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THROMBECTOMY APPARATUS AND METHOD

Related Applications
This application claims priority to U.S. Provisional Application No.

00/888,265 filed February 5, 2007.

Technical Field
The present mvention pertains generally to medical devices and methods of
their use. More parficularly, the present invention pertains to thrombectomy devices

and methods of their use.

Background
A variety of methods have been developed to remove thrombi and other

unwanted material from a patient’s vasculature. Examples include thrombolytic
medications and mechanical devices such as fluid jets, ultrasound, laser, thermal,
suction, balloons, rotating buirrs, cutters, baskets, and wires. Thrombolytic
medications are simpler to admimster and have advantages in reaching any desired
vessel, but disadvantages in slower action, monitoring requirements, bleeding
complications, high cost, inability to remove harder or more organized thrombi, and
travel to other vessels besides the target vessel. Mechanical devices are often faster
and are specific to the target vessel, but have disadvantages in being larger size,
difficulty in reaching a target vessel, local injury to the vessel wall, mechanical
plugging, complicated and time-consuming setup, complicated operation requiring
operator traming and skill, and high cost, the effectiveness on harder or more
organized thrombi varies, with the more effective devices being more invasive, more
dangerous, or more expenstve.

There are many situations in which it 1s desirable to remove thrombus or blood
clots from the body, particularly in large blood vessels, heart chambers, or in
extravascular spaces which could fill with blood during hemorrhage such as
retroperitoneal bleeding, or other spaces such as cerebrospinal fluid spaces, hollow
body organs, and so forth.

Existing thrombectomy devices, including fluid jet thrombectomy devices,

have difficulty in treating large thrombi and in efficiently and effectively removing
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thrombus from large diameter vessels. A fluid jet catheter may obtain some mixing
and work at some distance, but doing so safely and capturing all the thrombus for
removal is problematic. A variety of thrombus removal catheters can be utilized in
smaller vessels such as coronary or leg arteries, and so forth.

Thus, a need remains for improved thrombus removal capability particularly
for large vessels, including peripheral or central veins, pulmonary arteries and

branches, chambers of the heart, larger arteries, and vascular prostheses.

Summary
The invention pertains generally to devices for removing thrombi and other

unwanted materials from within vessels such as relatively large arteries and veins. In
an illustrative but non-limiting example, a thrombectomy system may include an
elongate shaft that defines a high pressure lumen and a low pressure lumen, The high
pressure lumen may terminate near an end of the low pressure lumen. An expandable
capture basket may be disposed near the end of the low pressure lumen., In some
applications, the thrombectomy system may function without a capture basket.

In another illustrative but non-limiting example, a thrombectomy apparatus
may include an elongate shaft, an evacuation lumen extending within the elongate
shaft and a high pressure lumen extending within the elongate shaft. A capture
apparatus may be disposed within a wire lumen that extends within the elongate shaft
such that the capture apparatus extends distally from the wire lumen.

In another illustrative but non-limiting example, an apparatus may include a
first catheter shaft segment and a second catheter shaft segment. The first catheter
shaft segment may have a suction lumen and a high pressure lumen. The second
catheter shaft segment may have a wire lumen and a capture apparatus that is disposed
at least partially within the wire lumen.

In another illustrative but non-limifing example, thrombi may be removed
from within a vessel by using a high pressure jet as an ejector/aspiration device to pull
the thrombi within the suction lumen. The captured thrombi may be disrupted by the
high pressure jet and the disrupted thrombi may be suctioned out of the vessel. In
such apparatus, the high pressure jet may be located near the distal opening of the
distal tip. In some embodiments, the high pressure jet may exit a high pressure lumen
at an angle which generally parallels a proximal slope associated with the distal

opening or at an angle which is somewhat more inclined toward an axial orientation.
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In another illustrative but non-limiting example, thrombi may be removed
from within a vessel by capturing the thromb1 within a capture apparatus. The
captured thrombi may be disrupted with a high pressure jet and then the disrupted
thrombi may be suctioned out of the vessel.

In another illustrative but non-limiting example, thrombi may be removed by
providing a thrombectomy apparatus similar to that described above. The
thrombectomy apparatus may be advanced to a desired location within a patient’s
vasculature. The expandable capture basket may be expanded, and thrombi may be
captured thercin. A high pressure fluid source may be provided via the high pressure
lumen in order to break apart the captured thrombi. Suction may be applied to the
low pressure lumen in order to evacuate the broken apart thrombi.

The above summary of some embodiments is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures

and Detailed Description that follow more particularly exemplify these embodiments.

Brief Description of the Figures
The invention may be more completely understood in consideration of the

following detailed description of various embodiments of the invention in connection
with the accompanying drawings, in which:;

Figure 1 is a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention:

Figure 2 1s a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention,

Figure 3 is a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention:

Figure 4 is a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention;

Figure 5 is a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention;

Figure 5A 1s a diagrammatic view of a portton of a thrombectomy apparatus in
accordance with an embodiment of the invention:

Figure 5B is a diagrammatic view of a portion of a thrombectomy apparatus in

accordance with an embodiment of the invention;
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Figure 6 i1s a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention;

Figure 7 1s a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention:

Figure 8 is a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention;

Figure 9 is a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention;

Figure 10 1s a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention;

Figure 11 is a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention;

Figure 12 1s a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention;

Figure 13 is a diagrammatic view of a portion of a thrombectomy apparatus in
accordance with an embodiment of the invention; and

Figure 14 is a diagrammatic view of a thrombectomy system in accordance
with an embodiment of the invention.

Figure 15 1s a diagrammatic view of a thrombectomy system in accordance
with an embodiment of the invention.

While the invention is amenable to various modifications and alternative
torms, specifics thereof have been shown by way of example in the drawings and will
be described in detail. It should be understood, however, that the intention is not to
limit the invention to the patticular embodiments described. On the contrary, the
intention 1s to cover all modifications, equivalents, and alternatives falling within the

spirit and scope of the invention,

Detailed Description
For the following defined terms, these definitions shall be applied, unless a

different definition is given in the claims or elsewhere in this specification,
All numeric values are herein assumed to be modified by the term *about,”
whether or not explicitly indicated. The term “about” gencrally refers to a range of

numbers that one of skill in the art would consider equivalent to the recited value (i.e.,
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having the same function or result). In many instances, the terms *“‘about” may
include numbers that are rounded to the nearest significant figure.

The recitation of numerical ranges by endpomts includes all numbers within
that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 3).

As used 1n this specification and the appended claims, the singular forms “a”,
“an”, and “the” include plural referents unless the content clearly dictates otherwise.
As used n this specification and the appended claims, the term “or” i1s generally
employed in its sense including “and/or” unless the content clearly dictates otherwise.

The following detailed description should be read with reference to the
drawings in which similar elements in different drawings are numbered the same.
The drawings, which are not necessarily to scale, depict illustrative embodiments and
are not intended to limit the scope of the mvention.

The invention pertains generally to a thrombectomy apparatus that includes a
low pressure or evacuation lumen, a high pressure lumen and an expandable capture
basket. Insome cases, a thrombectomy apparatus may be provided within an external
sheath for storage, transportation and/or delivery.

Merely for clarity, some Figures show only certain elements of the mvention
while not showing certain other elements. It will be understood that these elements
may be combined as desired in practicing the invention.

Figure 1 is a schematic cross-sectional view of a portion of a thrombectomy
catheter 10. The thrombectomy catheter 10 includes an elongate shaft 12 that has a
distal region 14 defining a distal end 16. In the illustrated embodiment, a low
pressure or evacuation lumen 18 extends through the distal region 12 and may, as
shown, extend to the distal end 14. The evacuation lumen 18 may terminate at a distal
opening 20. A high pressure lumen 22 may ¢xtend through the distal region 14. The
high pressure lumen 22 may terminate at a distal opening 24.

In some instances, as 1llustrated, the high pressure lumen 22 may extend at
least substantially parallel with the evacuation lumen 18. In some cases, the high
pressure lumen 22 may be formed by a tubular member extending within the
evacuation lumen 18. While not expressly shown in this Figure, it will be recognized
that the elongate shaft 12 may include one or more additional lumens such as a
capture basket lumen, a guidewire lumen, and the like.

In Figure 1, the thrombectomy catheter 12 may be considered as being

disposed within a patient’s vasculature or other desired lumen or void that may
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contain thrombi or other undesirable material, although the environment is not
expressly shown. Thrombi 26 are generically shown disposed just distal of the distal
end 16 of the elongate shaft 12, Thrombi 26 may be drawn towards and into the
evacuation lumen 18 by applying a low pressure source to a proximal end (not
illustrated) of the evacuation lumen 18. A low pressure source may provide suction,
such as a vacuum source. The low pressure within the evacuation lumen 18 may be
generically represented by arrows 28. These arrows 28 also indicate the direction in
which the thrombi 26 will travel through the evacuation lumen 18.

In some cases, if desired, a high pressure fluid source may be placed 1n fluid
communication with the high pressure lumen 22. A suitable fluid such as saline or
another therapeutically acceptable fluid may travel in a direction indicated by arrows
30. In some instances, the high pressure fluid may exit the high pressure lumen 22
through the distal opening 24. In some cases, the distal opening 24 may be a jet
orifice that causes the high pressure fluid to exit therefrom at a high rate of speed.
The high pressure fluid may, therefore, impact the thrombi 26 and at least partially
break the thrombi 26 into smaller pieces that may better fit through the evacuation
lumen 18 without clogging the evacuation lumen 18.

In some cases, as illustrated, the distal opening 24 of the high pressure lumen
22 may be positioned relative to the distal opening 20 of the evacuation lumen 18
such that the high pressure fluid creates a jet that extends at least partially across the
distal opening 20. As will be discussed with respect to subsequent Figures, the distal
opening 24 may have a variety of different locations relative to the distal opening 20
of the evacuation lumen 18,

The elongate shaft 12 may be formed of any suitable materials. In some cases,
the elongate shaft 12 may be formed of one or more suitable polymeric materials.
Examples of suitable polymers include polytetrafluoroethylene (PTFE), ethylene
tetrafluoroethylene (ETFE), fluorinated ethylene propylene (FEP), polyoxymethylene
(POM, for example, DELRIN® available from DuPont), polyether block ester,
polyurethane, polypropylene (PP), polyvinylchloride (PVC), polyether-ester (for
example, ARNITEL® available from DSM Engineering Plastics), ether or ester based
copolymers (for example, butylenc/poly(alkylene ether) phthalate and/or other
polyester elastomers such as HYTREL® available from DuPont), polyamide (for
example, DURETHAN® available from Bayer or CRISTAMID® available from EIf

Atochem), elastomeric polyamides, block polyamide/ethers, polyether block amide
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(PEBA, for example available under the trade name PEBAX®), ethylene vinyl acetate
copolymers (EVA), silicones, polyethylene (PE), Marlex high-density polyethylene,
Marlex low-density polyethylene, linear low density polyethylene (for example
REXELL®), polyester, polybutylene tercphthalate (PBT), polyethylene terephthalate
(PET), polytrimethylene terephthalate, polyethylene naphthalate (PEN),
polyetheretherketone (PEEK), polyimide (PI), polyetherimide (PEI), polyphenylene
sulfide (PPS), polyphenylene oxide (PPO), poly paraphenylene terephthalamide (for
example, KEVLAR®), polysulfone, nylon, nylon-12 (such as GRILAMID® available
from EMS American Grilon), perfluoro(propyl vinyl ether) (PFA), ethylene vinyl
alcohol, polyolefin, polystyrene, epoxy, polyvinylidene chleride (PVdC),
polycarbonates, ionomers, biocompatible polymers, other suitable materials, or
mixtures, combinations, copolymers thercof, polymer/metal composites, and the like.

In some cases, the evacuation lumen 18 and the high pressure lumen 22 may
be formed as parallel lumens within a single catheter shaft. In some cases, the
evacuation lumen 18 may be formed within a catheter shaft or as a separate elongate
tubular member while the high pressure lumen 22 may be formed as an elongate tube
provided at least partially on the exterior of the catheter shaft or elongate tubular
member forming the evacuation lumen 18,

As discussed above, a thrombectomy apparatus may also include a capture
basket. Figure 2 illustrates an expandable capture basket 32 that may, if desired, be
used in conjunction with or even incorporated into the thrombectomy catheter 10
discussed with respect to Figure 1. The expandable capture basket 32 includes a
frame structure 34 and a membrane 36 that is disposed over at least a portion of the
frame structure 34. In some cases, the membrane 36 may be formed of any suitable
material such as those listed above and may be manipulated to have any desired level
of porosity. In some cases, the membrane 36 may be constructed to be at least
substantially permeable to blood but not fo larger items such as thrombi. In some
instances, it may be useful to construct the membrane 36 to be at least substantially
impermeable to blood flow.

In some cases, the frame structure 34 may include a first loop 38 and a second
loop 40. The first loop 38 may have a proximal end 42 and a distal end 44 while the
second loop 40 may have a distal end 46 and a pfoximal end 48. It will be recognized
that the first loop 38 may be formed by looping a first length of wire or filament and

thus the proximal end 42 may include two wire or filament ends. Similarly, the



CA 02677343 2009-08-04
WO 2008/097993 PCT/US2008/053078

second loop 40 may be formed by looping a second length of wire or filament and
thus the distal end 46 may include two wire or filament ends. In some cases, 1t 1s
contemplated that the first loop 38 and/or the second loop 40 may instead be formed
by welding or otherwise joining together the two ends of the first length of wire or
filament to form a closed loop.

In some instances, the distal end 44 of the first loop 38 may, if desired, be
secured to the proximal end 48 of the second loop 40. In some cases, the proximal
end 42 of the first loop 38 may extend to and be secured to an actuation filament 50

while the distal end 46 of the second loop 40 may extend to and be secured to a wire

52. It can be seen that the expandable capture basket 32 may be either opened or

closed, as desired, by axially moving the actuation filament 50 relative to the wire 52.

Figure 2 shows the expandable capture basket 32 in an open configuration while
Figure 3 shows the expandable capture basket 32 1 a closed configuration, Figure 4

provides a better view of the frame structure 34, as the membrane 36 has been

removed.

It will be recognized that structure may be provided to permit the actuation
filament 50 to move axially relative to the wire 52 while constraining the actuation
filament 50 and/or the wire 52 from excessive radial movement. In some cases,
relative movement between the actuation filament 50 and the wire 52 may be
controlled by providing at least on¢ of the actuation filament 50 and/or the wire 52
within an appropriate lumen within the thrombectomy catheter 10 (Figure 1). In some
instances, a suifable lumen may be provided either parallel to or even within the
evacuation lumen 18, for example.

The actuation filament 50 and the wire 52 may be formed of any suitable
material. In some cases, the actuation filament 50 and the wire 52 may,
independently, be formed of any suitable polymeric or metallic material. Examples of
suitable materials include metal, metal alloy, polymer (some examples of which are
disclosed above), a metal-polymer composite, combinations thereof, and the like, or
any other suitable material. Some examples of suitable metals and metal alloys
include stainless steel, such as 304V, 304L, and 316LYV stainless steel; mild steel:
nickel-titanium alloy such as linear-elastic and/or super-elastic nitinol; other nickel
alloys such as nickel-chromium-molybdenum alloys (e.g., UNS: N0O6625 such as
INCONEL® 625, UNS: N06022 such as HASTELLOY® C-22®, UNS: N10276 such
as HASTELLOY® C276®, other HASTELLOY ® alloys, and the like), nickel-copper
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alloys (e.g., UNS: NO04400 such as MONEL® 400, NICKELVAC® 400,
NICORROS® 400, and the like), nickel-cobalt-chromium-molybdenum alloys (e.g.,
UNS: R30035 such as MP35-N® and the like), nickel-molybdenum alloys (e.g., UNS:
N10665 such as HASTELLOY® ALLOY B2®), other nickel-chromium alloys, other
nickel-molybdenum alloys, other nickel-cobalt alloys, other nickel-iron alloys, other
nickel-copper alloys, other nickel-tungsten or tungsten alloys, and the like; cobalt-
chromium alloys; cobalt-chromium-molybdenum alloys (e.g., UNS: R30003 such as
ELGILOY®, PHYNOX®, and the like); platinom enriched stainless steel;
combinations thereof; and the like; or any other suitable material.

As noted above, 1n some cases the actuatton filament 50 and the wire 52 are
wire structures. In some instances, however, part or all of the actuation filament 50
and/or the wire 52 may be hollow and may be 1n fluild communication with a high
pressure fluid source such as the high pressure lumen 22 (Figure 1). In some

situations, it may be desirable to have one or more high pressure jets disposed at one

or more locations within the frame structure 34. For example, it may be desirable to
have a high pressure jet located at a midpoint 54 of the frame structure 34. In some
cases, it may be desirable to have one or more high pressure jets disposed along the
first loop 38 and/or the second loop 40. In some cases, it 1s contemplated that the
actuation filament 50 and the wire 52 may be wire structures while another feed line
(not seen in this Figure) provides fluid to the aforementioned high pressure jets.
Turning now to Figure 5, a thrombectomy assembly 56 is shown as including
the thrombectomy catheter 10 and the expandable capture basket 32 as previously
described. As illustrated, the actuation filament 50 and the wire 52 are shown
extending proximally next to the elongate shaft 12. It will be recognized that the
clongate shaft 12 may include one or more additional lumens (not illustrated) through
which the actuation filament 50 and/or the wire 52 may extend. In some cases, a

separate catheter (not shown) may provide a lumen or lumens suitable to constrain the

actuation filament 50 and/or the wire 52.

Figures 5A and 5B are schematic cross-sectional views providing several
examples of how the elongate shaft 12 could accommodate the actuation filament 50
and the wire 52. Figure 5A provides an example in a wire lumen 58 extends through
the clongate shaft 12 and i1s parallel with the evacuation lumen 18 and the high
pressure lumen 22, The wire lumen 58 may be sized to accommodate both the

actuation filament 50 and the wire 52. In some instances, the wire lumen 58 may
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have a diameter that 1s large enough to permit relative axial movement between the
actuation filament 30 and the wire 52 yet small enough to limit relative radial
movement between the actuation filament 50 and the wire 52.

Figure 5B provides an example in which an actuation filament lumen 60 and a
wire lumen 62 extend through the elongate shaft 12 and are parallel with the
evacuation lumen 18 and the high pressure lumen 22. The actuation filament lumen
60 may be sized to slidingly accommodate the actuation filament 50 and the wire
lumen 62 may be sized to shdingly accommodate the wire 52. While Figures SA and
5B show the additional lumens as being formed within a single shaft, it will be
recognized that one or more of wire lumen 58, actuation filament lumen 60 and wire
lumen 62 may be formed within distinct and separate tubular members that may be
joined together to form the elongate shaft 12,

Figurc 6 is similar to Figure 5, but adds a high pressure jet 58 located near the
distal end 44 of the first loop 38. In some cases, the high pressure jet 58 may simply
be a small aperture formed within a tube forming the first loop 38, particularly if the
tube forming the first loop 38 is hollow and is in fluid communication with a high
pressure fluid source such as the high pressure lumen 22. In some instances, it is
contemplated that the high pressure jet 58 may be an orifice provided in a separate
fluid line (not illustrated).

As 1llustrated, the high pressure jet 58 may be considered as being pointed at
least partially towards the distal opening 20 of the evacuation lumen 18. In some
cases, the high pressure jet 58 may be pointed in a more downward direction. In some
Instances, the high pressure jet 38 may be aimed more directly at an interior surface of
the membrane 36. In some cases, two, three or more high pressure jets such as high
pressure jet 58 may be disposed at various locations in and near the expandable
capture basket 32.

Figure 7 provides an illustrative thrombectomy apparatus 64 that is cohﬁgured
to provide pressurized fluid to one or more locations within a capture basket. The
thrombectomy apparatus 64 includes a catheter portion 66 and a basket portion 68.
The catheter portion 66 includes a proximal shaft section 70 and an intermediate shaft
section 72 that is disposed at least partially within the proximal shaft section 70 and
extends distally therefrom. A distal shaft section 74 extends from the intermediate

shaft section 72 and extends distally to a distal tip 76. It will be recognized that the

10
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catheter portion 66 may include one or more lumens such as an evacuation lumen, a
high pressure fluid lumen, wire lumen, guidewire lumen, and the like.

The proximal shaft section 70 and the intermediate shaft section 72 may be
configured to provide an evacuation lumen similar to the evacuation lumen 18
previously discussed. An evacuation lumen may, for example, terminate at a distal
opening 78. As discussed previously, the evacuation lumen (not seen in this view)
may be placed in fluid communication with a low pressure source such as suction to
draw thrombi and other unwanted material into the evacuation lumen.

A proximal high pressure fluid line 80 may extend parallel to the intermediate
shaft section 72. The proximal high pressure fluid line 80 may extend proximally
within the proximal shaft section and may be in fluid communication with a high
pressure fluid source. The proximal high pressure fluid line 80 may extend to a
junction 82, from which a distal high pressure fluid line 84 may extend distally to the
distal tip 76. If desired, the junction 82 may include a jet orifice, but this is not
required.

For clarity, the basket portion 68 is shown without a membrane, but it will be
recognized that the basket portion 68 may include a membrane similar to the
membrane 36 described previously with respect to Figure 2. The basket portion 68
includes a tubular line 86 that extends proximally from the distal tip 76, In some
instances, the distal tip 76 may include appropriate plumbing connections such that
the tubular line 86 may be in fluid communication with the distal high pressure fluid
line 84, In some cases, the tubular line 86 may extend to a junction 88. If desired, the
junction 88 may also include a jet orifice.,

A pair of actuation filaments 90 are connected to the junction 88 and extend

proximally therefrom. In some cases, the actuation filaments 90 enter the proximal

shaft section 70 via an entrance 92 and extend proximally through the proximal shaft
section 90. By moving the actuation filaments 90 in an axial direction, the basket
portion 68 may be moved between an open configuration (as illustrated) and a closed
configuration. In some instances, the actuation filaments 90 may be wires. In some
cases, one or both of the actuation filaments 90 may be hollow tubes that may be in
fluid communication with the junction 88.

Figures 8 through 13 provide illustrative but non-limiting examples of

thrombectomy apparatuses. For clarity, certain elements such as wire lumens and
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capture basket membranes are excluded from the drawings. It will be recogmzed,
however, that these elements may be included, as desired.

Figure 8 shows a thrombectomy apparatus 94 that may be either a monorail or
an over-the-wire type. The thrombectomy apparatus 94 includes a guidewire lumen
96 through which a guidewirc 98 is disposed. While only a distal portion of the
guidewire lumen 96 is seen in the Figure, one of skill will recognize that the
guidewire lumen 96 may have a relatively short length if the thrombectomy apparatus
94 is intended as a monorail (or single-operator exchange) cai;heter. In some
instances, the guidewire lumen 96 may extend a substantial distance proximally if the
thrombectomy apparatus 94 is designed as an over-the-wire catheter.

The thrombectomy apparatus 94 includes an elongate shaft 100 extending to a
distal end 102. The guidewire lumen 96 may, if desired, be formed as an integral
portion of the elongate shaft 100. An evacuation lumen 104 1s formed within the
elongate shaft 100 and extends distally to a distal opening 106. The evacuation lumen
104 may be in fluid communication with a low pressure source such as vacuum. In
some instances, as illustrated, the distal opening 106 may be tapered to facilitate
advancement of the thrombectomy apparatus 94 through a patient’s vasculature, for
example, yet still be sized appropriate to accommodate thrombi and other similar
material.

The elongate shaft 100 also includes a high pressure lumen 108 that extends
distally within the elongate shaft 100. The high pressure lumen 108 includes a jet
orifice 110 that is disposed in a side of the high pressure lumen 108 proximate a distal
end thercof. It can be seen that in this configuration, the jet orifice 110 may provide a
fluid jet that traverses the evacuation lumen 104 and thus may help break up any
thrombi passing into the evacuation lumen 104.

Figure 9 shows a thrombectomy apparatus 112 that 1s configured as an over-
the-wire type. The thrombectomy apparatus 112 includes an elongate shaft 114
extending to a distal end 116. An evacuation lumen 118 1s formed within the elongate
shaft 114 and extends distally to a distal opening 120. A guidewire 98 extends
through the evacuation lumen 118.

The evacuation lumen 118 may be in fluid communication with a low pressure
source such as vacuum. In some inétances, as illustrated, the distal opening 120 may

be tapered to facilitate advancement of the thrombectomy apparatus 112 through a
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patient’s vasculature, for example, yet still be sized appropriate to accommodate
thrombi1 and other similar material.

The elongate shaft 101140 also includes a high pressure lumen 108 that
extends distally within the elongate shaft 100. The high preﬁsure lumen 108 includes
a jet oriftce 110 that 1s disposed in a side of the high pressure lumen 108 proximate a
distal end thereof. It can be seen that in this configuration, the jet orifice 110 may
provide a fluid jet that traverses the evacuation lumen 118 and thus may help break up
any thrombi passing into the evacuation lumen 118.

Figure 10 shows a thrombectomy apparatus 120 that may be either a monorail
or an over-the-wire type. The thrombectomy apparatus 120 includes a guidewire
lumen 122 through which a guidewire 98 1s disposed. While only a distal portion of
the guidewire lumen 122 is seen in the Figure, one of skill will recognize that the
guidewire lumen 122 may have a relatively short length if the thrombectomy
apparatus 120 1s intended as a monorail (or single-operator exchange) catheter. In
some instances, the guidewire lumen 122 may extend a substantial distance
proximally if the thrombectomy apparatus 120 is designed as an over-the-wire
catheter.

The thrombectomy apparatus 120 includes an elongate shaft 124 extending to
a distal end 126. The guidewire lumen 122 may, if desired, be formed as an integral
portion of the elongate shaft 124, An evacuation lumen 128 is formed within the
clongate shaft 124 and extends distally. In some cases, as illustrated, the evacuation
lumen 128 may have a side opening 130 that is sized to permit thrombi and similar
material to enter the evacuation lumen 128 through the side opening 130. The
evacuation lumen 128 may be in fluid communication with a low pressure source
such as vacuum. In some instances, as illustrated, the elongate shaft 124 may
terminate in an angled end 132 fo facilitate advancement of the thrombectomy
apparatus 120 through a patient’s vasculature, for example.

The elongate shaft 124 also includes a high pressure lumen 108 that extends
distally within the elongate shaft 124, The high pressure lumen 108 includes a jet
orifice 110 that 1s disposed in a side of the high pressure lumen 108 proximate a distal
end thereof, It can be seen that in this configuration, the jet orifice 110 may provide a
fluid jet that traverses the evacuation lumen 128 and thus may help break up any
thrombi passing into the evacuation lumen 128. In this configuration, the jet orifice

110 may be positioned at or near a midpoint of the side opening 130.

13



CA 02677343 2009-08-04
WO 2008/097993 PCT/US2008/053078

Figure 11 shows a thrombectomy apparatus 134 that may be either a monorail
or an over-the-wire type. The thrombectomy apparatus 134 mcludes a guidewire
lumen 122 through which a guidewire 98 is disposed. While only a distal portion of
the guidewire lumen 122 is seen in the Figure, it will be recognized that the guidewire
lumen 122 may have a relatively short length if the thrombectomy apparatus 134 is
intended as a monorail (or single-operator exchange) catheter, In some instances, the
guidewire lumen 122 may exfend a substantial distance proximally if the
thrombectomy apparatus 134 1s designed as an over-the-wire catheter.

The thrombectomy apparatus 134 includes an elongate shaft 124 ¢xtending to
a distal end 126. The guidewire lumen 122 may, if desired, be formed as an integral
portion of the elongate shaft 124. An evacuation lumen 128 is formed within the
elongate shalt 124 and extends distally. In some cases, as illustrated, the evacuation
lomen 128 may have a side opening 130 that 1s sized to permit thrombi1 and similar
material to enter the evacuation lumen 128 through the side opening 130. The
evacuation lumen 128 may be m fluid communication with a low pressure source
such as vacuum. In some instances, as illustrated, the eclongate shaft 124 may
terminate 1n an angled end 132 to facilitate advancement of the thrombectomy
apparatus 134 through a patient’s vasculature, for example.

The elongate shaft 124 also includes a high pressure lumen 108 that extends
distally within the elongate shaft 124. The high pressure lumen 108 includes a jet
orifice 110 that is disposed in a side of the high pressure lumen 108 proximate a distal
end thereof. In this configuration, the jet orifice 110 may be positioned at or near a
distal edge of the side opening 130.

Figure 12 shows a thrombectomy apparatus 136 that may be either a monorail
or an over-the-wire type. The thrombectomy apparatus 136 includes a guidewire
lumen 122 through which a guidewire 98 is disposed. Whiile only a distal portion of
the guidewire lumen 122 is seen in the Figure, one of skill will recognize that the
guidewire lumen 122 may have a relatively short length if the thrombectomy
apparatus 136 1s intended as a monorail (or single-operator exchange) catheter. In
some instances, the guidewire lumen 122 may extend a substantial distance
proximally if the thrombectomy apparatus 136 is designed as an over-the-wire
catheter.,

The thrombectomy apparatus 136 includes an elongate shaft 138 extending to

a distal end 140. The guidewire lumen 122 may, if desired, be formed as an integral
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portion of the elongate shaft 124, An evacuation lumen 142 is formed within the
elongate shaft 124 and extends distally. In some cases, as illustrated, the evacuation
lumen 142 may have a side opening 144 that is sized to permit thrombi and similar
material to enter the evacuation lumen 142 through the side opening 144. The
evacuation lumen 142 may be in fluid communication with a low pressure source
such as vacuum. In some instances, as illustrated, the elongate shaft 138 may
terminate in an angled end 146 to facilitate advancement of the thrombectomy
apparatus 136 through a patient’s vasculature, for example. In some cases, the .angled
end 146 may include an interior curved surface 148, if desired to control flow
characteristics within the evacuation lumen 142,

The elongate shaft 138 also includes a high pressure lumen 150 that extends
distally within the elongate shaft 138. The high pressure lumen 150 includes a jet
orifice 152 that is disposed in a distal end of the high pressure lumen 150. It can be
seen that in this configuration, the jet 152 110 may provide a fluid jet that can cause
turbulence within a distal region 154 of the evacuation lumen 142. In some cases, this
turbulence may help break up any thrombi passing into the evacuation lumen 142,

Figure 13 shows a thrombectomy apparatus 156 that may be either a monorail
or an over-the-wire type. The thrombectomy apparatus 156 includes a guidewire
lumen 122 through which a guidewire 98 1s disposed. While émly a distal portion of
the guidewire lumen 122 is seen in the Figure, one of skill will recognize that the
guidewire lumen 122 may have a relatively short length if the thrombectomy
apparatus 156 is intended as a monorail (or single-operator exchange) catheter. In
some instances, the guidewire lumen 122 may extend a substantial distance
proximally if the thrombectomy apparatus 156 is designed as an over-the-wire
catheter.

The thrombectomy apparétus 156 includes an elongate shaft 138 extending to
a distal end 140. The guidewire lumen 122 may, if desired, be formed as an integral
portion of the elongate shaft 124. An evacuation lumen 142 is formed within the
clongate shaft 124 and extends distally, In some cases, as illustrated, the evacuation
lumen 142 may have a side opening 144 that is sized to permit thrombt and similar
material to enter the evacuation lumen 142 through the side opening 144, The
evacuation lumen 142 may be in fluid communication with a low pressure source
such as vacuum. In some instances, as illustrated, the elongate shaft 138 may

terminate in an angled end 146 to {facilitate advancement of the thrombectomy
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apparatus 156 through a patient’s vasculature, for example. In some cases, the angled
end 146 may include an inferior curved surface 148, if desired to control flow
characteristics within the evacuation lumen 142,

The elongate shaft 138 also includes a high pressure lumen 150 that extends
distally within the elongate shaft 138. Unlike Figure 12, in Figure 13 the high
pressure lumen 150 1s located away from the side opening 144, The high pressure
lumen 150 includes a jet orifice 152 that is disposed in a distal end of the high
pressure lumen 150. It can be seen that in this configuration, the jet 152 110 may
provide a fluid jet that can cause turbulence within a distal region 154 of the
evacuation lumen 142. In some cases, this turbulence may help break up any thrombi
passing into the evacuation lumen 142.

Figure 14 schematically illustrates a thrombectomy system 158. In some
cases, the thrombectomy system 158 may be considered as being a self-contained
assembly that can be operated without exterior fluid or power connections. The
thrombectomy system 158 includes a thrombectomy apparatus 160, similar to those
described above with respect to Figures 1 through 13. A working fluid reservoir 162
may be pressurized via a propellant that 1s stored within a propellant reservoir 164.

In some cases, the propellant reservoir 164 may contain a propellant in liquid
form. As the propellant vaporizes, the resultant gas may travel through a line 166 and
into the working fluid reservoir 162. As diagrammatically illustrated, the propellant
reservolr 164 may be about half full with a liquefied propellant (bottom half as drawn)
and about half full with a vaporized propellant. Similarly, the bottom half of the
working fluid reservoir 162 may be filled with a liquid working fluid such as saline
while the top half is filled with the vaporized propellant. In some cases, the
propellant 1s carbon dioxide. As a result, the working fluid 1n working fluid reservoir
162 1s pressurized as the propellant in propellant reservoir 164 vaporizes.
Alternatively, 1t 1s contemplated that the working fluid may be pressurized externally.
For example, an external source of a pressurized gas such as oxygen or nitrogen could
be used fo pressure the working fluid within the working fluid reservoir 162.

Pressurized working fluid may be provided to the thrombectomy apparatus
160 via a supply line 168. In some cases, pressurized working fluid may also be
provided to a suction device 170 via another supply line 172. The suction device 170
may, for example, be a jet pump suction device, a venture, or the like, and may be

connected to a low pressure lumen within the thrombectomy apparatus 160 via supply
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line 174. In some cases, it is contemplated that suction may instead be provided
externally, such as a vacuum port within a hospital room, for example. Any thrombi
or other material removed via the thrombectomy apparatus 160 may be collected in a
collection reservoir 176. In some cases, the collection reservoir 176 may be a
reusable container. In some instances, the collection reservolrr 176 may be a
disposable bag or other similar structure.

Figure 15 shows a thrombectomy apparatus which may function without an
associated capture device. Thrombectomy catheter 10 includes an elongate shaft 12
having an evacuation lumen 18 and a generally parallel high pressure lumen 22. The
clongate shaft 12 optionally may accommodate the high pressure lumen 22, a guide
wire lumen (not shown) and the like as shown in Figure SA. In other embodiments,
the high pressure lumen 22 may be provided as a distinct and separate tubular member
that may be joined to the evacuation lumen 18 to form elongate shaft 12. The
¢vacuation lumen 18 may terminate at a distal opening 20. The high pressure lumen
22 may terminate near the distal opening 20 of elongate shaft 12 at a distal opening
24. In some embodiments, the distal opening 24 may be formed i a distal plug 16
inserted in the high pressure lumen 22. Thrombi 26, generically shown disposed just
distal of the distal opening 20 of elongate shaft 12, may be drawn into evacuation
jumen 18 by providing a low pressure source to a proximal end (not illustrated) of the
evacuation lumen 18, In some embodiments a suitable fluid such as a saline or other
therapeutically acceptable fluid may travel in a direction indicated by arrow 30 within
high pressure lumen 22. Upon exiting distal opening 24, the flow may join a flow
existing within evacuation lumen 18 generally i the direction of arrow 28. In some
configurations, especially when the flow exiting distal opening 24 is directed
generally between perpendicular to the axis of the low pressure lumen 18 and axially
within the low pressure lumen in the direction indicated by arrow 30, the flow exiting
distal opening 24 may provide an ejecfor/aspirator action to assist in drawing
thrombus 26 within clongate shaft 12. It is believed that the flow exiting distal
opening 24 may disrupt and dilute thrombus as it enters evacuation lumen 18.

In some cases, parts or all of the devices described herein may be doped with,
made of, coated with, or otherwise include a radiopaque material. Radiopaque
materials are understood to be materials capable of producing a relatively bright
image on a fluoroscopy screen or another imaging technique during a medical

procedure. Some examples of radiopaque materials can include, but are not limited
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to, gold, platinum, palladium, tantalum, tungsten alloy, polymer material loaded with
a radiopaque filler, and the like.

In some instances, a degree of MRI compatibility may be imparted into parts
of the devices described herein. For example, to enhance compatibility with Magnetic
Resonance Imaging (MRI) machines, it may be desirable to make various portions of
the devices described heremn from materials that do not substantially distort MRI
images or cause substantial artifacts (gaps in the images). Some ferromagnetic
materials, for example, may not be suitable as they may create artifacts in an MRI
image. In some cases, the devices described herein may include materials that the
MRI machine can image. Some materials that exhibit these characteristics include,
for example, tungsten, cobali-chromium-molybdenum alloys (e.g., UNS: R30003
such as ELGILOY®, PHYNOX®, and the like), nickel-cobalt-chromium-
molybdenum alloys (e.g., UNS: R30035 such as MP35-N® and the like), nitinol, and
the like, and others.

In some Instances, some of the devices described herein may include a coating
such as a lubricious coating or a hydrophilic coating. Hydrophobic coatings such as
fluoropolymers provide a dry lubricity. Lubricious coatings improve steerability and
improve lesion crossing capability, Suitable lubricious polymers are well known in
the art and may include silicone and the like, hydrophilic polymers such as high-
density polyethylene (HDPE), polytetrafinoroethylene (PTFE), polyarylene oxides,
polyvinylpyrolidones, polyvinylalcohols, hydroxy alkyl cellulosics, algins,
saccharides, caprolactones, and the like, and mixtures and combinations thereof.
Hydrophilic polymers may be blended among themselves or with formulated amounts
of water mnsoluble compounds (including some polymers) to yield coatings with
suitable lubricity, bonding, and solubility.

It should be understood that this disclosure is, in many respects, only
illustrative. Changes may be made in details, particularly in matiers of shape, size,
and arrangement of steps without exceeding the scope of the invention. The scope of
the mvention is, of course, defined in the language in which the appended claims are

expressed.
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WE CLAIM:

1. A thrombectomy system comprising:

an elongate shaft defining a high pressure lumen and a low pressure lumen, the high
pressure lumen terminating near and within a distally-opening end of the low pressure
lumen; and

a suction source connected to and 1n fluid communication with the low pressure
lumen;

wherein the distally-opening end of the low pressure lumen forms an obliquely-
angled opening with respect to a longitudinally-oriented axis of the elongate shaft, wherein
the obliquely-angled opening includes a most distal portion and a less distal portion;

wherein the high pressure lumen terminates nearer the most distal portion of the
obliquely-angled opening of the low pressure lumen than the less distal portion, and wherein
the high pressure lumen terminates in one or more jets directed within the low pressure

lumen in a generally proximal direction.

2. The thrombectomy system of claim 1, further comprising a source of pressurized
fluid 1n fluid communication with the high pressure lumen such that the fluid forms one or

more jets exiting the termination of the high pressure lumen.

3. A thrombectomy apparatus comprising;

an elongate shaft having a distal region detining a distal end;

an evacuation lumen extending within the elongate shaft to a distally-facing opening
at the distal end; and

a high pressure lumen extending within the elongate shaft, wherein the high pressure
lumen 1s connected to and in fluid communication with a source of pressurized fluid and the
evacuation lumen is connected to and in fluid communication with a suction source;

wherein the high pressure lumen terminates near and within the distally-facing

opening of the evacuation lumen;
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wherein the distally-facing opening of the evacuation lumen forms an oblique angle
with respect to a longitudinally-oriented axis of the elongate shaft, wherein the distally-
facing opening includes a most distal portion and a less distal portion;

wherein the high pressure lumen terminates nearer the most distal portion of the
distally-facing opening of the evacuation lumen than the less distal portion, and wherein the
high pressure lumen terminates in one or more jets directed within the low pressure lumen in

a generally proximal direction.

4 The thrombectomy apparatus of claim 3, wherein the high pressure lumen

extends alongside the evacuation [umen.

. The thrombectomy apparatus of claim 3, wherein the high pressure lumen is

disposed within the evacuation lumen.

6. The thrombectomy apparatus of claim 3, wherein the high pressure lumen

extends to a position proximate the distal end of the elongate shaft.

7. A thrombectomy system comprising:

an elongate shaft defining a high pressure lumen and a low pressure lumen
terminating at a distally-facing opening; and

a suction source connected to and in fluid communication with the low pressure
lumen;

the high pressure lumen terminating near and within a distal end of the low pressure
lumen, wherein the high pressure lumen terminates at a plug inserted into a distal end of the
high pressure lumen, the plug having a distal opening oriented to direct a fluid passing from
the high pressure lumen through the distal opening axially within the low pressure lumen in
a direction generally between:

A) perpendicular to a longitudinal axis of the low pressure lumen at the

distally-facing opening; and
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B) parallel to the longitudinal axis and toward a proximal end of the low

pressure lumen from the distal opening.

8. The thrombectomy system of claim 7, further comprising a source of

pressurized fluid in fluid communication with the high pressure lumen such that the fluid

forms a jet exiting the distal opening of the plug.

9. The thrombectomy system of claim 7, further comprising one or more high

pressure fluid jets disposed at or near a distal end of the elongate shaft.

21



CA 02677343 2009-08-04

PCT/US2008/053078

WO 2008/097993

1/16

AL

)

.m.um“ﬁ\. A

s_'pl.'.ll." N W, . ", Wl vy, . . . . . S, . . N - Y

r‘ [y | f’l.l’ll"l‘lll’l’l’ll‘ll

PN P27 222772222 LT P 7 LT A

[ 2AnbLf

hl N mm -

0s k

/i‘h\&!\.\ﬁw’.ﬁq&l‘g&i _

2N

o




CA 02677343 2009-08-04

WO 2008/097993 PCT/US2008/053078

2/16

Figure 2




CA 02677343 2009-08-04

WO 2008/097993 PCT/US2008/053078
3/16

Figure 3




CA 02677343 2009-08-04

WO 2008/097993 PCT/US2008/053078
4/16

3
>~
\n o=
X <t
N
&
> S
SV
. g
S
<<
=<

53



CA 02677343 2009-08-04

PCT/US2008/053078

WO 2008/097993

5/16

S 95@%




00000000000000000000

PCT/US2008/053078



CA 02677343 2009-08-04

WO 2008/097993 PCT/US2008/053078

7/16

Figure 6

- AT A S A

S A .V i A A A N A & Fr o




CA 02677343 2009-08-04
WO 2008/097993 PCT/US2008/053078
8/16

Figure 7




CA 02677343 2009-08-04

PCT/US2008/053078

WO 2008/097993

9/16

36
o

29/

g m\ﬁ:@ £

% I

A& WNEEEEEE SN EEEEEEFEEEEFNEEFEEEENEEEEEEFEYEEESEEFE,rSEESEssssweww.

NN N AN AN N NN N NN N NN N N N N N AW NN NN NN N W IN N N N NN NS
020562670 %620 %0 %0 %0 %6 %626 % %0 %6 %6%6%6%6%6%0%%6%6%6%6% '6%6%6%% %%

" B T T T, Y e i e T T T e

4 :
o
> :
\\ N T TETES TG E TS T AT AT AL AT T T T TE SN T T LTSS

o0l ’ hol N
5
b




CA 02677343 2009-08-04

PCT/US2008/053078

WO 2008/097993

10/16

;‘.II.II..I

6 95@ £

301 _

— 7 7 £ & &£ £ f & i A sk’ S A T A S A S SN S AR AR A

v \ 4”""“’1 ’l’ll"'!l‘ll"ll’l”’iﬁ

N

'.'.'-."ll.'-.ll.’lll'l.I.l".l.'.'l’.l.l.‘lu'..

- - - -



CA 02677343 2009-08-04

PCT/US2008/053078

WO 2008/097993

11/16

GEEERHRAHKAAX

22

"/

-

wo N N

"

' N

Ny

wo N/



CA 02677343 2009-08-04

PCT/US2008/053078

WO 2008/097993

12/16

[T 2Anbh

61 3ol St

B A Ay s 4 B N A A .

\.‘ A, kil T A S A A
‘I’illl.l"ll.l . e . W . . . . . . %

L

o . " " "D .~ "V . . N . Yk, "R, N SO . " N . W

N

gl =

‘.‘ .
e N NN S, NSNS N NI N N NS N NS NS N N N N W N N W N A N NS N N NS N W N WS N W N A
e e e 20 020 2020202020 020 020 2420 % 20 26 %0 20 % 2020 0% 2020

E
r ARV S S A sy s S B A N AR S A A R A ey vy A T A AR A ..'_..'..i _

o - » . »\_

V.




CA 02677343 2009-08-04

PCT/US2008/053078

WO 2008/097993

13/16

85 -

v
ERRIRIIZX

EAXANAA

g

XK

r S S S A AT S A S N

T AW

s

-

g N N

Wt B




CA 02677343 2009-08-04

PCT/US2008/053078

WO 2008/097993

14/16

46

2020262020202 %6 2%

44

AV A

AV b

OLRIRAIKRKN

£1 aunbrf

2

esl

e e e
200202020 202020000 %07 % 0 2e X%

———————————r———r e T e e . S e ——————————————————————————————————— e =l Ui
P p—————— Ty y—g—y—y—y "y . J L )

Y

r SR . R AR A A, B A s S i A s e,

AVAVHVEHE VA

X9

N

. 26/



CA 02677343 2009-08-04

PCT/US2008/053078

WO 2008/097993

15/16

b1 2anby,

QL]

AL EELTL TS LIS TS, XS AT

N

T i

KA PP SR W P g p g Wy
”

A
7
7
”
o

N

—

72C1

hel




CA 02677343 2009-08-04

PCT/US2008/053078

WO 2008/097993

16/16

@wav/f — _n I

ST ounbn{

Cl 8L 8¢

LSS L AL A

ow\ﬂw‘ NNBZZZZZ7 777 TP 77 777777777
/ e

Ve ggﬂﬂ#«u\\k\h\ggkg\sh,
It 27 0¢

w






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - abstract drawing

