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DEVICE FOR COMPARTMENTAL DILATATION OF BLOOD VESSELS

INCORPORATION BY REFERENCE
[0001] All publications, patents, and patent applications mentioned in this
specification are herein incorporated by reference to the same extent as if each individual
publication, patent, or patent application was specifically and individually indicated to be

incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to the field of medical methods and devices,
specifically to medical dilatation balloon catheters and devices intended to treat blood vessel
obstructions and/or deliver active substance to body tissue.

[0003] Angioplasty balloons are one of the most commonly used tools for
treatment of narrowed and occluded blood vessels. These balloons are typically cylindrical
when inflated and are manufactured in various dimensions (length and diameter) to conform
to different vessel size. Balloons are located at the distal end of flexible catheters and
delivered to a target site/lesion where they are inflated, normally between 8-20 atmospheres,
in order to overcome the resistance of the lesion and achieve luminal expansion. Such high
pressure angioplasty is often associated with trauma to the vessel walls with a resulting high
frequency of vessel dissection (30%-40%), abrupt closure of the treated vessel (5%-12%),
and restenosis. When conventional angioplasty is used as a primary treatment for occluded
vessels, restenosis can occur in about 50% of the cases. Therefore in the vast majority of
coronary treatments, angioplasty is used as an initial treatment followed by placement of a
stent. Frequently the stents are coated with drug and polymer requiring the patient to take anti
platelet therapy for extended periods, possibly lifelong, to limit the risk of stent thrombosis or

blood clots.



WO 2013/114201 PCT/IB2013/000217

necessary to apply more and more pressure until the stenosis gives way. This is an abrupt and
forceful process that may result in severe trauma to the vessel wall that in the best case
further delays the healing of the lesion and in the worst and not uncommon case result in
dissections, abrupt closure and restenosis.

[0005] Dissections in the treated blood vessel due to balloon dilation are very
common. The dissection rate is estimated as high as 30% of the cases. Some of these are
severe and may require urgent surgery or placement of additional stents. In addition,
dissection may contribute to poor long term clinical results and restenosis even if a stent is
placed in the treated lesion. Dissections are attributed to several mechanisms occurring
during balloon inflation including the shear forces applied on the vessel walls as the balloon
pleats unfold and uneven inflation of the balloon due to inconsistency of the disease in the
vessel. During inflation, while the balloon diameter increases in the radial direction, the
folded balloon is unwrapped and applies tangential forces (See Fig 1A, 1B and 1C). Attempts
have been made to resolve this problem by providing fully elastic or stretchable balloons that
open radially without unfolding. However, those balloons, made of elastic materials could not
provide sufficient dilatation forces since the materials are soft and compliant not capable of
high pressure inflation.

[0006] The disease is not uniform and the inner diameter of the vessel can be
characterized as anisotropic. Standards angioplasty balloons are commonly elastic or semi-
compliant, and are designed to increase their diameter, and therefore apply force on the
surrounding area in a uniform way. When inflated against an inconsistent resistance
(eccentric lesions, focal plaque) it will be necessary to apply increased pressure until the
plaque gives way and the balloon is fully inflated. This abrupt and uncontrolled process
causes increased trauma to the area. Furthermore, at the initial stage of the elastic nature of a
balloon cause its diameter to increase more at the elastic (and less diseased) areas of the
vessel causing further trauma and delayed healing.

[0007] Long lesions (typical of peripheral lesions) create additional challenges.
These lesions often require repeated inflation/deflations while progressing through the

occluded vessel. This requires a consistency in the quality of performance that is not typical
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cause further damage to non-diseased areas. Since the lengthening of the balloon is relative to
its length, this is especially pronounced in treating long lesions.

[0008] Dissections, elastic recoil and abrupt closure are all mechanisms
associated with current angioplasty balloons having a high level of injury and trauma to the
treated vessel.

[0009] Therefore, it would be desirable to provide improved balloons and
inflation structures for angioplasty balloons used in vascular treatments. In particular, a
balloon that has less tendency to cause trauma and dissection to the blood vessel wall by
modulating the inflation characteristics of the balloon and providing segmental
compartmental dilation with local areas of compliance. Furthermore a controlled inflation
that allows for a slow plaque remodeling and modification process can prove to be less
traumatic and promote faster healing of the lesion.

[0010] It would be further desirable if the reduced dissections could also reduce
the risk of elastic recoil and abrupt re-closure which are associated with current angioplasty
balloons and their use. It would be further desired if such improved angioplasty balloon
structures were compatible with each of stents, drug-eluting stents, and drug coated balloons.
These advantages would preferably be obtained without loss of the ability of the catheters to
increase the luminal size and restore blood vessel in the patient being treated. At least some

of these objectives will be met by the invention as described hereinafter.

SUMMARY OF THE INVENTION

[0011] This invention discloses a device for angioplasty or dilatation of stenotic
vessels and optionally for the delivery of active substance to the vessel wall. The balloon
catheter disclosed here is designed to support a controlled and regulated plaque remodeling
process promoting faster healing of the diseased area. This is achieved by modulation of the
inflation characteristic resulting in less trauma to vessel wall during inflation.

[0012] This balloon catheter consists of a balloon catheter and a Constraining
Structure (CS) located on the balloon portion of the catheter. The Constraining Structure (CS)

serves to control and limit balloon inflation by modifying balloon topography and creating
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topography helps to promote plaque remodeling during inflation and allow for a controlled
inflation with minimized trauma to vessel wall. The CS also inhibits transfer of shear forces
to the lesion and vessel wall as the balloon inflates.

[0013] As the balloon inflates both balloon and CS structure increase in diameter
however the CS maximal diameter is smaller than the balloon diameter. The balloon
continues to inflate through the CS creating a topography of hills (pillows) and valleys (CS
locations). The CS and balloon are capable of expanding due to inflation force applied by
balloon dilation. The CS expansion is limited by its geometrical design. The CS is designed
to limit balloon diameter, to eliminate transfer of tangential forces to vessel wall and to allow
a plaque remodeling process that minimizes trauma and promotes faster healing.

[0014] A conventional balloon is compliant or semi-compliant and has a smooth
even surface. During inflation the balloon will expand more easily in areas of less resistance,
such as the less diseased areas (see Image 4A to 4C). In order to successfully open the lesion
it is necessary to apply more pressure then when pressure is high enough the lesion will “give
in” and open abruptly. This inflation process is fast and aggressive and may cause severe
trauma. The device described in this invention is designed to allow a slow process of plaque
remodeling where the plaque is able to flow and reshape itself due to the topography created
by the CS. It creates a series of cushions where the CS is located at valleys between them (see
Fig 3). The CS channels between the cushions prevent high pressure buildup in the plaque
and over expansion of the dilated vessel thus minimizing trauma caused to vessel walls
during inflation. Thus the inflation process is controlled resulting in less trauma to the vessel
and faster healing of the area.

[0015] The CS is situated over the deflated and folded balloon and attached to the
catheter near the distal end of the balloon or near the proximal end of the balloon or
preferably both. It also can be placed over the balloon without attachment. Upon balloon
inflation the CS expands and allows the dilatation of the vessel by the balloon in a pre
determined topography. During balloon dilation both the balloon and the CS structure
increase in diameter while length of the device does not change. This further modulates the

mechanics of inflation by minimizing the creation of axial tension forces on the vessel wall.
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inflation the CS structure and balloon effective length do not change. When balloon length is
maintained throughout the inflation process it allows predictability and more control of the
inflation mechanism, and the healthy areas of the vessel are not exposed to inflation and

tension forces exposing them to further damage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The novel features of the invention are set forth with particularity in the
appended claims. A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:

[0017] Iig 1A to 1 C show a cross-section of the stages of unwrapping of
conventional balloon inflation in a stenotic blood vessel.

[0018] I'ig 2A and 2B show this invention where a Constraining Structure is located
on the balloon creating a controlled topography of hills and valleys during inflation.

[0019] Figs 3A to 3C show a cross-section of the dilatation device in this invention
during 3 different stages of inflation while unwrapping occur within the constraining device.

[0020] Figs 4 A to 4C show 3 inflation stages of a conventional balloon.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0021] This invention discusses a device for treating of diseased, blocked,
occluded or stenotic lumens in the body, typically blood vessels including both arteries and
veins, and more typically coronary and peripheral arteries. This device dilates occluded
vessels while causing minimal trauma to the lesion thus minimizing the risk of dissections,
total occlusion, abrupt closure and restenosis, and promotes faster healing.

[0022] A Constraining Structure (CS) is placed over a balloon catheter where
upon inflation both the balloon and the CS increase in diameter and during deflation the CS
returns to its original dimensions. The CS can have multiple designs intended to expand to a
diameter smaller than the maximal inflated diameter of the balloon. The CS can be connected

to the balloon either on the distal side or the proximal side or both. It can also float over the
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maintain its length during expansion and therefore there is no relative axial movement
between the CS and the balloon. It can be made from various materials, processes and
designs. It can be made from metal, preferable a very elastic metal such as Nitinol and it can
be made from variety of polymers (e.g. Nylon). It can be constructed from wires or laser cut
from a tube, sheath or other forms of materials.

[0023] In a preferred embodiment of this invention the CS is over the balloon.
During inflation the CS expands allowing the balloon to expand under it. The maximum CS
diameter is smaller than that of the inflated balloon, thus the balloon protrudes and expands
through the CS creating a topography of hills and valleys. The CS structure creates a
combination of a designed topography and controlled, slower inflation promoting a process
of plaque remodeling. The plaque in the diseased area of the vessel is able to flow through
the valleys in the designed topography, and re-distribute in the vessel allowing a gradual
inflation without the need to apply added pressure.

[0024] Referring to Figures 4A to 4C, in a conventional balloon during inflation,
due to balloon compliance, the balloon will expand toward areas of less resistance (healthy
areas or areas with less plaque buildup -see Fig 4B). In order to successfully dilate the lesion
additional pressure should be applied until the lesion areas with more severe blockage yields
and the balloon can inflate entirely (see Fig 4C). This process is abrupt and aggressive
exposing vessel wall (healthy or diseased areas) to severe trauma and may result in
dissection, restenosis and a slower healing process. The topography created by the CS allows
for the plaque to gradually re-disperse and flow through the CS valleys (see Fig 2A and 2B)
while the catheter expands and the inflation is gradual and controlled. The design of the CS
allows for plaque remodeling creating less trauma and promotes faster healing.

[0025] In one embodiment of this invention, the CS is attached to both ends of the
balloon and is capable of maintaining a constant length during inflation and deflation
processes. During inflation the CS structure expands to a pre-designed diameter that is
smaller than the balloon inflated diameter. The balloon continues to expand beyond the CS
but is restricted in length by the CS structure. Referring to Figure 2B, the balloon inflates

through the CS structure and is restricted in length by the CS design, thus allowing the device
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or eliminating axial forces applied on vessel wall and minimizing trauma (o vessel.
Furthermore this allows more predictability in inflation process. This is especially effective in
long balloons (commonly used in peripheral arteries).

[0026] In one embodiment of this invention the CS is constructed of radial rings
connecting by axial wires. Upon inflation the CS expands radially without any axial
lengthening. This structure allows a compartmental inflation process where the rings create
separate inflation zones within the vessel. Therefore the pressure to the vessel wall is
controlled and is applied in the radial direction without any strain in the axial direction
reducing trauma and possible dissections.

[0027] The present invention can be utilized to deliver various agents or active
substances particularly (but not limited to) those suitable for treating vascular and other
luminal conditions such as antiproliferative and antimitotic agents (such as paclitaxel and
sirolimus) other substances can include antibiotics, antiplatelet agents hormones and more.

[0028] The active substance can be placed in various designs or techniques such
as directly coated on the balloon surface, the CS or both. It can be embedded in a
matrix/carrier placed on the balloon or the CS or both. The combination of low trauma
dilatation with release of active agent can be superior to drug eluting stents for some portions
of the population by minimizing the need for a permanent implant yet providing good long
term results.

[0029] In one embodiment the balloon surface is coated with drug. Upon balloon
inflation, the ‘pillows’/hills formed in the balloon external surface coated with drug engage
the vessel wall and compress the drug into the wall to facilitate efficient drug delivery to the
treated site.

[0030] Drug delivery can be facilitated using many different design methods
including but not limited to coating the balloon, coating the CS structure or both. Coating

with a drug directly or using a carrier in a form of a matrix or microcapsules.
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1. A balloon catheter, the balloon catheter comprising
an expandable balloon carried on the catheter; and
a radially expandable constraining structure disposed on the balloon,
wherein the constraining structure comprises an expanded diameter
smaller than an inflated diameter of the balloon, and
wherein the constraining structure comprises a plurality of
compartments configured to define a plurality of portions of the balloon to
expand independently of each other.
2. The balloon catheter of claim 1, wherein at least one of the constraining
structure and the balloon catheter comprises an active substance delivery mechanism.
3. The balloon catheter of claim 2, wherein the delivery mechanism comprises a
carrier and/or coating.
4. A constraining structure for constraining expansion of an inflatable balloon,
the constraining structure comprising
one or more expandable radial rings; and
one or more longitudinal struts connecting the constraining rings,
wherein the constraining structure is configured to be non deployably
positioned over a balloon catheter.
5. The constraining structure of claim 4, wherein the constraining structure
comprises at least one of a metal or a polymer.
6. The constraining structure of claim 4, wherein the constraining structure is
formed from wires or is laser cut from a tube.
1. The constraining structure of claim 4, wherein the longitudinal struts are
substantially non-expandable.
8. The constraining structure of claim 4, wherein the radial rings are configured
to expand independently of each other.
9. A method for deploying a balloon catheter, the method comprising
Providing a balloon catheter having a constraining structure mounted over the

balloon;
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inflating the balloon thereby causing dilation of the vessel in a pre determined

non-cylindrical topography.

10. The method of claim 9, wherein inflating the balloon causes the constraining
structure to expand.

11. The method of claim 10, wherein a length of the balloon and the constraining
structure remains substantially constant while causing the constraining structure to expand.

12. The method of claim 9, wherein inflating the balloon causes the balloon to
protrude and expand through windows in the constraining structure.

13. The method of claim 9, wherein inflating the balloon creates a topography of
hills and valleys.

14. The method of claim 9, wherein inflating the balloon comprises gradually
inflating the balloon.

15. The method of claim 9, further comprising delivering an active substance to

the vessel.
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