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Description

[0001] This application claims priority from United
States Provisional Application No. 61/299,243, filed on
January 28, 2010, and United States Provisional appli-
cation No. 61/366,744, filed on July 22, 2010.

TECHNICAL FIELD

[0002] The present disclosure is related to medical de-
vices and more particularly to medical devices adapted
to remove or reduce a deep vein thrombosis (DVT), res-
tenosis, or other occlusions disposed within a patient’s
vasculature. Thrombosis or other types of occlusions are
large blood clots formed within the vasculature and fixed
to a vessel wall. These clots are known to be created and
expand in size in various parts of the anatomy, typically
legs in the femoral vein or the popliteal vein, and are
typically problematic in trauma patients, orthopedic sur-
gery patients, neurosurgery patients, or in patients hav-
ing medical conditions requiring bed rest or non-move-
ment, such as during long haul air travel. During and after
such medical conditions or situations it is often that large
thrombosis formed within the patient’s vasculature have
a tendency to break free and travel or embolize through
the vasculature toward the patient’s heart and lungs po-
tentially blocking blood flow into the lungs. In other cir-
cumstances, the dislodged portion may be caught within
a different portion of the vasculature to substantially or
totally occlude blood flow through that portion.
[0003] Due to the problematic disruption of localized
blood flow (or potential total occlusion of flow) through a
localized portion of the patient’s vasculature, and the ad-
ditional dangerous potential of dislodged portions of a
thrombosis flowing into the patient’s heart or through the
pulmonary artery to the lungs, it is often medically nec-
essary to reduce the size of a thrombosis when noted
within the vasculature. Reference is directed to WO
00/18468, US 6,096,000, US 5,807,306 and WO
02/062239 which disclose catheter arrangements having
a balloon coaxially surrounding a tubular portion com-
prising apertures or windows through the wall thereof.

BRIEF SUMMARY

[0004] The invention is defined in the appended claims.
A first representative embodiment of the disclosure pro-
vides a device for thrombolytic therapy. The device in-
cludes an elongate catheter with a distal end portion and
a proximal end portion, and a first lumen extending
through both the distal and proximal end portions. The
distal end portion of the elongate catheter includes a tu-
bular portion that defines or surrounds a portion of the
first lumen, and a first expandable balloon coaxially sur-
rounding the tubular portion. The tubular portion includes
a plurality of indentations defined upon an outer surface
thereof.
[0005] The representative embodiment further in-

cludes a plurality of indentations that are defined upon
an outer surface thereof, wherein the plurality of inden-
tations are located, sized, and shaped to reflect or focus
incipient ultrasound energy in a predetermined pattern.
[0006] The representative embodiment disclosed
above, wherein the plurality of indentations are disposed
around substantially an entire outer surface of the tubular
portion in spaced relationships.
[0007] The representative embodiment above, with a
second lumen defined in the catheter and extending
through the proximal end portion thereof, wherein the
second lumen allows selective fluid communication with
a first volume defined by an inner surface of the first bal-
loon and an outer surface of the tubular member.
[0008] The representative embodiment above, where-
in the first balloon is configured to expand outwardly, but
remaining substantially coaxial with the tubular portion,
when a pressurized fluid or gas collects within the first
volume.
[0009] The representative embodiment above, further
comprising a thrid lumen configured to selectively provide
fluid communication to a third volume disposed between
an inner surface of the first balloon and an outer surface
of the second balloon. Wherein the third lumen is config-
ured to inject a microbubble solution or a bioactive agent
into the third volume.
[0010] The representative embodiment discussed
above wherein a surface of the first balloon is coated with
a bioactive agent. The bioactive agent is an antithrom-
botic agent.
[0011] The representative embodiment discussed
above, wherein the permeable portion is disposed only
upon a distal portion of the first balloon and not upon
central and proximal portions of the first balloon, and/or
wherein the length of the distal portion of the first balloon
is less than one half of the length of the first balloon. The
permeable portion is disposed around substantially an
entire outer circumference of the distal portion of the first
balloon.
[0012] The representative embodiment discussed
above, wherein the catheter is configured to receive an
elongate ultrasound probe through the first lumen, with
a tip of the probe disposed within the tubular member,
wherein the ultrasound energy emitted from the ultra-
sound probe is focused or reflected by the tubular portion
to impart energy to the plurality of microbubbles proxi-
mate the first balloon. The ultrasound energy is received
and reflected by the plurality of indentations defined upon
the outer surface of the tubular portion. The ultrasound
probe emits ultrasound energy either substantially per-
pendicular to a longitudinal axis of the probe or substan-
tially parallel ot the longitudinal axis of the probe.
[0013] A representative example not forming part of
the disclosure provides a method for performing throm-
bolytic therapy. The method includes the steps of insert-
ing a catheter into and through a patient’s vasculature to
an area proximate a thrombus, the catheter comprising
a distal end portion with an inflatable first balloon defining
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a first volume therein and comprising a permeable region
configured to allow fluid to pass out of the first balloon
from the first volume. The catheter further comprises an
echogenic tubular portion disposed within the first volume
and fixed to a cylindrical wall defining a wire guide lumen,
and a proximal end portion defining an inflation lumen
providing fluid communication to the first volume. The
method further comprises the step of applying a source
of fluid to the first volume to expand the first balloon to
an expanded configuration and the step of providing a
plurality of microbubbles within the first volume that may
escape the first volume through the permeable region
when the first volume is in the expanded configuration.
The method further includes the step of applying a field
of ultrasonic energy to the first balloon and the tubular
portion disposed therewithin, where the ultrasonic ener-
gy field is configured to apply energy to the plurality of
microbubbles within the energy field to transfer the plu-
rality of microbubbles to a cavitating state, wherein the
tubular portion is configured to reflect or focus the ultra-
sonic energy received thereon to increase the ultrasonic
energy received by the plurality of microbubbles proxi-
mate the first balloon.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a partial cross-sectional view of an elongate
device for thrombolytic therapy, including a first bal-
loon in a rest configuration.
FIG. 2 is the device of FIG. 1, with the first balloon
in an expanded configuration.
FIG. 2a is a perspective view of the device of FIG.
1, with the first balloon in the expanded configuration.
FIG. 2b is a cross-sectional view of the device of
FIG. 1 implanted proximate a thrombus within a pa-
tient’s vasculature.
Fig. 2c is a schematic view of the device of FIG. 1 in
the expanded position used in conjunction with an
external ultrasound source.
FIG. 3 is the device of FIG. 2, with an ultrasound
source disposed within a lumen of the device.
FIG. 4 another elongate device for thrombolytic ther-
apy with the balloon in the expanded configuration.
FIG. 4a is a perspective view of the device of FIG. 4.
FIG. 4b is a cross-sectional view of the device of
FIG. 4 implanted proximate a thrombus within a pa-
tient’s vasculature.
FIG. 4c is a detail view of the device of FIG. 4.
FIG. 5 is yet another elongate device for thrombolytic
therapy with first and second balloons in a rest con-
figuration.
FIG. 6 is the device of FIG. 5 showing the first and
second balloons in an expanded configuration.
FIG. 7 is yet another elongate device for thrombolytic
therapy with first and second balloons in a rest po-
sition.

FIG. 8 is the device of FIG. 7 with the first and second
balloons in an expanded position.
FIG. 9 is a detail view of the tubular portion of the
device of FIG. 1.
FIG. 10a is a detail view of an alternate example of
an echogenic portion usable with the embodiments
depicted herein.
FIG. 10b is a detail view of another alternate example
of an echogenic portion.
FIG. 11 is a partial cross-sectional view of an elon-
gate device for thrombolytic therapy, with the first
balloon being a non-compliant balloon oriented in an
expanded configuration.
FIG. 12 is the view of FIG. 6, wherein the first and
second balloons are non-compliant balloons.
FIG. 13 is an alternate configuration of the device of
FIG. 1 in an expanded configuration with a plurality
of openings disposed upon the wireguide lumen.
FIG. 13a is partial cross-sectional view of another
alternate configuration of the device of FIG. 1 in an
expanded configuration where a plurality of open-
ings are disposed upon the tubular member and in
registry with a plurality of openings disposed upon
the wireguide lumen.

DETAILED DESCRIPTION OF THE DRAWINGS AND 
THE PRESENTLY PREFERRED EMBODIMENTS

[0015] Turning now to FIGs. 1-2b, a device 10 for
thrombolytic or restenosis therapy is provided. The de-
vice 10 includes an elongate catheter 20 with a distal end
portion 21, a proximal end portion 22, and a wire guide
lumen 40 disposed therethrough. The wire guide lumen
40 supports a tubular portion 50 that is disposed within
a volume 36 defined by an inner surface of an expandable
balloon 30 disposed upon the distal end portion 21 of the
catheter.
[0016] The catheter 20 is configured to be of sufficient
length for placement within the desired area of the pa-
tient’s vasculature from various convenient points of per-
cutaneous entry, or to be inserted into the vasculature
from a convenient orifice of the patient, such that the
distal end portion 21 is disposed proximate to (either ex-
tending through or closely abutting) the blood clot and
the proximal end portion 22 extends out of the patient for
manipulation by the physician. In some embodiments,
the catheter 20 may be 80 cm to 180 cm, although shorter
or longer catheters 20 may be provided depending on
the desired location for use and implantation within the
patient. The catheter 20 includes a first balloon 30 that
is disposed upon the distal end portion 21 of the catheter
20, preferably very close to the tip of the distal end portion
21. The first balloon 30 may be formed with a variety of
lengths as needed for various medical procedures. For
example, the first balloon 30 may have a length from
about 2 cm to about 40 cm, or any length within this range
as needed. The inflated diameter of the first balloon 30
may be from 1 mm to 4 cm as needed for the specific
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medical procedure, or any inflation diameter within this
range. In some embodiments, the volume within the ex-
panded first balloon 30 may be between about 0.5 and
about 2.5 cc, inclusive of all volumes within this range.
In embodiments shown in FIGs. 1-10, the first balloon
may be a compliant balloon, while in other embodiments
shown in FIG. 11 the first balloon 30 may be a substan-
tially non-compliant balloon. Unless otherwise noted
herein, the structure depicted and discussed wth respect
to the compliant balloons within this specification are
equally applicable in a non-compliant balloon. For the
sake of brevity, the same element numbers are used for
similar components in the depiction of the non-compliant
balloon in FIG. 11 as used in FIGs. 1-2.
[0017] The first balloon 30 is sufficiently flexible to ex-
pand from a first rest position (FIG. 1) where the walls of
the first balloon 30 coaxially surround and is proximate
to the wire guide lumen 40 to a second expanded position
(FIG. 2) where the central portion of the first balloon 30
expands away from the wire guide lumen 40 in a curved
fashion and the proximal and distal ends of the first bal-
loon 30 remain constrained to the catheter 20. The first
balloon 30 is formed about the entire periphery of the
wire guide lumen 40 and therefore expands radially out-
ward from the wire guide lumen 40 along all sides of the
catheter 20.
[0018] As shown in FIG. 2b, the catheter 20 may be
positioned so that the balloon 30 and tubular portion 50
(discussed below) is positioned within a lumen D defined
by the thrombus C. Accordingly, the outward expansion
of the balloon 30 may assist in compressing or fragment-
ing the thrombus C due to the force disposed thereupon
by the expanded first balloon 30, with additional assist-
ance of the microbubble flux M directed to the thrombus
from the balloon 30 (energized by ultrasound energy F
provided by an ultrasound source 112, such as an IVUS
source depicted in FIGs. 3b and 3) and with the anti-
thrombotic bioactive agents presented thereto (each dis-
cussed below).
[0019] As best shown in FIGs. 1-2, the first balloon 30
may be configured with one or more permeable portions
33 that are disposed along the periphery of the first bal-
loon 30. Specifically, the first balloon 30 may include a
plurality of apertures, or pores 35 defined through the
wall of the first balloon 30 that allow fluid communication
from the volume 36 defined between the outer surface
of the wire guide lumen 40 (and tubular portion 50, dis-
cussed below) and the inner surface of the first balloon
30. The plurality of apertures 35 may be configured within
the first balloon 30 to expand in size as the first balloon
30 expands from the rest position to the expanded posi-
tion by filling the volume 36 with a pressurized fluid or
gas. The walls of the first balloon 30 stretch as the volume
36 is expanded, which causes the area of the apertures
35 to similarly increase in size. In some embodiments,
the plurality of apertures 35 expand to an area just larger
than the diameter of a typical microbubble, such as about
2-3 microns. In other embodiments, the apertures 35 may

be sized between approximately 0.1 microns and 500
microns, alternatively between about 0.1 microns and
100 microns, or between about 0.1 microns and 10 mi-
crons. These ranges of aperture sizes have been found
to be adequate for at least some of the expected or typical
antithrombotic drugs to be used with the device 10. For
example, a typical antithrombotic drug streptokinase is
47.0 to 50.2 Kd. Streptokinase has 414 Amino acid res-
idues.
[0020] Several types of microbubble solutions known
in the art may be used to establish the plurality of micro-
bubbles within the internal volume 36 of the first balloon
(and similarly used with other embodiments discussed
below). For example, suitable bubble contrast or lipo-
some solutions are commonly available that may be suit-
able for use. One suitable solution is polyethyleneglycol
(PEG) modified liposomes solution that contains per-
fluoropropane. Microbubble solutions may also be cre-
ated by entraining gas into a solution of sodium chloride
or other physologicmedia. An inert gas such as Argon
may be used. Several methods of creating liposomes,
micelles or other spherical particles using lipids such as
phosphatidylcholine may be used. Similarly proteins
such as albumin may be used to create the microbubble
shell. In some embodiments microbubble solutions such
as Levovist (R) of Berlex, Canada, and Optison(TM) of
GE Healthcare may be used. Conventional nonionic con-
trast solutions may be appropriate.
[0021] In some examples and shown schematically in
FIG. 1, a bioactive agent A may be coated onto an inner
or an outer surface of the balloon 30, or injected or sup-
plied within the internal volume 35 of the balloon to pro-
vide a desired pharamcolegocial or physical effect in con-
junction with the patient, such as destruction of a throm-
bus or removal or shrinkage of restenosis. In an exem-
plary embodiment not forming part of the invention, the
bioactive agent is an antithrombotic agent. Catheter bal-
loons 30 comprising an antithrombotic agent (either coat-
ed thereon, or in solution within the internal volume 35
defined by the balloon 30) are particularly preferred for
implantation in areas of the body that contact blood and
where a thrombus for removal or destruction has been
directly noted by observation or indirectly noted. An an-
tithrombotic agent is any agent that inhibits or prevents
thrombus formation within a body vessel, or chemically
breaks down a blood clot or thrombus in existence. Types
of antithrombotic agents include anticoagulants, an-
tiplatelets, and fibrinolytics. Examples of antithrombotics
include but are not limited to anticoagulants such as Fac-
tor Xa, Factor Vila and tissue factor inhibitors; antiplate-
lets such as glycoprotein IIb/IIIa, thromboxane A2, ADP-
induced glycoprotein IIb/IIIa, and phosphodiesterase in-
hibitors; and fibrinolytics such as plasminogen activators,
thrombin activatable fibrinolysis inhibitor (TAFI) inhibi-
tors, and other enzymes which cleave fibrin. Suitable bi-
oactive agents have been previously disclosed in pend-
ing U.S. Published Application No. 2008/0200977 titled
"Artificial Valve Prostheses with Free Leaflet Portion,"
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which is commonly assigned with the underlying appli-
cation.
[0022] Further examples of potentially suitable anti-
thrombotic agents include anticoagulants such as
heparin, low molecular weight heparin, covalent heparin,
synthetic heparin salts, Coumadin, bivalirudin (hirulog),
hirudin, argatroban, ximelagatran, dabigatran, dabigat-
ran etexilate, D-phenalanyl-L-poly-L-arginyl, chlo-
romethy ketone, dalteparin, enoxaparin, nadroparin, da-
naparoid, vapiprost, dextran, dipyridamole, omega-3 fat-
ty acids, vitronectin receptor antagonists, DX- 9065a, CM
083, JTV-803, razaxaban, BAY 59-7939, and LY-
51 ,7717; antiplatelets such as eftibatide, tirofiban, or-
bofiban, lotrafiban, abciximab, aspirin, ticlopidine, clopi-
dogrel, cilostazol, dipyradimole, nitric oxide sources such
as sodium nitroprussiate, nitroglycerin, S-nitroso and N-
nitroso compounds; fibrinolytics such as alfimeprase, al-
teplase, anistreplase, reteplase, lanoteplase, montepla-
se, tenecteplase, urokinase, streptokinase, or phosphol-
ipid encapsulated microbubbles; as well as endothelial
progenitor cells or endothelial cells.
[0023] With combined reference to FIG. 9, the tubular
portion 50 is disposed upon a cylindrical wall 41 within
the catheter 20 that defines the wire guide lumen 40 and
is additionally disposed within the volume 36 defined
within and surrounded by the inner surface of the first
balloon 30. The tubular portion 50 may be fixed to the
wall 41 with adhesive or with a press fit connection, with
fasteners, thermally bonded, crimped, or by another
method known in the art. The tubular portion 50 is a flex-
ible tubular member that may be formed from various
materials, such as metals and various alloys thereof,
(Nitinol, stainless steel, titanium, and the like), polymers,
composites, and laminates of these various materials.
The materials used are preferably echogenic or at least
of a greater echogenicity than the materials used to form
the catheter 20 and wire guide lumen 40. The tubular
portion 50 may be substantially the same length as the
first balloon 30 or in some embodiments, the tubular por-
tion 50 may be shorter than the first balloon 30 with the
tubular portion 50 centered within the first balloon 30, or
otherwise oriented within the volume 36 defined by the
first balloon 30. In an exemplary embodiment, the tubular
portion may have an outer diameter of approximately 1
mm (0.040 inches) with an inner diameter of approxi-
mately 0.48 mm (0.019 inches). Other suitable material
dimensions may be used that are convenient for use with-
in one or more balloons with a catheter device configured
for implantation within the vascular system of a typical
patient.
[0024] In some embodiments, the tubular portion 50
may include a helical cut 56 defined along the length
thereof, which is provided to increase the flexibility of the
tubular portion 50 and therefore the distal end portion 21
of the catheter 20. The helical cut 56 may be formed upon
the tubular portion 50 with a laser cutter, EDM, or other
type of processing apparatus known to provide fine and
precise cuts upon a tubular metal member. The helical

cut 56 is formed with a pitch sufficient to provide optimal
flexibility to the tubular member 50 while not severely
affecting the strength in longitudinal tension, or the hoop
strength of the tubular portion 50. In some embodiments,
the helical cut 56 may have a pitch to make one 360
degree revolution around the tubular portion 50 every 1
mm of length of the portion. In other embodiments, the
pitch may be between about 0.5 mm/360 degree revolu-
tion and about 2.0 mm/360 degree revolution. A typical
thickness of the Nitinol (or other type of suitable material)
tubing may be about 0.25 mm (0.010 inches), or other
suitable thickness for the desired flexibility and strength
of the tubular portion 50. Another potential design re-
quirement for the tubing thickness is a wall thickness that
allows the desired dimpling 52 (discussed below) without
cracking or severely weakening the tubular portion. In
some embodiments, the tubular portion may be about 17
mm (0.670 inches) long, while in other embodiments, the
tubular portion 50 may be any suitable length based upon
the length of the balloon chosen, such as between about
13 mm (0.5 inches) and about 100 cm (40 inches) and
any specific desired length within this range. The helical
cut 56 is preferably formed through the entire wall thick-
ness of the tubular portion 50, although in some embod-
iments the helical cut 56 may only extend through a por-
tion of the wall thickness of the tubular portion 50. In still
other embodiments, the helical cut 56 may be provided
by a weakened region disposed upon the tubular portion
50, such as by periodically providing through cuts (or cuts
only partially through the wall thickness) for small dis-
tances along the helical pattern, and then neighboring
portions where no cuts are made along the helical pat-
tern.
[0025] The tubular portion 50 includes a plurality of in-
dentations or dimples 52 that are defined within the sur-
face of the tubular member 50 and extend through a por-
tion of the thickness of the walls of the tubular portion 50.
The indentations may be defined in a predetermined pat-
tern upon the surface of the tubular member 50, such as
alternating rows of indentations 52 disposed along the
length of the tubular member, with the centers 52a of the
indentations 52 in one row aligned with the space 53
between neighboring indentations 52 in the
two neighboring rows. Other patterns of indentations 52
may be provided. In an exemplary embodiment, a tubular
portion may include dimples of about 0.07 mm in diam-
eter, with a spacing of about 0.234 mm between neigh-
boring dimples 52. The dimples 52 are formed with a
substantially conical profile at an arc of about 30 degrees.
Other types of dimples 52 are contemplated such as py-
ramidal, semispherical, hemispherical, frustoconical,
and the like. The preferred number and spacing of dim-
ples 52 may be a factor of the morphology of the ana-
tomical structure and thrombus (or other type of struc-
ture) to be treated by the device 10.
[0026] The plurality of indentations 52 are disposed
upon the outer surface of the tubular portion 50 to aid in
the reflection of incident ultrasonic energy supplied there-
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to to the region of the patent’s vasculature that receives
the ultrasonic energy. The indentations 52 also aid in
focusing incident ultrasonic energy to the desired region.
The placement of indentations at specific locations and
with specific geometries also has been determined to
focus the incident and reflected ultrasonic energy to a
specific distance away from the tubular portion, such as
a distance just outside the surface of the balloon where
microbubbles M exit the balloon 30 and contact the
thrombus proximate to the balloon 30. It has been exper-
imentally determined that microbubbles M that receive
ultrasound energy from external sources enter into cav-
itation, either stable cavitation with continuous applica-
tion of ultrasound energy, or temporary cavitation until
the microbubble bursts. Generally ultrasound devices
with standard transducers that operate in the range of 2
to 12 MHz are suitable. Microbubbles that are cavitating
have been found to be increasingly effective at destroying
the fibrin web of a thrombus over microbubbles that are
not cavitating, thus interrupting the physical structure of
the thrombus and allowing access for the antithrombotic
agent to act upon the thrombus. As discussed above,
microbubbles are of a small enough size (nominally about
one to two microns) to enter the interior of the thrombus
and the fibrin web and locally dissolve the fibrin web,
which assists in the degradation of the thrombus.
[0027] In other examples, an echogenic band may be
provided upon the wall 41 of the wire guide lumen 40 that
is other than the tubular portion 50, but retains the
echoghenic material as well as the plurality of indenta-
tions disposed thereon. For example, as shown in FIG.
10a, the echoghenic band may be formed with a plurality
of segmented bands 55 with indentations thereon 55a.
Alternatively, the echoghenic band may formed by an
elongate band 56 with indentations 56a that is helically
wrapped around the wire guide lumen 40 wall 41.
[0028] With continued exposure to microbubbles, pref-
erably energized by incident ultrasound energy, the
thrombus is systematically degraded or dissolved to pro-
vide increased blood flow through the localized portion
of the vasculature due to the removal of the localized
head loss. The combination of the compression placed
onto the thrombus by the expanded walls of the balloon
as well as other practices of mechanical debulking of the
thrombus, and the cavitating microbubbles entering into
the thrombus causes the thrombus to degrade and rees-
tablishes suitable blood flow through the lumen and the
localized application of antithrombotic bioactive agents
thereto. Further, the reduction in size of the thrombus
additionally reduces the likelihood that a relatively large
chunk could break off and eventually flow to the heart
and lungs. In some embodiments, a suitable filter or bas-
ket, such as the Günther Tulip™ Vena Cava Filter, sold
by Cook Medical, may be used in conjunction with, or
attached to the device 10 to prevent migration of any
chunks or fragments of the thrombus from traveling away
from the site in an unintended direction during or following
the procedure. In some embodiments, the filter or basket

may be configured to be within the same component of
the device.
[0029] In some embodiments, a source of ultrasonic
energy may be used in conjunction with the device 10 to
emit a field F of ultrasonic energy to the volume proximate
and including the balloon 30 and the thrombus acted up-
on by the microbubbles. Specifically, as shown schemat-
ically in FIG. 2c, an external ultrasound source 102 may
be used to direct to and placed against the patient’s skin
or other outer tissue 2 to direct ultrasound energy to the
microbubbles leaving the balloon 30 and reflected and
focused by the tubular portion 50 and specifically by the
indentations 52 upon the tubular portion 50. Alternatively,
as shown in FIGs. 2b and 3, an intravascular ultrasound
device (IVUS) 110 may be threaded through the wire
guide lumen 40 of the catheter 20 to be disposed proxi-
mate and in some embodiments within the lumen of the
tubular portion 50. The IVUS device may emit ultrasonic
energy radially away from the probe 112 of the device in
a conical pattern relatively perpendicular to the elongate
probe 112, while in other embodiments, the IVUS probe
112 may emit ultrasound energy conically in substantially
in a direction parallel to the length of the probe 112. The
ultrasound device (external or IVUS) may also be used
to assist in placing the catheter, by viewing the echogenic
tubular portion 50 proximate to the location of the throm-
bus.
[0030] Turning now to another representative embod-
iment depicted in FIGs. 4 and 4a, the medical device 100
includes a catheter 20 formed similarly to the embodi-
ment of FIGs. 1-2 discussed above. For the sake of brev-
ity like components are referenced with like element num-
bers herein. The catheter includes a first balloon 130 in-
flatably disposed upon the distal end portion 21 of the
catheter 20, and may be selectively inflated by applying
a pressurized liquid or gas into the internal volume 136
defined between the inner surface of the balloon 130 and
the outer surface of the wire guide lumen 40 and the
tubular portion 50, as discussed above. The first balloon
130 may include a coating a bioactive agent (such as
coating A shown schematically in FIG. 1) on either the
inner or outer surface, or may be preloaded with or re-
ceive a bioactive agent within the inner volume 136 of
the balloon. The bioactive agent may be an antithrom-
botic agent. Suitable antithrombotic agents are dis-
cussed in the embodiments above. The antithrombotic
agent is configured to be releasable from the first balloon
130 (when coated thereon) or pas through the permeable
region 133 when the balloon 130 is in the expanded con-
figuration.
[0031] The first balloon 130 may include a permeable
distal portion 139 defined by a plurality of apertures 135
configured to allow microbubbles and bioactive agents
(when provided) to pass through, and a proximal portion
139a (and in some embodiments a central portion 139b)
that is not permeable to microbubbles and bioactive
agents. The permeable distal portion 139 of the first bal-
loon 130 may include a plurality of apertures 135 dis-
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posed therein, about the substantially entire circumfer-
ence of the distal portion 139 of the first balloon 130,
which allows microbubbles and bioactive agents to flow
from the internal volume 136 of the balloon, and enter
and react with a thrombus disposed within the lumen of
a patient’s vasculature and proximate the balloon 130. A
schematic view of the operation of the first balloon 130
and catheter 20 proximate a thrombus C is provided in
FIG. 4b. As shown in FIG. 4c, the apertures 135 are de-
fined from the distal end 131 of the balloon 130 and ex-
tend along a portion 139 of the balloon 130, such that
the apertures 135 formed in the permeable portion are
disposed within a surface of the balloon 130 defined by
angle α, defined by a line X perpendicular to a tangent
line T upon the outer surface of the balloon 130 at the
aperture 135 and the longitudinal axis of the tubular por-
tion 50. In some embodiments, the angle α may be about
45 degrees, about 30 degrees or within the range of about
15 degrees to about 90 degrees, inclusive of angles with-
in this range, would be suitable.
[0032] In other embodiments, the length of the perme-
able portion 139 may be less than half of the length of
the balloon 130, measured from the distal end 131 of the
balloon 130. In other embodiments, the length of the per-
meable distal portion 139 may be less than one quarter
of the length of the balloon. In still other embodiments,
the permeable distal portion 139 may be configured such
that the apertures disposed upon the balloon 130 are
positioned distally of the circumferential portion 139c
(FIG. 4b) that extends radially the furthest away from the
tubular portion 50. As can be understood with reference
to FIG. 4b, this configuration of the permeable distal por-
tion 139 substantially prevents microbubbles M and bio-
active agent emitted from the permeable portion 139 from
flowing toward the proximal end portion 22 of the catheter
20, when the balloon 130 fully occludes the lumen defined
with the vasculature. This configuration has the benefit
of preventing unwanted backflow of microbubbles, bio-
active agents, or other solution away from the thrombus
being treated, which could have unwanted effects during
the procedure.
[0033] Providing the plurality of apertures 135 only
within the front portion 39 of the balloon 130 further allows
the microbubbles produced within the internal volume
136 of the balloon 130 to escape from only the forward
portion of the balloon 30 and enter and concentrate upon
an occlusion or thrombus that is disposed directly ahead
of and proximate to the distal end of the catheter 20.
Concentrating the escaping microbubbles within only the
front portion 139 of the balloon is theorized to increase
the concentration of microbubbles that enter the volume
of the thrombus proximate to the balloon 130 and there-
fore increase the effectiveness of the destruction of the
fibrin web by the cavitating microbubbles (based on the
incident ultrasound energy provided by the ultrasound
source, discussed above). Similarly, the balloon 130 with
forwardly disposed apertures 135 is suitable for directing
microbubbles that escape through the apertures 135 to-

ward a thrombus that covers the majority of or all of the
cross-sectional area of the vein, artery, or capillary, when
it is difficult or impossible to extend the distal end portion
21 of the catheter 20 through the thrombus to align the
balloon 130 therewith. As can be understood with refer-
ence to FIG. 4b the forward firing balloon 130 imparts
microbubbles upon the exposed outer surfaces of the
thrombus, and continued application of microbubbles
and ultrasound energy (as focused and increased by the
tubular portion 50) allows the device to "drill" through the
thrombus to form and/or increase the diameter of the
lumen within the path available for blood flow. Addition-
ally, the application of the microbubbles and ultrasound
energy upon an outer side surface of the thrombus, in
combination with the expansion of the balloon 130 to the
vessel wall substantially occludes flow past the balloon
130 toward the proximal portion of the catheter 20 and
thrombus particles E that are removed from or fall off of
the thrombus C are maintained between the balloon 130
and the larger thrombus C. Accordingly, the "floating"
particles remain within the microbubble-rich blood solu-
tion and within the flux of ultrasound energy (and in some
embodiments in the solution with relatively high concen-
trations of antithrombotic bioactive agents) to aid in their
destruction. Accordingly, the particles removed from the
thrombus are smaller when the procedure is concluded
and therefore less of a risk to cause damage if they mi-
grate through the patient’s bloodstream and into the pa-
tient’s heart and/or lungs.
[0034] As discussed further herein, an IVUS (intravas-
cular ultrasound) device 110 (shown schematically in
FIGs. 3 and 4b) that emits ultrasound energy from the
forward end portion 112 thereof and in a direction gen-
erally in a forward direction away from the IVUS device
may be threaded through the wire guide lumen 40 of the
device 10, and emit ultrasound toward the distal end 21
of the catheter 20 and therefore within the space between
the balloon 130 and the thrombus and additionally into
the volume of the thrombus, which may include micro-
bubbles that have entered the internal volume of the
thrombus. A preferred forward firing IVUS 110 device
would emit a cone of ultrasound energy F that leaves the
device at approximately the angle α to maximize the ef-
ficiency of the application of ultrasound energy to the
microbubbles within or proximate the edge of the throm-
bus.
[0035] The size and alignment of the dimples 52 are
configured to maximize the reflection of ultrasonic energy
applied to the tubular portion 50, from an ultrasound
source external to the patient applied and focused onto
the volume surrounding the catheter balloon and throm-
bus, or an IVUS device (either side firing or forward firing)
that is threaded through the wire guide lumen 40 of the
catheter 20 after the catheter is positioned within the pa-
tient (either extending through the thrombus or proximate
an end of a thrombus.
[0036] Turning now to FIGs. 5-6, another representa-
tive embodiment of the disclosure is provided and depicts
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a medical device 200. The medical device 200 is formed
with many of the structural features present in medical
device 10, and therefore for the sake of brevity similar
features between these embodiments are referenced
herein with the same element numbers. The medical de-
vice 200 includes an elongate catheter 220 with first and
second end portions 221, 222. The elongate catheter
may include multiple lumens defined through all or por-
tion of the length of the catheter 220. A guide wire lumen
40 is disposed through the entire length of the catheter
220 and includes apertures at the distal and proximal end
faces to receive a guide wire or other thin elongate struc-
ture therethrough and allow the elongate structure to
pass through the entire length of the catheter 220. The
device 200 includes a tubular portion 50 that is coaxially
fixed to the wire guide lumen 40 and disposed within the
distal end portion 221 of the catheter 220. The tubular
portion 50 includes a plurality of indentations 52 disposed
about the outer surface thereof, and may include a helical
cut 56 that extends along the length of the tubular portion
50. The indentations 52 and the helical cut 56 may be
disposed upon the tubular portion 50 as discussed in the
embodiments discussed elsewhere herein.
[0037] The catheter 220 includes an inner first balloon
230 and an outer second balloon 240. Each of the first
and second balloons 230, 240 are disposed upon the
distal end portion 221 of the catheter, surrounding and
coaxial with the tubular portion 50. The first balloon 230
is configured to be expandable between a first rest posi-
tion (FIG. 5) where the walls of the first balloon 230 are
substantially parallel with the length of the tubular portion
50 to a second expanded position (FIG. 6) where the
central portion of the first balloon 230 expands away from
the wire guide lumen 40 in a curved fashion, with the
distal and proximal ends of the first balloon 230 con-
strained by the catheter 220. In other embodiments
where at least the second balloon 240a (and potentially
the first balloon 230a) is/are non-complaint balloons, as
shown in FIG. 12, the central portion of the first balloon
extends away from the guide wire lumen 40 to an ex-
panded position wherein the balloon expands such that
the surface of the balloon remains substantially parallel
to the guide wire lumen. The first balloon 230 is formed
about the entire periphery of the catheter 220 and there-
fore expands radially outward from the wire guide lumen
40 along all sides of the catheter 220. The internal volume
236 of the first balloon 230 is defined between the inner
surface of the first balloon 230 and the outer surface of
the cylindrical wall 41 defining the wire guide lumen 40
and the tubular portion 50, and is in fluid communication
with the end of the proximal portion 222 of the catheter
220 through the first lumen 238. The first lumen 238 may
be configured with a luer lock adaptor or similar structure
to mechanically and fluidly accept a source of fluid or gas
thereon and allow fluid or gas pumped into the first lumen
238 to flow into the cavity 236 and thereby expand the
first balloon to the expanded position.
[0038] The porous second balloon 240 is disposed co-

axially about the outer surface of the first balloon 230 and
is constrained to the catheter 220 at both the distal and
proximal ends of the second balloon 240. As discussed
above, the second balloon 240a may be a non-compliant
balloon as depicted in FIG. 12. The second balloon is
expandable between a rest position (FIG. 5) where the
second balloon 240 is substantially parallel with the tu-
bular portion 50 and the outer diameter of the second
balloon 240 is substantially the same as the outer diam-
eter of the remaining portions of the catheter 220, and
an expanded configuration (FIG. 6, with an outer con-
struction similar to that depicted in FIG. 2a of the embod-
iment device 10 discussed above) where the second bal-
loon 240 is expanded outward with the central portion
249b of the second balloon 240 being radially outward
from the tubular portion with the distal and proximal ends
249, 249a of the second balloon 240 remaining con-
strained by the catheter 20 walls.
[0039] In some examples, the second balloon 240 may
be coated (either upon the inner or outer surface thereof)
with a bioactive agent, such as an antithrombotic agent,
as discussed in the examples presented above. A sche-
matic example of the coating upon the second balloon
240 may be understood with reference to the coating A
upon the balloon 30, shown in FIG. 1.
[0040] In some embodiments, the second balloon 240
is expanded outward to the second position due outward
expansion force applied thereto by the outer surface of
the first balloon 230 as it expands to the expanded posi-
tion upon the receipt of pressurized fluid or gas within
the volume 236 of the first balloon 230. In this configu-
ration, the outer geometry of the second balloon 240 sub-
stantially matches and surrounds the outer geometry of
the first balloon 230, with the walls of the second balloon
being positioned outside of the first balloon 230.
[0041] In some examples, the volume 246 defined be-
tween the inner surface of the second balloon 240 and
the outer surface of the first balloon 230 may be in fluid
communication with the outside of the catheter 220
through a second lumen 248 that is defined within the
catheter 220 and extends to an aperture or port located
at the proximal end of the proximal portion 222 of the
catheter 220. The second lumen 248 may serve many
purposes, such as allowing microbubble solution to be
injected into the second lumen 248 and therefore the
second volume 246 (either prior, during, or after expan-
sion of the first balloon 230) or allowing bioactive agents
(such as antithrombotic bioactive agents, as discussed
above) to be pumped into the second volume 246, either
in conjunction with pumping the microbubble solution or
independently of the microbubble solution. In some ex-
amples, the second lumen 248 may be fluidly connected
with one or more luer adapters or similar structures to
mechanically and fluidly receive a fluid or gas source
thereupon. In examples where it is desired to add bioac-
tive agents to the second volume 246 separately from
microbubble solution, two independent luer adaptors (or
the like) are fluidly and mechanically connected with the
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second lumen 248.
[0042] The second balloon 240 may include a perme-
able region 243 defined by a plurality of apertures 242
that are disposed around substantially the entire circum-
ference of the balloon 240, which allow selective fluid
communication from within the volume 246 of the second
balloon 240 to the volume surrounding and outside of the
second balloon 240. In some embodiments, the porous
second balloon is configured such that the size of the
apertures 242 increase as the second balloon 240 ex-
pands (either due to the expansion of the inner, first bal-
loon 230 and/or due to fluid or gas being pumped into
the second volume 246 through the second lumen 248).
As the size of the plurality of apertures 242 increase, and
the pressure within the second volume 246 similarly in-
creases, fluid within the second volume 246 is urged out
of the second volume 246 due to the differential pressure
between the second volume 246 and the environment
surrounding the outer surface of the second balloon.
[0043] In some embodiments, the apertures 242 are
sized to allow microbubbles present within the second
volume 246 to flow through the apertures 242 when the
second balloon 240 is in the expanded configuration, but
prevent a significant amount of other fluid to escape the
second volume 246 therethrough. Suitable sizes for the
plurality of apertures 242 are discussed with respect to
apertures 35 in embodiments above. In some embodi-
ments, the apertures 242 may be sized to allow bioactive
agents (as discussed above) to flow through when the
second balloon 240 is in the expanded configuration, to
allow both microbubbles and the bioactive agents in so-
lution to act upon the thrombus disposed proximate to
the balloon 240.
[0044] Turning now to FIGs. 7-8, another representa-
tive device 400 thrombolytic or restenosis therapy is pro-
vided. The device 400 includes many structures similar
to like structures discussed elsewhere in this specifica-
tion and drawings and, for the sake of brevity, like struc-
tures will be designated with like element numbers. The
device 400 includes an elongate catheter 220 with first
and second end portions 221, 222. The elongate catheter
may include multiple lumens defined through all or por-
tion of the length of the catheter 220. A guide wire lumen
40 is disposed through the entire length of the catheter
220 and includes apertures at the distal and proximal end
faces to receive a guide wire or other thin elongate struc-
ture therethrough and allow the elongate structure to
pass through the entire length of the catheter 220. The
device 400 includes a tubular portion 50 that is coaxially
fixed to the wire guide lumen 40 and disposed within the
distal end portion 221 of the catheter 220. The tubular
portion 50 includes a plurality of indentations 52 disposed
about the outer surface thereof, and may include a helical
cut 56 that extends along the length of the tubular portion
50. The indentations 52 and the helical cut 56 may be
disposed upon the tubular portion 50 as discussed in the
embodiments discussed elsewhere herein.
[0045] The catheter 220 includes an inner first balloon

230 and an outer second balloon 440. Each of the first
and second balloons 230, 440 are disposed upon the
distal end portion 221 of the catheter, surrounding and
coaxial with the tubular portion 50. The first balloon 230
is configured to be expandable between a first rest posi-
tion (FIG. 7) where the walls of the first balloon 230 are
substantially parallel with the length of the tubular portion
50 to a second expanded position (FIG. 8) where the
central portion of the first balloon 230 expands away from
the wire guide lumen 40 in a curved fashion, with the
distal and proximal ends of the first balloon 230 con-
strained by the catheter 220. The first balloon 230 is
formed about the entire periphery of the catheter 220 and
therefore expands radially outward from the wire guide
lumen 40 along all sides of the catheter 220. The internal
volume 236 of the first balloon 230 is defined between
the inner surface of the first balloon 230 and the outer
surface of the cylindrical wall 41 defining the wire guide
lumen 40 and the tubular portion 50, and is in fluid com-
munication with the end of the proximal portion 222 of
the catheter 220 through the first lumen 238. The first
lumen 238 may be configured with a luer lock adaptor or
similar structure to mechanically and fluidly accept a
source of fluid or gas thereon and allow fluid or gas
pumped into the first lumen 238 to flow into the volume
236 and thereby expand the first balloon 236 to the ex-
panded position.
[0046] The second balloon 440 is disposed coaxially
about the outer surface of the first balloon 230 and is
constrained to the catheter 220 at both the distal and
proximal ends of the second balloon 440. The second
balloon 440 is expandable between a rest position (FIG.
7) where the second balloon 440 is substantially parallel
with the tubular portion 50 and the outer diameter of the
second balloon 440 is substantially the same as the outer
diameter of the remaining portions of the catheter 220,
and an expanded configuration (FIG. 8, with an outer
construction similar to that depicted in FIG. 4a of the em-
bodiment device 100 discussed above) where the sec-
ond balloon 440 is expanded outward with the central
portion 449b of the second balloon 240 being radially
outward from the tubular portion with the distal and prox-
imal ends 449, 449a of the second balloon 440 remaining
constrained by the catheter 20 walls.
[0047] In some examples, the second balloon 440 may
be coated (either upon the inner or outer surface thereof)
with a bioactive agent, such as an antithrombotic agent,
as discussed in the embodiments presented above. A
schematic example of the coating upon the second bal-
loon 440 may be understood with reference to the coating
A upon the balloon 30, shown in FIG. 1.
[0048] In some embodiments, the second balloon 440
is expanded outward to the second position due outward
expansion force applied thereto by the outer surface of
the first balloon 230 as it expands to the expanded posi-
tion upon the receipt of pressurized fluid or gas within
the volume 236 of the first balloon 230. In this configu-
ration, the outer geometry of the second balloon 440 sub-
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stantially matches and surrounds the outer geometry of
the first balloon 430, with the walls of the second balloon
being positioned outside of the first balloon 230.
[0049] In some embodiments, the volume 446 defined
between the inner surface of the second balloon 440 and
the outer surface of the first balloon 230 may be in fluid
communication with the outside of the catheter 220
through a second lumen 448 that is defined within the
catheter 220 and extends to an aperture or port located
at the proximal end of the proximal portion 222 of the
catheter 220. The second lumen 448 may serve many
purposes, such as allowing microbubble solution to be
injected into the second lumen 448 and therefore the
second volume 446 (either prior, during, or after expan-
sion of the first balloon 230) or allowing bioactive agents
(such as antithrombotic bioactive agents, as discussed
above) to be pumped into the second volume 446, either
in conjunction with pumping the microbubble solution or
independently of the microbubble solution. In some ex-
amples, the second lumen 448 may be fluidly connected
with one or more luer adapters or similar structures to
mechanically and fluidly receive a fluid or gas source
thereupon. In examples where it is desired to add bioac-
tive agents to the second volume 446 separately from
microbubble solution, two independent luer adaptors (or
the like) are fluidly and mechanically connected with the
second lumen 448.
[0050] The second balloon 440 may include a perme-
able distal portion 449 defined by a plurality of apertures
445 configured to allow microbubbles and bioactive
agents (when provided) to pass through, and a proximal
portion 449a (and in some embodiments a central portion
449b) that is not permeable to microbubbles and bioac-
tive agents. The permeable distal portion 449 may be
similar to the permeable distal portion 139 discussed
above and shown in FIGs. 4, 4a, and 4b. Specifically, the
permeable distal portion 449 allows microbubbles (and
bioactive agents, when provided within the internal vol-
ume 436 of the second balloon 440) to escape only from
the distal end portion 449 of the balloon, which has many
effects, such as concentrating the microbubble and bio-
active agent blood solution proximate the walls of outer
walls of the thrombus, and occluding flow past the balloon
440 (when expanded to the proximate the walls of the
vasculature lumen) to prevent microbubbles, bioactive
agent, or thrombus particles from flowing toward the dis-
tal portion of the catheter.
[0051] The various described devices (10, 100, 200,
400) described herein may be used to destroy or atten-
uate vascular thrombi in the following manner. For ex-
ample, the catheter 10 is inserted into vasculature of a
patient, either human or mammal, at a location proximate
to the thrombus that has been identified within the patient,
either directly or indirectly. The catheter may be inserted
percuateously, or through a convenient bodily orifice. The
catheter may be threaded into position by extending
along a previously placed guidewire positioned through
the guide wire lumen 40 that extends along the length of

the catheter 20, the guide wire having been previously
threaded into position and may be guided into position
using a guiding catheter or under the aid of ultrasound.
[0052] When positioned proximate to the thrombus to
be removed or reduced, the guidewire may be removed
from the guide wire lumen 40 and the patient, and the
balloon 30 may be transferred to the expanded position
by pumping fluid through the first lumen 38 and into the
internal volume 36. As the balloon 30 expands to the
expanded position due to the increased fluid pressure
within the internal volume, the plurality of apertures 35
defining the permeable region 33 expand with the expan-
sion of the balloon 30. While fluid is pumped into the
internal volume, microbubble solution (as discussed in
detail above) is additionally pumped into the internal vol-
ume 36 either mixed with the fluid that was initially used
to expand the balloon 35 or as a separate step after the
balloon 35 is expanded. The microbubbles within the in-
ternal volume are small enough such that the microbub-
bles proximate the apertures 35 flow through the perme-
able portion 33 and out of the balloon 30. In examples
where a bioactive agent, such as an antithrombotic agent
(as discussed above) is provided, the bioactive agent
may either simultaneously or sequentially be pumped in-
to the internal volume 36, with the fluid (and microbubble
solution) such that some of the volume of bioactive agent
similarly flows through the permeable region. In other
examples where the bioactive agent may be coated onto
the walls of the balloon 30, the bioactive agent may be
released from the walls of the balloon as they expand.
[0053] After the balloon 30 is expanded and microbub-
bles (and bioactive agents) flow out of the permeable
region of the balloon 30, ultrasound energy is directed
toward the balloon, the volume within the vasculature
proximate the balloon and the thrombus, and the tubular
region 50 disposed within the internal volume 36 of the
balloon 30. The application of the ultrasound energy to
the microbubbles present within the ultrasound field F
transfers energy to the microbubbles, causing them to
vibrate and/or cavitate. The ultrasound energy that en-
gages with the tubular portion 50 is directed toward the
balloon (and volume proximate the balloon 30), either by
reflection or focusing as aided by the plurality of inden-
tations 52 disposed within the tubular portion, which in-
creases the ultrasound flux available to the microbubbles
and therefore cavitation energy present thereon (as well
as the percentage of microbubbles energized) to en-
hance their ability to destroy the thrombus proximate the
balloon.
[0054] In some embodiments, the ultrasound energy
may be applied to the balloon 30, the volume proximate
the balloon, and the thrombus with an ultrasound source
disposed outside of the anatomy of the patient and man-
ually focused to the intended location. Alternatively, an
elongate IVUS device may be threaded through the wire
guide lumen 40 of the catheter 20 to be disposed within
or proximate the tubular portion 50. The ultrasound en-
ergy emitted by the IVUS device passes through and is
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focused by the tubular portion to increase the cavitation
of the microbubbles within and proximate the thrombus.
[0055] In embodiments where the device 100 is pro-
vided, the device 100 may be positioned proximate an
end of a large thrombus, and then the balloon 130 is
inflated to substantially occlude the vascular region prox-
imate the thrombus. Microbubble solution (and potential-
ly a bioactive agent) is applied to the internal volume 136,
which a portion thereof may escape the balloon 130
through the permeable region 133 disposed on the distal
end portion 139 of the balloon 130. The placement of the
inflated balloon 130 with respect to the thrombus forms
an enclosed volume between the balloon 130 and the
thrombus, which concentrates the microbubbles and bi-
oactive agents available to destroy the thrombus, and
prevents particles and fluid to flow past the balloon 130
toward the proximal end of the device. The residual dis-
persed clot can be drawn into a catheter.
[0056] In embodiments where devices 200 or 400 are
used, the device is positioned within the vasculature as
with the embodiments discussed above, and the inner
first balloon (230) is inflated toward the expanded posi-
tion. This inflation also causes the outer second balloon
(240, 440) to similarly expand. Microbubble solution (and
bioactive agents) may then be introduced into the second
volume (246, 446) between the inner surface of the sec-
ond balloon and the outer surface of the first balloon.
Microbubble solution (and in some embodiments bioac-
tive agent) may escape the second balloon through the
permeable portion (243, 449) and act upon the thrombus,
as discussed above. An external or IVUS ultrasound
source may provide an ultrasound energy field to provide
energy to the microbubbles to oscillate the same, as aid-
ed by the tubular portion 50 disposed with the volume
enclosed by the first balloon.
[0057] In all examples, the procedure continues (with
the application of additional microbubbles, bioactive
agents, and ultrasound energy) as necessary to destroy,
reduce, or remove the desired amount of a thrombus
noted within the patient’s vasculature. In some examples,
the procedure is performed to destroy the thrombus in
conjunction with a second device (such as a filter, a bas-
ket, or the like) disposed downstream of the thrombus
(i.e. in the direction of normal blood flow after passing
the thrombus) to catch thrombus particles that are re-
moved from the thrombus during the procedure. The
thrombus particles caught within the filter, basket, etc.
may be removed from the patient’s vasculature to avoid
those particles ultimately flowing to the patient’s heart
and/or lungs.
[0058] In some or all of the embodiments discussed
above, the respective device (e.g. 10, 100, 200, 400) may
be of a different orientation such that the respective de-
vice include only the wireguide lumen 40, and not the
first lumen 38, as shown in FIGs. 13 and 13a. As shown
in FIG. 13, the wireguide lumen 40 includes one of a
plurality of openings 40c that are disposed within the in-
ternal volume 36 of the balloon (e.g. balloon 35 of the

device 10, other suitable balloons of the other embodi-
ments disclosed herein), such that a portion of fluid that
is urged to flow from the proximal end of the catheter 20
through the wireguide lumen 40 enters the internal vol-
ume 40 of the balloon 30. In this embodiment, the micro-
bubble solution (as discussed above) may consist of or
be included with the fluid flowing through the wireguide
lumen 40 such that the microbubble solution assists with
expanding the balloon 30.
[0059] As discussed with respect to the embodiments
above, as the balloon 30 expands to the expanded po-
sition due to the increased fluid pressure within the inter-
nal volume 36, the plurality of apertures 35 defining the
permeable region 33 expand with the expansion of the
balloon 30. The microbubbles within the internal volume
are small enough such that the microbubbles proximate
the apertures 35 flow through the permeable portion 33
and out of the balloon 30, as with the above embodi-
ments. In some embodiments, the one or more openings
40c may may be disposed upon the wireguide lumen to
direct fluid into the internal volume proximate to but not
in-line with the tubular region 50, while in other embodi-
ments, the tubular region 50 may include a plurality of
holes 50c that are aligned in registry with openings 40c
in the wireguide lumen 40 to allow fluid to flow into the
internal volume through the tubular region 50, which may
enhance the mixing of the microbubble solution within
the entire internal volume 36 of the balloon 30.
[0060] It can be understood that the microbubble so-
lution itself may flow into the internal volume 36 of the
balloon 30 through the openings 40c in the wireguide
lumen 40. In other embodiments, the microbubble solu-
tion may be configured or selected to be a product of two
or more reagents that are mixed together, or two or more
conjugates. In these embodiments as shown schemati-
cally in FIG. 13a, one of the reagents E may be coated
to or otherwise applied within the balloon 30 (i.e. coated
upon the internal surface of the balloon 30, or the outer
surface of the wireguide lumen 40), with the other reagent
F pumped through the wireguide lumen 40 such that the
two reagents E, F or conjugates mix together to form the
microbubbles 80 in solution within the internal volume 36
of the balloon 30, just before they are used in the biolog-
ical or therapeutic process discussed above. This system
may be advantageous because it may produce the high-
est concentration of active microbubbles for use during
the process, and may have efficiencies or cost benefits
to the design.
[0061] It is intended that the foregoing detailed descrip-
tion be regarded as illustrative rather than limiting, and
that it be understood that it is the following claims that
are intended to define the scope of this invention.

Claims

1. A device for thrombolytic therapy, characterized in
that it comprises:

19 20 



EP 2 528 653 B1

12

5

10

15

20

25

30

35

40

45

50

55

an elongate catheter (20) with a distal end por-
tion (21) and a proximal end portion (22), and a
first lumen (40) extending through both the distal
and proximal end portions and defined by a cy-
lindrical wall (41) of the catheter,
the distal end portion comprising a tubular por-
tion (50) that surrounds a portion of the cylindri-
cal wall, and a first expandable balloon (30) co-
axially surrounding the tubular portion,
the tubular portion comprises a plurality of in-
dentations (52) defined upon an outer surface
thereof and configured to aid in the reflection or
focusing of incident ultrasound radiation upon
the tubular portion.

2. The device of claim 1, wherein the tubular portion is
formed of a material which is of greater echogenicity
than the material from which the catheter wall is
formed.

3. The device of claim 1 or claim 2 in which the tubular
portion has a wall thickness and said indentations
extend through a portion only of said wall thickness.

4. The device of any of the preceding claims, wherein
the tubular portion comprises a helical cut inscribed
along at least a portion of the length of the tubular
portion.

5. The device of any of the preceding claims, wherein
the first balloon comprises a permeable portion dis-
posed through the walls of the first balloon, such that
a portion of the fluid within the volume of the first
balloon can escape the first balloon through the per-
meable portion.

6. The device of any of the preceding claims, further
comprising an expandable second balloon coaxially
surrounding the tubular portion and disposed within
the first balloon, wherein the second balloon defines
a second volume between an inner surface of the
second balloon and the tubular portion, the second
volume directly receives fluid or gas through a sec-
ond lumen to expand both the first and second bal-
loons.

7. The device of any of the preceding claims, wherein
the permeable portion comprises a plurality of aper-
tures that are configured to expand when the orien-
tation of the first balloon expands outwardly.

8. The device of any of the preceding claims, further
comprising a third lumen configured to selectively
provide fluid communication to a third volume dis-
posed between an inner surface of the first balloon
and an outer surface of the second balloon.

9. The device of any of the preceding claims, wherein

the permeable portion is disposed around substan-
tially an entire outer circumference of the distal por-
tion of the first balloon.

10. The device of any of the preceding claims, wherein
the permeable portion is disposed only upon a distal
portion of the first balloon and not upon central and
proximal portions of the first balloon.

11. The device of any of the preceding claims, wherein
the distal portion of the first balloon is configured
such that axes through a plurality of apertures defin-
ing the permeable portion in the wall of the first bal-
loon are located such that an angle between a line
perpendicular to a tangent line upon an outer surface
of the first balloon at the aperture and the longitudinal
axis of the tubular portion forms an angle that is less
than or equal to 45 degrees.

12. The device of any of the preceding claims, wherein
the catheter is configured to receive an elongate ul-
trasound probe through the first lumen, with a tip of
the probe disposed within the tubular member,
wherein the ultrasound energy emitted from the ul-
trasound probe is focused or reflected by the tubular
portion to impart energy to a plurality of microbubbles
proximate the first balloon.

13. The device of any of the preceding claims, wherein
the first lumen includes a plurality of openings dis-
posed within an internal volume defined by the first
balloon, wherein the plurality of openings are con-
figured to direct a portion of fluid flowing through the
first lumen to flow into the internal volume.

14. The device of any of the preceding claims, further
comprising a plurality of holes disposed through the
tubular portion and aligned in registry with respective
openings disposed upon the first lumen.

Patentansprüche

1. Vorrichtung für die thrombolytische Therapie, da-
durch gekennzeichnet, dass sie folgendes um-
fasst:

einen langgestreckten Katheter (20) mit einem
distalen Endabschnitt (21) und einem proxima-
len Endabschnitt (22), und einem ersten Lumen
(40), das sich sowohl durch den distalen als
auch durch den proximalen Endabschnitt er-
streckt und von einer zylindrischen Wand (41)
des Katheters definiert wird,
wobei der distale Endabschnitt einen röhrenför-
migen Abschnitt (50), der einen Teil der zylind-
rischen Wand umgibt, und einen ersten expan-
dierbaren Ballon (30), der koaxial den röhren-
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förmigen Abschnitt umgibt, umfasst,
wobei der röhrenförmige Abschnitt eine Vielzahl
von Vertiefungen (52) umfasst, die auf einer äu-
ßeren Oberfläche davon definiert sind und dazu
ausgelegt sind, die Reflexion oder Fokussierung
von einfallender Ultraschallstrahlung auf den
röhrenförmigen Abschnitt zu unterstützen.

2. Vorrichtung nach Anspruch 1, wobei der röhrenför-
mige Abschnitt aus einem Material geformt ist, dass
eine größere Echogenität aufweist als das Material,
aus dem die Katheterwand geformt ist.

3. Vorrichtung nach Anspruch 1 oder Anspruch 2, wo-
bei der röhrenförmige Abschnitt eine Wandstärke
aufweist und sich die Vertiefungen nur durch einen
Teil der Wandstärke erstrecken.

4. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei der röhrenförmige Abschnitt einen
spiralförmigen Schnitt umfasst, der entlang zumin-
dest eines Teils der Länge des röhrenförmigen Ab-
schnitts eingraviert ist.

5. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei der erste Ballon einen durchlässigen
Abschnitt umfasst, der durch die Wände des ersten
Ballons angeordnet ist, so dass ein Teil des Fluids
innerhalb des Volumens des ersten Ballons aus dem
ersten Ballon durch den durchlässigen Abschnitt
entweichen kann.

6. Vorrichtung nach einem der vorhergehenden An-
sprüche, ferner umfassend einen expandierbaren
zweiten Ballon, der den röhrenförmigen Abschnitt
koaxial umgibt und innerhalb des ersten Ballons an-
geordnet ist, wobei der zweite Ballon ein zweites Vo-
lumen zwischen einer inneren Oberfläche des zwei-
ten Ballons und dem röhrenförmigen Abschnitt defi-
niert, wobei das zweite Volumen direkt Fluid oder
Gas durch ein zweites Lumen erhält, um sowohl den
ersten als auch den zweiten Ballon aufzuweiten.

7. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei der durchlässige Abschnitt eine Viel-
zahl von Öffnungen umfasst, die dazu ausgelegt
sind, zu expandieren, wenn die Orientierung des ers-
ten Ballons nach außen expandiert.

8. Vorrichtung nach einem der vorhergehenden An-
sprüche, ferner umfassend ein drittes Lumen, das
zur selektiven Bereitstellung einer Fluidverbindung
mit einem dritten Volumen ausgelegt ist, das zwi-
schen einer inneren Oberfläche des ersten Ballons
und einer äußeren Oberfläche des zweiten Ballons
angeordnet ist.

9. Vorrichtung nach einem der vorhergehenden An-

sprüche, wobei der durchlässige Abschnitt im We-
sentlichen um einen gesamten Außenumfang des
distalen Abschnitts des ersten Ballons angeordnet
ist.

10. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei der durchlässige Abschnitt nur auf
einem distalen Abschnitt des ersten Ballons und
nicht auf mittleren und proximalen Abschnitten des
ersten Ballons angeordnet ist.

11. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei der distale Abschnitt des ersten Bal-
lons derart ausgelegt ist, dass Achsen durch eine
Vielzahl von Öffnungen, die den durchlässigen Ab-
schnitt in der Wand des ersten Ballons definieren,
so angeordnet sind, dass ein Winkel zwischen einer
Linie senkrecht zu einer Tangente auf einer äußeren
Oberfläche des ersten Ballons an der Öffnung und
der Längsachse des röhrenförmigen Abschnitts ei-
nen Winkel bildet, der kleiner oder gleich 45 Grad ist.

12. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei der Katheter zur Aufnahme einer
langgestreckten Ultraschallsonde durch das erste
Lumen ausgelegt ist, wobei eine Spitze der Sonde
im röhrenförmigen Element angeordnet ist, wobei
die von der Ultraschallsonde ausgesendete Ultra-
schallenergie vom röhrenförmigen Abschnitt fokus-
siert oder reflektiert wird, um einer Vielzahl von Mi-
krobläschen neben dem ersten Ballon Energie zu
verleihen.

13. Vorrichtung nach einem der vorhergehenden An-
sprüche, wobei das erste Lumen eine Vielzahl von
Öffnungen aufweist, die innerhalb eines vom ersten
Ballon definierten Innenvolumens angeordnet sind,
wobei die Vielzahl von Öffnungen dazu ausgelegt
sind, einen Teil des Fluids, das durch das erste Lu-
men fließt, so zu leiten, dass es in das Innenvolumen
fließt.

14. Vorrichtung nach einem der vorhergehenden An-
sprüche, ferner umfassend eine Vielzahl von Lö-
chern, die durch den röhrenförmigen Abschnitt an-
geordnet sind und in Deckung mit jeweiligen, auf
dem ersten Lumen angeordneten Öffnungen ausge-
richtet sind.

Revendications

1. Dispositif de thérapie thrombolytique, caractérisé
en ce qu’il comprend :

un cathéter allongé (20) avec une partie d’ex-
trémité distale (21) et une partie d’extrémité
proximale (22), et une première lumière (40)
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s’étendant à la fois à travers les parties d’extré-
mité distale et proximale et définie par une paroi
cylindrique (41) du cathéter,
la partie d’extrémité distale comprenant une par-
tie tubulaire (50) qui entoure une partie de la
paroi cylindrique, et un premier ballonnet gon-
flable (30) entourant coaxialement la partie tu-
bulaire,
la partie tubulaire comprend une pluralité de
marques (52) définies sur une surface externe
de celle-ci et configurées pour faciliter la ré-
flexion ou la focalisation d’un rayonnement ul-
trasonore incident sur la partie tubulaire.

2. Dispositif de la revendication 1, dans lequel la partie
tubulaire est constituée d’un matériau qui est d’une
plus grande échogénicité que le matériau à partir
duquel la paroi de cathéter est formée.

3. Dispositif de la revendication 1 ou la revendication
2 dans lequel la partie tubulaire a une épaisseur de
paroi et lesdites marques s’étendent à travers une
partie seulement de ladite épaisseur de paroi.

4. Dispositif de l’une quelconque des revendications
précédentes, dans lequel la partie tubulaire com-
prend une découpe hélicoïdale pratiquée le long d’au
moins une partie de la longueur de la partie tubulaire.

5. Dispositif de l’une quelconque des revendications
précédentes, dans lequel le premier ballonnet com-
prend une partie perméable disposée à travers les
parois du premier ballonnet, de telle sorte qu’une
partie du fluide à l’intérieur du volume du premier
ballonnet peut s’échapper du premier ballonnet par
la partie perméable.

6. Dispositif de l’une quelconque des revendications
précédentes, comprenant en outre un deuxième bal-
lonnet gonflable entourant coaxialement la partie tu-
bulaire et disposé à l’intérieur du premier ballonnet,
le deuxième ballonnet définissant un deuxième vo-
lume entre une surface interne du deuxième ballon-
net et la partie tubulaire, le deuxième volume rece-
vant directement un fluide ou gaz par une deuxième
lumière pour gonfler à la fois les premier et deuxième
ballonnets.

7. Dispositif de l’une quelconque des revendications
précédentes, dans lequel la partie perméable com-
prend une pluralité d’ouvertures qui sont configurées
pour se dilater quand l’orientation du premier ballon-
net se gonfle vers l’extérieur.

8. Dispositif de l’une quelconque des revendications
précédentes, comprenant en outre une troisième lu-
mière configurée pour assurer sélectivement une
communication fluidique avec un troisième volume

disposé entre une surface interne du premier ballon-
net et une surface externe du deuxième ballonnet.

9. Dispositif de l’une quelconque des revendications
précédentes, dans lequel la partie perméable est dis-
posée autour d’une circonférence externe sensible-
ment entière de la partie distale du premier ballonnet.

10. Dispositif de l’une quelconque des revendications
précédentes, dans lequel la partie perméable est dis-
posée uniquement sur une partie distale du premier
ballonnet et non sur des parties centrale et proximale
du premier ballonnet.

11. Dispositif de l’une quelconque des revendications
précédentes, dans lequel la partie distale du premier
ballonnet est configurée de telle sorte que des axes
passant par une pluralité d’ouvertures définissant la
partie perméable dans la paroi du premier ballonnet
sont situés de telle sorte qu’un angle entre une per-
pendiculaire à une tangente sur une surface externe
du premier ballonnet au niveau de l’ouverture et l’axe
longitudinal de la partie tubulaire forme un angle qui
est inférieur ou égal à 45 degrés.

12. Dispositif de l’une quelconque des revendications
précédentes, dans lequel le cathéter est configuré
pour recevoir une sonde à ultrasons allongée par la
première lumière, avec une pointe de la sonde dis-
posée à l’intérieur de l’élément tubulaire, l’énergie
ultrasonore émise depuis la sonde à ultrasons étant
focalisée ou réfléchie par la partie tubulaire pour
transférer de l’énergie à une pluralité de microbulles
à proximité du premier ballonnet.

13. Dispositif de l’une quelconque des revendications
précédentes, dans lequel la première lumière com-
porte une pluralité d’ouvertures disposées à l’inté-
rieur d’un volume interne défini par le premier bal-
lonnet, la pluralité d’ouvertures étant configurées
pour diriger une partie d’un fluide s’écoulant par la
première lumière pour qu’il s’écoule dans le volume
interne.

14. Dispositif de l’une quelconque des revendications
précédentes, comprenant en outre une pluralité de
trous disposés à travers la partie tubulaire et alignés
avec des ouvertures respectives disposées sur la
première lumière.
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