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(54) Ultrasonically visible balloon catheter assembly and method of imaging a medical balloon

(57) A balloon catheter assembly (10) includes a bal-
loon (20) at a distal end (18) of a balloon catheter (14).
The balloon (20) is inflated with a fluid (44) which has
suspended therein a plurality of particles (46) which may
be microcapsules or pellets. The particles (46) are echo-

genic and/or radiopaque, in the preferred embodiment
to provide Rayleigh scattering of ultrasonic waves direct-
ed to the balloon (20). The balloon (20) thus becomes
visible under ultrasonic imaging and by use of an inflation
fluid (44) which can be of low viscosity and low toxicity.
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Description

Technical Field

[0001] The present invention relates to an ultrasonical-
ly visible medical balloon assembly and to a method of
imaging a balloon. The invention also encompasses bal-
loon catheter assemblies which are echogenic and radi-
opaque.

Backaround Art

[0002] The use of balloon catheters is well document-
ed. Common uses include angioplasty procedures, vas-
cular occlusion and for the deployment of implantable
medical devices. 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 around
the balloon catheter 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.
[0003] As a result of the structure and materials used
for such scoring balloons, they are not particularly suited
for traditional angiographic imaging techniques, particu-
larly ultrasonic imaging, thereby having to rely upon less
advantageous methods such as fluoroscopy, X-ray or
CRT imaging. Specifically, such balloons tend to be very
difficult to see and in some instances can be virtually
invisible to ultrasonic imaging. In order to avoid having
to rely on any of these less advantageous imaging tech-
niques, such balloons can be inflated with a contrast me-
dia which is opaque to ultrasonic waves. However, suit-
able contrast media does not resolve the imaging diffi-
culties when the balloon is in its deflated condition. More-
over, contrast media tends to be relatively more viscous
than other fluids which may be used to inflate such bal-
loons, with the result that the time required for inflation
and deflation of a balloon with contrast media is in-
creased. The increased viscosity also limits the minimum
diameter of the inflation and deflation channels which
must be used to feed the contrast media to the balloon
and therefore the minimum achievable diameter of the
balloon catheter.
[0004] Changes to the balloon structure, for instance
to incorporate into the balloon walls radiopaque or echo-
genic elements, can alter the characteristics and per-
formance of the balloon and are therefore not always
advantageous.
[0005] Balloon catheter assemblies suitable for imag-
ing are disclosed, for example, in US-5,967,988, US-
2005/0074406, US-6,106,473, US-2009/0318746 and
US-4,349,033.

Disclosure of the Invention

[0006] The present invention seeks to provide an im-

proved balloon catheter assembly and in particular hav-
ing a balloon which is more readily visible by imaging, in
particular ultrasonic or magnetic imaging. The present
invention also seeks to provide an improved method of
imaging a balloon.
[0007] According to an aspect of the present invention,
there is provided a medical balloon catheter assembly
for endoluminal location within a patient, the assembly
including a balloon catheter having a proximal end and
a distal end; an inflatable balloon attached to the catheter
at or proximate its distal end; the catheter including at
least one inflation port at its distal end for the passage
of inflation fluid into and out of the balloon; and a source
of inflation fluid for inflating the balloon, said inflation fluid
including a plurality of radiopaque or echogenic particles
therein.
[0008] Advantageously, the particles, which may be
microcapsules or pellets, are in suspension in the infla-
tion fluid.
[0009] The particles, microcapsules or pellets, are
preferably substantially spherical. The particles may
have a diameter of between 1 to 100 micrometres, ad-
vantageously between 2 to 10 micrometres. In the pre-
ferred embodiment, the particles, microcapsules or pel-
lets have a diameter smaller than the wavelength of ul-
trasound used.
[0010] The particles affect the passage of ultrasonic
waves directed to the balloon, by radiopacity or echo-
genicity, thereby making the balloon visible under ultra-
sonic imaging. Providing the particles within the inflation
fluid allows the balloon to be of a conventional form and
also can avoid the need for contrast media of the type
commonly used. In the preferred embodiment, the parti-
cles are suspended in saline solution. Saline solution
does not have the viscosity of contrast media and there-
fore can be provided through smaller diameter channels
and which can provide faster inflation and deflation of the
balloon. Moreover, saline solution does not suffer from
the poorer biocompatibility of at least some contrast me-
dia.
[0011] The particles, microcapsules or pellets may be
at least one of: solid and hollow. There is a number of
possible particles which would be suitable. Examples in-
clude collagen microspheres, iodipamide ethyl ester,
which can be used in solid form. Hollow particles could
be filled with a contrast media and in one embodiment
are filled with a perfluorochemical, that is a perfluorocar-
bon. Other embodiments include hollow microcapsules
or pellets filled with air, gas, or a gel or fluid of density
different to that of blood. Gas filled particles or capsules
can be of a heavy gas such as perfluoropropane, do-
decafluoropentane, octafluoropropane, perfluorobu-
tane, perfluorocarbon, perfluorohexane, sulphur hexaflu-
oride, nitrogen and so on. These gases can give the par-
ticles good longevity as well as good echogenicity. More-
over, heavy gases have relatively low water solubility and
thus are less likely to suffer from leakage from the parti-
cles or capsules.
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[0012] It is preferred that the particles, microcapsules
or pellets are provided in a concentration of 5 to 100
microlitres of particles, microcapsules or pellets per mil-
lilitre of inflation fluid. This, it has been found, provides
good visibility of the balloon without being of too great a
concentration in the carrier fluid.
[0013] The particles, microcapsules or pellets can
made of polymethylmethacrylate (PMMA), PLA, PLGA,
poly (methyl urea), amphiphilic block copolymers or
polysaccharides, for example.
[0014] Advantageously, the microcapsules or pellets
are of a reflective material, an opaque material and/or of
a shape to promote Rayleigh scattering.
[0015] According to another aspect of the present in-
vention, there is provided a method of inflating a balloon
of a medical balloon catheter assembly, which assembly
includes a balloon catheter having a proximal and a distal
end; an inflatable balloon attached to the catheter at or
proximate its distal end; the catheter including at least
one inflation port at its distal end for the passage of in-
flation fluid into and out of the balloon; the method includ-
ing the step of:

inflating the balloon with an inflation fluid including a
plurality of radiopaque or echogenic particles there-
in.
Advantageously, the particles, which may be micro-
capsules or pellets, are in suspension in the inflation
fluid.
Preferably, the particles, microcapsules or pellets
have a diameter smaller that the wavelength of ul-
trasound applied during the step of inflation of the
balloon.

Brief Description of the Drawinas

[0016] Embodiments of the present invention are de-
scribed below, by way of example only, with reference
to the accompanying drawings, in which:

Figure 1A is a schematic diagram of an embodiment
of balloon catheter assembly;
Figure 2 is an enlarged side elevational view of an
embodiment of balloon of the assembly of Figure 1;
and
Figures 3 and 4 are, respectively, side elevational
views of a part of two balloon catheter assemblies
subjected to ultrasonic imaging, Figure 3 showing a
conventional assembly and Figure 4 showing the
embodiment of Figures 1 and 3.

Description of the Preferred Embodiments

[0017] Described below are various embodiments of
balloon catheter assembly provided with one or more
echogenic elements. By echogenic it is meant elements
which are visible to imaging, in the preferred embodiment
to ultrasound imaging. As will be apparent from the teach-

ings herein, the preferred embodiments provide ele-
ments which contribute or cause Rayleigh scattering of
ultrasonic wave energy, although the elements could oth-
erwise be absorbent (radiopaque) or reflective of ultra-
sonic waves.
[0018] The teachings herein can be used with any bal-
loon catheters, including dilatation balloons, occlusion
balloons, scoring or cutting balloons and other balloon
structures used for angioplasty procedures, as well as
balloons used in the deployment of implantable medical
devices.
[0019] Referring to Figure 1, there is shown in sche-
matic form an embodiment of balloon catheter assembly
10 according to the present invention. The principal com-
ponents of the assembly 10 are analogous to conven-
tional catheter assemblies and comprise an outer sheath
12 which in use covers the entirety of the balloon catheter
during the endoluminal insertion of the assembly 10 into
a patient. Within the sheath 12 there is provided a balloon
catheter 14 which has a proximal end 16 and a distal end
18. The distal end 18 may typically be provided with a
dilator tip (not shown in the drawing).
[0020] At the distal end 18, there is provided a medical
balloon 20 which comprises proximal and distal ends 22,
24 fixed in fluid-tight manner to the catheter 14. The meth-
od of fixing these ends 22, 24 of the medical balloon 20
could be any of the conventional ones known in the art.
[0021] The catheter 16 includes therewithin one or
more lumens, not shown in Figure 1 but described below
in connection with Figure 2, one of which lumens couples
to the interior of the balloon 20 for inflating and deflating
the balloon. One or more other lumens are typically pro-
vided for other purposes, such as for receiving a guide
wire.
[0022] The assembly 10 also includes an inflation fluid
source 30 which is coupled by means of a suitable conduit
to the catheter 16 and in particular to the inflation/defla-
tion lumen within the catheter 16 used for inflating and
deflating the balloon 20. The nature of the inflation fluid
source 30 is described in further detail below.
[0023] The sheath 12 is able to move along the length
of the catheter 14 from the retracted position as shown
in Figure 1, in which the distal end and in particular the
medical balloon 20 are exposed, to a covering position
in which the sheath 12 covers the balloon 20 and distal
end 18 of the catheter 14. In the covering position, the
balloon 20 is typically in a deflated state and wrapped
around the catheter 22, as is conventional in the art.
[0024] The balloon 20 can be made of any of a variety
of balloon materials including, for example polyether
block amide (Pebax), nylon, preferably nylon 12, poly-
ethylene, polyurethane and any other suitable material.
It may be made of a single layer of material or a plurality
of layers of material and may be compliant or non-com-
pliant.
[0025] Furthermore, the balloon 20 can be of a type
used to perform any of the functions commonly associ-
ated with medical balloons, as described above. The bal-
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loon 20 can, therefore, have a conventional form of a
general cylindrical body portion with generally conical
end portions, but may have a variety of other shapes
including hourglass and so on. The balloon 20 may also
include scoring or cutting elements thereon.
[0026] Referring now to Figure 2, this illustrates in en-
larged form the balloon 20 of Figure 1, with only a part
of the catheter 14 being visible.
[0027] The balloon 20 has a balloon wall 34 which is
substantially cylindrical with general conical end portions
22, 24 ending in necks which are sealed to the catheter-in
fluid tight manner. The balloon is shown in an inflated
condition in Figure 2 and thus with the wall 34 extending
radially outwardly of the catheter 14.
[0028] The catheter 14 includes, in this example, first
and second lumens 36, 38, which are shown in schematic
form in Figure 2. The lumen 38, which extends the whole
length of the catheter 14, that it from its proximal end 16
through to its distal end 18, provides a passage through
the catheter 14 for a guide wire (not shown). The lumen
36, on the other hand, couples to the conduit 32, and
thus to the inflation fluid source 30, and ends at a port
40 in the catheter 14. The port 40 is typically an aperture
or hole in the wall of the catheter. The port 40 thus pro-
vides for fluid communication between the interior cham-
ber 42 of the balloon 20 and the fluid of the source 30.
[0029] Figure 2 shows the balloon 20 inflated with an
embodiment of inflation fluid. This inflation fluid includes
a liquid 44, preferably a saline solution. In this embodi-
ment, suspended in the liquid 44 are a plurality of particles
46 of an echogenic or radiopaque material. In some em-
bodiments, the particles 46 may be both echogenic and
radiopaque.
[0030] In the preferred embodiments, the particles 46
are provided in a sufficient concentration (typically suffi-
cient number per unit volume of liquid 44) to provide an
amount of reflection or absorption of ultrasonic waves
directed to the balloon 20 to give a measurable effect
and in particular to be visible under ultrasonic imaging.
It has been found that particles in a concentration of
around 5 to 100 microlitres of particles, microcapsules
or pellets per millilitre of inflation fluid gives good visibility
of the balloon 20 when subjected to ultrasonic imaging.
It will be appreciated that larger particle can be less nu-
merous in number, whereas smaller particles would typ-
ically be greater in number to provide good characteris-
tics in terms of visibility. The person skilled in the art will
be able to determine an optimum particle size for the
particular medical balloon within which they are intended
to be used.
[0031] The particles 46 are preferably substantially
spherical or otherwise rounded (for example oval) to give
improved echogenicity in in particular to promote
Rayleigh scattering of ultrasonic waves. If the case of
radiopaque particles 46, these may also be substantially
spherical or otherwise rounded but may have other
shapes.
[0032] It has been found that particles having a diam-

eter of between 1 to 100 micrometres provides good vis-
ibility of the balloon. It is preferred that the particles have
a diameter of between about 2 to about 10 micrometres,
which gives good visibility and good flow characteristics
through the lumen 36, allowing the latter to be of small
diameter.
[0033] The particles, which most preferably are made
of a biocompatible material, may be microcapsules or
pellets and may be solid or hollow. In the case of hollow
microcapsules or pellets, these may be filled with air, gas,
a gel or a fluid. There is a number of possible particles
which would be suitable. Examples include collagen mi-
crospheres, iodipamide ethyl ester, which can be used
in solid form. Hollow particles could be filled with a con-
trast media and in one embodiment are filled with a per-
fluorochemical, that is a perfluorocarbon. Other embod-
iments include hollow microcapsules or pellets filled with
air, gas, or a gel or fluid of density different to that of
blood. Gas filled particles or capsules can be of a heavy
gas such as perfluoropropane, dodecafluoropentane, oc-
tafluoropropane, perfluorobutane, perfluorocarbon, per-
fluorohexane, sulphur hexafluoride, nitrogen and so on.
These gases can give the particles good longevity as
well as good echogenicity. Moreover, heavy gases have
relatively low water solubility and thus are less likely to
suffer from leakage from the particles or capsules.
[0034] It has been found that particles made of
polymethylmethacrylate (PMMA) perform well, that is
have good echogenicity in use. Other examples include
poly(lactic acid) (PLA), poly(lactic-co-glycolic acid)
(PLGA), PCL, poly(methyl urea), amphiphilic block co-
polymers or polysaccharides.
[0035] The particles 46 may equally be made of any
other ultrasonically reflective or opaque material.
[0036] Although saline solution is the preferred fluid
44, other embodiments may use a fluid which includes a
contrast medium. In such embodiments, the fluid 44 may
include only a relative weak concentration of contrast me-
dium, thereby to prevent or minimise the problems of
relatively high viscosity and toxicity of at least some con-
trast media known in the art.
[0037] It will be appreciated that the port 40 in the cath-
eter 14 as well as the lumen 36, will be of a dimension
to be able easily to allow the passage of the particles 46
therethrough when in the fluid 44.
[0038] Referring again to Figure 1, the source 30 of
inflation fluid includes a liquid 44 and particles 46 in sus-
pension and a mechanism (of conventional form) for
pumping the inflation fluid into the balloon 20 through the
lumen 36 as well as for withdrawing fluid from the balloon
20 when it is desired to deflate and collapse the balloon
20, typically after conclusion of the medical procedure.
The pumping mechanism could be a syringe, a drop bag
or a dedicated pump.
[0039] The source 30 can be filled with liquid 44 in
which the particles 46 are already in suspension. The
source 30 may equally be provided with a mechanism,
such as a mixing or shaking device, to ensure that the
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particles 46 brought into and remain in suspension. In
another embodiment, the source 30 may include a sep-
arate feed or hopper of particles 46 which are mixed into
the liquid 44 at the time of pumping of the fluid into the
catheter 14 and therefrom into the balloon 20. Of rele-
vance is that the particles 46 are carried by the liquid 44
into the balloon 20.
[0040] It is not necessary for the particles 46 to remain
suspended in the liquid 44 once injected into the balloon
20, and it is not excluded that in some embodiments the
particles 46 may be of a material which causes them to
attach themselves to the inner wall 34 of the balloon 20
once they have been injected into the chamber 42.
[0041] Referring now to Figures 3 and 4, these show,
respectively, a conventional balloon assembly 100 and
a balloon assembly 10 of the type described and taught
herein.
[0042] In Figure 3, the balloon catheter 120 is shown
located within a vessel 102 of a patient. In this illustrative
example, the vessel 102 is within a part of the patient’s
body, for instance an arm 104 or other limb. The balloon
catheter 120 is of conventional type and filled with saline
solution or other equivalent liquid. The balloon catheter
120 is not filled with contrast media of the type known in
the art.
[0043] An ultrasonic probe 110 is placed in abutment
with the body part 104, just above the vessel 102, and
coupled with a suitable coupling medium 112, such as a
gel, as known in the art. Ultrasonic waves 114 emanating
from the probe 110 pass through the body part 104 and
the vessel 102. The balloon catheter 120 does not sub-
stantially alter the ultrasonic waves 114, which thus pass
through the balloon catheter 120 with virtually no absorp-
tion or reflection of the waves 114. As a result, the balloon
catheter 120 appears substantially invisible under imag-
ing.
[0044] The convention in the art is to fill the balloon
120 with a contrast media. However, as explained above,
contrast media is generally viscous when in the concen-
tration required to provide adequate radiopacity and also
has toxicity, leading to risks to the patient should the bal-
loon 120 burst in use.
[0045] Referring now to Figure 4, there is shown the
embodiment of balloon catheter assembly 10 of Figures
1 and 2 within the lumen 102 of the body part 104 shown
in Figure 3. The ultrasonic probe 110, with coupling gel
112, is located in the same position as in Figure 3 and
operated in the same manner to generate the ultrasonic
waves 114.
[0046] In contrast to the example of Figure 3, the par-
ticles 46 within the balloon 20, which in this example are
echogenic, promote Rayleigh scattering. As a result, the
particles 46 reflect a part of the ultrasonic energy gener-
ated by the probe 110 back towards the probe, as shown
in Figure 4. This reflection can be detected by the probe
110, in the form of an image having the shape of the
balloon 20. Thus, the presence of particles 46 within the
inflation fluid in the balloon chamber 42 makes the bal-

loon 20 visible under imaging. Embodiments which use
radiopaque particles 46 will be equally visible under ul-
trasonic imaging.
[0047] These embodiments are able to use an inflation
liquid 44 which does not suffer from the disadvantages
of known contrast media and in particular can use an
inflation liquid 44 which is of relatively low viscosity and
low toxicity, such as saline solution.
[0048] The embodiments described herein can provide
visibility to a medical balloon 20 which would otherwise
be substantially invisible under ultrasonic imaging and
yet in a manner which does not suffer from the disadvan-
tages of conventional arrangements.
[0049] As described above, the balloon 20 could be
filled with a liquid 44 which also includes some contrast
media to enhance the visibility of the balloon 20. In this
embodiment, the contrast media can be of low viscosity
and/or low concentration in light of the presence of the
particles 46 within the inflation fluid.
[0050] It is to be appreciated that the balloon is most
preferably impervious. It is not excluded, however, that
the balloon wall 34 could be pervious, for instance to
allow for the administration of a bioactive agent.
[0051] It is to be understood that only some embodi-
ments 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.
[0052] The disclosures in application number
GB1116075.1, from which this application claims priority,
and in the abstract accompanying this application are
incorporated herein by reference.

Claims

1. A balloon catheter assembly (10) for endoluminal
location within a patient, the assembly including a
balloon catheter (14) having a proximal (16) and a
distal (18) end; an inflatable balloon (20) attached to
the catheter at or proximate its distal end; the cath-
eter including at least one inflation port (40) at its
distal end for the passage of inflation fluid into and
out of the balloon; and a source (30) of inflation fluid
(44) for inflating the balloon, said inflation fluid (44)
including a plurality of radiopaque or echogenic par-
ticles (46) therein; wherein the particles have a di-
ameter of between 2 to 10 micrometres.

2. A balloon catheter assembly (10) according to claim
1, wherein the particles (46) are in suspension in the
inflation fluid (44).

3. A balloon catheter assembly (10) according to any
preceding claim, wherein the particles (46) are sub-
stantially spherical.

4. A balloon catheter assembly (10) according to any
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preceding claim, wherein the particles (46) are mi-
crocapsules or pellets.

5. A balloon catheter assembly (10) according to claim
4, wherein the microcapsules or pellets are at least
one of: solid and hollow.

6. A balloon catheter assembly (10) according to claim
5, wherein hollow microcapsules or pellets are filled
with air, gas or a fluid.

7. A balloon catheter assembly (10) according to any
preceding claim, wherein the particles (46) are pro-
vided in a concentration of 5 to 100 microlitres per
millilitre of inflation fluid (44).

8. A balloon catheter assembly (10) according to any
preceding claim, wherein the particles (46) are made
of a biocompatible material.

9. A balloon catheter assembly (10) according to claim
8, wherein the particles are made of polymethylmeth-
acrylate (PMMA), poly(lactic acid) (PLA), poly(lactic-
co-glycolic acid) (PLGA), poly (methyl urea), am-
phiphilic block copolymers or polysaccharides.

10. A balloon catheter assembly (10) according to any
preceding claim, wherein the particles (46) are of at
least one of: a reflective material, an opaque material
and of a form to promote Rayleigh scattering.

11. A balloon catheter assembly (10) according to any
preceding claim 1, wherein the inflation fluid (44) is
at least of: saline solution; and inflation fluid including
contrast medium.

12. A method of inflating a balloon (20) of a balloon cath-
eter assembly (10), which assembly includes a bal-
loon catheter (14) having a proximal (16) and a distal
(18) end; an inflatable balloon (20) attached to the
catheter at or proximate its distal end; the catheter
including at least one inflation port (40) at its distal
end for the passage of inflation fluid (44) into and out
of the balloon (20); the method including the step of:

inflating the balloon (20) with an inflation fluid
(44) including a plurality of echogenic or radio-
paque particles (46) therein.

13. A method according to claim 12, wherein the parti-
cles (46) are in suspension in the inflation fluid (44).

14. A method according to any of claims 12 to 13, where-
in the particles (46) have a diameter at least one of:
smaller that the wavelength of ultrasound applied
during the step of inflation of the balloon (20); and
between 2 to 10 micrometres.

15. A method according to any of claims 12 to 14, where-
in the inflation fluid (44) is at least of: saline solution;
and inflation fluid including contrast medium.
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