using the catheter

10. Turning to FIGS. -16, several aspects of an exemplary method for recanaiizing

an occluded blood vessel using the catheter 10 are illustrated. As shown in FIG. 11, a

guidewire 2 may initially be advanced through the lumen 88 of the vessel 80 to a



location proximate a proximal end of a occlusion 90 blocking the lumen 88. The

guidewire 2 may then be advanced to penetrate outward through the intima layer 82 at

a location proximal of the proximal end of the occlusion 90 into the vessel wall 80

With the tip of the guidewire 2 located between the intima layer 82 a d the adventitia

layer 86, the guidewire 2 may be further advanced distaily in a subintimal manner to

create a subintimal space between the intima layer 82 and the adventitia layer 86. As

shown in FIG. 12, the guidewire 2 may be advanced in a subintimal manner until the

distal tip of the guidewire 2 is iocated distal of the distal end of the occlusion 90 in the

subintimal space created, such as by dissection of the tissue layers of the vessel wall

80.

[0081] The recanalization catheter 10 may then be advanced distaily over the

guidewire 2 from the true lumen 88 proximal of the occlusion 90, into the subintimal

space between the intima layer 82 and the adventitia layer 86, to a position in the

subintimal space in which the distal portion of the catheter , including the inflatable

balloon 20, is located distal of the distal end of the occlusion 90, as shown in FIG. 13.

The recanalization catheter 10 may be advanced through the subintimal space in a

delivery configuration, such as with the inflatable balloon 20 in a deflated

configuration. t is noted that although the described procedure is illustrated with the

inflatable balloon 20, the described procedure may be performed with the inflatable

balloon 120, if desired.

[0082] With the inflatable balloon 20 positioned distal of the distal end of the

occlusion 90, the guidewire 2 may be withdrawn proximally such that the distal tip of

the guidew ire 2 is located proximal of the inflatable balloon 20. In some instances, the

guidewire 2 may be withdrawn completely from the guidewire lumen 22 of the catheter

shaft 12, while in other instances the guidewire 2 may be retained in a proximal portion

of e catheter shaft 12 proximal of the inflatable balloon.

[0083] The inflatable balloon 20 may then be inflated to the fully inflated

configuration in the subintimal space formed between the intima layer 82 and the

adventitia layer 86, as shown in FIG. 14, by delivering an inflation fluid through the

inflation lumen 28 of the catheter shaft 2 to the interior of the balloon 20. Inflating

the inflatable balloon to or toward the fully inflated configuration may automatically

cause the distal portion of the catheter shaft 12 that extends through the inflatable



balloon 20 to deflect or bend toward the lumen 88 of the blood vessel 80 within the

submtimal space to orient the distal opening 29 of the guidewire lumen 22 of the

catheter shaft 2 toward the lumen 88.

[0084] When the inflatable balloon 20 is inflated, the distal opening 29 of the

guidewire lumen 22 of the catheter shaft 12 may be oriented toward the lumen such

that a distal portion of a penetration member may be advanced distally out of the distal

opening 29 to penetrate through the intima layer 82 into the lumen 88 of the blood

vessel 80 distal of the occlusion 90.

[0085] Once the inflatable balloon 20 is fully inflated and the distal portion of the

catheter shaft 12 extending through the balloon 20 is deflected toward the lumen 88

such that the distal opening 29 of the guidewire lumen 22 is oriented toward the lumen

88, a penetration member 70, sized to be advanced through the guidewire lumen 22 of

the catheter shaft 12, may be advanced through the guidewire lumen 22 and distally out

of the distal opening 29 of the catheter shaft 12, as shown in FIG. 15. In some

embodiments, the penetration member 70 may be the guidewire 2, or another guidewire

introduced through the guidewire lumen 22 of the catheter shaft 12. In other

embodiments, the penetration member 70 may be an elongate member, such as a needle

cannula or stylet, having a sharpened distal tip configured to pierce through the intima

layer 82 into the lumen 88 distal of the occlusion 90.

[0086] FIG. 16 is a cross-sectional view of the distal region of the catheter shaft

12 positioned in a subintimal space created between two tissue layers of the wall of the

blood vessel 80. The blood vessel 80 typically has three tissue layers, an innermost

layer or intima layer (i.e., tunica intima) 82, an intermediate layer or media layer (i.e.,

tunica media) 84, and an outermost layer or adventitia layer (tunica adventitia) 86, with

the media layer 84 positioned between the intima layer 82 and the adventitia layer 86.

The intima layer 82 is a layer of endothelial cells lining the lumen 88 of the vessel 80,

as well as a subendothelial layer made up of mostly loose connective tissue. The media

layer 84 is a muscular layer formed primarily of circumferentially arranged smooth

muscle cells. T e adventitia layer 86, which forms the exterior layer of the vessel wall

80 is formed primarily of loose connective tissue made up of fibroblasts and associated

collagen fibers.



[0087] As shown in FIG. 16, when inflated in the subintimal space between the

mtima layer 82 and the adventitia layer 86 of the vessel wall 80, the inflatable balloon

2.0 may automatically be oriented in the orientation shown in FIG. 16 such that the

minor axis of the balloon 20 passing through the antipodal points 52a, 52b may be

generally aligned to pass through the lumen 88 of the blood vessel 80, while the major

axis of the balloon passing through the antipodal points 50a, 50b may not pass through

the lumen 88 of the blood vessel 80. Thus, the non-circular, elliptical shape of the

inflatable balloon 20 may provide a preference in rotational orientation of the balloon

20, and thus the catheter shaft 12, Thus, the orientation of the minor axis of the balloon

2.0 in the fully inflated configuration reduce the overall radial distance from the center

of the blood vessel 80 to the outer extent of the balloon 20.

[0088] In the event the penetration member 70 is a guidewire, the catheter 10 may

be withdrawn while leaving the guidewire routed around the occlusion 90 via the

subintimal pathway. In instances in which the penetration member 70 is a separate

elongate member, such as a needle cannula or stylet, the penetration member 70 may

be withdrawn and replaced with a guidewire. Thereafter, the catheter may be

witlidrawn while leaving the guidewire routed around the occlusion 90 via the

subintimal pathway.

[0089] Once a pathway has been created around the occlusion 90 via a subintimal

track, one or more additional medical devices may be advanced through the blood

vessel 80 to enlarge the pathway and/or pass distally of the occlusion 90 to perform a

further medical procedure.

[0090] Those skilled in the art will recognize that aspects of the present disclosure

may be manifested in a variety of forms other man 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 disclosure as described in the

appended claims.



What is claimed is:

. A balloon catheter comprising:

a catheter shaft having a central longitudinal axis, a guidewire lumen and an

inflation lumen extending therethrough; and

an inflatable balloon secured to a distal end region of the catheter shaft, the

inflatable balloon having a proximal waist secured to the catheter shaft and a distal

waist secured to the catheter shaft;

the inflatable balloon having a generally conical shape having a proximal

conical portion that tapers radially outward in a distal direction from the proximal

waist;

wherein the proximal conical portion has an elliptical cross-section taken in a

plane perpendicular to the central longitudinal axis that passes through the proximal

conical portion.

2 . The balloon catheter of claim 1, wherein the inflatable balloon has a distal

conical portion and a radially outermost extent between the proximal conical portion

and the distal conical portion, the distal conical portion having an elliptical cross-

section taken in a plane perpendicular to the central longitudinal axis that passes

through the distal conical portion.

3. The balloon catheter of claim 2, wherein the distal conical portion tapers

radially inward in a distal direction toward the distal waist.

4 . The balloon catheter of claim 3,

wherein the proximal conical portion has a first length measured along the

central longitudinal axis from the proximal waist to the radially outermost extent and

the distal conical portion has a second length measured along the central longitudinal

axis from the radially outermost extent to a distal tip of the balloon; and

wherein the first length is greater than the second length.

5 . The balloon catheter of any one of claims 2-4, wherein the proximal conical

portion tapers away from the central longitudinal axis at a first angle in a first plane

parallel to and passing through the central longitudinal axis, and the proximal conical



portion tapers away from the central longitudinal axis at a second angle in a second

plane parallel to and passing through the central longitudinal axis, wherein the second

plane is perpendicular to the first plane and the first angle is greater than the second

angle.

6 . The balloon catheter of claim 5, wherein the distal conical portion tapers

toward the central longitudinal axis at a third angle in the first plane parallel to and

passing through the central longitudinal axis, and the distal conical portion tapers

toward the central longitudinal axis at a fourth angle in the second plane parallel to

and passing through the central longitudinal axis, wherein the third angle is greater

than the fourth angle

7 . The balloon catheter of claim 6, wherein the first angle is less than the fourth

angle.

8 . The balloon catheter of claim 6, wherein the first angle is greater than the

fourth angle.

9 . The balloon catheter of any one of claims 2-8, wherein the balloon is located a

first distance from the central longitudinal axis in a first direction taken in a plane

perpendicular to the central longitudinal axis that passes through the radially

outermost extent, and the balloon is located a second distance from the central

longitudinal axis in a second direction taken in the plane perpendicular to the central

longitudinal axis that passes through the radially outermost extent, wherein the second

direction is perpendicular to the first direction and the first distance is less than the

second distance.

10. The balloon catheter of any preceding claim, wherein the distal waist is an

inverted distal waist secured to the catheter shaft.

. The balloon catheter of any preceding claim, wherein the inflatable balloon is

only secured to the catheter shaft at the proximal and distal waists.



12 . The balloon catheter of any preceding claim, wherein a distalmost extent of

the inflatable balloon is flush with or extends distal of a distal end of the catheter shaft

in an inflated configuration.

3. The balloon catheter of any preceding claim,

wherein the catheter shaft includes an inner tubular member defining the

guidewire lumen and an outer tubular member extending around the inner tubular

member, the inflation lumen defined between the inner tubular member and the outer

tubular member: and

wherein the proximal waist is secured to a distal end region of the outer

tubular member, and the distal waist is secured to a distal end region of the inner

tubular member.

14. A method of forming a catheter, comprising:

forming an inflatable balloon having a proximal waist and a distal waist, the

inflatable balloon having a generally conical shape having a proximal conical portion

that tapers radially outward in a distal direction from the proximal waist, wherein the

proximal conical portion has a elliptical cross-section; and

securing the inflatable balloon to a distal end region of a catheter shaft with

the proximal waist of the inflatable balloon secured to the catheter shaft and the distal

waist of the inflatable balloon secured to the catheter shaft.

15. The method of claim 14,

wherein the inflatable balloon has a distal conical portion and a radially

outermost extent between the proximal conical portion and the distal conical portion,

the distal conical portion having an elliptical cross-section; and

wherein the distal conical portion tapers radially inward in a distal direction toward

the distal waist.
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