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(57) ABSTRACT

An angioplasty balloon (40) is provided with a plurality of
scoring elements (44) extending along the balloon (40).
Within the scoring element (44) there are provided channels
or lumens (36) extending therethrough. The channels or
lumens (36) provide for Rayleigh scattering of ultrasonic
waves directed to the balloon (40), thereby being visible by
imaging devices. The channels or lumens (36) provide vis-
ibility of the balloon (40) during medical procedures, both
when the balloon (40) is in a deflated, wrapped, condition and
also when theballoon (40) is inflated. It is not necessary to use
contrast media to fill the balloon (40).
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ULTRASONICALLY VISIBLE SCORING
BALLOON

TECHNICAL FIELD

[0001] The present invention relates to medical balloons
and preferably to scoring or cutting balloons for use, for
example, in angioplasty procedures.

BACKGROUND ART

[0002] The use of cutting or scoring balloons for angio-
plasty and other procedures is well documented. Typically,
such balloons are made of a thin but strong material, Pebax
being one example, which is able to be wrapped into a very
small diameter and yet which is strong when inflated. Cutting
or scoring balloons typically have one or more cutting or
scoring elements provided on or in the balloon wall which
extend beyond the perimeter of the balloon wall in a radially
outward direction. These cutting or scoring elements may be
formed of a stiff material, even of metal, which is attached to
the balloon, for instance by bonding or adhesion. In other
embodiments, the cutting or scoring elements may be formed
integrally with the balloon wall, and they may be made of
different material from that of the remainder of the balloon.

[0003] As a result of the structure and materials used for
such scoring balloons, they are not particulatly suited for
traditional angiographic imaging techniques, particularly
ultrasonic imaging, thereby having to rely upon less advan-
tageous CRT and MRI imaging. Specifically, such balloons
tend to be vey difficult to see and in some instances can be
virtually invisible. In order to mitigate these disadvantages,
such balloons can be inflated with a contrast media which is
opaque under ultrasonic imaging. However, suitable contrast
media does not resolve the imaging difficulties when the
balloon is in its deflated condition. Moreover, contrast media
tends to be relatively more viscous than other fluids which can
be used to inflate such balloons, with the result that the time
required for inflation and deflation of a balloon with contrast
media is increased. The increased viscosity also limits the
minimum diameter of the inflation and deflation lumen and
therefore the minimum achievable diameter of the balloon
catheter.

[0004] Balloon catheters suitable for imaging are dis-
closed, for example, in US-2005/0222596, U.S. Pat. No.
5,507,292, U.S. Pat. No. 5,429,136 and U.S. Pat. No. 5,383,
460.

Disclosure of the Invention

[0005] The present invention seeks to provide an improved
medical balloon and in particular one which is more readily
visible by imaging, in particular ultrasonic or magnetic imag-
ing.

[0006] According to an aspect of the present invention,
there is provided a medical angioplasty balloon for endolu-
minal location within a patient, the balloon including a bal-
loon wall extending in the direction of a longitudinal axis of
the balloon and provided with one or more scoring or cutting
elements, there being embedded within the one or more scor-
ing or cutting elements an elongate channel or lumen provid-
ing a material discontinuity therewithin.

[0007] The at least one lumen or channel provides a radio-
paque or echogenic element in the balloon useful in giving the
balloon visibility under imaging. More specifically, the mate-
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rial discontinuity of the channels affects the passage of ultra-
sonic or magnetic waves directed to the balloon.

[0008] A discontinuity of such a nature in the balloon wall
provides within the structure of the balloon an inherent prop-
erty which is visible when ultrasonic or magnetic waves are
directed to the balloon. It is therefore not necessary to rely
upon contrast media for inflating the balloon in order to make
the balloon visible under imaging.

[0009] In the preferred embodiment, the discontinuity is
shaped so as to generate Rayleigh scattering of ultrasonic or
magnetic waves.

[0010] Advantageously, the one channel or lumen is at least
partially rounded. Most preferably, the at least one channel or
lumen is substantially round in axial cross section and is
hollow or filled. In an embodiment, the or each channel or
lumen is filled with air or a gas, in other embodiments it may
be filled with a gel or rod of polymeric material, metal or
metal alloy.

[0011] The at least one channel advantageously provides a
feature in the balloon wall which has a material of density
different from the density of the material forming the balloon
wall, that is of a lower or higher density than that of the
material forming the balloon.

[0012] The at least one channel or lumen may extend in the
longitudinal direction of the balloon or may extend at an angle
thereto. For instance, in some embodiments, the at least one
channel is substantially straight while in other embodiments
it or they may expend helically along the length of the bal-
loon.

[0013] It is preferred that the at least one such scoring
element extends in a longitudinal direction of the balloon.

[0014] It has been found that a channel or lumen with a
diameter of less than about 100 micrometers does not
adversely affect the strength or performance of the balloon
and yet provides good imaging characteristics. Most prefer-
ably, each channel or lumen has an inner diameter of substan-
tially 50 micrometers.

[0015] According to another aspect of the present inven-
tion, there is provided a method of monitoring a medical
angioplasty balloon within a patient, which balloon is pro-
vided with a balloon wall extending in the direction of a
longitudinal axis of the balloon and provided with one or
more scoring or cutting elements, there being embedded
within the one or more scoring or cutting elements an elon-
gate channel or lumen providing a material discontinuity
therewithin; the method including the steps of inserting the
balloon into the body of a patient, directing ultrasonic or
magnetic wave energy to the patient; detecting the ultrasonic
or magnetic wave energy reflected or scattered from said
patient by the at least one channel or lumen and determining
from the detected wave energy the location and/or condition
of scoring or cutting elements of the balloon.

[0016] Advantageously, the determination step monitors
for the relative position ofa plurality of said channels, in order
to determine a shape of the balloon and/or a state of inflation
of the balloon.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Embodiments of the present invention are described
below, by way of example only, with reference to the accom-
panying drawings, in which:
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[0018] FIGS.1A and 1B are, respectively, transverse cross-
sectional views of a balloon raw material tube and an inflated
balloon provided with no ultrasonically visible elements
embedded therein;

[0019] FIGS.2A and 2B are, respectively, transverse cross-
sectional views of an embodiment of balloon raw tubing and
inflated balloon; and

[0020] FIG. 3 is a perspective view of an embodiment of
scoring balloon according to FIGS. 2A and 2B.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] Described below are various embodiments ofa scor-
ing balloon provided with one or more echogenic elements.
By echogenic it is meant elements which are visible to imag-
ing, in the preferred embodiment to ultrasound imaging. As
will be apparent from the teachings herein, the preferred
embodiments provide elements which contribute or cause
Rayleigh scattering of ultrasonic wave energy, although the
elements could otherwise be absorbent (radiopaque) or
reflective of ultrasonic waves.

[0022] Although the preferred embodiments relate to scor-
ing or cutting balloons, as indicated below the teachings
herein are applicable also to other types of balloon which do
not necessarily perform a scoring or cutting function.

[0023] Referring to FIGS. 1A and 1B there is shown in
schematic form transverse cross-sectional views of, respec-
tively, a balloon raw tubing and of an inflated balloon. The
balloon shown in FIGS. 1A and 1B is a scoring balloon.
[0024] Referring to FIG. 1A, the raw tubing 10 has a first
element 12 which is of tubular form. Integral and extending
regularly therefrom are, in this example, four ribs 14 which
extend along the length of the tubing.

[0025] Raw tubing 10 is made of a material such as nylon,
Pebax (polyether block amide), PET, polyethylene, polyure-
thane and the like. It can be made of any material which is able
to be inflated and drawn to the balloon shape shown in FIG.
1B. The material may be such as to cause the balloon to be
non-compliant or compliant.

[0026] With reference to FIG. 1B, the final inflated balloon
20 has a balloon wall 22 which is considerably thinner than
that of the raw tubing 10, caused principally by stretching the
body element 12 of the tubing 10 during the balloon forma-
tion process. Extending from the balloon 22 are four scoring
elements 24 which run along the length of the balloon 22.
These scoring elements 24 are formed from the ribs 14 of the
raw tubing 10. In a typical procedure, the raw tubing 10 is
inflated within a mould which has a plurality of channels or
recesses within the mold chamber of a shape, size and posi-
tion to accommodate the ribs 14 and thereby for use in ensur-
ing that the ribs do not flatten on inflating of the tube 12.
[0027] The scoring elements 24 may extend in a longitudi-
nal direction of the balloon 22 but in other embodiments may
extend at an angle to this, for example helically.

[0028] It is preferred, as with the embodiments described
with reference to FIGS. 2 and 3 below, that the ribs 14 and
balloon tubing 12 are formed of the same material as one
another, and typically by co-extrusion through a suitable die.
Tt is not excluded, however, that the ribs 14 and tubing 12 can
be formed of different materials, in dependence upon, prima-
rily, the characteristics of stiffness and strength desired for the
scoring elements 24 formed from the ribs 12.

[0029] Thescoring balloon shown in FIG. 1B is typically of
low echogenicity and radiopacity. In other words, it is not
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readily visible by ultrasonic or magnetic imaging techniques.
In order to make the balloon 20 visible, this can be inflated
with a contrast media which is opaque during imaging.
Although the use of contrast media does improve the echoge-
nicity of such balloons, there is the risk of leakage of contrast
mediainto the patient should the balloon tear. Furthermore, as
contrast media s relatively viscous compared to, for example,
water or saline solution, the use of contrast media results in
longer inflation and deflation times for the balloon 20. This
viscosity of the contrast media also limits the minimum size
of the inflation/deflation lumen and therefore of the diameter
of the introducer assembly.

[0030] Furthermore, with contrast media the balloon
remains substantially invisible when in the patient until con-
trast media is injected therein. As a result, it is difficult to
determine the position and shape of the balloon when it is in
a deflated state.

[0031] Referring now to FIGS. 2A and 2B, there is shown a
preferred embodiment of scoring balloon provided with
echogenic elements therein.

[0032] More specifically, the balloon raw tubing 30, shown
in FIG. 2A has a tube portion 32 equivalent to a tube portion
12 of the raw tubing 10 in FIG. 1A and a plurality of longi-
tudinally extending ribs 34. The ribs 34 have extending there-
through a lumen or channel 36 (hereinafter referred to as a
channel). The ribs 34 and channels 36 extend, in this embodi-
ment, for the whole length of the tube portion 32.

[0033] The channels 36 are formed in the raw tubing by
means of a suitable die. In this regard, current extrusion
technology can extrude channels or lumens of diameters of
the order of tens of micrometers. The channels 36 can be
made by any of the known technologies and in one embodi-
ment extend for the whole length of the raw tubing. The
channels 36 may be fattened at the ends of the balloon when
this is formed from the raw tubing. The channels 36 can have
a diameter of the order of tens of micrometers, one example
being in the region of 50 micrometers.

[0034] As in the examples of FIGS. 1A and 1B, the raw
tubing of FIG. 2A is inflated within a suitable heated mold so
as to expand the tubing into the final balloon shape shown in
FIG. 2B. In particular, in the preferred embodiment, the mold
is provided with internal grooves in its inner wall of a posi-
tion, size and shape able to accommodate the form of the ribs
34 and to prevent these from being stretched during the
stretching of the tubing 12 to form the balloon wall. Preser-
vation of the form of the ribs 34, to form the scoring elements
of the balloon, will also preserve the form and structure of the
channels 36.

[0035] As a result, as can be seen in FIG. 2B, the channels
36 also exist in the scoring elements 44 of the final balloon
form. The balloon wall 42 can be of conventional thickness
and therefore can exhibit the same characteristics as known
medical balloons.

[0036] The balloon of FIG. 2B can be seen in its complete
form in FIG. 3. As is conventional with such medical bal-
loons, the balloon 40 includes a central or body portion 46
which is substantially cylindrical, although could be molded
into a different shape if desired. First and second cone por-
tions 48, 50 are located, respectively, at either end of the body
portion 46. First and second neck portions 52, 54 bound,
respectively, the first and second cone portions 48, 50. The
neck portions 52, 54 are typically bonded, secured by other
means or otherwise integral with a balloon catheter (not
shown in FIG. 3).
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[0037] The scoring elements 44 extend, in this embodi-
ment, along the entire length of the balloon 40, including over
the conical portions 48, 50 and the neck portions 52, 54. The
channels 36, in this embodiment, extend along the entire
length of the scoring elements 44 and thus along the entire
length of the balloon 40 and in particular across the body
portion 46.

[0038] Theballoon 40 could be made of conventional com-
pliant or non-compliant materials including, for example,
polyurethane, Pebax (polyether block amide), nylon, poly-
ethylene, PET and the like, as with the example of FIGS. 1a
and 15.

[0039] The channels 36 are preferably cylindrical and are
substantially circular in transverse cross-section. In the pre-
ferred embodiment they are filled with air or other gas. They
advantageously have a relatively small diameter, typically of
no more than around 100 micrometers, in the preferred
embodiment of around 50 micrometers. It is preferred these
channels have a diameter which is smaller than the wave-
length of ultrasound used in medical imaging.

[0040] The channels 36 provide a material discontinuity
within the structure of the balloon 40 which affects the pas-
sage of imagining wave energy directed to the balloon. The
substantially circular cross-sectional shape of the preferred
embodiment of channels 36 provides a circular or rounded
material discontinuity which promotes Rayleigh scattering of
ultrasonic waves directed through the balloon. This scattering
causes the channels to look opaque or darkened in the image
and thus to be visible. They could therefore be described as
echogenic elements.

[0041] As will be apparent from the view of FIG. 3, a
balloon provided with a plurality of such channels 36 extend-
ing along the scoring elements 44 in the manner shown will
generate a plurality of visible lines during imaging, which
lines are indicative of the position of the balloon 40, the state
of inflation of the balloon, the shape of the balloon and the
location and shape of the scoring elements 44. The channels
36 and thus these characteristics of the balloon are visible
irrespective of the state of inflation of the balloon. Specifi-
cally, the balloon 40 will be visible whenit is deflated and also
when it is deployed.

[0042] As aresult, the location of the balloon can be readily
seen within a body vessel when still in a wrapped configura-
tion, thereby enabling the clinician to position the balloon 40
accurately at the desired site within the patient.

[0043] Furthermore, the channels 36 and thus profile of the
balloon 40, are visible by imaging in the course of inflation of
the balloon towards its fully deployed configuration, enabling
the clinician to determine how the balloon is inflating and also
the shape and characteristics of the body vessel within which
the balloon is being deployed. Any obstructions, constrictions
or non-cylindrical profiles of the vessel will be apparent by
the imaged shape of the channels 36. Specifically, any such
vessel features are likely to constrict the inflation of the bal-
loon 40, preventing it from reaching its fully inflated cylin-
drical shape. As a result, one or more of the scoring elements
44, and thereby channels 36, are likely not to be straight but
will be curved or bent around the constriction or obstruction
of the vessel wall. This shape of the channel or channels 36
will thus provide in the obtained image an indication of the
internal shape of the vessel wall at that location.

[0044] Moreover, the channels 36, when located in the scor-
ing elements 44, assist the clinician in viewing the progress of
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an angioplasty treatment. In the latter case, the clinician can
see the effectiveness ofthe scoring or cutting action in remov-
ing stenotic material.

[0045] The visibility of the balloon is not dependant upon
the use of contrast media for inflation, although it is not
excluded that contrast media could be used. The balloon
could be inflated using other fluids, such as saline solution,
which are less viscous and which can thus assist in faster
inflation and deflation of the balloon 40, as well as requiring
a smaller inflation and deflation lumen and thus allowing a
smaller diameter introducer assembly.

[0046] The resultant balloon 40 can be used also in the
treatment of vessels in the extremities, such as the venous
fistula and similar patient locations.

[0047] The embodiment described above has channels 36
which are empty, that s, filled with air or other gas. It is also
envisaged that the channels 36 could be filled with other
materials, for instance radiopaque or wave scattering materi-
als in the form of a fluid, powder or solid element such as a
rod. Any element or material which provides for Rayleigh
scattering of ultrasonic waves or which otherwise is radio-
paque could be suitable. It is preferred that

[0048] Itis not essential that every scoring element be pro-
vided with a channel and it is envisaged in some embodiments
that only one or more scoring element could be provided with
such a channel 36. Similarly, even though the embodiment
described above has the scoring elements 44 and channels 36
extend over the whole of the length of the balloon 40, other
embodiments may have these extend over only a part of the
balloon. For instance, the channels 36 could extend over only
the body portion of the balloon 40. The latter could be
achieved by having the scoring elements extend also by this
more limited extent or by removing the channels and/or scor-
ing elements at the location of the conical and neck portions
of the balloon, for instance by cutting or heat pressing the
scoring elements during or after formation of the balloon 40
from the raw tubing.

[0049] Moreover, in some structures of balloon, there may
also be provided more than one channel 36 within each scor-
ing element 44.

[0050] Itis also envisaged that the channels 36 need not be
continuous for the whole length of the balloon 40 or even of
the scoring elements 44. They could, for example, be in the
form of a series of separate, serially aligned channels 36
within the scoring elements 44.

[0051] The scoring elements 44 need not extend longitudi-
nally along the length of the balloon 40 but could in other
embodiments extend in other directions, for example heli-
cally.

[0052] Itis envisaged in other embodiments that channels
36 could be provided within the balloon wall 40 rather than
being radially spaced therefrom within the scoring elements
44. In such an alternative, the balloon need not necessarily be
provided with scoring elements. The channels 36 could be
located in a part of the balloon wall which is thicker than other
parts of the balloon wall which do not have channels therein
or could simply be provided within a balloon wall of even
thickness throughout the circumferential extent of the bal-
loon.

[0053] Thus, it will be appreciated that the provision of
echogenic elements, that is channels or lumens, within a
balloon, is not necessarily restricted to a balloon used for
angioplasty procedures only. It could be provided with a
balloon used for other medical purposes, for instance for
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lumen occlusion as well as for balloons used for expanding
stents or other medical devices within the lumen of a patient.
[0054] The scoring elements 44, or otherwise parts of the
balloon within which the channels 36 are located, could be the
same material as the balloon wall or the remainder of the
balloon wall, or could otherwise be formed within scoring
elements of the portion of the balloon which is of a different
material.

[0055] Similarly, the channels 36 could be provided within
abase element to which a separate cutting or scoring element
is attached, such as a cutting blade.

[0056] The above described embodiments have four scor-
ing elements and four channels. This is the preferred number,
although in other embodiments there may be fewer channels
and in other more, for instance, two, three, five or six.
[0057] Itis to be understood that only some embodiments
are described above which would be apparent to the skilled
person having regard to the teachings herein and that the
described embodiments are not intended to be limiting of
these teachings.

[0058] Although the claims are set out in single claim
dependent form, it is to be understood that the claimed and
disclosed features herein can be combined with one another
and that the claims are intended to be interpreted as covering
these combinations as if they were in multiple dependent
form.

1. A medical angioplasty balloon for endoluminal location
within a patient, the balloon including a balloon wall extend-
ing in the direction of a longitudinal axis of the balloon and
provided with one or more scoring or cutting elements, there
being embedded within the one or more scoring or cutting
elements an elongate channel or lumen providing a material
discontinuity therewithin.

2. A medical balloon according to claim 1, wherein the at
least one lumen or channel provides a radiopaque or
echogenic element in the balloon.

3. A medical balloon according to claim 1, wherein the at
least one channel or lumen is at least partially rounded so as
to generate Rayleigh scattering of ultrasonic or magnetic
waves.

4. A medical balloon according to claim 3, wherein the at
least one channel or lumen is substantially round in axial
cross-section.

5. A medical balloon according to claim 1, wherein the at
least one channel or lumen is hollow or filled.
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6. A medical balloon according to claim 5, wherein the at
least one channel or lumen is filled with air, a gas, a gel,
polymeric material, metal or metal alloy.

7. A medical balloon according to claim 1, wherein the at
least one channel or lumen provides a feature in the balloon
wall whichhas a material of density different from the density
of the material forming the balloon wall.

8. A medical balloon according to claim 1, wherein the at
least one such scoring element extends in a longitudinal direc-
tion of the balloon.

9. A medical balloon according to claim 1, wherein the
scoring element is integral with the balloon.

10. A medical balloon according to claim 1, wherein the at
least one scoring element is formed of the same material as
the balloon.

11. A medical balloon according to claim 9, where in the at
least one channel or lumen has a diameter of less than about
100 micrometres.

12. A medical balloon according to claim 11, wherein each
channel or lumen has an inner diameter of around 50
micrometers.

13. A method of monitoring a medical angioplasty balloon
within a patient, which balloon is provided with a balloon
wall extending in the direction of a longitudinal axis of the
balloon and provided with one or more scoring or cutting
elements, there being embedded within the one or more scor-
ing or cutting elements an elongate channel or lumen provid-
ing a material discontinuity therewithin; the method includ-
ing the steps of inserting the balloon into the body of a patient,
directing ultrasonic or magnetic wave energy to the patient;
detecting the ultrasonic or magnetic wave energy reflected or
scattered from said patient by the at least one channel and
determining from the detected wave energy the location and/
or condition of scoring or cutting elements of the balloon.

14. A method according to claim 13, wherein the determi-
nation step monitors for the shape of said channels in order to
determine a shape of the balloon and/or a state of inflation of
the balloon.

15. A method according to claim 13, wherein the determi-
nation step monitors for the relative position of a plurality of
said channels, in order to determine a shape of the balloon
and/or a state of inflation of the balloon.
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