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(57) Abstract: A balloon catheter system for the intraluminal advancement of conventional guidewires beyond partially or fully
occluded or stenosed lesions in body passages, such as CTOs in the vasculature, is provided. Balloons are provided. In certain
embodiments of the invention, a balloon having relatively thickened proximal tapers is provided. In certain embodiments of the
invention, balloons having a tapered midsection are provided. The balloons are preferably useful with crossing balloon catheter
systems. In certain embodiments of the invention, the balloons preferably reduce or minimize trauma to the vascular wall or wall of

other body passage in which it is used.



WO 2009/053839 PCT/IB2008/003293

BALLOONS AND BALLOON CATHETER SYSTEMS
FOR TREATING VASCULAR OCCLUSIONS

[0001]  This application claims the benefit of United States Provisional Patent Application No.
60/960,930, filed October 22, 2007, which is incorporated by reference herein in its entirety.
This application also incorporates the following applications by reference in their entireties:
United States Provisional Patent Application No. 60/726,180, filed October 14, 2005; United
States Provisional Patent Application No. 60/800,035, filed May 15, 2006; United States Patent
Application No. 11/546,571 filed October 12, 2006; International Application
PCT/IB2006/002958, filed October 13, 2006; and International  Application
PCT/IL2007/000590, filed May 14, 2007.

FIELD OF THE INVENTION

[0002] The present invention relates to balloon catheter devices and balloon catheter systems
and methods of use thereof. More specifically, the present invention provides crossing balloon
systems (CBS) for use in the treatment of occluded body passages and chronic total occlusion
(CTO) and related conditions in blood vessels. The CBSs are preferably used in conjunction
with a steerable guidewire to access discrete regions of the vasculature. The present invention

also provides novel balloons for use in balloon catheter devices and balloon catheter systems.
BACKGROUND OF THE INVENTION

[0003]  Chronic total occlusion of a blood vessel is, as the name suggests, a condition in which
there is complete (or near complete) obstruction of that vessel due to the development of an
intravascular lesion comprising atheromatous plaque material and/or thrombic material.
Between 10 and 20 percent of patients undergoing percutancous coronary interventions (PCI)
have CTO. Successful opening of CTO lesions improves anginal status, increases exercise
capacity, and reduces the need for bypass surgery. However, PCI of cases of CTO have
historically posed problems, with lower success rates (40 to 80 percent-average 60 percent),
higher equipment costs, and a higher restenosis rate. When MACE (Major Arterial or Cardiac

Events) is taken into account, the success rate typically in the range of 20 to 30 percent.
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[0004] Conventional intervention tools such as angioplasty balloons are often too flexible or
blunt to cross highly stenosed lesions such as CTOs, which often contains extremely hard,
calcified tissue that may form an impenetrable barrier to the advancement of a guidewire
therethrough. Even a less stenosed lesion may contain complex structures which may trap or
divert the steering end of the guidewire. In view of the great difficulties encountered in
attempting to properly position a guidewire across the stenosis, conventional guided atherectomy
or dilatation devices such as cutting elements and balloons cannot be used to cross the lesion as
long as a guidewire was not inserted through the lesion since they rely on complete wire

crossability.

[0005] A further problem associated with the use of conventional devices is the risk of
perforating the blood vessel being treated. For example, a guidewire or cutting tool, when
advanced, may cause dissection of the tissues of the arterial wall instead of the occlusion,
thereby creating a false lumen and possibly perforating the artery. If enough blood from a
perforated artery accumulates in the pericardial space surrounding the heart, it will result in a
condition known as cardiac tamponade in which the heart is compressed and emergency surgical

intervention is required to avert heart failure and death.

[0006] Another reason that conventional types of apparatus are typically ineffective in
treating total or near total occlusions is that conventional balloon catheter shafts and guidewires
do not perform well under the compressive loading and torque loading that are required in order

to advance such devices across a CTO lesion.

[0007]  Statistically, the predominant reason for failure to open CTO lesions with PCI has
been failure to cross the lesion with a guidewire (80 percent) and failure of a balloon to track
along the guidewire (15 percent) through the very hard lesion. Many types of guidewires and
devices have been tried, but successful recanalization has remained at about 60 percent.
Crossing CTO lesions in patients with peripheral vascular disease has met with similar problems,
for example, the reported success rate for percutancous catheter-based treatment of chronic

subclavian artery occlusion being in the range of 46%-83%.
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SUMMARY OF THE INVENTION

[0010] In certain embodiments, the present invention provides a balloon catheter system that
preferably is capable of the intraluminal advancement of conventional guidewires beyond

partially or fully occluded or stenosed lesions in body passages.

[0011]  In certain embodiments, the present invention provides a balloon catheter system that
preferably is capable of the intraluminal advancement of conventional guidewires beyond highly

stenosed lesions in body passages, such as CTOs in the vasculature.

[0012] In certain embodiments, the present invention provides an occlusion-crossing system

that may minimize trauma to the body passage wall.

[0013] In certain embodiments, the present invention provides a vascular occlusion-crossing

system that will minimize trauma to the vascular wall.

[0014] In certain embodiments, the present invention provides a CTO-crossing system that

will minimize trauma to the vascular wall.

[0015] In certain embodiments, the present invention provides a balloon that is designed so
that flipping backward, bending, and/or undesired and/or premature collapse of proximal tapers

is reduced, delayed, or avoided.

[0016]  In certain embodiments, the present invention provides a balloon that is designed so

that collapsing and/or bending of the balloon is reduced, delayed, or avoided.

[0017] In certain embodiments of the invention, a balloon comprising relatively thickened

proximal tapers is provided.

[0018] In certain embodiments of the invention, a balloon comprising a conically tapered

midsection is provided.

[0019]  In certain embodiments, the present invention provides a balloon preferably reduces or

minimizes trauma to the vascular wall or wall of other body passage is provided.
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[0020]  In certain embodiments, a balloon catheter system that is preferably relatively easy to

operate in the hands of healthcare professionals is provided.

[0021] In certain embodiments, the invention provides a balloon apparatus comprising: a
balloon comprising (a) a conically tapering midsection; (b) a distal tapering portion tapering
from a distal end of the midsection to a proximal end of a distal annular connection; and (c) a
proximal tapering portion tapering from a proximal end of the midsection to a distal end of a
proximal annular connection; wherein proximal tapering portion has a wall thickness greater than
the wall thickness of the distal tapering portion; wherein the wall thickness of the proximal
tapering portion tapers from the proximal annular connection to the proximal end of the
midsection; and wherein the wall thickness of the distal tapering portion tapers from the distal
annular connection to the distal end of the midsection. In certain preferred embodiments, the
midsection has a wall thickness less than the wall thickness of the distal tapering portion. In
certain preferred embodiments, the midsection conically tapers from a proximal end to a distal
end. In certain other preferred embodiments, the midsection conically tapers from a distal end to
a proximal end. In certain preferred embodiments, the balloon apparatus further comprises a
hollow outer shaft and a hollow inner shaft within the hollow outer shaft and coaxially slideable
with the hollow outer shaft; and wherein the balloon apparatus is coupled at a distal end of the
balloon apparatus to the hollow inner shaft by the distal annular connection and coupled at a
proximal end of the balloon apparatus to the hollow outer shaft by the proximal annular

connection. In certain preferred embodiments, a guidewire is passed through the hollow inner

shaft.

[0022] In certain embodiments, the invention provides a balloon catheter apparatus
comprising: (a) a hollow outer shaft; (b) a hollow inner shaft within the hollow outer shaft and
coaxially slideable with the hollow outer shaft; (c) a balloon coupled at a distal end of the
balloon to the hollow inner shaft by a distal annular connection and coupled at a proximal end of
the balloon to the hollow outer shaft by a proximal annular connection; wherein the balloon
further comprises: (a) a conically tapering midsection; (b) a distal tapering portion tapering from
a distal end of the midsection to the distal annular connection; and (c) a proximal tapering
portion tapering from a proximal end of the midsection to the proximal annular connection;

wherein the proximal tapering portion has a wall thickness greater than the wall thickness of the
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distal tapering portion; and wherein the midsection has a wall thickness less than the wall
thickness of the distal tapering portion. In certain preferred embodiments, the balloon catheter
apparatus is a single use catheter. In certain preferred embodiments, the midsection conically
tapers from a proximal end to a distal end. In certain other preferred embodiments, the
midsection conically tapers from a distal end to a proximal end. In certain preferred
embodiments, the wall thickness of the proximal tapering portion tapers from the proximal
annular connection to the proximal end of the midsection. In certain preferred embodiments, the
wall thickness of the distal tapering portion tapers from the distal annular connection to the distal

end of the midsection.

[0023]  In certain embodiments, the invention provides a method of using a balloon catheter
comprising the steps of: (a) advancing a guidewire within a blood vessel to a vascular occlusion;
(b) providing a balloon catheter comprising: (i) a hollow outer shaft; a hollow inner shaft within
the hollow outer shaft and coaxially slideable with the hollow outer shaft; a balloon coupled at a
distal end of the balloon to the hollow inner shaft by a distal annular connection and coupled at a
proximal end of the balloon to the hollow outer shaft by a proximal annular connection, wherein
the balloon further comprises: a conically tapering midsection; a distal tapering portion tapering
from a distal end of the midsection to a proximal end of a distal annular connection; a proximal
tapering portion tapering from a proximal end of the midsection to a distal end of a proximal
annular connection; wherein proximal tapering portion has a wall thickness greater than the wall
thickness of the distal tapering portion; (c) advancing the balloon catheter over the guidewire so
that the distal end of the balloon catheter is in proximity to the vascular occlusion; (d) inflating
the balloon to a first inflation pressure, wherein the first inflation pressure causes the balloon to
be anchored within the blood vessel; and (e) oscillating the pressure in the balloon, wherein the
oscillation of the pressure causes a longitudinal distal-proximal oscillation of the inner shaft. In
certain preferred embodiments, the midsection of the balloon has a wall thickness less than the
wall thickness of the distal tapering portion. In certain preferred embodiments, the wall
thickness of the proximal tapering portion of the balloon tapers from the proximal annular
connection of the balloon to the proximal end of the midsection of the balloon; and the wall
thickness of the distal tapering portion of the balloon tapers from the distal annular connection of
the balloon to the distal end of the midsection of the balloon. In certain preferred embodiments,

the method is used to access discrete regions of the vasculature, to cross an occluded vessel, or
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both. In certain preferred embodiments, the method is used to access discrete regions of the
vasculature, to cross a chronic total occlusion, or both. In certain preferred embodiments, the
method further comprises the step of immobilizing the guidewire within the inner shaft. In
certain preferred embodiments, the method further comprises the steps of (f) ceasing the
oscillation of pressure in the balloon; (g) decreasing the pressure in the balloon, wherein the
decreasing of pressure releases the anchoring of the balloon; (h) advancing the balloon catheter
distally within the blood vessel; (i) inflating the balloon to a first inflation pressure, wherein the
first inflation pressure causes the balloon to be anchored within the blood vessel; and (j)
oscillating the pressure in the balloon, wherein the oscillation of the pressure causes a

longitudinal distal-proximal oscillation of the inner shaft.

[0024]  Additional features, advantages, and embodiments of the invention may be set forth or
apparent from consideration of the following detailed description, drawings, and claims.
Moreover, it is to be understood that both the foregoing summary of the invention and the
following detailed description are exemplary and intended to provide further explanation without

limiting the scope of the invention as claimed.
BRIEF DESCRIPTIONS OF THE FIGURES

[0025]  The accompanying drawings, which are included to provide a further understanding of
the invention and are incorporated in and constitute a part of this specification, illustrate
preferred embodiments of the invention and together with the detailed description serve to

explain the principles of the invention. In the drawings:

[0026] FIG. 1 schematically illustrates an over the wire implementation of the balloon

catheter of the invention.

[0027] FIG. 2 schematically illustrates a rapid exchange implementation of the balloon

catheter of the invention.

[0028] FIG. 3 demonstrates various eclastic shaft implementations according to preferred

embodiments of the invention.
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[0029]  FIG. 4 schematically illustrates various distal tip implementations that may be used in

the balloon catheter of the invention.

[0030] FIGS. 5A and 5B schematically illustrates alternative balloon configurations that may

be used in the balloon catheter of the invention.

[0031] FIG. 6 schematically illustrates an implementation of the balloon catheter of the

invention wherein an auxiliary tube is used instead of the inner guide wire tube.

[0032] FIGS. 7A to 7F demonstrate one possible procedure for opening a path through an

occluded vessel.

[0033] FIGS. 8A and 8B demonstrate another possible procedure for opening a path through

an occluded vessel.

[0034] FIGS. 9A to 9C illustrate three different embodiments of the balloon catheter of the
present invention using a bi-lumen conduit instead of a concentric inner tube-outer tube

configuration proximal to the balloon attachment.

[0035] FIGS. 10A to 10E illustrate a method of producing a balloon catheter of the present

invention having an intussuscepted distal balloon attachment.

[0036] FIGS. 11A to 11C demonstrate one implementation of the second main embodiment

of the invention and a procedure for catheter deployment at the occlusion site.

[0037]  FIGS. 12A and 12B demonstrate another possible procedure for catheter deployment

at the occlusion site.

[0038] FIGS. 13A and 13B are longitudinal and cross-sectional views illustrating a balloon
catheter device of the invention that is capable of delivering rapid motion to its distal end portion

and to a guidewire passing therein.

[0039] FIGS. 14A and 14B are longitudinal and cross-sectional views illustrating the balloon

catheter device of the invention ramming an occlusion.
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[0040] FIG. 15 schematically illustrates the balloon catheter device of the invention

comprising coupling means between the inner tube and the ramming tool (guidewire).

[0041]  FIG. 16 schematically illustrates another possible coupling means between the inner

tube and the ramming tool (guidewire).

[0042] FIG. 17 schematically illustrates a balloon catheter of the invention wherein the

inflatable member comprises a narrow distal portion.

[0043] Figs. 18A and 18B illustrate two alternative embodiments that may be used when

there is a need to maneuver the balloon catheter through a curved region of the vasculature.

[0044]  FIGS. 19A-C schematically illustrate the collapse of the proximal tapers of a balloon,
and restriction of the withdrawal of the balloon through the insertion sheath caused by the

collapse of the proximal tapers.

[0045]  FIG. 20 schematically illustrates an embodiment of an over the wire implementation
of the balloon comprising relatively thickened proximal tapers constructed according to the

principles of the invention.

[0046] FIG. 21 schematically illustrates an embodiment of an over the wire implementation
of the balloon comprising a midsection that is tapered inwardly towards its distal end constructed

according to the principles of the invention.

[0047]  FIG. 22 schematically illustrates an embodiment of an over the wire implementation
of the balloon comprising a midsection that is tapered inwardly towards its proximal end

constructed according to the principles of the invention.
DETAILED DESRIPTION OF THE PREFERRED EMBODIMENTS:

[0048] The present invention provides devices and methods for the treatment of vascular
occlusions by means of disrupting vascular occlusions (particularly in cases of CTO) or other
blockages formed within blood vessels in order to provide pathways for the placement of
interventional devices and catheters as part of an overall effort to restore normal circulatory

function. In general terms, the catheter device of the present invention achieves its objectives by
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creating a path with the least possible mechanical resistance through or around the occlusion.
Thus, the presently disclosed device includes a distally-advanceable inner shaft tip which is
caused to rapidly move back and forth (i.e., distally and proximally), thereby "ramming" the
lesion. In another embodiment, the rapid oscillation of the inner shaft tip is translated into rapid
oscillation of a guide wire that is firmly held within the distal portion of the inner shaft lumen,
and which projects beyond the distal ending thereof. In addition, the devices comprise an

inflatable balloon for anchoring the catheter inside the vessel.

[0049] In one preferred mode of operation, the device of the present invention creates the
aforementioned path of least resistance by means of mechanically fracturing the vascular
occlusion, while at the same time, greatly minimizing the risk of perforating the endothelia of the
vascular wall. The latter advantage is achieved, in part, by virtue of the fact that the distal tip of
the inner catheter shaft (and, in certain embodiments the distal tip of the guide wire) actually
moves a very short distance (distally and proximally), thereby reducing the possibility that said

tip will deviate from its centered position and motion.

[0050] In another aspect of the invention, following disruption of the occluding lesion, the
pathway thereby created through said lesion is used to accommodate the conventional
angioplasty balloon feature of the catheter, in order to simultancously treat the vessel using
conventional balloon angioplasty methods as part of an overall effort to restore normal

circulatory function within the blood vessel.

[0051] In its most general form, the crossing balloon system disclosed and described herein
comprises a novel balloon catheter, the fluid pressure inside of which may be rapidly increased

and decreased by means of a pressure generator console connected thereto.

[0052]  The balloon catheter of the present invention comprises a flexible inner catheter shaft
fitted within a rigid outer shaft. The distal portion of the catheter defines an inflation lumen, as
will be described in more detail hereinbelow. A balloon is connected at its proximal end to the
distal end of the outer shaft section and at its distal end to the inner shaft, and is in fluid

communication with the inflation lumen.
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[0053] The manner in which the distal tapered extremity of the balloon is affixed to the distal
end of the flexible inner catheter shaft permits the distal end of said balloon to roll and expand in
response to increased pressure inside the catheter system. Similarly, as a result of this pressure
increase, the inner shaft is caused to be stretched distally. Subsequently, when the pressure
inside the catheter system is reduced, the elasticity of the inner shaft causes retraction (i.e. in a
proximal direction) of the inner shaft tip to its original position in response to decreased pressure.
In one main embodiment of the device of the present invention, a rapid, reciprocating pressure
cycle (having a frequency in the sonic or subsonic range) thus causes a correspondingly rapid
linear oscillatory motion of the distal tip of the inner catheter shaft. In this way, the rapid
cyclical distal-proximal movement of the inner shaft tip, together with the shock waves set up
within the volume of blood situated between the inner shaft tip and the obstruction, may be used
to progressively cut through an intravascular lesion located in the region of the inner shaft tip. In
a second main embodiment of the invention, to be described in more detail hereinbelow, the
device further comprises means for firmly grasping a guide wire within the inner catheter shaft,
such that the oscillating protruding distal tip of said guide wire is used to cut through the

obstructing lesion.

[0054] In the case of both of these main embodiments, as mentioned hereinabove, the ability
of the distal end of the balloon to roll and expand in response to increased pressure inside the
catheter system is determined by the manner in which said distal end is affixed to the inner shatft.
Essentially, the distal end of the balloon needs to be attached to the inner shaft in such a way
that, during the part of the method of use wherein said balloon is caused to oscillate, said distal

end is intussuscepted. This may be achieved in two different ways:
[0055] 1. Pre-Charged Balloon Conformation

[0056] In this conformation, the balloon is attached to the distal end of the inner shaft during
manufacture such that its distal end is always intussuscepted (i.e. inwardly-folded onto the
catheter shaft. This conformation may be achieved in a number of different ways as will be

discussed further hereinbelow.

10
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[0057] II. Non-Charged Balloon Conformation

[0058] In this conformation, the distal end of the balloon is attached to the inner shaft of the
catheter in a conventional, non-intussuscepted manner. The distal intussusception is then created
by the operator by means of moving the inner shaft in a proximal direction (in relation to the
outer shaft). The inner shaft is then locked in place, thereby preserving the distal intussusception

created by this procedure.

[0059] The balloon catheter of the present invention may be constructed as an over-the-wire
catheter or as a single-operator (i.c. rapid exchange) catheter. In addition, the catheter may also
be manufactured using bi-lumen catheter tubing (for at least a portion of the total length of the

catheter), as will be described hereinbelow.

[0060] In a preferred embodiment, the aforementioned balloon catheter is manufactured as a

sterile, single use catheter, which is entirely disposable.

[0061] The balloon catheter is, as mentioned hereinabove, connected to a reusable pressure
generator console, wherein said console comprises a pressure pump, a pressure adjustment
interface and a display providing control information for the physician. In one embodiment, the
pressure generator console includes a piston and a chamber with an actuation member attached to
the piston. The chamber may be used to introduce inflation fluid (e.g. contrast material or saline
solution) into the pressure generator and the inflation lumen. A pressure sensor/gauge and a
balloon sizing scale may be incorporated into the catheter assembly to assist the treating
physician in monitoring the procedure. A longitudinally oscillating drive, such as a solenoid

and/or a rotary electrical motor, may be operatively connected to the pressure generator.

[0062] The procedure begins by advancing a guidewire within a blood vessel to a vascular
occlusion. The catheter is advanced over the guidewire so that the distal end of the catheter is in
proximity to the vascular occlusion. The guidewire is slightly retracted from the catheter tip.
The balloon, the distal tip of which is located just proximal to the lesion to be treated, is then
inflated to a first inflation pressure (anchoring pressure) which causes the balloon to be anchored
within the confines of the blood vessel. Preferably, a symmetrical balloon inflation shape is used

in order to ensure that the tip of the catheter is centered within the vessel in front of the

11
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occlusion. In non-charged versions of the device, the physician can manipulate the inflated
balloon by releasing a grasping clement that allows the inner shaft to be moved relative to outer
shaft. The inner shaft is then retracted proximally and anchored at its new location by re-
applying the grasping element. Proximal retraction of inner shaft folds the distal end of balloon
inwardly and shortens the balloon's length (i.e. causes intussusception). If required, the operator
may then advance the balloon catheter device distally in order to diminish the distance between
distal tip and the occlusion. This is preferably carried out by partially deflating the balloon,
thereby releasing its anchor in vessel, and advancing the device distally until the catheter's tip

contacts the occlusion.

[0063]  After re-anchoring the balloon in its new position at the treatment site, the user may
operate the device in a vibrating mode by applying an oscillating pressure source to open a
passage through the occlusion. During the phase of the oscillatory cycle wherein the balloon
pressure is increased from the anchoring pressure to a higher pressure, the elastic inner shaft
extends and allows the distal balloon taper to roll and advance the catheter inner shaft tip in a
forwards (i.e. distal) direction. Subsequently, during the phase of the oscillatory cycle wherein
the balloon pressure is reduced back to the anchoring pressure, the elastic properties of the inner
shaft will cause said shaft to move in a reverse (i.e. proximal) direction. This rapid, cyclical
increase and decrease in fluid pressure that is produced by the pressure generator console thus
results in a rapid distal-proximal linear motion of the inner shaft tip. This motion takes place
over only a very short distance in order to keep the inner shaft tip centered within the vessel
lumen. After the lesion in front of the catheter has been treated (i.e. rammed, scored and/or
fractured by the vibrating inner shaft tip and/or distal tip of a guide wire immobilized within said
vibrating shaft), the balloon is deflated, advanced further distally through the lesion and the
procedure is then repeated, thereby traumatizing the next portion of the lesion. Once the
operator has succeeded in crossing the lesion with the guidewire the catheter system may then be
further used to dilate the lesion and create a passage for a stent or a larger diameter balloon

dilatation catheter, using conventional angioplastic techniques that are well known in the art.

[0064] The method of the present invention may be used as the primary or sole means for
crossing a CTO lesion. Alternatively, it may be employed after an unsuccessful attempt to cross

the lesion using a conventional guidewire or cutting tool method.

12
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[0065] Several preferred embodiments of the device of the present invention will now be
described in more detail, with reference to the accompanying drawings. It will, of course, be
understood that the particular embodiments described herein are brought for the purpose of
illustration only, and that the scope of the present invention is not limited to these specific
embodiments alone. The first group of implementations to be described (with reference to FIGS.
I to 9) relate to the first of the two main embodiments described hereinabove, that is, the
embodiment wherein the vibrating distal tip of the catheter inner shaft is used to traumatize the
occluding plaques. Following the description of this first group of implementations, the second
main embodiment (i.e. devices having a guide wire immobilized within the inner catheter

lumen) will then be described in detail.

[0066]  First Main Embodiment--Balloon Catheter Having Oscillating Catheter Shaft Distal
Tip

[0100] FIG. 1 schematically illustrates an over the wire implementation of the balloon
catheter of the invention. This balloon catheter implementation comprises an outer shaft 18,
inner shaft 17 passing thereinside, and a balloon 5ab. The lumen of inner shaft 17 may be used
for passing a guide wire thereinside, which may be introduced via its proximal opening (e.g., 12

in FIGS. 7A-7F).

[0101] In the pre-charged embodiment shown in this figure, balloon 5ab has a conical
proximal end 2a which tapers proximally towards its annular attachment area on the outer
surface of the distal end portion of outer shaft 18, and a rounded distal end 3b which is obtained
by folding the distal end of balloon 5ab proximally inwardly and by attaching the outer surface
of its distal end portion to an annular attachment area on the outer surface of the distal end
portion of inner shaft 17. Other types of balloon attachment (resulting in either pre-charged or
non-charged balloons) are also possible, one example of which is described in more detail

hereinbelow.

[0102] Inner shaft 17 is manufactured either from an elastic material or from an essentially
non-clastic material that incorporates at least one elastic portion 15 along its length. Of course
clastic portions 15 may be obtained in many various ways, as will be exemplified hereinafter

with reference to FIGS. 3. Inner shaft 17 may further comprise a radiopaque marker 11. The

13
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distal tip 1 of inner shaft 17 is preferably made rigid to allow using it for opening a passage via
an occluded vessel. Inflation fluid lumen 18a (shown in FIG. 2) obtained between the inner shaft
17 and the inner wall of outer shaft 18 provides a path for filling the inner space 18b of balloon
Sab with pressurized inflation fluid provided therethrough.

[0103] In a typical procedure the balloon catheter is inserted and advanced through the
patient's vessels in a deflated state towards a treatment site which may comprise an occlusion.
After reaching the treatment site inflation fluids are pressurized via inflation fluid lumen 18a and
fill inner space 18b of balloon 5ab. The wall of the inflated balloon is pressed against the inner
wall of the blood vessel, thereby anchoring it at the treatment site. In the case of a catheter
utilizing a non-charged balloon (e.g. the balloon depicted in FIG. 5A), in order to operate said
catheter in its vibrating mode the inner shaft 17 is slightly retracted proximally (e.g., about 3
mm) and affixed in its displaced location. Proximal retraction of inner shaft 17 cause distal end
portion 3b of balloon 5ab to collapse proximally inwardly on the outer surface of distal end
portion of inner shaft 17, thereby shortening the balloon's length and reducing its volume.
Portions of the inflation fluid may be discharged via inflation fluid lumen 18a into an inflation

fluid reservoir (not shown) in order to prevent substantial pressure increase therein.

[0104] The distal end of inner shaft 17 may then be vibrated about its longitudinal axis by
applying an oscillatory pressure source for periodically changing the pressure of the inflation
fluid in balloon 5ab. Such periodical pressure changes cause corresponding lengthening and
shortening of the lengths of balloon 5ab and inner shaft 17, thereby traumatizing and/or rupturing

the occlusion and thereby opening a passage therethrough.

[0105] In the case of a catheter deploying a pre-charged balloon (e.g. the balloon depicted in
FIG. 1), the procedure for using the catheter in a crossing procedure is essentially the same as
described hereinabove, except for the fact that the inner shaft need not be withdrawn proximally

prior to causing the distal-proximal oscillation of the balloon.

[0106]  Outer shaft 18 may be manufactured by an extrusion and laser cutting process from a
polymer, composite or metallic material, such as stainless 316, Nitinol, or nylon, its longitudinal
length is generally in the range of 100 to 2000 mm, preferably about 1200 mm, and its diameter

is generally in the range of 1 to 2 mm, preferably about 1.2 mm. Inner shaft 17 may be
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manufactured by an extrusion and laser cutting process from a flexible polymer, composite
materials or metallic material, such as Pebax, nylon, stainless steel or nitinol, its longitudinal
length is generally in the range of 100 to 2000 mm, preferably about 1200 mm, and its diameter
is generally in the range of 0.3 to 1 mm, preferably about 0.8 mm. FElastic portions 15 may be
obtained by combining one of the above mentioned materials, preferably elastomers, in such
portions. A particularly preferred material comprises a blend of nylon and Pebax, for example

Pebax 5333, Pebax 6333 and so on.

[0107]  The distal tip 1 of inner shaft 17 may be stiffened by combining stiffening materials
such as composite or metals materials therein, and it is preferably has a sharp end for improved
penctration. Additionally or alternatively, distal tip 1 may be stiffened by making it thicker

relative to other portions of inner shaft 17.

[0108] FIG. 2 schematically illustrates a rapid exchange implementation of the balloon
catheter of the invention. The vibration mechanism in this rapid exchange balloon catheter
implementation is substantially similar to the mechanism described above with reference to FIG.
1. The catheter's structure mainly differs in that the lumen of its inner shaft may be accessed via
a lateral port 23 provided between the proximal and distal ends of the catheter. Inflation fluid
lumen 18a in outer shaft 18 may be filled with pressurized inflation fluids via proximal tube 25
attached thereto. Strain relief portion(s) 22 may be provided over the outer surface of outer shaft
18 for providing additional transitional support and reducing the potential collapse of the

catheter's tubes/shafts.

[0109]  The longitudinal length of inner shaft 17 is generally in the range of 100 to 300 mm,
preferably about 120 mm. Proximal tube 25 is made from a flexible polymer, composite or
metallic material, such as Pebax, nylon, stainless steel or nitinol, having a longitudinal length
generally in the range of 100 to 1700 mm, preferably about 1000 mm, and it may be attached to
outer shaft 18 by strain relief portion(s) 22 that can be structured by means of over extruded

section or heat shrink tube section.

[0110] FIG. 3 demonstrates various elastic inner shaft portion implementations that may be
used in the balloon catheter of the invention. Elastic portion 15 may be constructed by

combining a braided coil section 15a with an intermediate section thereof. Braided coil, such as
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manufactured by coil winding processes, may be manufactured from a composite material or as
an inner coil with over extrusion of Polymers/elastomers type of materials. The length of the
braided coil 15a combined in inner shaft 17 is generally in range of 3 to 15 mm, preferably about

10 mm.

[0111] In an alternative implementation elastic portion 15b is obtained by embedding coil 33
in an intermediate section therecof. Coil 33 may be embedded in the wall of a portion of inner
shaft 17, or on its outer or inner surface. Coil 33, such as manufactured by coil winding
techniques, may be manufactured from a metallic material and it may be adhered to inner shaft
17 using an acrylic type of adhesive, or embedded in its wall via an over extrusion process. The

length of coil 33 is generally in range of 3 to 15 mm, preferably about 10 mm.

[0112]  Additionally or alternatively, elastic portions 15¢ made from one or more elastic
material, such as elastomers, polymers, or composite materials, may be embedded in
intermediate sections of inner shaft 17. Elastic portions 15¢ may be adhered in intermediate
portions of inner shaft 17 using an acrylic, epoxy, or vulcanized type of adhesive, or attached
therebetween using an ultrasonic/thermal bonding welding process. The length of elastic portion

15¢ is generally in range of 3 to 15 mm, preferably about 10 mm.

[0113]  FIG. 4 schematically illustrates various distal tip 1 implementations that may be used
in the balloon catheter of the invention. Distal tip 1 may be shaped in various forms for
achieving a desired rupture effect. A connector (not shown) may be provided at the distal end of
the catheter for allowing the physician to choose a suitable tip 1 and connect it thereto. The tip
may have a sharp shape as demonstrated in tip 1a, a blunt shape as demonstrated in tips 1b and
Ic, or a drill like shape as in tips 1d and le. Tip 1, such as manufactured by machining, may be
manufactured from a metal or composite type of material and its length is generally in range of 1

to 5 mm, preferably about 2 mm.

[0114]  FIGS. 5A and 5B schematically illustrate alternative balloon configurations that may
be used in the balloon catheter of the invention. FIG. 5A demonstrates a non-charged
implementation of the balloon catheter of the invention wherein both proximal and distal ends,
2a and 3a, of balloon 5aa have conical shapes. The shape of balloon 5aa is obtained by using a

balloon having tapering ends the inner surfaces of which are attached to the outer surfaces of end
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portions of outer shaft 18 and inner shaft 17. In the pre-charged example shown in FIG. 5b both
proximal and distal portions, 2b and 3b, of balloon 5bb have a rounded, intussuscepted shape
which is obtained by attaching the outer surface of the end portions of balloon 5bb to the outer
surface of end portions of outer shaft 18 and of inner shaft 17. Typically, in order to attach the
outer surfaces of the end portions of balloon 5bb in this way, its distal end 3b is folded

proximally inwardly and its proximal end 2b is folded distally inwardly.

[0115] Balloon 5 may be a non-compliant or semi-compliant or low-compliant balloon, such
as manufactured by Interface Assoc, may be manufactured by conventional methods known in
the balloon catheter industry from a biocompatible polymer material, preferably from nylon 12
or PET (polyethylene terephthalate). The angle of conical ends of balloon 5, such as in balloons
5ab and 5aa, is generally in range of 10° to 90°, preferably about 40 °.

[0116]  FIG. 6 schematically illustrates an alternative implementation of the balloon catheter
of the invention wherein an auxiliary tube 50, laterally attached to the outer surface of an end
section of outer shaft 18, is used as a guide wire lumen instead of inner shaft (17). Auxiliary
tube 50 has proximal and distal openings for passing a guide wire therethrough. In this way the
balloon catheter of the invention may be manufactured with a single lumen employing the
hollow interior of shaft 18 as an inflation fluid lumen. The distal end section of the catheter
comprising balloon 5 comprises an inner shaft 67 which proximal end is attached at one or more
attachment points 62 located between the proximal ends of balloon 5 and of the catheter to the
inner wall of outer shaft 18. Inner shaft 67 comprises one or more elastic portions 15, a
radiopaque marker 11, and a tip 1g adapted for rupturing an occlusion. Auxiliary tube 50 may be
manufactured from a flexible polymer or metal and it may be adhered to the outer surface of
outer shaft 18 using adhesives or ultrasonic welding/thermal bonding, and its length is generally

in range of 100 to 300 mm, preferably about 120 mm.

[0117]  FIGS. 7A to 7F demonstrate one possible procedure for opening a path through an
occluded vessel 20 using the balloon catheter of the invention 10. In this example a non-charged
balloon 5aa is used which has proximal and distal tapering ends attached to the outer surface of a
distal portion of outer shaft 18 and of inner shaft 17, at attachment points 7 and 6, respectively.

Catheter 10 may be advanced towards the treatment site over guide wire 13 threaded through the
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lumen of inner shaft 17. Catheter 10 should be placed as near as possible to occlusion 70,
preferably such that distal tip 1 contacts said occlusion. Once catheter 10 is placed in the
treatment site balloon 5aa may be inflated to a first, anchoring diameter by introducing
pressurized inflation fluids (designated by arrows 8a) via inflation fluid port 11. Inflation fluids
pass via inflation fluid lumen defined between inner wall of outer shaft 18 and the outer surface
of inner shaft 17. In its inflated state (FIG. 7B) lateral sides of balloon 5aa are pressed against

the inner wall 21 of vessel 20, thereby anchoring it thereto.

[0118]  After anchoring the balloon in the treatment site the operator manipulates the inflated
balloon by releasing a grasping element 14, thus allowing inner shaft 17 to be moved proximally
relative to outer shaft 18. Inner shaft 17 is retracted proximally and locked into its new location
by re-applying grasping element 14 (FIG. 7C). Graduated scale 19, provided on a proximal
portion of inner shaft 17, may be used to assist the operator in determining the length of inner
shaft 17 which has been retracted. Proximal retraction of inner shaft folds the distal end of
balloon 5aa proximally inwardly and shortens the balloon's length and consequently reduces its

inflated volume as portions of inflation fluid are discharged therefrom (designated by arrows 8b).

[0119] The discharged portions of inflation fluid may be received by an inflation fluid
reservoir (not shown) via inflation fluid port 11 or via a dedicated discharge outlet (not shown).
Alternatively or additionally, the pressure changes in the device may be absorbed utilizing
mechanical or pneumatic means (not shown). For example, a gas (e.g., air) bubble (e.g., balloon
filled with air) may be placed in outer shaft 18, which will absorb volumetric changes and thus
prevent substantial pressure changes in the shaft 18. As another example, volumetric changes in
shaft 18 may be absorbed by using a movable piston mechanism which can restore a non-pressed

state via a spring attached thereto.

[0120]  The operator may advance the balloon catheter device distally in order to diminish the
distance between distal tip 1 and occlusion 70, if required. This is preferably carried out by
partially deflating balloon 5aa, thereby releasing its anchor in vessel 20, and advancing the

device distally until tip 1 contacts occlusion 70.

[0121] FIG. 7D demonstrates operation of the balloon catheter 10 in a vibrating mode by

applying an oscillating pressure source 42 via inflation fluid port 11, which generates periodical
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pressure changes in balloon 5aa. These periodical pressure changes result in periodical
lengthening and shortening of balloon 5aa and elastic portion 15 of inner shaft 17. The vibrating
movement of distal tip 1, and/or the shockwaves 45 established thereby, fracture occlusion 70

and open a pathway therethrough.

[0122]  As shown in FIG. 7E guide wire 13 may be then advanced into the fractured occlusion
and thereafter the balloon catheter may be also advanced thereinto after deflating balloon 5aa.
At this state the fractured occlusion may be dilatated by inflating balloon 5aa as shown in FIG.
7F.

[0123] In the case of a pre-charged balloon catheter, the procedure is essentially the same as
described above, except that the step of withdrawing the inner shaft proximally (in order to

create an intussusception at the distal end of the balloon) as shown in FIG. 7B, is omitted.

[0124]  The pressure in balloon 5aa in its inflated state is generally in the range of 2 to 10
atmospheres, preferably about 4 atmospheres, and in its folded state in the range of 2 to 10
atmospheres, preferably about 5 atmospheres. Oscillatory pressure source 42 may be
implemented in various ways, for example, by utilizing a peristaltic or diaphragm pump, and the
pressure oscillations may be controlled by utilizing a solenoid or a revolving eccenter, for

instance.

[0125]  The pressure of the inflation fluid in balloon 5 may be measured by a pressure gauge
(not shown) installed at a suitable location along the inflation path, such as in the inflation fluid
lumen, for example. Alternatively, the inflation fluid pressure may be obtained utilizing an
expansion based indicator (e.g., a flexible part which reacts to pressure by clongating) or by
mechanical displacement indicator (e.g., indicator which records the longtidunal movement of

the cylinder and translates it to pressure changes).

[0126]  In one embodiment, balloon 5 may be attached to the catheter in such a way that said
balloon is twisted along its longitudinal length. Such a longitudinal twist may be obtained by
slightly rotating attaching one of the balloon's ends and attaching it to its respective attachment
point. In this way the inflation of balloon 5 will apply a rotational force on the inner shaft 17

attached thereto which cause elastic portions 15 thereof to twist and thus provide a drilling effect
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by slightly rotating tip 1 about its axis. It should be noted that a similar effect is also obtained
when using spring like elements to implement elastic portions 15 due to the twist induced by

such elements during stretch and compression thereof.

[0127]  Another example for a procedure for opening a path through an occluded vessel 20
that may be performed with a modified balloon catheter 10m of the invention will be now
described with reference to FIGS. 8A and 8B. In this example inner shaft 17 is affixed to outer
shaft 18 (e.g., using a suitable adhesive), and balloon 5aa is folded proximally (backwardly) thus
forming an arrow-like shape which tapers towards its distal attachment point 6, as shown in FIG.
8A. This folded state may be retained by folding the balloon into this folded state under heat
and/or pressure (¢.g., while folding the balloon in the manufacturing process the balloon will

maintain its shape if the "wings" of the folded jacket will remain tight).

[0128]  Catheter 10m may be advanced towards the treatment site over guide wire 13 threaded
through the lumen of inner shaft 17. Catheter 10m is placed adjacent to occlusion 70, preferably
such that distal tip 1 contacts said occlusion. Once catheter 10m is placed in the treatment site
balloon 5aa may be inflated by introducing pressurized inflation fluids (designated by arrows 8a)
via inflation fluid port 11. Inflation fluids pass via inflation fluid lumen defined between inner
wall of outer shaft 18 and the outer surface of inner shaft 17. In its inflated state (FIG. 7B)
lateral sides of the backwardly folded balloon 5aa are pressed against the inner wall 21 of vessel
20, thereby anchoring it thereto. Due to its initial folded state the distal end of the inflated

balloon gains a rounded, intussuscepted shape, as shown in FIG. §B.

[0129]  After anchoring the balloon in the treatment site the physician may operate the device
in a vibrating mode by applying an oscillating pressure source 42 via inflation fluid port 11, open
a passage through the occlusion and perform balloon dilatation in needed, as was previously

described with reference to FIGS. 7D to 7F.

[0130] The pressure in balloon 5aa in its inflated state is generally in the range of 2 to 10
atmospheres, preferably about 4 atmospheres, and in its folded state in the range of 2 to 10

atmospheres, preferably about 5 atmospheres.
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[0131]  While in the figures an inner shaft 17 comprising a elastic portion is shown, it should

be understood that the entire inner shaft may be manufactured from an elastic material.

[0132] It should be noted that balloon 5 may be operated also manually or mechanically in
procedures such as described hereinabove. For example, the operator can carry out the
occlusions opening steps (or portion thercof) of the procedure by pulling inner shaft 17
proximally and releasing. Such operation will cause proximal and distal movements of tip 1 and
assist in rupturing occlusion 70. Similarly, mechanical means (not shown e.g., mechanical
actuator which can be used on the proximal end of the catheter to reciprocatingly move withdraw
the inner shaft and release against the flexibility of the balloon accumulating pressure change)

may be used to introduce such movements of tip 1.

[0133]  FIG. 9A illustrates one embodiment of the invention utilizing bi-lumen catheter tubing
along at least a portion of the overall catheter length. In this figure, the proximal end of balloon
5 is attached to the external surface of bi-lumen conduit 90 at proximal attachment point 96, said
bi-lumen conduit comprising two parallel lumens: inflation fluid lumen 92 and guidewire lumen
94. A cross-sectional view of the bi-lumen conduit taken at level A-A that shows the relative
arrangement of the two lumens is provided in the lower part of this figure. While inflation fluid
lumen 92 ends at the proximal balloon attachment point 96, guidewire lumen 94 continues
beyond the proximal attachment point 96 of balloon 5, said lumen becoming continuous with the
guidewire lumen 91 of distal conduit 99. The outer surface of said distal conduit, which contains

an clastically deformable region, provides a distal balloon attachment point 98.

[0134] In certain circumstances, it is desirable to provide a bi-lumen catheter of the type
described immediately hereinabove, in which the length of the elastically-deformable distal
conduit is not limited by the length of the balloon. FIGS. 9B and 9C illustrate to further

embodiments utilizing a bi-lumen conduit, in which this length restriction is removed.

[0135] Thus, in the embodiment of the catheter shown in FIG. 9B, the modified balloon, 5d,
has an elongated proximal neck, 97. The increase in length of the balloon in this embodiment
permits the use of a longer distal conduit 99d. All the other elements in this embodiment are the

same as those shown in FIG. 9A.
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[0136] FIG. 9C illustrates another embodiment of the bi-lumen configuration described
hereinabove. In this case, the catheter further comprises a connecting tube segment 100
positioned between the conduit proximal portion (i.e. bi-lumen conduit) 90 and the proximal
attachment point of the balloon 96. Said connecting tube segment, shown in cross-sectional view
in the lower right portion of FIG. 9C, contains two concentrically arranged conduits: an outer
conduit having a lumen 106 that is in fluid communication with the fluid passage lumen 92 of
the proximal bi-lumen conduit 90, and an inner conduit formed by the elastic section-containing
distal conduit 99d, the lumen 91d of which is in fluid communication with the guidewire lumen
94 of said bi-lumen conduit 90. As seen in the figure, the presence of connecting tube segment
100 permits the use of a longer distal conduit 99d than is possible in the embodiment depicted in

FIG. 9A.

[0137] Fig. 18A depicts an alternative embodiment of balloon 5, which may be
advantageously used when the balloon catheter needs to negotiate a curve or bend in the blood
vessel which is being treated. This embodiment of the balloon is constructed such that it
possesses a stepped shape, having a broader proximal portion 5x and a narrower distal portion
5y. As the balloon is advanced towards the curved region of the blood vessel, the narrow distal
balloon portion 5y enabling the catheter and guide wire tips to be centered within said curved or
arched region. This balloon design may also be used as a deflectable catheter, wherein the
narrow distal portion 5y is manually diverted towards the occlusion, centering the tip with

respect to vessel geometry.

[0138] Fig. 18B depicts a further, alternative embodiment that may also be used to negotiate
curved or arched regions of the vasculature. In this embodiment, the distal end of the inner shaft
of the catheter beyond the distal end of the balloon 233 is considerably longer than in the
embodiments hereto described, thereby permitting manually diversion of this extension around

the arched portion of the blood vessel.

[0139]  As mentioned hereinabove, there exist several different procedures for attaching the
balloon to the catheter shafts that may be employed in the manufacture of the devices of the

present invention. One example of such a procedure, which is illustrated in FIGS. 10A to 10E, is
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known as “flipped distal neck bonding™. As shown in FIG. 10A, the balloon 110 is blown from a

length of standard tubing material (e.g. 0.6 mm diameter nylon 12 and/or a Pebax material).

[0140]  Following balloon blowing, the tubing that is continuous with the proximal and distal
extremities of the balloon forms three distinct areas, each having different diameters. Thus, on
the proximal side of the balloon, the tubing has inner diameter D1, said diameter matching the
outer catheter shaft that is to be connected thereto. The region immediately distal to the balloon
has diameter D2, said diameter matching the outer diameter of the inner catheter shaft. Finally,
the distal-most region has a diameter D3 that is smaller than D2. The purpose of this undersized
region, as shown in FIG. 10B, is to permit bonding to a mandrel 112 that is inserted through the

lumen of balloon 110.

[0141] The next stage, as shown in FIG. 10C is the pulling of mandrel 112 in a proximal
direction (as shown by the arrow). Since the mandrel is firmly bonded to the distal-most portion
of the balloon, the pulling motion results in inversion and intussusception of the distal portion of
the balloon through its lumen. The mandrel is then trimmed at the point indicated by the arrow
and removed. The next stage, as shown in FIG. 10D, is the insertion of the inner tube 114 into
the portion of the tubing having diameter D2 that was originally located (e.g. in FIG. 10A) distal
to the expanded portion of the balloon 110. The inner tube is bonded into inner tube 114 along
the section of the tubing marked with arrows. FIG. 10E shows balloon 110 following the final
stages of the procedure, wherein the balloon has been rolled back into its original position, and
the outer tube 116 has been bonded into the distal neck of the balloon (the region having
diameter D1). It may be seen from this figure that the balloon produced by this technique is pre-

charged, having a distal intussusception.

[0142] Second Main Embodiment--Balloon Catheter Having Oscillating Guide Wire
Immobilized within Catheter Shaft

[0143] In this second main embodiment of the invention, the balloon catheter system
comprises a guidewire (also referred to herein as a ramming tool) immobilized within an inner
catheter shaft lumen, wherein the balloon catheter is capable of delivering rapid motion to the
guidewire passing therein. The in vivo application of such rapid motion to, or adjacent to, an

occlusion formed in a body organ or pathway is effectively utilized for fracturing the occluding
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matter and for perforating a passage thereinside, that may allow crossing and/or removing the

occluding matter.

[0144]  The balloon catheter of the invention is preferably constructed from concentric tubes
having an inflatable member, such as a balloon, attached to their distal ends. The inflatable
member can be a sleeve having tapering ends that can be sealably attached to the distal end
portions of the inner and outer tubes of the catheter device, such that the lumen obtained between

the inner and outer tubes can be used as an inflation lumen.

[0145] The balloon catheter device of the invention can be introduced into the body of the
treated subject via an incision, and advanced therethrough over the guidewire to the treatment
site, as carried out in conventional catheterization procedures. Radiopaque markers provided on
the catheter device (and/or on the guidewire it is threaded on), or any other suitable visioning
technique, may be used to guide the balloon catheter device to the treatment site. After reaching
the treatment site the inflatable member is inflated with a suitable inflation fluid to anchor and
center the catheter device thereinside, such that a volume of fluid (e.g., blood) is delimited by

said inflatable member and the proximal face of said occluding matter.

[0146] The inflatable member preferably has an expandable distal end portion designed to
distally expand in response to pressure increments provided therein, and the inner tube (or a
portion thereof) is preferably made elastically deformable to allow distal elongation thereof.
Repeated distal expansions of the inflatable member may be used to cause the inner tube to
repeatedly stretch and retract axially in alternating (distal and proximal) directions. The inner
tube of the balloon catheter is designed to grasp the guidewire passing in it prior to such
oscillatory movements such that said movements of the inner tube are transferred to the
guidewire which is advantageously used to fracture the occluding matter by repeatedly ramming

into it.

[0147] FIGS. 11A to 11C demonstrate one possible procedure for catheter deployment in
front of the occlusion 270 using the balloon catheter of the invention 250. In this example
balloon 205aa of balloon catheter 250 has proximal and distal tapering ends attached to the outer
surface of a distal portion of outer shaft 258 and of inner shaft 257, at attachment points 207 and

206, respectively. Catheter 250 may be advanced towards the treatment site over guide wire 253
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threaded through the lumen of inner shaft 257. Catheter 250 should be placed as near as possible
to occlusion 270, preferably such that its distal tip 201 contacts said occlusion. Once catheter
250 is placed at the treatment site, balloon 205aa may be inflated to a first, anchoring pressure,
by introducing pressurized inflation media (e.g., fluid, designated by arrows 208a) via inflation
fluid port 251. The inflation media passes via inflation fluid lumen defined between inner wall
of outer shaft 258 and the outer surface of inner shaft 257. In its inflated state (FIG. 11B) lateral
sides of balloon 205aa are pressed against the inner wall 221 of vessel 260, thereby anchoring it

thereto.

[0148] In the case of non-charged balloons (as defined and described hereinabove, in relation
to the first main embodiment), following anchoring of the balloon at the treatment site the
operator may manipulate the inflated balloon by releasing a grasping element 254 (immobilizer),
thus allowing inner shaft 257 to be moved proximally relative to outer shaft 258. Inner shaft 257
is retracted proximally and anchored at its new location by restoring the grasp thercof by
grasping element 254 (FIG. 11C). Graduated scale 219, provided on a proximal portion of inner
shaft 257, may be used to assist the operator in determining the length of inner shaft 257 which
has been retracted. Proximal retraction of inner shaft folds the distal end of balloon 205aa
proximally inwardly and shortens the balloon's length and consequently reduces its inflated
volume as portions of inflation fluid are discharged therefrom (designated by arrows 208b in

FIG. 11B).

[0149]  The discharged portions of inflation fluid may be received by an inflation fluid

reservoir (not shown) via inflation fluid port 251 or via a dedicated discharge outlet (not shown).

[0150] At this point, distal end 201 of inner shaft 257 may be vibrated about its longitudinal
axis by applying an oscillatory pressure source for periodically changing the pressure of the
inflation media in balloon 205aa. Such periodical pressure changes cause corresponding
lengthening and shortening of the lengths of balloon 205aa and elastic inner shaft 257 (or elastic
portions thereof 255) which may be employed for rupturing the occlusion and thereby opening a

passage pathway therethrough.

[0151] The operator may advance guidewire 253 such that distal end portions thereof may

leave inner shaft 257 through its distal end opening, e.g., such that 1 to 5 mm of the wire
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protrudes from the distal end of the catheter, as demonstrated in FIG. 11C. This is preferably
carried out by advancing proximal portions of guidewire 253 distally through proximal end
opening 252 of inner shaft 257 such that a distal portion thercof protrudes outwardly via the
proximal end opening (at distal tip 201) of inner shaft 257.

[0152] FIGS. 12A and 12B demonstrate another possible procedure for catheter deployment
in front of the occlusion. In this example an alternative form of balloon catheter 210m is used,
wherein inner shaft 257 is affixed to outer shaft 258 (e.g., using a suitable adhesive), and balloon
205aa is folded proximally (backwardly) thus forming an arrow-like shape which tapers towards
its distal attachment point 206, as shown in FIG. 12A. This folded state may be retained by
folding the balloon into this folded state under heat and/or pressure (e.g., while folding the
balloon in the manufacturing process the balloon will maintain its shape if the "wings" of the

folded jacket will remain tight).

[0153] Catheter 210m may be advanced towards the treatment site over guide wire 253
threaded through the lumen of inner shaft 257. Catheter 210m is preferably placed adjacent to
occlusion 270, preferably such that its distal tip 201 contacts said occlusion. Once catheter 210m
is placed in the treatment site balloon 205aa may be inflated by introducing pressurized inflation
media (designated by arrows 208a) via inflation port 251. Inflation media is passed via inflation
fluid lumen defined between inner wall of outer shaft 258 and the outer surface of inner shaft
257. In its inflated state (FIG. 12B) lateral sides of the backwardly folded balloon 205aa are
pressed against the inner wall 221 of vessel 260, thereby anchoring it thereto. Due to its initial

folded state the distal end of the inflated balloon gains a rounded shape, as shown in FIG. 12B.

[0154] At this state point, distal end 201 of inner shaft 257 may be vibrated about its
longitudinal axis by applying an oscillatory pressure source for periodically changing the
pressure of the inflation media in balloon 205aa. Such periodical pressure changes cause
corresponding lengthening and shortening of balloon 205aa and elastic inner shaft 257 (or elastic
portions thereof 255) which may be employed for rupturing the occlusion and thereby opening a

passage pathway therethrough.

[0155] The operator may advance guidewire 253 such that distal end portions thereof may

leave inner shaft 257 through its distal end opening, e.g., such that 1 to 5 mm of the wire
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protrudes from the distal end of the catheter, as demonstrated in FIG. 12B. This is preferably
carried out by advancing proximal portions of guidewire 253 distally through proximal end
opening 252 of inner shaft 257 such that a distal portion thercof protrudes outwardly via the
proximal end opening (at distal tip 201) of inner shaft 257.

[0156] FIGS. 13A and 13B schematically illustrate a preferred embodiment of the balloon
catheter device 210 of the invention operatively situated in an occluded body passageway 214
(e.g., blood vessel) comprising occluding matter 215. Balloon catheter 210 comprises an
inflatable member 213 attached in a proximal attachment 201a to a distal end portion of outer
tube 211 of balloon catheter device 210, and in a distal attachment 201b to a distal end portion of

inner tube 212 passing in outer tube 211.

[0157] Inflatable member 213 is preferably made from a non-compliant or semi-compliant
sleeve having tapering extremities that are adapted to fit over the outer surfaces of outer and
inner tubes, 211 and 212. Inflatable member 213 is configured to perform radial expansion,
when filled with a suitable inflation media 217, and thereafter distal expansion of its distal
portion 213b, when said inflation media 217 is pressurized. As demonstrated in the longitudinal
and cross-sectional views of the catheter device 210 shown in FIGS. 13A and 13B, radial
expansion of inflatable member 213 presses its lateral wall against the inner side of the body
pathway or organ 214 in which it is placed and thereby centers and anchors catheter device 210

in place.

[0158] Inner shaft tube 212 can be affixed to the outer shaft tube 211, or it may be reversibly
attached to it via releasable locking means (not shown) provided at a proximal portion thereof,
such that a distal portion 212a of inner tube 212 protrudes outwardly via the distal end opening
of outer tube 211. At least a portion of inner tube 212 is elastically deformable to allow distal
clongation thereof in response to distal expansions of inflatable member 213. For example, inner
tube 212, or a portion thereof, may be manufactured from an elastic material (e.g., Pebax and/or
Nylon Blend), or from a soft and flexible material comprising an elastic element such as a spring.
Various ways of making a section of the inner tube elastically deformable are described in U.S.

Provisional Patent Application No. 60/726,180 and in international patent application no.
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PCT/IB2006/002958 (published as WO 2007/042936), the disclosure of which is hereby

incorporated by reference.

[0159] In a preferred embodiment of the invention inflatable member 213 is made from a
non-compliant or a semi-compliant sleeve having tapering ends designed to fit over the outer
surfaces of inner tube 212 and outer tube 211. The inner surface of the proximal end of the
flexible sleeve is fitted and attached on the outer surface of a distal end portion of outer tube 211
at proximal attachment 201a, and the outer surface of the distal end of the flexible sleeve is fitted
and attached on the outer surface of a distal end portion of outer tube 211 at distal attachment

201b.

[0160] The location of distal attachment 201b on distal portion 212a of inner tube 212 is
chosen such that distal end portions of inflatable member 213 are folded proximally inwardly
over a distal end portion of inner tube 212. In this way distal expansion of distal portion 213b of
inflatable member 213 is achieved by increasing the pressure of the inflation media 217 inside
inflatable member 213 which in response force the inwardly folded distal portions of inflatable
member 213 to unfold distally and restore the original shape of inflatable member 213, thereby
increasing the volume of inflatable member 213 and stretching distal portion 212a of outer tube

212 distally, as demonstrated in FIG. 14A.

[0161] A ramming tool 216 (e.g., guidewire) passing in the lumen of inner tube 212, and
mechanically coupled thereto, is used for the fracturing and/or tunneling of occlusion 215, as
shown in FIGS. 14A and 14B. The mechanical coupling between ramming tool 216 and inner
tube 212 may be achieved by making distal portion of inner tube 212 from a flexible material
capable of being pressed over, and thereby retain, a portion of ramming tool 216 passing

thereinside.

[0162]  The inner surface of inner tube 212 may be roughened in order to increase its friction
constant for enhancing the gripping forces that may be applied by it upon ramming tool 216. For
example, the roughening to the inner surface of inner tube 212 may be obtained by forming (or
attaching) protrusions 212p thereon (e.g., by a chemical process, such as chemical deposit of

particles on the exposed inner wall of the tube).
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[0163]  Outer tube 211 may be manufactured by extrusion from a polymeric material, such as
Nylon, preferably from Polyurethane. The inner diameter of outer tube 211 may generally be in
the range of 0.4 to 1.0 mm, preferably about 0.75 mm, and its length may generally be in the
range of 1000 to 2000 mm, preferably about 1500 mm.

[0164]  Inner tube 212 may be manufactured by extrusion from a metallic material, such as
stainless steel, preferably from SS 316, to which one or more elastic distal end portions may be
attached, as will be exemplified herein later. The inner diameter of proximal inner tube 212 may
generally be in the range of 0.2 to 0.8 mm, preferably about 0.4 mm, and its length may
generally be in the range of 1000 to 2000 mm, preferably about 1450 mm. The length of distal
portion 212a of inner tube 212 protruding outwardly via the distal end opening of outer tube 211

is generally in the range of 5 to 30 mm, preferably about 10 mm.

[0165] In a preferred embodiment of the invention the length of distal portion 212a of inner
tube 212 may be adjusted by the operator via releasable immobilizing means (not shown)
provided at a proximal end portion of the device, that allows the operator to move inner tube 212
distally/proximally and affix it to outer tube 211 at a desired location. In such implementation
the operation of the balloon catheter may be divided into a number of stages in which the length
of distal portion 212a of inner tube 212 is gradually increased according to the progress of the

perforation (or tunneling) performed in occlusion 215.

[0166] Inflatable member 213 may be manufactured by blowing from a polymeric material,
such as Nylon, preferably from a Nylon-Pebax blend. The diameter of inflatable member 213
may generally be in the range of 1.5 to 8 mm, preferably about 3 mm, and its length may
generally be in the range of 10 to 50 mm, preferably about 20 mm. Attachment of inflatable
member 213 to inner and outer tubes 212 and 211, at distal and proximal attachments 21b and

21a, respectively, may be achieved by means of bonding, preferably by thermal bonding process.

[0167] Inflation media 217 may be any type of conventional inflation media used in balloon
catheters. For example, a type of Saline or image contrast fluid. The pressure in inflatable
member 213 when first inflated to an anchoring pressure in order to anchor catheter device 210
in place, is generally in the range of 1 to 6 atmospheres. When the inflation media 217 in

inflatable member 213 is further pressurized, for effecting distal expansions of distal portion
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213D, the inflatable media 217 is further pressurized to a pressure generally in the range of 1 to
10 atmospheres. The time intervals in which the inflation media 217 is repeatedly pressurized
for effecting said distal expansions of distal portion 213b may be varied according to the type of
occlusion to be opened. For example, in a specific embodiment of the invention the pressure of
the inflation fluid 217 may be periodically changed between 6 and 8 atmospheres in frequencies

in the range of 1 to 20 Hz, preferably about 10 Hz.

[0168] The clongation of inner tube 212 may generally be in the range of 0.5 to 3 mm,
preferably about 1 mm. The diameter of ramming tool/guidewire 216 may generally be in the
range of 0.009 inch to 0.035 inch, preferably about 0.014 inch, and its length may generally be in
the range of 180 to 250 mm, preferably about 190 mm.

[0169]  FIG. 15 illustrates an implementation of a balloon catheter 230 wherein the catheter
comprises coupling means for strengthening the grip of the distal portion of the inner tube over
ramming tool (guidewire) 216. The coupling means comprise pull member 233 disposed in
inner tube 232 along partial (or entire) length thereof. The distal end of pull member 233
preferably comprises wedge shaped locking member 233a. The distal end section 232b of inner
tube 232 may be configured accordingly to comprise said wedge shaped locking member 233a
thereinside, as shown in FIG. 15. As may be seen in FIG. 15, the inner diameter of said distal
end section 232b is greater near the distal tip and it is gradually decreased towards the proximal

end of the distal end section 232b.

[0170]  The coupling means implemented by pull member 233 enhances the grip of inner tube
232 over ramming tool (guidewire) 216, particularly during distal expansions of inflatable
member 213, as occurring during repeated distal expansions of inflatable member 213. During
said distal expansions the pressure in inflatable member 213 is increased which in turn stretches
flexible section 232a distally. Distal stretch of flexible section 232a cause in turn distal
movement of distal end section 232b of inner tube 232 which locks wedge shaped locking
member 233a due to its tapering inner shape, and thus forces wedge shaped locking member

233a to grip ramming tool 216.

[0171]  Flexible section 232a can be made of an elastic material, such as Pebax, and it may be

embedded into a distal portion of inner tube 232, by thermal bonding. The length of flexible
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section 232a may generally be in the range of 10 to 100 mm, preferably about 80 mm. Wedge
shaped locking member 233a can be made of a metallic material, such as stainless steel, and it
may be combined or installed in inner tube 232 by adhesives. The length of wedge shaped
locking member 233a may generally be in the range of 1 to 3 mm, preferably about 2 mm, and

its diameter should be slightly greater than the diameter of ramming tool (guidewire) 216.

[0172]  FIG. 16 illustrates an implementation of a balloon catheter 240 wherein the inner tube
242 comprises an eclastic section 242a in which coupling means 242b are provided for
establishing a grip over ramming tool (guidewire) 216. Elastic section 242a is configured to
permit lengthening and retraction of the distal end section of the inner tube 242 during
oscillatory pressure changes in inflation media 217. Coupling means 242b is preferably made
from a soft and flexible material (e.g., clastomers) embedded in the distal end section of elastic
section 242a for gripping ramming tool (guidewire) 216 during pressure increments in inflation

media 217.

[0173] In one preferred embodiment, the operation of the balloon catheter of the invention
comprises the steps of: 1) inserting the distal end of a pre-charged balloon catheter 240 into the
treatment site such that its distal tip is placed in the vicinity (e.g., 1 to 5 mm) of the occluding
matter 215; 1i) inflating the inflatable member 213 with a suitable inflation media 217
pressurized to about 1 atmospheres to anchor and center the distal end section of the balloon
catheter in place; iii) optionally, manually ramming the distal tip 216b of the ramming tool 16
into the occluding matter, by pulling and pushing it at its proximal end, and if such manual
operation is not sufficient for passing the occlusion; iv) advancing ramming tool 216 distally
such that a distal end portion thereof (e.g., about 1-5 mm) protrudes distally via the distal end
opening of inner tube; v) pressurizing the inflation media 217 to about 2 atmospheres which in
turn causes distal expansion of the distal section 213b of the inflatable element 213 thereby
causing stretching and lengthening of coupling means 242b which in turn results in it being
tightly pressed over ramming tool (guidewire) 216. In this way the stretching and lengthening of
coupling means 242b is utilized to press its wall over ramming tool 216, thereby gripping said
tool; vi) pressurizing the inflation media 217 to about 4 atmospheres which in turn causes distal
expansion of the distal section 213b of the inflatable element 213, which in turn causes stretching

and lengthening of elastic section 242a, and moves the distal end section of ramming tool
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(guidewire) 216 distally such that its distal tip 216b is rammed into the occluding matter 215; vii)
reducing the pressure of the inflation media 217 back to about 2 atmospheres which causes
clastic section 242a to return to its un-stretched length and inwardly fold back the distal section
213b of inflatable element 213, while maintaining a tight grip of coupling means 242b over
ramming tool (guidewire) 216 thereby retracting it proximally; and viii) repeating steps vi) and
vii) in an oscillatory manner at a frequency of between 1 to 20 Hz, preferably about 10 Hz, until
the desired perforation of the occluding material is achieved; ix) advancing the ramming tool
(guidewire) distally until it passes through the occluding matter and thereby providing a passage
therethrough; and optionally x) carrying out a conventional treatment suitable for opening the
occlusion (e.g., balloon inflation, stenting, and/or any other technique well known to the skilled

artisan.)

[0174] In a modification of the basic operating procedure described immediately hereinabove,
the pressure levels of the inflation media may be manipulated such that a "ratchet mechanism" is
created, thereby automatically advancing the wire inside the occlusive material. This is achieved
by means of cyclically reducing the pressure to below the grasping pressure reached in step (v)
of the procedure described above (e.g. to below a level of about 2 atmospheres) , and then
elevating the pressure to a level above said grasping pressure. In this way, the guide wire is
released from being grasped by the inner shaft (when the pressure is lowered to beneath,
grasping pressure) , and then re-grasped at a more proximal point along its length, thereby

advancing the distal tip of the wire towards or inside the occluding material.

[0175] The advantage of this modified mechanism is the automatic advancement of the guide
wire thereby obviating the need for manually reducing the pressure inside the balloon in order to
release the grasp, and then manually advancing the guide wire and repeating the grasping phase

(step v) at a more proximal location, followed by the stretching phase (step vi).

[0176] In the case of balloon catheters utilizing non-charged balloons, the above-described
procedure may be employed with the addition of the following step: after anchoring of the
balloon at the treatment site (step (ii)), the operator may manipulate the inflated balloon by
releasing a grasping element (immobilizer), thus allowing the inner shaft to be moved proximally

relative to the outer shaft. The inner shaft is then retracted proximally and anchored at its new
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location by re-applying the grasping element. This step is described in more detail hereinabove

in relation to the implementation of the device exemplified in FIG. 11C.

[0177]  Optionally, following step viii) and prior to step ix), the following steps may be
performed: A) stopping the repeated pressure pulses (steps vi and vii), reducing the pressure of
the inflation media 217 to about 1 atmospheres and releasing inner tube immobilizer to increase
the length of distal portion 212a in order to change the state of inflatable member into a second
folded state in which a smaller portion of the length of inflatable member 213 is folded
proximally inwardly; B) restoring grasping pressure of inflation media in inflatable member,
restoring immobilization of the inner tube, and applying the repeated pressure pulses (steps vi
and vii) using similar frequencies within a similar period of time; C) repeating steps A) and B) to
apply the repeated pressure pulses in a third folded state (e.g., smaller length of inflatable

member 213 is folded proximally inwardly);

[0178]  Elastic section 242a may be manufactured by extrusion from a polymeric material,
such as Nylon blend, preferably from Pebax-Nylon blend. The length of elastic section 242a
may generally be in the range of 10 to 100 mm, preferably about 80 mm, and it may be attached

to inner tube 242 (e.g., thermal bonding and/or Induction bonding).

[0179]  Coupling means 242b may be implemented using a soft material such as silicone or
polymer, and/or by embedding a braided section in flexible section 242b. The grip applied by
coupling means 242b may be further enhanced by coating its inner surface with friction
enhancing material, such as silicon coating, by embedding an inner silicone tube segment or a
coil in elastic section 242b. Additionally or alternatively, coupling means 242b may have a
rectangular cross-sectional shape in order to increase buckling thereof, and thus enhance its grip,

when it is pressed against ramming tool (guidewire) 216.

[0180] The coupling means may further comprise gripping protrusions 218 attached to, or
formed on, the inner wall of inner tube 242, near its distal tip. Gripping protrusions 218 are
configured to be in contact with the surface (216a) of ramming tool (guidewire) 216 and thus
grip its distal end section during clongation and retraction of inner tube 242a. Gripping
protrusions 218 are configured to allow enhanced pushing/pulling forces exerted from the

proximal end of ramming tool 216 to overcome the friction forces between gripping protrusions
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218 and ramming tool (guidewire) 216 in order to permit re-positioning and advancing ramming
tool 216 distally such that a distal end portion thereof protrudes distally via the distal end

opening of inner tube.

[0181] FIG. 17 illustrates a preferred embodiment of a balloon catheter 220 of the invention
wherein a distal end portion 223b of inflatable member 223 is made narrow. The structure and
principal of operation of balloon catheter 220 are substantially similar to those of balloon
catheter 210 described with reference to FIGS. 13A, 13B, 14A and 14B. However, due to its
narrow distal end section 223b, inflatable member 223 of balloon catheter 220 may be advanced

into perforated portions of occlusion 215, as demonstrated in FIG. 17.

[0182]  The diameter of inflatable member 223 may generally be in the range of 1.5 to 6 mm,
preferably about 3 mm, and its length in the range of 10 to 50 mm. The diameter of narrow
distal end section 223b of inflatable member 223 may generally be in the range of 1 to 3 mm,

preferably about 1 mm, and its length in the range of 5 to 20 mm.

[0183] It is to be noted that the second main embodiment of the device of the present
invention may be implemented in the same variants as discussed in relation to the first main
embodiment, hereinabove, namely over the wire implementations (as depicted in FIGS. 11 to
17), rapid exchange catheters (incorporating the rapid exchange features depicted in FIG. 2) and
bi-lumen catheters (as depicted in FIGS. 9A and 9B).

[0184] In still further embodiments, the present invention provides new balloons.

[0185] Balloons (which may also be called "inflatable members") are often installed on a
catheter’s distal end, which often contains a coaxial arrangement of hollow shafts; the balloon is
usually installed onto these shafts. A hollow inner shaft is usually disposed within a hollow
outer shaft, such that the distal end of the inner shaft extends beyond the distal end of the outer
shaft, and the lumen of the inner shaft is suitable for allowing the passage of a guidewire through
all or part of its length. The balloon is usually attached at its proximal end to the outer shaft and
at its distal end to the inner shaft; and the shafts are usually configured for the introduction of an
inflation fluid into the balloon via the annular space formed between the inner surface of the

outer shaft and the outer surface of the inner shaft and therefrom into the lumen of said balloon,
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and for the removal of the fluid. Balloon catheter systems having such a construction may
generate a functional problem, particularly in apparatuses wherein the distance between (a) the
point of attachment of the balloon to the inner shaft and (b) the point of attachment of the balloon
to the outer shaft is less than the overall length of the balloon. In such a configuration, when a
balloon such as the balloon 243 depicted in FIG. 19A inflates, the proximal tapers 246 of the
balloon can collapse and/or flip backward, creating a shape described in FIG. 19B, thus
interfering with the mode of operation and hindering or preventing the withdrawal of the catheter

through the insertion sheath 247, as depicted in FIG. 19C.

[0186] A further problem that may be associated with the use of balloon catheter systems

comprising balloons over coaxial shafts is that of the balloon bending under high pressure.

[0187]  The present invention provides devices and methods for the design and construction of
a balloon catheter, specifically, the present invention provides balloons designed to be installed
on a catheter. The balloons preferably exhibit enhanced performance. In its most general form,
the balloon designs disclosed and described hereinbelow comprise a novel balloon. The novel
balloons preferably enable the enhanced performance of balloon catheter systems. The novel
balloons are preferably particularly useful with catheter apparatuses wherein the distance
between (a) the point of attachment of the balloon to the inner shaft and (b) the point of
attachment of the balloon to the outer shaft is less than the overall length of the balloon. The
novel balloons may be used in atherectomy and dilation balloon catheter systems; however, the
novel balloons may more preferably be particularly useful with the unique crossing catheter
systems and methods of use described hereinabove for various applications. In the crossing
catheter systems, in certain embodiments, the novel balloons preferably may be particularly
useful for anchoring the system and creating longitudinal motion of the guidewire, balloon,

and/or system.

[0188]  In certain embodiments, the balloons preferably may be designed so that collapsing of
the balloon’s proximal tapers is reduced, delayed, or avoided. In certain embodiments, the
balloons may be designed so that collapsing and/or bending of the balloon is reduced, delayed, or
avoided. The balloons may be used with any catheter balloon assembly. The balloons are

particularly useful with the crossing balloon devices and systems described hereinabove. The
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balloons described hereinbelow can be used with crossing balloon devices and systems in either

a pre-charged balloon conformation or a non-charged balloon conformation.

[0189] In certain embodiments, the present invention preferably provides a balloon catheter
system that preferably may be capable of withstanding longitudinal load and provides a balloon
preferably having steady, preferably relatively thickened, proximal tapers that are highly
resistant to flipping backward, bending, and/or undesired and/or premature collapse, resisting
flipping backward, bending, and/or undesired and/or premature collapse at pressures used during
common balloon procedures, preferably resisting flipping backward, bending, and/or undesired
and/or premature collapse at pressures up to 10 atmospheres of pressure. In certain embodiments
of the invention, flipping backward, bending, and/or undesired and/or premature collapse of
balloon proximal tapers may preferably be reduced or avoided by the provision of a balloon
comprising a tapered midsection. In certain embodiments of the invention, balloon bending
preferably may be reduced or avoided by the provision of a balloon comprising a tapered

midsection.

[0190] A balloon catheter according to the present invention may be constructed as an over-
the-wire type, or as a single-operator-exchange type catheter. In one non-limiting exemplary
embodiment, a balloon of the present invention is installed over a coaxial shaft construction,
wherein the distance between the points of attachment of the balloon to the inner and outer shafts

is less than the overall length of the balloon.

[0191] A balloon according to the invention preferably may be symmetrical around its distal-
proximal, or longitudinal, central axis. Balloons according to the invention preferably have a
proximal annular connection (which may be referred to as a proximal "neck"), which may
preferably be attached via art-known attachment methods to a catheter shaft or the like; a conical
or frustoconical proximal tapering portion (which may be referred to as a "taper" or "tapers"); a
tubular, cylindrical, conical, or frustoconical midsection; a conical or frustoconical distal
tapering portion (which may be referred to as a "taper" or "tapers"); and a distal annular
connection (which may be referred to as a distal "neck"), which preferably may be attached via

art-known attachment methods to a catheter shaft or the like.
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[0192] Balloons according to the invention may have a midsection diameter that is selected
and suitable for the desired use. Non-limiting exemplary diameters include 1.5mm to 20mm,
1.5mm to 8 mm, 2mm to 6 mm, preferably about 3mm. Balloons according to the invention may
have a length that is selected and suitable for the desired use. Non-limiting exemplary lengths

include 10 to 50 mm, 30mm, and 20mm.

[0193] Balloons according to the invention preferably may be manufactured from a
biocompatible polymer material. Balloons according to the invention preferably may be
manufactured from, as non-limiting examples, non-compliant materials, such as polyethylene
terephthalates, polyacrylenesulfide, polyethylene terephthalate (PET), and copolyesters; semi-
compliant materials, such as nylon, and polyamines; compliant materials, such as polyvinyl
chloride (PVC), polyurethanes, crosslinked low density polyethylenes (PETs), and highly
irradiated linear low density polyethylene (LDPE); or combinations thereof. Non-limiting
examples of particularly preferred materials for manufacturing balloons according to the present

invention include nylon, polyether block amide (such as Pebax), and combinations thereof.

[0194] Balloons according to the invention preferably may be non-compliant or semi-

compliant.

[0195] Balloons according to the invention preferably may be capable of being inflated using
a single inflation pressure. Use of staged inflation pressures or more than one stage of inflation

is preferably not necessary for inflating balloons according to the present invention.

[0196] Balloons according to the invention may preferably have a single layer. Balloons

according to the invention preferably do not have multiple layers.

[0197] The proximal tapers of a balloon are preferably kept inflated during a procedure
because a collapse of these tapers can reduce procedure success. In one embodiment, the current
invention provides a unique balloon construction that preferably resists flipping backward,
bending, and/or undesired and/or premature collapse of proximal balloon tapers. In certain
embodiments, resistance to flipping backward, bending, and/or undesired and/or premature
collapse may be achieved by providing a balloon comprising proximal balloon tapers that are

thickened as compared to conventional balloon tapers. In certain preferred embodiments,
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resistance to flipping backward, bending, and/or undesired and/or premature collapse may be
achieved by providing a balloon comprising proximal balloon tapers that are relatively thicker
than the distal tapers. In certain embodiments, the distal tapers may be thinned as compared to
conventional balloon tapers to increase non-symmetry. Preferably, the wall of the proximal
tapers is relatively thickened as compared to the wall of the distal tapers. In certain
embodiments, the relative thickness of the walls of the proximal and distal tapers may be
selected such that there is an increased probability that the distal tapers will collapse while the
proximal tapers will not collapse, that the distal tapers will collapse before the proximal tapers
collapse, or that the distal tapers will collapse in response to a pressure that will not result in the
collapse of the proximal tapers. The average thickness of the wall of the proximal tapers may
preferably be 10% greater than the average thickness of the wall of the distal tapers; more
preferably 15% greater; even more preferably 20% greater. Certain embodiments preferably also
minimize the risk of the catheter jamming inside the insertion sheath. In certain embodiments,
the latter advantage may be achieved, in part, by promoting or increasing the likelihood that the
balloon’s distal tapers will collapse before the balloon's proximal tapers will collapse, thereby
preferably reducing the possibility that balloon’s proximal tapers will flip backward and hinder

or prevent the withdrawal of the catheter through the insertion sheath.

[0198]  Relatively thickened proximal tapers may preferably be more rigid and thus may
preferably avoid the flipping backward, bending, and/or undesired and/or premature collapse of
these tapers and preferably may assure the functionality of the balloon, particularly in catheter
systems described herein, and furthermore preferably allow easier catheter withdrawal from
insertion sheaths. Such features as preferably avoiding flipping backward, bending, and/or
undesired and/or premature collapse of proximal taper and preferably preventing or lessening the
restriction of the withdrawal of the balloon through the insertion sheath preferably render the
catheter systems using balloons of the present invention to be relatively easier to operate in the
hands of healthcare professionals with experience with conventional atherectomy and dilation

Systems.

[0199] FIG. 20 schematically illustrates an embodiment of an over-the-wire implementation
of a balloon according to the invention. Balloon 253 is illustrated with a catheter implementation

that includes an outer shaft 251 and an inner shaft 252 passing therethrough. Inner shaft 251
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may be used for passing a guidewire 254 therethrough; the guidewire 254 may be introduced via
a distal opening or via a proximal opening of inner shaft 252. Balloon 253 preferably includes:
proximal neck 253d, which may preferably be attached via art-known attachment methods to the
outer surface of outer shaft 251 at or near its distal end; frustoconical proximal taper 253a;
frustoconical midsection 253b; frustoconical distal taper 253¢; and distal neck 253e, which
preferably is attached via art-known attachment methods to the outer surface of inner shaft 252 at

or near its distal end.

[0200]  The thickness of the wall of conical proximal taper 253a may preferably be relatively
increased (or "thickened") as compared to the thickness of conventional balloons, as compared to
the thickness of the wall of distal taper 253c¢, or both. The wall thickness of distal taper 253c¢ is
preferably decreased (or "thinned") as compared to the taper wall thickness of conventional
balloons, as compared to the wall thickness of proximal taper 253a, or both Balloon 253 may
have both a relatively increased wall thickness of proximal taper 253a and a relatively decreased

wall thickness of distal taper 253c.

[0201] The wall thickness of proximal taper 253a may increase in a tapered manner
proximally towards the proximal neck 253d of the balloon 253. The wall thickness of distal
taper 253¢ may increase in a tapered manner distally towards the distal neck 253¢ of the balloon

253.

[0202] The wall of proximal taper 253a may preferably have a greater average thickness
compared to the average thickness of the wall of distal taper 253c. The average thickness of the
wall of proximal tapers 253a thus may preferably be relatively thicker than the average thickness
of the wall of distal tapers 253c. The average thickness of the wall of proximal taper 253a may
preferably be 10% greater than the average thickness of the wall of distal taper 253¢; more

preferably 15% greater; even more preferably 20% greater.

[0203]  In certain embodiments, both proximal taper 253a and distal taper 253¢ may have an
average wall thickness that is greater than the average wall thickness of midsection 253b. In
preferred embodiments, the average thickness of the wall of proximal taper 253a may be greater
than the average thickness of the wall of distal taper 253c, and the average thickness of the wall

of distal taper 253¢ may be greater than the average thickness of the wall of midsection 253b.
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[0204] Balloons comprising thickened proximal tapers and/or thinned distal tapers may be

produced using blowing equipment and materials known in the balloon catheter industry.

[0205] FIG. 20 also illustrates another embodiment of the present invention, a balloon
comprising a midsection 253b that is conically tapered inwardly towards its distal end, which is
described in more detail with relation to FIG. 21. Thus, as in FIG. 20, in certain embodiments,
balloons according to the present invention include balloons comprising relatively thickened
proximal tapers and comprising a conically tapered midsection that is tapered inwardly towards
its distal end. Conventionally, in a balloon comprising a midsection, wherein the midsection is
tapered inwardly towards its distal end, the balloon is manufactured such that the wall thickness
of the balloon’s distal tapers is thicker than the wall thickness of the balloon’s proximal tapers.
In certain preferred embodiments, the balloons of the present invention have an asymmetrical
wall thickness distribution in favor of the proximal tapers (i.e., proximal tapers that are relatively
thicker than the distal tapers), which preferably assures a distal taper collapse prior to any

proximal taper collapse.

[0206] In other embodiments, balloons according to the present invention include balloons
comprising relatively thickened proximal tapers and comprising a conically tapered midsection
that is tapered inwardly towards its proximal end. In still other embodiments, balloons according
to the present invention include balloons comprising relatively thickened proximal tapers and not

comprising a tapered midsection (i.e., comprising a mid-section that is not tapered).

[0207]  FIG. 21 schematically illustrates an embodiment of an over-the-wire implementation
of a balloon according to the invention. Balloon 263 is illustrated with a catheter implementation
that includes an outer shaft 261 and an inner shaft 262 passing therethrough. Inner shaft 261
may be used for passing a guidewire 264 therethrough; the guidewire 264 may be introduced via
a distal opening or via a proximal opening of inner shaft 261. Balloon 263 preferably includes:
proximal neck 263d, which may preferably be attached via art-known attachment methods to the
outer surface of outer shaft 261 at or near its distal end; frustoconical proximal taper 263a;
frustoconical midsection 263b; frustoconical distal taper 263c; and distal neck 263e, which
preferably is attached via art-known attachment methods to the outer surface of inner shaft 262 at

or near its distal end.
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[0208] Balloon 263 preferably has a midsection 263b that is conically tapered inwardly
towards its distal end, i.e., that is conically tapered inwardly from its proximal end to its distal
end. When describing such a taper of a balloon midsection, "inward" and "inwardly" refer to a
direction towards the distal-proximal, or longitudinal, central axis of the balloon. The angle 269
between the midsection 263b of balloon 263 and the horizontal is preferably 1° to 5°, more

preferably 2° to 5°, even more preferably 2° to 3°.

[0209] In certain embodiments, a balloon comprising a midsection that is conically tapered
inwardly from its proximal end to its distal end may also have proximal tapers having an average
wall thickness greater than the average wall thickness of the distal tapers. In certain
embodiments, a balloon comprising a midsection that is conically tapered inwardly from its
proximal end to its distal end may also be formed such that the average thickness of the wall of
its proximal tapers is greater than the average thickness of the wall of its distal tapers, and the
average thickness of the wall of its distal tapers is greater than the average thickness of the wall

of its midsection.

[0210]  In certain embodiments, the invention comprises balloons that have a midsection that
is conically tapered inwardly towards its distal end, i.e., that is conically tapered inwardly from
its distal end to its proximal end. In such embodiments, the angle between the midsection of the
balloon and the horizontal is preferably 1° to 5°, more preferably 2° to 5° even more preferably
2° to 3°. Balloons comprising a midsection that is conically tapered inwardly from its proximal
end to its distal end and balloons comprising a midsection that is conically tapered inwardly from
its distal end to its proximal end may be referred to collectively as "balloon(s) comprising
conically tapered midsection(s)" or as "balloon(s) comprising tapered midsection(s)". It will be
recognized that "conically tapered"” may be used to refer to the nature or direction of taper of a
cone or a frustocone, as it will be recognized that "frustocone” refers to the frustum of a cone;

i.e., a cone lacking its apex.

[0211]  FIG. 22 schematically illustrates an embodiment of an over-the-wire implementation
of a balloon according to the invention. Balloon 273 is illustrated with a catheter implementation
that includes an outer shaft 271 and an inner shaft 272 passing therethrough. Inner shaft 272

may be used for passing a guidewire 274 therethrough; the guidewire 274 may be introduced via
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a distal opening or via a proximal opening of inner shaft 272. Balloon 273 preferably includes:
proximal neck 273d, which may preferably be attached via art-known attachment methods to the
outer surface of outer shaft 271 at or near its distal end; frustoconical proximal taper 273a;
frustoconical midsection 273b; frustoconical distal taper 273¢c; and a distal neck 273e, which
preferably is attached via art-known attachment methods to the outer surface of inner shaft 272 at

or near its distal end.

[0212] Balloon 273 preferably has a midsection 273b that is conically tapered inwardly
towards its proximal end, i.e., that is conically tapered inwardly from its distal end to its
proximal end. When describing such a taper of a balloon midsection, "inward" and "inwardly"
refer to a direction towards the distal-proximal, or longitudinal, central axis of the balloon. The
angle 279 between the midsection 273b of balloon 273 and the horizontal is preferably 1° to 5°,

more preferably 2° to 5°, even more preferably 2° to 3°.

[0213] In certain embodiments, a balloon having a midsection that is conically tapered
inwardly from its distal end to its proximal end may also have proximal tapers having an average
wall thickness greater than the average wall thickness of the distal tapers. In certain
embodiments, a balloon having a midsection that is conically tapered inwardly from its distal end
to its proximal end may also be formed such that the average thickness of the wall of its proximal
tapers is greater than the average thickness of the wall of its distal tapers, and the average
thickness of the wall of its distal tapers is greater than the average thickness of the wall of its

midsection.

[0214] Balloons having a midsection that is conically tapered inwardly from its proximal end
to its distal end or having a midsection that is conically tapered inwardly from its distal end to its
proximal end may be produced using blowing equipment and materials known in the balloon
catheter industry, employing a mold or molds having the desired shape, including the desired

taper of the midsection.

[0215] A balloon having a conically tapered midsection, whether toward the distal end or
towards the proximal end, may preferably provide a mechanism for length reduction of the
balloon, which is useful in a balloon catheter system fitted with a balloon that is terminally

infolded or a balloon which may be caused to adopt such an intussuscepted configuration.
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[0216] In a typical procedure, a balloon catheter can be inserted and advanced through a
patient's vessels in a deflated state towards a treatment site. After reaching the treatment site
inflation fluids are pressurized via inflation fluid lumen between a catheter outer shaft and a

catheter inner shaft, and fill inner space of a balloon.

[0217]  The balloon may be expanded along its longitudinal axis by application of a pressure
source. Such pressure changes may cause corresponding balloon bending forces, wherein the
balloon experiences axial buckling forces due to balloon elongation and elongation of inner shaft
to a lesser degree. Balloons having tapered midsections may preferably be resistant to axial

buckling.

[0218]  Additionally, balloons having tapered midsections may preferably reduce or minimize
trauma to the vessel or vascular wall by reducing contact area between balloon and vessel or
vascular. Preferably, only the larger part of the tapered midsection contacts the artery wall in
normal operation, while the narrow part of the tapered midsection is preferably not in contact

with the artery wall during normal operation.

[0219] Balloons according to the present invention preferably may be particularly useful with
the crossing balloon catheter systems described hereinabove. The crossing balloon catheter
systems may be used to cross, break up, or damage an occlusion or lesion in a body passage,
such as a blood vessel, ureter, or urethra. The crossing balloon catheter systems are useful for
treating fully or partially stenosed or occluded lesions. The crossing balloon catheter systems
may be used, for example, to cross the lesion, to disrupt, fracture, or break up the lesion. The
crossing balloon catheter systems may function by ramming, pushing, pressing, scoring,
fracturing, breaking-up, or disrupting the lesion or occlusion. The crossing balloon catheter
systems may be used alone or as part of an overall effort to restore normal function. In general
terms, the crossing balloon catheter systems achieve their objectives by creating a path with the
least possible mechanical resistance through or around the occlusion. Thus, the crossing balloon
catheter systems include a distally-advanceable inner shaft tip which is caused to rapidly move
back and forth (i.e., distally and proximally), thereby ramming, pushing, pressing, scoring,
fracturing, breaking-up, or disrupting the occlusion or lesion. In some embodiments, the rapid

oscillation of the inner shaft tip is translated into rapid oscillation of a guidewire that is firmly
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held within the distal portion of the inner shaft lumen, and which projects beyond the distal
ending thereof. Preferably, conventional guidewires, rather than crossing guidewires, are used
with the crossing balloon catheter systems. However, crossing guidewires may be used. In

addition, the devices comprise an inflatable balloon for anchoring the catheter inside the vessel.

[0220]  In a non-limiting exemplary embodiment, a crossing balloon catheter system includes
a flexible inner catheter shaft fitted within a rigid outer shaft. The distal portion of the catheter
defines an inflation lumen, as is described in more detail hereinabove. A balloon may be
connected at its proximal end to the distal end of the outer shaft section and at its distal end to the

inner shaft, and may be fluid communication with the inflation lumen.

[0221]  The manner in which the distal tapered extremity of the balloon is affixed to the distal
end of the flexible inner catheter shaft preferably permits the distal end of the balloon to roll and
expand in response to increased pressure inside the catheter system. Similarly, as a result of this
pressure increase, the inner shaft preferably may be caused to be stretched distally.
Subsequently, when the pressure inside the catheter system is reduced, the elasticity of the inner
shaft preferably causes retraction (i.c., in a proximal direction) of the inner shaft tip to its original
position in response to decreased pressure. In one exemplary embodiment of a crossing balloon
catheter system, described in more detail hereinabove, a rapid, reciprocating or oscillating
pressure cycle (having a frequency in the sonic or subsonic range) preferably thus causes a
correspondingly rapid linear oscillatory motion of the distal tip of the inner catheter shaft. In this
way, the rapid cyclical distal-proximal movement of the inner shaft tip, preferably together with
the shock waves set up within the volume of blood situated between the inner shaft tip and the
obstruction, may be preferably used to progressively cut through an intravascular lesion located
in the region of the inner shaft tip, or to ram, push, press, score, or fracture the lesion. In a
exemplary embodiment of a crossing balloon catheter system, described in more detail
hereinabove, the device preferably further comprises a mechanism for firmly grasping a guide
wire within the inner catheter shaft, such that the oscillating protruding distal tip of the guide
wire preferably may be used to cut through the obstructing lesion, or to ram, push, press, score,

or fracture the lesion.
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[0222] In the case of both of these exemplary embodiments of a crossing balloon catheter
system, as mentioned hereinabove, the ability of the distal end of the balloon to roll and expand
in response to increased pressure inside the catheter system is determined at least in part by the
manner in which the distal end is affixed to the inner shaft. The distal end of the balloon is
preferably attached to the inner shaft in such a way that, during the part of the method of use

wherein the balloon is caused to oscillate, the distal end is intussuscepted.

[0223]  Preferably, in balloons having relatively increased proximal taper wall thickness, the
distal tapers collapse before the proximal tapers in response to increased pressure inside the
catheter system. In other words, in a balloon comprising relatively thickened proximal tapers,
the relatively thinner distal tapers preferably may tend to collapse in response to a pressure or
other condition that will not cause the relatively thicker proximal tapers to collapse. Thus,
preferably, the distal tapers may collapse while leaving the proximal tapers un-collapsed, in
response to an increased pressure in the catheter system. This collapse of the distal tapers
preferably permits the distal end of the balloon to more readily roll and expand in response to
increased pressure inside the catheter system and to more readily assume an intussuscepted
configuration; and when the pressure inside the catheter system is reduced, the flexibility of the
catheter inner shaft preferably causes retraction (i.e. movement in a proximal direction) of the

inner shaft tip to its original position.

[0224]  Preferably, balloons having a tapered midsection are resistant to buckling forces.
Such resistance is particularly useful where the distance between the balloon necks is shorter
then the distance between distal balloon weld and proximal balloon welds. Preferably, balloons
having a tapered midsection preferably permit the distal end of the balloon to more readily roll
and expand in response to increased pressure inside the catheter system and to more readily
assume an intussuscepted configuration; and when the pressure inside the catheter system is
reduced, the flexibility of the catheter inner shaft preferably causes retraction (i.e. movement in a

proximal direction) of the inner shaft tip to its original position.

[0225] In preferred embodiments, the  balloons and balloon catheter systems are

manufactured as sterile, single use balloons and systems, which are entirely disposable.
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[0226]  All of the abovementioned parameters are given by way of example only, and may be
changed in accordance with the differing requirements of the various embodiments of the present
invention. Thus, the abovementioned parameters should not be construed as limiting the scope
of the present invention in any way. In addition, it is to be appreciated that the different shafts
and tubes, and other members, described hereinabove may be constructed in different shapes
(e.g. having oval, square, etc. form in plan view) and sizes from those exemplified in the

preceding description.

[0227] The above examples and description have of course been provided only for the
purpose of illustration, and are not intended to limit the invention in any way. As will be
appreciated by the skilled person, the invention can be carried out in a great variety of ways,
employing more than one technique from those described above, all without exceeding the scope

of the invention.

[0228]  Although the foregoing description is directed to the preferred embodiments of the
invention, it is noted that other variations and modifications will be apparent to those skilled in
the art, and may be made without departing from the spirit or scope of the invention. Moreover,
features described in connection with one embodiment of the invention may be used in

conjunction with other embodiments, even if not explicitly stated above.

[0229]  The present invention may be embodied in other specific forms without departing
from its spirit or essential characteristics. Such additional embodiments and forms will be clear
to one skilled in the art provided with the disclosure herein. The described embodiments are to

be considered in all respects only as illustrative and not restrictive.
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CLAIMS:

1. A balloon apparatus comprising:
a balloon comprising
a conically tapering midsection;
a distal tapering portion tapering from a distal end of the midsection to a proximal
end of a distal annular connection; and
a proximal tapering portion tapering from a proximal end of the midsection to a
distal end of a proximal annular connection;
wherein proximal tapering portion has a wall thickness greater than the wall thickness of
the distal tapering portion;
wherein the wall thickness of the proximal tapering portion tapers from the proximal
annular connection to the proximal end of the midsection; and
wherein the wall thickness of the distal tapering portion tapers from the distal annular
connection to the distal end of the midsection.
2. The balloon apparatus of claim 1, wherein the midsection has a wall thickness less than
the wall thickness of the distal tapering portion.
3. The balloon apparatus of claim 1, wherein the midsection conically tapers from a
proximal end to a distal end.
4. The balloon apparatus of claim 1, wherein the midsection conically tapers from a distal
end to a proximal end.
5. The balloon apparatus of claim 1, further comprising a hollow outer shaft and a hollow
inner shaft within the hollow outer shaft and coaxially slideable with the hollow outer shaft; and
wherein the balloon apparatus is coupled at a distal end of the balloon apparatus to the hollow
inner shaft by the distal annular connection and coupled at a proximal end of the balloon

apparatus to the hollow outer shaft by the proximal annular connection.

6. The balloon apparatus of claim 1, wherein a guidewire is passed through the hollow inner
shaft.
7. A balloon catheter apparatus comprising:

a hollow outer shaft;
a hollow inner shaft within the hollow outer shaft and coaxially slideable with the hollow

outer shaft;
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a balloon coupled at a distal end of the balloon to the hollow inner shaft by a distal
annular connection and coupled at a proximal end of the balloon to the hollow
outer shaft by a proximal annular connection, wherein the balloon further
comprises:

a conically tapering midsection;

a distal tapering portion tapering from a distal end of the midsection to the
distal annular connection; and

a proximal tapering portion tapering from a proximal end of the
midsection to the proximal annular connection;

wherein the proximal tapering portion has a wall thickness greater than the wall thickness
of the distal tapering portion; and

wherein the midsection has a wall thickness less than the wall thickness of the distal
tapering portion.

8. The balloon catheter apparatus of claim 7, wherein the balloon catheter apparatus is a
single use catheter.
9. The balloon apparatus of claim 7, wherein the midsection conically tapers from a
proximal end to a distal end.
10. The balloon apparatus of claim 7, wherein the midsection conically tapers from a distal
end to a proximal end.
11. The balloon apparatus of claim 7, wherein the wall thickness of the proximal tapering
portion tapers from the proximal annular connection to the proximal end of the midsection.
12. The balloon apparatus of claim 7, wherein the wall thickness of the distal tapering portion
tapers from the distal annular connection to the distal end of the midsection.
13. A balloon catheter apparatus comprising:
a guidewire adapted to be advanced within a blood vessel to a vascular occlusion;
a balloon catheter comprising;:
a hollow outer shaft;
a hollow inner shaft within the hollow outer shaft and coaxially slideable with the
hollow outer shaft;
a balloon coupled at a distal end of the balloon to the hollow inner shaft by a

distal annular connection and coupled at a proximal end of the balloon to
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the hollow outer shaft by a proximal annular connection, wherein the
balloon further comprises:

a conically tapering midsection;

a distal tapering portion tapering from a distal end of the
midsection to a proximal end of a distal annular
connection,;

a proximal tapering portion tapering from a proximal end of the
midsection to a distal end of a proximal annular
connection,;

wherein proximal tapering portion has a wall thickness greater than the wall
thickness of the distal tapering portion;
wherein the balloon catheter is adapted to be advanced over the guidewire so that the
distal end of the balloon catheter is in proximity to the vascular occlusion;
wherein the balloon is adapted to be inflated to a first inflation pressure, wherein the first
inflation pressure causes the balloon to be anchored within the blood vessel; and
a mechanism for oscillating the pressure in the balloon, wherein the oscillation of the
pressure causes a longitudinal distal-proximal oscillation of the inner shaft.
14. The balloon catheter apparatus of claim 13, wherein the midsection of the balloon has a
wall thickness less than the wall thickness of the distal tapering portion.
15. The balloon catheter apparatus of claim 13, wherein the wall thickness of the proximal
tapering portion of the balloon tapers from the proximal annular connection of the balloon to the
proximal end of the midsection of the balloon; and wherein the wall thickness of the distal
tapering portion of the balloon tapers from the distal annular connection of the balloon to the
distal end of the midsection of the balloon.
16. The balloon catheter apparatus of claim 13, wherein the balloon catheter apparatus is
adapted to access discrete regions of the vasculature, to cross an occluded vessel, or both.
17. The balloon catheter apparatus of claim 13, wherein the balloon catheter apparatus is
adapted to access discrete regions of the vasculature, to cross a chronic total occlusion, or both.
18. The balloon catheter apparatus of claim 13, further comprising at least one mechanism
for immobilizing the guidewire within the inner shaft.

19. The balloon catheter apparatus of claim 13, further comprising
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a mechanism for decreasing the pressure in the balloon, wherein the decreasing of
pressure releases the anchoring of the balloon; and

a mechanism for advancing the balloon catheter distally within the blood vessel.

50



PCT/IB2008/003293

WO 2009/053839

1116

o 7By,

WA

w
X

¢g

P \\\\\\\ W al.ﬁm.!- —
w 81 LY €7
eg
&w.m 11 \mﬁ N.. . %.N.& m
lﬂ.l..n P — S ———— % —
==
w/ \ . .



PCT/IB2008/003293

WO 2009/053839

2/16

2G1

qe

aeg

qsT

81

LY

(44

¢ ‘B

14

egl

4



WO 2009/053839 PCT/IB2008/003293

3116

Fig. 4 =

le

- 2a
18 \ 3a

T e

15 11 18b 5bb 3b

18— s

ANNNNNNY

~
T —)

ole e

Fiy. 5B v / //

15 11 18b




WO 2009/053839 PCT/IB2008/003293

4116

12 17 14

13

11
8a

12 17 49

11

AR LGRS ARANIRNH S YNANAAN A EN LSRN MANASASNAN

Lol Um 7 [y
%’h AT II_ . maseiess % -

5aa 1 45



WO 2009/053839 PCT/IB2008/003293

5116

13

Y Fig 7E saa

E ;EE / (et
D\
)




WO 2009/053839 PCT/IB2008/003293

6/16

98

GLLLSSSLSLTLL IS 2 LIS LTSI NS LS ST IS LIS AL LSS LSS LSS,

AL LSS d ittt bt s st s s aaa S I AT E I AP TAT T XA AT AT AT AT AT A AT AT AT AT AT AT ATATAY AV AY AT A AV AV AV AT AT AT AVATAVATATAVAY AVAVATAVATS

TIIILLLL IS FI 8T 4T L AL ILTI I I LA

R T T Ty & ST T ST

NN T T YR IR YRR




WO 2009/053839 PCT/IB2008/003293

7116




WO 2009/053839 PCT/IB2008/003293

8/16

yllo

D3 1

) r/

D2

Fig. 104

D3

3 h

110
112 ),
— =

D2

Fig. 108

/4

D1

110

-

Trim ]% /
112 .

Fig. 10C



WO 2009/053839

9/16

Sllﬂ

PCT/IB2008/003293

110
~

D1

Y e e e g e 22N
T ——

ANURUICIR AR RARRRARNANNNN

AAONRNERNRARNNRRRRRRRANNANNAY
O ————

Y e 227 77

D2




WO 2009/053839 PCT/IB2008/003293

10/16

252 257

Fig. 114

206 201 270

. ~ Fig. 118

250 207 255 206 270

PONONMVNVULVRNNDNNL

252 257 219 254

—=

251

. Y //IIIIIIIII[ 2277777707777 P77
q:' 1 1 C 205a 201

208a 1g. 1 Zﬂ 2084 205aa



WO 2009/053839 PCT/IB2008/003293

11/16

252 267

251 Tig. 128 205aa 201

0
i

Tt

i
i

0546465595
5
1§99

i

e

i

E=inTin

3
8

399

il

555995
$559559959535559559595%5"

£93999%

g
Sl

88!

3
00950959058994545656655556£5585645645

R

59995959995959959999595539599%¢

S':gi'é
353348
SSSS%
1999595495548555655549¢¢ $§22222222

AN

213



WO 2009/053839 PCT/IB2008/003293

— 212a 214
i
|

AR

[

216 212

[Fe—
A Y

TV IS FTIT T T IS TIEY

.;I IO TS T8I r. 0
0 Y A
i St 232b

230/ Tigo 15



WO 2009/053839 PCT/IB2008/003293

13/16

213

gtayans

AN AN

EERLTT N

216
242
201a

212a 214 216b
- )

2.7 Y 000000 00 U AR o

-
A A A S A
e R A A A v A A A A A e AR AT AL N ot
AIAAARA S S
211 A A A P AT
-rvv-=$: A AN P AARA A A A
"""" R 207 SEadnanv R o

X 2522 AAAAAA T
SARRAY 3
e R A A A AR AL
—— 3
c{ggx.ﬁ A
A
: 2%
WA
e > SIRGNA
CatFl 55 3
o
S
v
....... 24
-------- -~ R ARAAs
A So0
GENaST A AN AR Sy A A v
| . AR, WA WA A
SATARE 2A%
3 201 3 A A
. ~ A AT AVRAA A A
216 212 . A R A A A A
201av; 2 B A AT
Q WA A
. A A A o
A




WO 2009/053839 PCT/IB2008/003293

14/16

..._.__..—___.—/
N/ -

5x Sy

FIG. 18A

233

e
—m\

FIG. 18B



WO 2009/053839 PCT/IB2008/003293

15/16

WL W W WA WL W W W WL WA N W W WL W W W WL W WA W WA WO L W WL WAL WA W WA L W WA W, W, . . W, W L WL WA W W W W W WL WM W WL AL N WA

YLl (/L (LLLLLLLLLLLLLLL L LD

L Z 2 7 77 T 7222222272 2-Z202)

[ L L Ll LLLLL LTI T L7777 77772287 2277727777777 72727277727 22224

P W WA WL WL WL WA WL W W WL WA WA WA WL WL e W T WA WA WL WA WL WA WAL WA W W W, A YR, WP, . W WA W W W WL WA WA W WA W W W W WA Wl WAL W ., W, W

| s s o 1 7 2 s s 7 2 2 2 0 2 |

246
(

WA WA WA WA WAL W W W WA WA W W WA WL W W WA W WA W WA WAL WEL W W W WA W WL W WA WA W WAL WL WA WA WA WL WA WAL WA WAL W A W W W W W W W W R

LLLLELLLLLLLLLLLL L L L L LL LTI 7777777777 777 777777777 7777777 7 7 A

W W W VL WO VL WA WL WL W W A . WA WL VAL WAL WL WL WL L WAL WAL W L L L W WL W WS, V. WL W W W VO WAL WA W WA W WL W VAL W V. VR WA WAL WA WA WAL WA WA WA W

S 246 (

247

243

Fig. 19C



WO 2009/053839 PCT/IB2008/003293

16/16
253 253b
253a

w momay - 2
253e
“ l 2530

Tlg. 20 253b

263 263b

2%
269
264 262 261 263d R g ------------- o e
263e
\mz&g U

L LLLLLLLL I LS LIS LA

263c

Tig. 21 263b

2733 279 273b 273

2§4 L) N r— S g \/ o7

LN p,

L
CLLLLL LS L L L L L L L L L L LS /B
= = T~ S

= =/ A\
2734 273
Z 273¢

273a

Fig. 22 273



	Page 1 - front-page
	Page 2 - description
	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 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings

