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INVERTING THROMBECTOMY APPARATUSES HAVING ENHANCED
TRACKING

FIELD
[0001] The apparatuses and methods described herein relate to mechanical removal of
objects from within a body. In particular, described herein are mechanical thrombectomy

apparatuses and methods.

BACKGROUND

[0002] Many vascular problems stem from insufficient blood flow through blood vessels.
One causes of insufficient or irregular blood flow is a blockage within a blood vessel referred
to as a blood clot, or thrombus. Thrombi can occur for many reasons, including after a trauma
such as surgery, or due to other causes. For example, a large percentage of the more than 1.2
million heart attacks in the United States are caused by blood clots (thrombi) which form
within a coronary artery. It is often desirable to remove tissue from the body in a minimally
invasive manner as possible, so as not to damage other tissues. For example, removal of
tissue, such as blood clots, from within a patient’s vasculature may improve patient quality of
life.

[0003] Mechanical thrombectomy devices may be particularly advantageous. There is a
definite need for thrombectomy devices, and particularly a mechanical thrombectomy devices
that can be easily and accurately delivered through the, often tortious, anatomy in the
peripheral and central vasculature, then reliably deployed to remove clot material. Described
herein are apparatuses (devices, systems and kit) and methods of using them that may address

the needs and problems discussed above.

SUMMARY
[0004] Described herein are inverting tractor mechanical thrombectomy apparatuses
(devices, systems, etc.) and methods of using and making them.
[0005] In particular, described herein are inverting tractor mechanical thrombectomy
apparatuses that are configured to have improved tracking within even the most tortious
vessels of the anatomy. These inverting tractor mechanical thrombectomy apparatuses may
be referred to herein as mechanical thrombectomy apparatuses. The method and apparatuses

described herein may include the use of a deliver catheter (e.g., “intermediate catheter”) that
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is pre-loaded with the mechanical thrombectomy apparatus in a specific arrangement that
provides enhances tracking, and methods of using them to reach, and remove, clot.

[0006] Also described herein are adaptations to mechanical thrombectomy apparatuses
that allow them to remove particularly large clots without breaking or disrupting the clot,
even if the rolling tractor portion of the mechanical thrombectomy apparatus is not able to
pull additional clot into the apparatus.

[0007] Typically, the mechanical thrombectomy apparatuses described herein are
inverting thrombectomy apparatuses (also referred to herein as inverting tractor
thrombectomy apparatuses and inverting tube thrombectomy apparatuses) that include a
flexible tube (e.g., tractor tube, tractor region, tractor portion, etc.) and an elongate inversion
support catheter. The tractor tube generally comprises a flexible tube of material that inverts
over itself as it rolls over a distal end opening of an elongate inversion support. The flexible
tube may be formed of a knitted material, and may be configured (e.g., sized, oriented, etc.)
to roll smoothly over the distal end opening of the elongate inversion support catheter.

[0008] The flexible tube may be configured so that it is doubly biased, in order to prevent
jamming and to grab and compress relatively large clots as it rolls and inverts into the
elongate inversion support catheter at the distal end opening of the elongate inversion support
catheter; the flexible tube may be biased so that it has an expanded (e.g., relaxed) un-inverted
configuration having an outer diameter that is approximately the same or slightly larger than
the inner diameter of the elongate inversion support catheter, which may be referred to as a
second configuration of the flexible tube. The flexible tube may also be further biased so that
it has an expanded (e.g., relaxed) inverted configuration (which may be referred to as a first
configuration) having an inner and outer diameter that is larger than the outer diameter of the
elongate inversion support catheter. The inner diameter in this first configuration may be
greater than 1.2x (e.g., between 1.2x and 10x, between 1.2x and 8x, between 1.2x and 6x,
between 1.2x and 5x, between 1.2x and 3x, etc.) the outer diameter of the inversion support
catheter. Thus, when the flexible tube is placed in and over the distal end of the inversion
support catheter, a first (inner) portion of the tractor tube is within the distal end of the
elongate inversion support catheter in the un-inverted configuration and it is biased to expand
towards (and in some configuration against) the inner diameter of the inversion support
catheter; the region of the flexible tube that is inverted over the distal end opening of the
inversion support catheter and extends proximally down the outside of the inversion support
catheter is in an inverted configuration in which the inner diameter of the flexible tube is

biased to be larger than the outer diameter of the inversion support catheter. This double-
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biased configuration may be a result of the weave pattern (e.g., knitting), and/or a shape
setting of the material forming the tractor tube, which may be a shape memory material. As a
result, the inverting portion of the flexible tube, where it rolls and inverts over itself at the
distal end of the inversion support catheter may be prevented from collapsing on itself as the
tractor tube is rolled and pulled into the inversion support catheter. In some variations this
configuration may also result in a somewhat flattened (e.g., and in some cases “trumpet
shaped™) distal end face that is rolling over the distal end opening of the elongate inversion
support catheter. The trumpet-shaped distal end may have a teardrop-shaped cross-section. In
some variations, the distal end face of the flexible tube may be T-shaped.

[0009] Also described herein are variations in which the first configuration of the flexible
tube on the outside of the inversion support catheter (which may be referred to herein as an
elongate inversion support catheter) maybe flush or nearly flush with the outer diameter of
the inversion support catheter, e.g., within 50%, 40%, 30%, 20%, etc. of the outer diameter of
the inversion support catheter.

[00010] The flexible tube may be coupled to a puller that is within the lumen of the
inversion support. The puller may be a wire, filament, rod or more preferably a catheter or
tube (and may be referred to herein as a pull micro catheter or “PMC” for convenience). A
guidewire may be passed through the flexible tube, and therefore through the inversion
support and the tractor tube. As will be described herein, this may be used for positioning.
[00011] The inversion support catheter may be configured as a catheter having a distal end
opening into which the tractor inverts. The flexible tube may invert and rolls back into itself
and may be drawn into the inversion support in a conveyor-like motion; the outward-facing
region rolls around to become an inward-facing region, e.g., within the lumen of the inversion
support catheter. The rolling motion may thus draw a clot or other object within a vessel into
the inversion support. The inversion support catheter may be shaped or configured to have a
sufficient column strength to withstand the compressive pulling force of the flexible tube as it
is drawn (and rolled, inverting) into the distal end of the inversion support catheter. The
inversion support catheter may be slotted (e.g., may include a plurality of slots or openings)
to provide increased flexibility as well as column strength. However, as will be described
herein, many inversion support catheters may become less flexible (e.g., more rigid) when a
compressive force is applied to the flexible tube, either as a result of pulling the flexible tube
proximally, either from within the inversion support catheter, or from the outside of the
inversion support catheter as the flexible tube brushes against the vessel and/or a delivery

catheter when being driven distally towards a clot.
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[00012] Thus, described herein are mechanical inverting thrombectomy apparatuses that
are adapted to enhance tracking as the apparatus is positioned within the vessel by pushing it
distally away from an insertion point into the body to the site of the thrombus. These
apparatuses and methods may include pre-loading the apparatus within an intermediate
catheter in a particular configuration allowing it to track more easily, as well as variations in
which the flexible tube is held within the inversion support catheter and deployed near the
clot. Finally, described herein are apparatus in which the flexible tube (e.g., mesh, weave,
knit) to limit or prevent the application of a compressive force on the inversion support
catheter that may otherwise reduce flexibility and maneuverability of the inversion support
catheter.

[00013] Also described herein are apparatuses for removing extensive clots, even when the
flexible tube portion of the apparatus has been completely inverted, without breaking the clot
and risking release of the clot back into the bloodstream where it could cause further harm.
[00014] For example, described herein are apparatuses that use one or more vacuum
sources that may be applied either or both when initially contacting a clot and/or when
removing the clot after being completely or partially engulfed by the flexible tube (tractor)
portion of the apparatuses described herein. For example, the inverting tube apparatus (e.g., a
mechanical thrombectomy apparatus) is configured to be inserted through a vessel such as a
blood vessel, artery, etc., until a distal end, or a distal-most end, of the inverting tube
apparatus is proximate to a clot. The clot may be immediately adjacent to the end of the
apparatus, or it may be within a few cm (e.g., within 1 ¢cm, within 2 ¢m, within 3 cm, within 4
cm, etc.). This may be detected by visualization, such as fluoroscopy. Thus, the apparatuses
described herein may include one or more markers for visualization. Contrast may be used to
visualize the clot and/or may be released from the apparatus. The apparatus may be deployed
in a pre-loaded/pre-assembled configuration, as will be described in more detail below.
[00015] The flexible tube may be knitted and/or the apparatus may be configured with the
opening into the vacuum lumen (e.g., through the puller catheter) at the distal-most end of the
device, so that the flexible tube extends behind (proximal) the distal-facing end of the puller
catheter. For example, the method of removing a clot from a vessel may include: advancing
an inverting tube apparatus through a vessel until a distal end of the inverting tube apparatus
is proximate to a clot, wherein the inverting tube apparatus comprises an intermediate
catheter, an inversion support catheter within a lumen of the intermediate catheter, a puller
catheter within a lumen of the elongate support catheter, and a knitted tube having a first end

coupled at a distal end region of the puller catheter, wherein knitted tube inverts over a distal
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end of the inversion support catheter and extends proximally between the intermediate
catheter and the inversion support catheter, further wherein the knitted tube comprises a
filament that is knitted to form a plurality of interlocking loop stitches; advancing the puller
catheter distally so that a distal face of puller catheter extends distally from the inverting tube
apparatus further than the knitted tube; applying a vacuum through the puller catheter to
engage the clot with the distal face of the puller catheter; and pulling the puller catheter
proximally to roll the knitted tube over a distal end of the inversion support catheter so that
the knitted tube inverts over the distal end of the inversion support catheter, captures the clot,
and pulls the clot proximally into the inversion support catheter.

[00016] A large clot may be a clot that is typically longer than the capacity of the
apparatus to hold within the flexible tube. This is described in greater detail herein, but may
be, e.g., a 12:1 ratio (where, for every 12 cm of, e.g., woven, flexible tube, 1 cm of length of
clot may be contained within the woven flexible tube). In general, large clots may have a
large diameter and/or a long length. Longer clots may include clots having a length that is
about 0.5 m or longer (e.g., about 1 cm or longer, about 2 cm or longer, about 3 ¢m or longer,
about 4 cm or longer, about 5 cm or longer, etc.).

[00017] With respect to removing larger clots, the second end may reach the distal end of
the inversion support catheter while a portion of the clot extends distally from the inversion
support catheter so that at least a portion of the clot extends out of the flexible tube. The
second end of the flexible tube may be prevented (stopped) from inverting over the end of the
inversion support catheter, or it may be inverted and flipped (e.g. by advancing the
intermediate catheter) in a non-traumatic way that prevents or limits the risk of
breaking/tearing/disrupting the clot.

[00018] In any of these variations, suction may be applied through the inverting tube
apparatus (e.g., through the intermediate catheter and/or the inversion support catheter) when
withdrawing the inversion support catheter and puller with the clot attached proximally into
the intermediate catheter.

[00019] The second end of the flexible tube may comprise a cuff that is less flexible that a
region of the tube adjacent to the cuff. As will be described in more detail below, the cuff
may be formed as a material attached to or applied onto/over the end of the flexible tube. For
example, the second end of the flexible tube may comprise a cuff formed of a polymeric
material applied onto/over the knitted tube. The cuff may be slit or cut (e.g., all or partially
along its length) to provide some flexibility when pulling over or around the end of the tube.

For example, the cuff may include longitudinal slits along its length. The cuff may have a
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durometer that is greater than the durometer of the flexible tube (e.g., knitted tube). The cuff,
in some variations, is thicker than the flexible tube. In any of the variations described herein,
the cuff may be radiopaque (e.g., by including a radiopaque material, such as platinum) on or
within the cuff.

[00020] As mentioned, the apparatus may be configured so that the end (e.g., the second
end) of the flexible tube may be prevented from inverting and rolling over the distal end of
the inversion support catheter by simply pulling proximally on the puller. Thus, in any of
these variations, the intermediate catheter may be configured to push the cuff over the distal
end of the inversion support catheter when the intermediate catheter is advanced distally past
the cuff

[00021] Specifically described herein are apparatuses using flexible knitted tubes (tractors)
as part of any of the mechanical thrombectomy apparatuses described herein. For example,
the knitted flexible tubes may be configured to have stitch lengths that assist in capturing of
clot within the vessel, even where the vessel has a larger inner diameter than the outer
diameter of the flexible tube in an expanded configuration outside of the inversion support
catheter. In particular, apparatuses in which the stich length is within a range of lengths that
may be set by the dimension of the vessel (e.g., blood vessel, artery, peripheral vessel, etc.)
and/or the outer diameter of the inversion support catheter. For example, a stitch length may
be between about 0.5mm and 10 mm and/or may be selected based on the dimension of the
vessel into which the apparatus is to be operated to remove a clot.

[00022] For example, described herein are method of removing a clot from a vessel having
an inner diameter (ID), the method comprising: advancing an inverting tube apparatus
through the vessel until a distal end of the inverting tube apparatus is proximate to a clot,
wherein the inverting tube apparatus comprises an intermediate catheter, an inversion support
catheter within a lumen of the intermediate catheter, a puller within a lumen of the support
catheter, and a knitted tube having a first end coupled at a distal end region of the puller and a
second end, wherein the knitted tube extends between the intermediate catheter and the
inversion support catheter; further wherein the knitted tube comprises a filament knitted to
form a plurality of interlocking loop stitches, wherein each loop stitch has a stitch length that
is between the difference of 25% of the ID and one half the outer diameter (OD) of the
inversion support catheter and 65% of the ID and one half of the OD of the inversion support
catheter; pulling the puller proximally to roll the knitted tube over the distal end of the

inversion support catheter so that the knitted tube inverts over a distal end of the inversion
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support catheter driving the loop stitches outward, captures the clot, and pulls the clot
proximally into the inversion support catheter.

[00023] Any of these methods may be used in particular with apparatuses in which the
flexible tube is configured to remain relative snug on the inversion support catheter (e.g.,
within 50% (e.g., 40%, 30%, 25%, 20%, 15%, 10%, etc.) of the outer diameter of the
inversion support catheter in the expanded (unconstrained) first configuration. In general,
these apparatuses may expand at or near the distal-facing ends of the flexible tube, where the
tube is inverting over itself, but may not be expanded at more proximal regions. This may
form the T-shaped, Y-shaped, and/or trumpet-shaped distal end faces of the flexible tubes
described herein. For example, in some variations, the knitted tube extends over the inversion
support catheter with an inner diameter that is within 20% of the OD the inversion support
catheter.

[00024] The second end of the knitted tube may comprise a cuff that is less flexible that a
region of the knitted tube adjacent to the cuff, as described above and further herein.
Alternatively, or additionally, the knitted tube may be shape-set to have a narrower region at
the second end region (near the second end) of the flexible tube.

[00025] As mentioned above, in general, each loop stitch may have a stitch length that is
between the difference of 25% of the ID and one half the outer diameter (OD) of the
inversion support catheter and 65% of the ID and one half of the OD of the inversion support
catheter. For example, each loop stitch may have a stitch length that is between the difference
of 30% of the ID and one half the OD of the inversion support catheter and 60% of the ID
and one half of the OD of the inversion support catheter (e.g., between the difference of 35%
of the ID and one half the OD of the inversion support catheter and 50% of the ID and one
half of the OD of the inversion support catheter, between the difference of 40% of the ID and
one half the OD of the inversion support catheter and 45% of the ID and one half of the OD
of the inversion support catheter, between the difference of 25% of the ID and one half the
OD of the inversion support catheter and 45% of the ID and one half of the OD of the
inversion support catheter, etc.). The stitch length may refer to the longitudinal (in the
proximal-to-distal axis, which may curve or bend) of the knitted tube. The knitted tube may
be formed of one or more filaments (or filament bundles) that are knitted into the tube to
form interlocking links (loop stitches). The filament material may be relatively stiff, such as a
wire, e.g., Nitinol wire, that when knitted has a material flexibility. The knit may be coated

with a material (e.g., a lubricious material, etc.). Examples of knits are illustrated in, e.g.,
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U.S. app. no. 15/496,570, filed on 4/25/2017 (**Anti-Jamming and Macerating Thrombectomy
Apparatuses and methods™), previously incorporated by reference in its entirety.

[00026] For example, an inverting tube apparatus for removing a clot from a vessel may
include: an intermediate catheter; an inversion support catheter within a lumen of the
intermediate catheter; a puller within a lumen of the elongate support catheter; and a knitted
tube extending over the inversion support catheter, the knitted tube having a first end coupled
at a distal end region of the puller and a second end that is free, wherein the knitted tube is
configure to be pulled proximally into the inversion support catheter by pulling the puller
proximally so that the knitted tube rolls and inverts over a distal end of the inversion support
catheter; further wherein the knitted tube comprises a filament knitted to form a plurality of
interlocking loop stitches, wherein each loop stitch has a stitch length that is between 0.5mm
and 10mm.

[00027] As mentioned, the knitted tube may extend over the inversion support catheter
with an inner diameter that is within 20% (e.g., within about 10%, 15%, 20%, 25%, 30%,
40%, etc.) of the outer diameter of the inversion support catheter (e.g., relatively snugly to or
against the inversion support catheter). The second end of the knitted tube may comprise a
cuff that is less flexible that a region of the knitted tube adjacent to the cuff.

[00028] Any of the methods and apparatuses described herein may include an expanded
flexible tube portion that expands outward less than the diameter of the vessel over much
(e.g., greater than about 50%, about 60%, about 70%, about 75%, about 80%, about 90%,
etc.) of its length while having an expanded second end region that has a much smaller
diameter near this second end region (e.g., having a diameter that is within about 10%, 15%,
20%, 25%, 30%, 40%, etc. of the inversion support catheter. This configuration may allow
even larger-diameter clots (e.g., from the peripheral vasculature) to be engulfed and safely
removed with apparatuses having a much narrower diameter than the vessels in which the
clots are located.

[00029] For example, described herein are inverting tube apparatus for removing a clot
from a vessel, the apparatus comprising: an inversion support catheter; a puller within a
lumen of the inversion support catheter; and a knitted tube extending over the inversion
support catheter in a first configuration, the knitted tube having a first end coupled to a distal
end region of the puller, and a second end that is free to move relative to the inserting support
catheter, wherein the knitted tube is configure to be pulled proximally into the inversion
support catheter by pulling the puller proximally so that the knitted tube rolls and inverts over

a distal end of the inversion support catheter into a second configuration within the inversion
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support catheter; further wherein the knitted tube in the first configuration has an expanded
outer diameter that is between 0.5 mm and 12 mm for a first region of the knitted tube that is
adjacent to the first end, and the knitted tube in the second configuration has an inner
diameter that is greater than 30% of an inner diameter of the inversion support catheter, and
wherein a second region of the knitted tube adjacent to the second end has an expanded outer
diameter that is less than the expanded outer diameter of the region of the knitted tube
adjacent to the first end and within 20% of an outer diameter of the inversion support
catheter.

[00030] As mentioned, the knitted tube in the first configuration may have an expanded
outer diameter (unconstrained) that is between 0.5 mm and 12 mm; in some variations this
expanded outer diameter is between 0.5 mm and 15 mm, e.g., between about 0.5 mm and
about 14 mm, between about 0.5mm and about 13 mm, between about 0.5 mm and about 11
mm, between about 0.5 mm and about 10 mm, between about 0.5 mm and about 9 mm,
between about 0.5 mm and about 8 mm, between about 3 mm and about 15 mm, between
about 4 mm and about 15 mm, between about 5 mm and about 15 mm, between about 3 mm
and about 12 mm, between about 4 mm and about 12 mm, between about 5 mm and about 12
mm, between about 3 mm and about 10 mm, between about 4 mm and about 10 mm, between
about 5 mm and about 10 mm, etc.

[00031] Any of the apparatuses described herein may include a cuff at the second end,
wherein the cuff has a stiffness that is greater than a region of the knitted tube adjacent to the
cuff. Alternatively, or additionally, any of these apparatuses may include a stop configured to
limit the travel of the knitted tube so that the second end does not roll and invert over the
distal end of the inversion support catheter.

[00032] The knitted tube may be shape set so that the first configuration has the outer
diameter between, e.g., 0.5mm and 10 mm for the region of the kitted tube adjacent to the
first end, and the knitted tube in the second configuration has an inner diameter that is greater
than, e.g., about 30 % (e.g., about 40%, about 50%, about 60%, etc.) of the inner diameter of
the inversion support catheter.

[00033] The first region of the kitted tube (having the larger expanded diameter) may be
any appropriate length (e.g., at least about 0.5 ¢cm, about 1 ¢m, about 2 cm, about 3 ¢cm, about
4 cm, about 5 cm, about 6 cm, about 7 cm, about 8 cm, about 9 c¢cm, about 10 cm, etc.).
Similarly, the second region (having the narrower expanded diameter) may be any
appropriate length (e.g., at least about 0.5 ¢cm, about 1 cm, about 2 cm, about 3 c¢cm, about 4

cm, about 5 cm, etc.).
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[00034] The knitted tube may comprise a filament knitted to form a plurality of
interlocking loop stitches, wherein each loop stitch has a stitch length that is between a
predetermined range (e.g., between about 0.5mm and 8 mm, about 0.5 to 10 mm, about 0.5
mm to 12 mm, about 0.5 to 14 mm, etc.). This may permit, for example, at a region of the
knitted tube that is inverting from the first configuration to the second configuration, a sub-
set of the plurality of loop stitches forming the knitted tube may extend proud from the long
axis of the knitted tube by between 0.5 mm and 10 mm (e.g., between about 0.3 mm and
about 8 mm, between about 0.5 mm and about 8 mm, between about 0.5 mm and about 7
mm, between about 0.5 mm and about 6 mm, greater than about 1 mm, greater than about 2
mm, greater than about 3 mm, greater than about 4 mm, greater than about 5 mm, etc.) as the
knitted tube inverts.

[00035] Any of these apparatuses may include an intermediate catheter having a lumen as
described herein. The inversion support catheter may be within the lumen of the intermediate
support catheter and may be extended distally from the intermediate catheter to deploy the
knitted tube so that the flexible tube may expand into the first configuration.

[00036] As mentioned, described herein are methods for removing a clot from a vessel a
larger diameter (and therefore a larger clot diameter) than even the expanded flexible tube of
the apparatus. For example, described herein are methods of removing a clot from a vessel
having an inner diameter (ID) comprising: advancing an inverting tube apparatus through the
vessel until a distal end of the inverting tube apparatus is proximate to a clot, wherein the
inverting tube apparatus comprises an inversion support catheter, a puller within a lumen of
the support catheter, and a knitted tube having a first end coupled to a distal end region of the
puller, and a second end that is free to move relative to the inserting support catheter, wherein
the knitted tube comprises a filament knitted to form a plurality of interlocking loop stitches,
wherein each loop stitch has a stitch length; expanding the knitted tube to a first configuration
along an outer surface of the inverting tube catheter to an outer diameter that between 10%
and 80% of an inner diameter of the vessel for a first region of the knitted tube that is
adjacent to the first end, wherein the knitted tube has a second configuration within the
inverting tube catheter having an inner diameter that is greater than 30% of an inner diameter
of the inversion support catheter, and wherein a second region of the knitted tube adjacent to
the second end has an expanded outer diameter that is less than the expanded outer diameter
of the first configuration; pulling the puller proximally within the inversion support catheter
to roll the knitted tube over the distal end of the inversion support catheter so that the knitted

tube inverts over a distal end of the inversion support catheter, driving the loop stitches
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outward from the kitted tube by between 0.5 and 10 mm; capturing the clot with the knitted
tube; and pulling the clot proximally into the inversion support catheter.

[00037] Expanding of the flexible tube (e.g., knitted tube) may comprise exposing the
knitted tube from out of an intermediate catheter, wherein the inversion support catheter is

within a lumen of the intermediate support catheter.

BRIEF DESCRIPTION OF THE DRAWINGS
[00038] The features and aspects of the various embodiments of the disclosed inventions
are set forth with particularity in the claims that follow. A better understanding of the features
and advantages of the present invention will be obtained by reference to the following
detailed description that sets forth illustrative embodiments, in which the principles of the
invention are utilized, and the accompanying drawings of which:
[00039] FIG. 1A illustrates one example of a delivery catheter (“intermediate catheter” or
1.C.) that may be used with a mechanical thrombectomy apparatus as described herein.
[00040] FIGS. 1B-1C2 illustrate components of a mechanical (e.g., inverting tractor)
thrombectomy apparatus; FIG. 1B shows an example of an elongate inversion support
catheter that is configured to include a plurality of slots (shown here as transverse slots)
arranged along the catheter in order to enhance flexibility of the elongate inversion support
catheter while providing sufficient column strength to resist buckling as the tractor tube is
drawn proximally to invert. The slot pattern of FIG. 1B is intended as a single example only.
Other slot/cut-out patterns may be used. FIGS. 1C1 and 1C2 show a tractor tube inverted
(e.g., in an inverted configuration) over a puller; in FIG. 1C1 the puller is a puller catheter
(PMC) while in FIG. 1C2 the puller is a guidewire. The tractor tube is shown schematically
and may be a knitted, woven, or braided material.
[00041] FIGS. 2A-2C illustrate the operation of an inverting tractor mechanical
thrombectomy apparatus as described above. FIG. 2A shows the assembled apparatus in
which the tractor tube is coupled to the puller and within the elongate inversion catheter with
the tractor tube inverting over the distal end of the elongate inversion catheter. FIG. 2B
shows the apparatus of FIG. 2A delivered within a vessel near a clot. FIG. 2C shows the
operation of the apparatus to withdraw the clot by pulling proximally on the tractor tube from
within the elongate inversion support catheter so that the tractor tube is pulled to roll over and
evert from the inverted configuration on the outside of the distal end of the elongate inversion
support catheter into the un-inverted configuration within the elongate inversion support

catheter, pulling the clot with it.
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[00042] FIG. 2D illustrates an example of a tortious path that the inverting tractor
mechanical thrombectomy apparatus may have to navigate in order to reach the clot.

[00043] FIG. 3A is an example of a preloaded assembly of an inverting tractor mechanical
thrombectomy apparatus within an intermediate catheter that may be used as described in
order to deliver an inverting tractor mechanical thrombectomy apparatus though a tortious
vessel to a deployment location. In this example, the elongate inversion support catheter is
held within the intermediate catheter (and may be locked in position) until deployed, while
the pusher (e.g., PMC) and tractor are partially extending distally. A guidewire may also be
used. FIG. 3B show a prototype assembly (pre-assembled) similar to that shown in FIG. 3A.
[00044] FIG. 4A is another example of a preloaded assembly of an inverting tractor
mechanical thrombectomy apparatus within an intermediate catheter that may be used as
described in order to deliver an inverting tractor mechanical thrombectomy apparatus though
a tortious vessel to a deployment location. In this example, the elongate inversion support
catheter is extended from the intermediate catheter, and extends distally along with the puller
(PCM). FIG. 4B show a prototype assembly (pre-assembled) similar to that shown in FIG.
4A. FIG. 4C shows an example of a preloaded assembly such as the one shown in FIG. 4A
and 4B navigating through a model of a tortious vessel. FIG. 4D is another example of a
prototype pre-assembled assembly (inverting tractor mechanical thrombectomy apparatus)
such as the one shown in FIG. 4A.

[00045] FIG. 5A is another example of a preloaded assembly of an inverting tractor
mechanical thrombectomy apparatus within an intermediate catheter that may be used to
deliver an inverting tractor mechanical thrombectomy apparatus though a tortious vessel to a
deployment location. In this example, the elongate inversion support catheter, and the tractor
tube are held within the intermediate catheter, and the distal end (extending beyond the
attachment to the tractor tube) of the puller extends distally. FIG. 5B show a prototype
assembly (pre-assembled) similar to that shown in FIG. 5A.

[00046] FIG. 6 is an example of a non-over-the-wire variation of an inverting tractor
mechanical thrombectomy apparatus in which the puller is a guidewire, similar to the
variation shown in FIG. 2C2.

[00047] FIGS. 7A-7C illustrate one example of an inverting tractor mechanical
thrombectomy apparatus in which the apparatus is configured for delivery of the tractor tube
within the elongate inversion support catheter so that it may later be deployed (as illustrated
in FIGS. 7A-7C) to move the tractor tube portion so that it is inverted over the elongate

inversion support catheter distal end.
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[00048] FIGS. 8A-8C illustrate another method of deploying an inverting tractor
mechanical thrombectomy apparatus (where the apparatus is configured for delivery of the
tractor tube within the elongate inversion support catheter) so that the tractor tube portion is
inverted over the elongate inversion support catheter distal end when at the deployment
region near the clot. In both FIGS. 7A-7C and 8A-8C, withdrawing the tractor tube into the
elongate inversion support catheter may prevent it from applying a compressive force on the
elongate inversion support catheter as it is deployed through the vessel, either with an
intermediate catheter or without an intermediate catheter.

[00049] FIGS. 9A-9K illustrate one method of delivering and deploying an inverting
tractor mechanical thrombectomy apparatus pre-loaded into an intermediate catheter such as
the one shown in FIGS. 3A-3B. Similar methods may be employed to deliver the pre-loaded
variations shown in FIGS. 4A and 5A.

[00050] FIGS. 10A-10D illustrate another example of a method of delivering and
deploying an inverting tractor mechanical thrombectomy apparatus pre-loaded into an
intermediate catheter such as the one shown in FIGS. 3A-3B.

[00051] FIGS. 11A-11C illustrate a method of using an inverting tractor mechanical
thrombectomy apparatus to remove clot after the tractor tube portion of the inverting tractor
mechanical thrombectomy apparatus has been completely withdrawn into the elongate
inversion support catheter.

[00052] FIG. 12A illustrates an inverting tractor mechanical thrombectomy apparatus
configured to prevent the tractor tube from retracting fully into the elongate inversion support
catheter. In FIG. 12A the tractor tube has a distal end region that is non-compliant and
configured so that it cannot invert over the distal end of the elongate inversion support
catheter.

[00053] FIG. 12B shows an example of a cuff on the distal end of an inverted flexible
tube.

[00054] FIGS. 13A shows a knitted tractor tube extending in an inverted configuration
over the outside of a distal end of an elongate inversion support catheter. FIG. 13B shows the
knitted tractor of FIG. 13A applying compressive force to the elongate inversion support
catheter when the apparatus is advanced distally. FIG. 13C illustrates an inverting tractor
mechanical thrombectomy apparatus configured to hold the kitted tractor tube in a
compressed state (in which the transversely arranged, or approximately transversely arranged

loops forming the knit overlap over more than 20% or their longitudinal length).
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[00055] FIGS. 14A-14D illustrate examples of inverting tractor mechanical thrombectomy
apparatuses (e.g., elongate inversion support catheter portions) including a stop that is
configured to hold the knitted tractor tube in a compressed configuration. In FIG. 14 a
polymer strop is shown. In FIG. 14B a Nitinol braid stop has exposed filaments (“fingers™)
that prevent proximal sliding of the tractor tube. FIG. 14C shows another example of a
Nitinol braid stop has exposed filaments (“fingers™) that prevent proximal sliding of the
tractor tube. FIG. 14D shows a Nitinol knit segment configured as a stop to prevent proximal
sliding of the tractor tube during delivery.

[00056] FIGS. 15A-15G illustrate examples of finger-like stop elements similar to those
shown in FIGS. 14B-14C. The distally-directed prongs, filaments or fingers of the stops
shown may be placed anywhere along the length of the outer surface of the elongate
inversion support catheter to prevent compression of the knitted tractor tube during delivery
and deployment.

[00057] FIGS. 15H is another example of a stop on the outer surface of and elongate
inversion support catheter having distally-facing prongs that prevent proximal movement of a
woven tractor tube, in order to prevent compressive forces on the elongate inversion support
catheter.

[00058] FIGS. 16A and 16B illustrate examples of annular housings (“‘garages™) for the
tractor tube on the outer surface of an elongate inversion support catheter that may also
maintain the tractor tube in a compressed configuration on an outer surface of the apparatus,
preventing it from applying compressive force on the distal end of the elongate inversion
support catheter. In FIG. 16A, a 48-end braid forms an annular garage for holding the end of
the tractor tube so that it remains in a compressed configuration along the outer surface of the
elongate inversion support catheter. In FIG. 16B, the apparatus includes a 10 mm long
braided region (similar to that shown in FIG. 15A, housing the end of the knitted tractor tube
and preventing it from extending proximally and applying compressive forces on the distal
end of the elongate inversion support catheter.

[00059] FIG. 17 is an example of one variations of an elongate inversion support catheter
having a high column strength in compression, but a high flexibility when not under
compression. In FIG. 17, the elongate inversion support catheter includes a plurality of slots
or cut-our regions arranged approximately transverse to the elongate length (e.g., long axis).
Any of these devices may also include a marker (e.g., platinum, or other radiopaque material)

allowing visualization of the distal end region of the elongate inversion support catheter.
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[00060] FIGS. 18A-18]J illustrate a method of removing a clot from a vessel as described
herein, in which a vacuum (suction) may be applied through the puller to make and confirm
initial contact with the clot. In FIG. 18 A, the apparatus is distally advanced over a guidewire
adjacent to the clot. The apparatus may initially be in a tracking configuration as shown and
discussed, in which the outer (inversion support) catheter is retracted into the lumen of the
intermediate catheter while the puller (puller catheter) with the attached flexible tube
extending proximally from the distal end, is tracked over the guidewire. In FIG. 18B, the
apparatus is changed to a clot-grabbing configuration in which the inversion support catheter
is extended towards the distal end of the apparatus, though still proximal to the puller distal
end. The intermediate catheter may also optionally be withdrawn proximally, as shown in
FIG. 18C, which in some variations (not shown in FIG. 18A-18J) may allow the flexible tube
to expand outwards. FIG. 18C1 shows an example of a prototype device corresponding to
FIG. 18C. Once in position, suction may be applied through the puller catheter, as shown in
FIG. 18D. This focal suction may be applied while advancing the apparatus distally to engage
the clot, as shown in FIG. 18E. The guidewire may be left in place or optionally removed (as
shown in FIGS. 18D-18E). Once engaged with the clot at the distal end of the puller, which
may be detected by observing the flow and/or pressure through the puller from the suction,
the puller may be drawn proximally and/or the inversion support catheter may be moved
distally so that the flexible tube rolls over the distal end opening of the inversion support
catheter. In FIG. 18F approximately 30% of the clot has been drawn into the inversion
support catheter by rolling the flexible tube; in FIG. 18G, more, but not all (e.g,
approximately 70%) of the clot has been ingested, though a substantial amount of clot
remains outside of the inversion support catheter and flexible tube. The vacuum may be left
on, or it may be turned off while pulling the puller proximally to engulf/grab the clot. Heavy
arrows indicate movement of the components of the apparatus, such as the intermediate
catheter, which may be advanced distally, the inversion support catheter, which may also be
advanced distally, and the puller, which may be withdrawn proximally. These motions may
be coordinated by the handle (not shown) and/or performed manually by the user. Once the
flexible tube has reached the distal end of the inversion support catheter, it may stop or be
stopped, to prevent it from rolling over the distal end. In FIG. 18A-18]J the second end of the
flexible tube includes a cuff that may prevent the flexible tube from rolling over the distal end
when pulling proximally on the puller, as shown in FIG. 18H. In FIG. 18I, the intermediate
catheter is shown advancing distally beyond the cuff and distal end of the intermediate

support catheter, which inverts the cuff over and against the clot without breaking or
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disrupting the clot. A vacuum (suction) through the intermediate catheter is also shown being
applied (by the small arrows). As shown in FIG. 18], the flexible tube, puller and inversion
support catheter are then drawn proximally into the intermediate catheter along with the un-
engulfed portion of the clot, either by driving the intermediate catheter distally over them,
and/or by pulling the inversion support catheter (which may be pulled with the puller)
proximally.

[00061] FIG. 19 illustrates an example of a mechanical thrombectomy apparatus having a
knitted flexible tube that is configured to operate even in larger-dimeter vessels (having
proportionally larger-diameter clots) by configuring the stitch length of the knitted tube to
help grab larger-diameter clots.

[00062] FIG. 20A illustrates a larger-dimeter clot (e.g., shown in the top as a 15 mm OD, 5
cm long clot) that was captured using a narrower-diameter mechanical thrombectomy
apparatus having a knitted flexible tube portion (shown having an expanded outer diameter of
5 cm with an 8F inversion support catheter). The removed clot is shown on the bottom above
the ruler.

[00063] FIG. 20B shows a side view of a distal end region of a similar mechanical
thrombectomy apparatus having a knitted flexible tube that inverts into a 3 mm inversion
support catheter. The knitted flexible tube has a 6 mm expanded first configuration, but may
remove clots having an outer diameter much larger (e.g., a 15 mm outer diameter clot, as
shown in FIG. 20A).

[00064] FIG. 21A illustrates and example of a relationship between the length of flexible
tube required for a mechanical thrombectomy apparatus as described herein in order to
completely engulf (“eat™) a clot having an outer diameter of 15 mm and a length of 5 cm. In
this example, the flexible tube is a knitted or woven tube formed of heat-set 0.01 inch NiTi
wire.

[00065] FIG. 21B shows example of the distal ends of mechanical thrombectomy
apparatus tested in FIG. 21A, showing variations with 8 mm expanded outer diameter, 5 mm
expanded outer diameter, and 3 mm outer diameter, as well as an 8 French (8F) inversion
support catheter.

[00066] FIG. 22A shows another example of a cuff that may be at the second end of a
flexible tube of a mechanical thrombectomy apparatus. In FIG. 22A, the cuff includes a
plurality of slits that may engage with the intermediate catheter (IC) when it is driven distally
past the cuff to drive the cuff to invert over the distal end of an inversion support catheter, as

shown in FIG. 18I, controllable preventing inversion when pulling the puller, but allowing
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inversion without disrupting the clot when advancing the intermediate catheter, as illustrated
in FIG. 22B, showing inversion of the cuff after driving the intermediate catheter distally.
[00067] FIGS. 23A-23B illustrate example of the proximal end of a mechanical
thrombectomy apparatus, showing the components of the apparatus (e.g., guidewire,
inner/inversion support catheter, puller, and intermediate catheter). FIG. 23B shows another
example, of a proximal end of the mechanical thrombectomy apparatus showing manual
controls, including vacuum attachment ports, for the different regions.

[00068] FIGS. 24A-24B illustrate another example of a set of proximal end controls for a
mechanical thrombectomy apparatus. In FIG. 24A the apparatus control region is shown in a
first puller position (prior to pulling the clot in). In FIG. 24B the apparatus control region is
shown after pulling the clot (showing the puller hub extended proximally).

[00069] FIG. 25 illustrate an example of a mechanical thrombectomy apparatus in which
the flexible tube is configured to cut tissue as it rolls into the inversion support catheter. In
this example, the flexible tube is a knitted tube that includes sharp cutting edges that may be
used to cut through tissue.

[00070] FIGS. 26A-26B illustrate two exemplary side perspective views of mechanical
thrombectomy apparatuses. In FIG. 26A, similar to that shown in FIGS. 18A-18], the
apparatus include a flexible (e.g., knitted) tube that is attached at the first end to a puller
catheter and is configured to expand within the inversion support catheter to an outer
diameter that is greater than 40% (shown here, it’s greater than 90%) of the inner diameter of
the inversion support catheter, driving the region of the flexible tube within the inversion
support catheter against the walls, even when unloaded by clot. The other region (un-
inverted) of the flexible tube along the outer diameter of inversion support catheter is shown
as snug with the inversion support catheter in the un-constrained configuration. This results in
the Y-shaped distal profile, for the inverting flexible tube, which may help grab even larger
diameter clots.

[00071] FIG. 26B illustrates another example of a mechanical thrombectomy apparatus in
which the expanded outer profile of the flexible tube is expanded beyond the outer diameter
of the inversion support catheter near the first end where it attaches to the puller, but the
second end, that is freely sliding over the inversion support catheter, has a much smaller
(nearly snug) expanded diameter. This region may also or alternatively include a cuff as
described herein.

[00072] FIGS. 27A-27C illustrate operation of a mechanical thrombectomy apparatus

having a cuff on one end of the flexible tube.
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[00073] FIGS. 28A-28C illustrate one example of a mechanical thrombectomy apparatus
that includes a cuff retainer that may aid in re-sheathing the apparatus into an intermediate
catheter.

[00074] FIGS. 29A-29C illustrate another example of a mechanical thrombectomy
apparatus that includes a cuff retainer.

[00075] FIGS. 30A-30C illustrate another example of a mechanical thrombectomy
apparatus that includes a cuff retainer.

[00076] FIGS. 31A-31C illustrate another example of a mechanical thrombectomy
apparatus that includes a cuff retainer (configured as a stop).

[00077] FIGS. 32A-32F illustrate examples of mechanical thrombectomy apparatus
including a cuff that is adapted at the proximal-facing end to aid in re-sheathing into an
intermediate catheter. FIGS. 32A-32C illustrate cuffs having a tapered proximal end region.
FIGS. 32D and 32E illustrate cuffs having angled proximal-facing sides. FIG. 32F is an
example of a cuff having a proximal stent-like region.

[00078] FIGS. 33A-33E illustrate one example of a re-loading mechanical thrombectomy
apparatus in which a single-use sub-assembly (including the puller, cuff and flexible tube)
can be withdrawn and a new sub-assembly inserted.

[00079] FIGS. 34A-34C illustrate operation of a re-usable/reloadable mechanical
thrombectomy apparatus.

[00080] FIG. 35 schematically illustrates one example of an ejection apparatus that may be
used to assist in ejecting captured clot material and/or reloading of a mechanical

thrombectomy apparatus.

DETAILED DESCRIPTION
[00081] In general, described herein are inverting tractor mechanical thrombectomy
apparatus having a tractor tube, configured as an inverting flexible tractor tube that may be
pulled proximally to invert over and into the distal end of an elongate inversion support
catheter. An end of the tractor tube may be coupled to a puller (e.g., pull wire, pull catheter,
etc.) to provide the proximal pulling force. In particular, described herein are apparatuses and
methods of using them that improve or enhance tracking of the apparatus from a patient
insertion side (e.g., a femoral region or elsewhere) though a tortious vessel, to a deployment
site where the apparatus may be deployed to mechanically remove a clot by rolling the tractor

tube into the elongate inversion support catheter and grabbing the clot.
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[00082] In general, the apparatus may be adapted to improve tracking by preventing
stiffening or loss of flexibility of the elongate inversion support catheter that may otherwise
occur when the tractor tube, which may extend along a substantial distance proximally from
the distal open end of the elongate inversion support catheter, applies a compressive force on
the elongate inversion support catheter. This may occur, for example, when the apparatus is
deployed through the vessel and/or through an intermediate catheter. Although the outer
surface of the elongate inversion support catheter, and/or the outer surface of the tractor tube
may be lubricated to reduce friction, the distal movement of the apparatus may still result in a
drag force on and portion of the tractor tube that is on the outside surface of the elongate
inversion support catheter. The resulting drag force is transferred to the distal end of the
elongate inversion support catheter, resulting in a compressive force on the elongate
inversion support catheter. An example of this is illustrated in FIG. 13B, described in greater
detail below.

[00083] This issue may be exacerbated when the apparatus includes an elongate inversion
support catheter that is configured to have both a high column strength (resisting
compression) and an increased flexibility, e.g., by including one or more cut-outs, slots, etc.
arranged down the length of the elongate inversion support catheter. For example, metal
tubes (e.g., Nitinol tubes, etc.) having transversely arranged slots cut into them along the
length of the elongate inversion support catheter may have a high column strength, while
remaining sufficiently flexible (at least in an unloaded/un-tensioned configuration).

[00084] In general, an inverting tractor mechanical thrombectomy apparatus for removing
a clot from a vessel may be a system, assembly or device including an elongate inversion
support catheter (such as those mentioned above), having a distal end and a distal annulus
(distal end opening), and a flexible tractor assembly including a flexible tractor tube coupled
to an elongate puller within the elongate inversion support catheter. The flexible tractor tube
is configured to roll and invert over the distal end opening of the elongate inversion support
catheter. Knitted tractor tubes are of particular interested and described herein, although it
should be understood that other tractor tubes, e.g., woven, braided, etc., may be used.

[00085] Tracking of any of the inverting tractor mechanical thrombectomy apparatus
described herein may include an intermediate catheter (I.C.) as a delivery catheter along with
a guidewire. For example, FIG. 1A illustrates an example of a typical intermediate catheter
101 that may be used. Note that in some variations, as will be illustrated below, an

intermediate catheter is not needed or used and the inverting tractor mechanical
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thrombectomy apparatus may be delivered to the deployment site near the clot to be removed
without the need for an intermediate catheter.

[00086] FIG. 1B illustrates one example of an elongate inversion support catheter. In this
example, the elongate inversion support catheter 103 is formed of a normally high column-
strength material (such as a metal, e.g. Nitinol) having a number of openings (e.g., cut-out
regions) or slots along the length to provide enhanced flexibility. The distal end of the
elongate inversion support catheter is open 105. Either the entire length or a portion of the
length may be cut/slotted as described. The elongate inversion support catheter includes a
catheter body having a distal end region that includes a distal end opening 105. The distal end
region may have an increasing softness (measured by durometer, e.g., shore durometer)
except that the very distal-most end region (distal end 105, including the distal end opening)
may be substantially less soft than the region immediately proximate to it. Thus, although the
distal tip region of the catheter (e.g., the distal most x linear dimensions, where x is 10 cm, 7
cm,05 cm, 4 cm, 3 cm, 2 cm, 1 cm, 9 mm, 8§ mm, 7 mm, 6 mm, 5 mm, 4 mm, 3 mm) has an
increasing softness/decreasing hamess extending from the proximal to distal ends, the very
distal end region 107 (e.g., measured as distal most z linear dimensions, where z is 1 ¢cm, 9
mm, 8 mm, 7mm, 6 mm, 5 mm, 4 mm, 3 mm, 2 mm, Imm, 0.8 mm, 0.5mm, 0.3 mm, 0.2mm,
etc., and z is always at least three times less than x) has a hardness that is greater than the
hardness of the region immediately proximal to it, and may be as hard or harder than the
proximal-most region of the distal tip region.

[00087] In FIG. 1B, the elongate inversion support catheter is an elongate hollow catheter
having a column strength that is sufficient to prevent buckling when the catheter is pulled
over the distal annulus (distal end opening). Thus, the elongate inversion support may be
configured so that it does not collapse (e.g., buckle) when 500 g or less of of compressive
force is applied (e.g., able to withstand at least about 500g, at least about 700 g, at least about
600 g, at least about 500 g, at least about 400 g, at least about 300 g, etc. of compressive
force) for neurovascular applications. For peripheral vascular applications the elongate
inversion support may be selected or configured to withstand at least 1500 g of compressive
force (e.g., at least about 2000 g, 1900 g, 1800 g, 1700 g, 1600 g, 1500 g, 1400 g, etc. of
compressive force). In general, any of the apparatuses described herein may include an
elongate inversion support catheter that is not a full-length catheter, but may include a portion
of a catheter, typically at the distal end, connected to a rod, wire, hypotube, or the like. In

FIG. 1B the catheter 103 of the elongate inversion support catheter may be any appropriate
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type of catheter or portion of a catheter, including microcatheters appropriate for
neurovascular use.

[00088] In some variations the distal end 105 of the elongate inversion support catheter is
adapted so that the tractor may slide or roll and invert over the distal end of the catheter
without being caught (binding, jamming) or without substantial friction. For example, in
some variations the distal tip (end) may be curved or radiused, particularly on the outer
surface (e.g., the transition from outer diameter to inner diameter).

[00089] FIG. 1C1 shows an example of a flexible tractor tube 111 coupled to an elongate
puller 113, forming a pullable tractor assembly 140. In this example, the tractor tube 111 is
shown integrated with the puller 113 and extending back over the puller. The puller in this
example is a catheter (e.g. a micro catheter, also referred to herein as a PMC or pull micro
catheter). In this example, the opposite end of the flexible tractor tube 111 is open and free
(e.g., not connected to the puller or catheter, e.g. elongate inversion support catheter). As will
be described in greater detail below, this open, free, end may be adapted to be expanded and
held open, e.g., by shape setting back on itself and/or by including an annular bias, to
enhance deployment and positioning of the catheter between the flexible tractor tube and the
puller. In FIGS. 1C1 and 1C2, the tractor tube is formed of material (e.g., wove, knitted,
braided, etc.) that is flexible and elongate. The tractor 111 is shown extended from the puller
in a first configuration. It may be particularly beneficial if the relaxed outer diameter of the
flexible tractor in this first configuration has a greater outer diameter than the outer diameter
of the catheter of the elongate inversion support into which the tractor will be positioned prior
to inverting. The flexible and tubular tractor 111 may be sufficiently soft and flexible (e.g.,
having a low collapse strength) so as to easily roll and fold over the distal aperture of the
elongate inversion support. The tractor 111 may be configured, e.g., by shape-setting (heat
setting, etc.), to expand in the relaxed first configuration to a radial diameter that is between
1.1 and 10 times (e.g., between 1.1x and 5x, between 1.1x and 4x, etc.) the diameter of the
inner diameter of the catheter of the elongate inversion support when unconstrained. In FIG.
1C2, the tractor tube 111 is shown coupled to a guidewire (non-hollow structure) 115. The
tractor may be formed of a mesh, braided, woven, knitted, or sheet of material and is
generally adapted to grasp the object to be removed (e.g., blood clot).

[00090] FIG. 2A illustrates an example of an inverting tractor mechanical thrombectomy
apparatus 200 deployed. In FIG. 2B the inverting tractor mechanical thrombectomy apparatus
is shown deployed near a clot 209. In the deployed configuration the puller 201 (shown here

as a puller micro catheter) is held within the elongate inversion support catheter so that the
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flexile tractor tube 203 extends from the end of the puller and expands toward the inner
radius of the elongate inversion support catheter 207; at the distal end opening of the elongate
inversion support catheter the tractor tube inverts over itself and extends proximally in an
inverted configuration over the distal end of the elongate inversion support catheter. As
shown in FIG. 2C, by pulling the puller proximally, the tractor tube rolls and everts over the
distal end opening of the elongate inversion support catheter, drawing the adjacent clot into
the elongate inversion support catheter, as shown.

[00091] FIG. 2A the elongate inversion support catheter is positioned between the tractor
tube and the puller so that the tractor tube can be pulled proximally by pulling on the puller
and rolling the tractor tube into the elongate inversion support catheter so that it inverts. The
portion of the tractor tube that is inverted over the distal end of the elongate inversion support
catheter has an outer diameter that is greater than the outer diameter of the elongate inversion
support catheter. The tractor is biased so that it has a relaxed expanded configuration with a
diameter that is greater than the outer diameter (OD) of the elongate inversion support
catheter; in addition, the tractor tube may also be configured (e.g., by heat setting, etc.) so
that when the tractor tube is everted and rolled over the distal end opening into the elongate
inversion support catheter, the outer diameter of the tractor tube within the elongate inversion
support catheter has an outer diameter that is greater than the inner diameter of the elongate
inversion support catheter (e.g., greater than 0.1x, 0.5x 0.6x, 0.7x, 0.75x, 0.8x, 0.9x, 1x, etc.
the inner diameter, ID, of the elongate inversion support catheter. This combination of an un-
inverted diameter of the tractor tube of greater than the diameter of the OD of the elongate
inversion support catheter and an inverted diameter of the tractor tube of greater than 0.7x the
ID of the elongate inversion support catheter is surprisingly helpful for preventing jamming
of the apparatus, both when deploying the apparatus and when rolling the tractor over the
distal end opening of the elongate inversion support catheter to grab a clot. The tractor may
be expandable and may be coupled to the puller as shown. In some variations the flexible
tractor and the puller may comprise the same material but the tractor may be more flexible
and/or expandable, or may be connected to elongate puller (e.g., a push/pull wire or catheter).
[00092] In FIG. 2C the clot may be drawn into the elongate inversion support catheter by
pulling the tractor proximally into the distal end of the elongate inversion support catheter, as
indicated by the arrows 211, 211° showing pulling of the inner portion of the flexible tractor,
resulting in rolling the tractor over the end opening of the catheter and into the catheter distal

end and inverting the expandable distal end region so that it is pulled into the catheter, shown
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by arrows. The end of the tractor outside of the catheter may be “loose” relative to the outer
wall of the catheter.

[00093] In general the mechanical thrombectomy apparatuses described herein may be
highly flexible, both before actuating and during operation. For example, the flexible tractor
may not increase the stiffness/flexibility of the catheter of the elongate inversion support, and
particularly the distal end region of the catheter too much, to avoid impacting
maneuverability, particularly within tortious vessels of the neurovasculature. Described
herein are flexible tractor tube portions that increase the stiffness of the last “y” ¢m (e.g., the
distal most 20 cm, 18 cm, 15 cm, 12 cm, 10 cm, 9 cm, 8 cm, 7 cm, 6 cm, 5 cm, 4 cm, 3 cm, 2
cm, 1 cm, etc.) of the catheter less than a predetermined percentage (e.g., less than 10%, 12%,
15%, 18%, 20%, 25%, 30%, etc.). For example, described herein are flexible tractor tube
portions that pass through the catheter and double back over the distal end of the catheter but
increase the stiffness of a distal 5 cm of the catheter by less than 15% of the stiffness of the
distal 5 cm of the catheter without the flexible tube extending therethrough and doubling back
over the distal end of the catheter.

[00094] The tractors may be woven, braided and/or knitted materials. For woven and
braided materials, which may include a plurality of fibers that are woven or braided to form
the inverting tube, these structures may be tuned to prevent jamming and/or to reduce the
force necessary to pull the tractor and invert over the catheter tip. For example, the
mechanical atherectomy apparatus may include a braid-type tractor that can roll freely around
the tip of catheter even in a tortuous anatomy and when grabbing clot by tuning one or more
of the braid structure; minimizing the braid angle; including a hydrophilic coating on the
distal aspect of the catheter outer diameter (OD) or the inner diameter (ID) of the braid (e.g.,
tractor); including a radiused wall on the catheter; and/or increasing the stiffness of the distal
tip region relative to adjacent proximal regions. Alternatively, it may be advantages to have a
hydrophilic coating on 1, 3, 5, 10, or 15 ¢cm of the distal ID or the entire catheter ID. This
may even enhance aspiration of the clot without a tractor element.

[00095] As mentioned, the tractor (e.g., braided, woven, knitted, etc.) may be configured
to collapse down into the inner diameter (ID) of the catheter as little as possible. For example
the tractor may collapse to an ID that is greater than, equal to, or within 90%, 85%, 75%,
70%, 65%, 60%, or 50% of the catheter inner diameter (ID)/Catheter Tip OD, since, when the
tractor is being pulled around catheter tip it may create axial tension on the tractor (e.g.,
braid, knit, etc.) that can inadvertently cause the tractor to jam on the catheter tip. When

tractor is pulled around catheter tip, the tractor is being pulled in the axial orientation creating
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axial tension on tractor structure as the tractor is being pulled through the catheter ID. By
having the tractor elements jam at an ID greater than or equal to 90%, 85%, 75%, 70%, 65%,
60%, or 50% of the catheter ID (or in some variations, OD), when being axially tensioned,
the tractor is less likely to grab/synch down onto the catheter tip, helping the braid roll around
the catheter tip with less axial force applied by the user. If less axial force is required by the
user to pull the tractor structure around the tip then the catheter tip is less likely to buckle or
deflect when retracting the tractor. It may be advantageous to minimize the chance the
catheter tip will buckle. The tractor can be tuned to "jam" at a specific ID by controlling any
of the following variables and in any combination: selecting a specific number of braid ends,
selecting the size/diameter of the braid ends; selecting the braid material (e.g., multifilament
or monofilament); heat setting the bias on the braid (e.g., braid diameter); and selecting a
braid pattern, e.g., 1x2, 1x1 or any other pattern.

[00096] The braid angle may be minimized to prevent locking up of the rolling of the
tractor over the catheter end opening. Typically, the lower the braid angle (e.g., 45 degrees or
less, 40 degrees or less, 35 degrees or less, 30 degrees or less, 25 degrees or less, 20 degrees
or less, etc.) the less likely it is to have the braid cross over points catch on the catheter tip.
[00097] In any of the variations described herein, the catheter and/or a surface of the
tractor may be coated to enhance rolling over the distal end region of the catheter. It may be
helpful to have a hydrophilic coating on the distal aspect of the catheter OD or the ID of the
tractor so the tractor can more easily side over the catheters distal end and around the tip of
the catheter when pulled through the inside of the catheter.

[00098] The radius wall of the catheter tip may be chosen/set to within a range that allows
sliding. For example, it may be helpful for the tip of the catheter to have the largest radius
possible but at least 0.025” radius wall on the catheter, ideally approximately 0.05” radius
wall.

[00099] The stiffness of the distal of the elongate inversion support catheter may be
sufficiently stiff to prevent collapse as the tractor is pulled; it may also be lubricious (e.g., by
a coating or material property). The distal most section of the elongate inversion support
catheter tip (e.g., the last 5mm) may be fabricated of a material which is stiff enough and
lubricious enough so the distal tip of the catheter does not collapse or buckle inward ward
when the braid structure is rolling around the catheter tip. Thus, the distal tip may have a
stiffness that is greater than the more proximal region at the distal end of the catheter.
[000100] It may be helpful or desirable to have pores in the tractor. A lack of gaps or small
pore size may limit the ability of the braid to grab clot. Alternatively or additionally, it may
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be desirable to form a braid structure with texture. One example is to braid two or more
different diameter braid ends into the same structure: the difference in braid end diameters
will help form a texture to the braid structures outer surface, aiding the grabbing of the clot
when rolling the braid-dozer around the catheter tip.

[000101] As an alternative (or in addition) the tractor may be configured to lock so it does
not compress in diameter during axial load by adding a coating, laminate or adhesive to the
braid at a desired diameter. Adding a thin coating, laminate or adhesive can inhibit the braid
elements from sliding with respect to each other, thereby locking the braid to a specific
diameter. The coating can be applied while leaving the majority of the pores and pore area
substantially open. Examples of thin coatings include urethanes and silicones with and
without hydrophilic coatings and hydrophilic coatings with no tie layer.

[000102] As mentioned above, any of the apparatuses described herein may be configured
to provide enhance delivery of the apparatus though the tortious anatomy of the vessels in
order to deploy the apparatuses near the clot. For example, FIG. 2D illustrates an example of
a tortious path 250 that may be navigated by the apparatuses (including in particular the
apparatuses that are pre-loaded into an intermediate/delivery catheter).

[000103] PRELOADED APPARATUSES

[000104] One solution to the problem with tracking of the inverting mechanical
thrombectomy apparatuses such as those described herein, and particularly those having a
high flexibility, high column strength elongate inversion support catheter (which may stiffen
when placed under even relatively small compressive forces from their distal end by the
tractor tube) is to preload the inverting mechanical thrombectomy apparatuses within an
intermediate catheter so that a portion of the inverting mechanical thrombectomy apparatus is
protected within the body of the intermediate catheter, while the rest of the intermediate
catheter portion is advanced over and/or along (with) a guidewire. For example, FIG. 3A
illustrate one example of a pre-loaded inverting tractor mechanical thrombectomy apparatus
for removing a clot from a vessel configured to be delivered through a tortious anatomy. In
this example, the apparatus may include an intermediate catheter 303 having a distal end 305.
The intermediate catheter (I.C.) may be considered part of the inverting mechanical
thrombectomy apparatus, although in other variations it may be considered a separate
component that is used with the inverting mechanical thrombectomy apparatus. The
apparatus also includes an elongate inversion support catheter 307 (also referred to as push
catheter “880 Device” in FIG. 3) within the lumen of the intermediate catheter. The elongate

inversion support catheter 307 has a distal end 311 and a distal end opening. The apparatus
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also includes a puller 319 extending distally within the elongate inversion support catheter
and a flexible tractor tube 315 extending proximally from a distal end region of the puller.
The puller extends from the distal end of the intermediate catheter and the distal end opening
of the elongate inversion support catheter.

[000105] In the pre-assembled configuration shown in FIG. 3A, the elongate inversion
support catheter is held within the lumen of the intermediate catheter so that the distal end
opening of the elongate inversion support catheter is proximal to the distal end opening of the
intermediate catheter by a first distance 325. This distance may be between about 1mm and
about 10 cm (e.g., between about 2 mm and about 10 mm, between about 2 mm and about 20
mm, between about 2mm and about 30 mm, etc.). The elongate inversion support catheter
may be fixed in position relative to the intermediate catheter, so that as the two catheters
move together, until released. For example, the proximal ends of the intermediate catheter
and the elongate inversion support catheter may be removably coupled.

[000106] The tractor tube in the pre-assembled apparatus of FIG. 3 extends between the
elongate inversion support catheter and the intermediate catheter for some second distance
along the length 323 of the elongate inversion support catheter. Securing the end of the
tractor tube between the I.C. and the distal end of the elongate inversion support catheter may
help both hold it in place, so that it may be held in compression, as will be described in
greater detail below, which may also help prevent it from applying compressive force to the
distal end of the elongate inversion support catheter. For example, the second length 323 may
be between about 1 mm and about 50 cm (e.g., between about 5 cm and about 10 cm,
between about 1 cm and about 20 ¢cm, between about 1 cm and about 10 ¢cm, between about 2
cm and about 20 cm, between about 2 cm and about 10 cm, etc.).

[000107] The portion of the tractor tube 315 and puller 319 (e.g., pull micro catheter, or
pmc) in this pre-loaded example may extend distally and ride over the guidewire 317. The
tractor tube and puller may also be longitudinally fixed relative to the intermediate catheter
303 (e.g., by releasably locking, e.g., at the distal end region) or they may be somewhat
longitudinally slideable (and, in some variations, prevented from exceeding a range of, e.g.,
between about 1 mm and 20 cm from the distal end opening 305 of the intermediate catheter
303.

[000108] In practice, the portion 327 of the tractor tube 315 that extends outside of the
intermediate catheter 303 may be between about 1 mm and about 20 cm (e.g., between about
1 ¢cm and about 7c¢cm, between about 1 ¢cm and about 10 cm, between about 1 cm and about 15

cm, between about 2 cm and about 10 ¢cm, between about 2 cm and about 7 cm, etc.). As
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mentioned, this distance may be fixed (e.g., by fixing the puller with respect to the push
catheter and/or 1.C.), or variable. In any of these variations, the puller may extend some
distance 329 beyond the distal attachment site for the flexible tractor tube, or the tractor tube
may be attached at the distal end of the puller. The distance from the attachment site of the
tractor tube and the distal end of the puller may be between about O mm and about 10 cm, for
example (e.g., between about 1 mm and about 10 cm, between about 1 mm and about 5 cm,
etc.).

[000109] In variations in which the pre-loaded apparatus is configured with the puller (and
therefore the tractor tube) and/or the elongate inversion support catheter fixed relative to the
intermediate catheter for delivery of the apparatus to the clot (e.g., adjacent to the clot), once
in the deployment location, the elongate inversion support catheter and/or puller may be
unlocked so that they may move independently of the intermediate catheter. In some
variations, the elongate inversion support catheter may be unlocked first, so that it can be
advanced distally into the tractor tube and over the puller; once the distal end of the elongate
inversion support catheter is near the attachment site for the tractor tube on the puller, the
puller may be also be released (manually or automatically).

[000110] FIG. 3B illustrates another example of a pre-loaded apparatus (pre-loaded
inverting tractor mechanical thrombectomy apparatus for removing a clot from a vessel
configured to be delivered through a tortious anatomy). In FIG 3B, the tractor tube is a knit
355 that is bonded to the puller near a distal end region, described in FIG. 3A. The distal end
region of the puller (pmc) 337 extends from the intermediate catheter 343. The opposite end
345 of the tractor tube, approximately 1 cm) is held between the intermediate catheter and the
elongate inversion support catheter 341, which is entirely within the intermediate catheter.
Exemplary dimensions are shown by the ruler above the prototype device.

[000111] Another variation of a pre-loaded inverting tractor mechanical thrombectomy
apparatus for removing a clot from a vessel configured to be delivered through a tortious
anatomy is shown in FIGS. 4A-4D. In FIG. 4A, the apparatus contains the same elements
shown in FIG. 3A, but they are arranged and interact in a different manner. For example, the
pre-loaded apparatus includes an intermediate catheter 403 with an open distal end 405, an
inner elongate inversion support catheter 307, a tractor tube 415 and a puller 419. In FIG. 4A,
he tractor tube is connected to a distal end region of the puller (e.g., within a fixed distance
425 of the distal end of the puller, e.g., between about Omm and 10 ¢cm (e.g., about 1 mm to
about 10 mm, etc.) as in the example in FIG. 3A. The opposite end of the tractor tube is held

between the intermediate catheter 403 and the elongate inversion support catheter 407, as in
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FIG. 3A. For example, between about 1 mm and about 50 c¢cm of tractor tube (e.g., between
about 5 cm and about 10 cm, between about 1 cm and about 12 cm, etc.) may be between the
intermediate catheter and the elongate inversion support catheter; the tractor tube may be held
loosely, or it may be held so that the distal end of the tractor tube on the outside of the
elongate inversion support catheter is compressed, it from being pulled distally by friction
from the vessel walls, resulting in compressive forces on the distal end of the elongate
inversion support catheter.

[000112] In FIG. 4A, the elongate inversion support catheter is secured in position relative
to the puller so that the distal end opening of the elongate inversion support catheter is near
the attachment site for the tractor tube on the puller. For example, the distance between the
elongate inversion support catheter distal end opening and the attachment site for the tractor
tube 429 may be between about 0 mm and about 10 cm (e.g., between about 0 mm and about
1 mm, between about 0 mm and about 2 mm, between about 1 mm and about 5 mm, between
about 1 mm and about 3 mm, etc.). As discussed above for FIG. 3A, the puller, elongate
inversion support catheter and intermediate catheter may be releasably locked together so that
they move together. The portion of the puller from the attachment site of the tractor tube to
the distal end of the puller 425 may, as described for FIG. 3A, above, be between about 0 mm
and about 10 cm (e.g., between about 0 mm and about 7 mm, between about 0 mm and about
Smm, etc.).

[000113] In operation, the pre-assembled apparatus shown in FIG. 4A may advance distally
(e.g.., over a guidewire) towards a clot in a vessel with the slightly more flexible distal end
portion consisting of a distal portion of the puller, tractor and elongate inversion support
catheter extending distally from the distal opening of the intermediate catheter by a distance
427 that may be, for example,, between about 1 ¢cm and 20 c¢cm (e.g., between about 2 ¢cm and
about 7 cm, between about 1 cm and 10 cm, between about 2 cm and about 7.5 c¢m, etc.). This
presents a more flexible distal end region that tapers slightly over the guidewire, allowing the
apparatus to navigate tortious vessels, including those having branches. Once the distal end of
the apparatus is within the deployment region, near (e.g., adjacent to) the clot to be removed,
the apparatus may be deployed by removing the coupling between the intermediate catheter,
puller and elongate inversion support catheter, and allowing the intermediate catheter to be
withdrawn at least slightly, and for the elongate inversion support catheter to be advanced
while withdrawing the tractor tube proximally to roll the tractor tube so that it everts over the

distal end opening of the elongate inversion support catheter.
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[000114] FIG. 4B illustrates an example of distal end of a prototype pre-assembled
apparatus similar to that shown in FIG. 4A. In FIG. 4B the apparatus is shown over a
guidewire 417 with the elongate inversion support catheter 407 near the attachment site 433
for the tractor tube onto the distal end region of the puller; a distal end region of the puller
431 extends from the tractor tube attachment site to the distal end opening of the puller.
[000115] FIG. 4C illustrates tracing of an apparatus 460 such as the one shown in FIG. 4B
through a tortious model of a blood vessel 455; the flexible distal end leads the device in
tracking and navigating through the vessel. FIG. 4D illustrates another example of a distal
end region of a pre-loaded inverting tractor mechanical thrombectomy apparatus for
removing a clot from a vessel, also showing exemplary dimensions. In FIG. 4D, the apparatus
is threaded over a movable guidewire 417, and shows a knitted tractor tube 415 that is
attached to the distal end region of a puller 419; an elongate inversion support catheter 407 is
between the tractor and the puller, as mentioned above. This is pre-loaded into an
intermediate catheter 403°.

[000116] Another example of a pre-loaded inverting tractor mechanical thrombectomy
apparatus for removing a clot from a vessel configured to be delivered through a tortious
anatomy. In FIG. 5A, unlike the variations shown in FIG. 3A and 4A, both the elongate
inversion support catheter 507 and the tractor tube 515 are held (e.g., releasably locked)
within the intermediate catheter 503. This may prevent the tractor tube from pushing against
the vessel wall during tracking, and therefore prevent compressive force on the elongate
inversion support catheter that may otherwise result in it stiffening. In this example, a portion
509 of the puller 519 may extend distally out of the intermediate catheter, e.g., between about
0 mm to about 30 cm (e.g., between about 0.5 cm to about 20 ¢cm, between about 1 cm to
about 15 cm, between about 1 cm to about 10 cm, between about 1 cm and about 5 cm, etc.).
The attachment site of the tractor tube to the puller may be at or near the distal opening of the
intermediate catheter, or it may be offset by some predetermined distance 507 (or within a
range of distances, e.g., between about 0 mm to about 10 cm, such as between about 1 ¢cm to
about 8 cm, between about 0 cm to about 2 c¢m, etc.). Similarly, the elongate inversion
support catheter may be preloaded near the attachment site for the tractor tube to the puller
(e.g.., with a distance 505 of between about 0 mm to about 20 cm, preferably between about 0
mm and 10 mm). The entire length of the tractor tube 503 may be any appropriate length,
e.g., between about 1 cm and about 60 cm (e.g., between about 5 cm and about 30cm,

between about 5 cm and about 10 cm, etc.).
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[000117] In operation, the apparatus shown in FIG. 5A may be deployed over a guidewire
(with the component parts all removably secured together, e.g., at a proximal handle) and
advanced distally until it is near the clot. In any of these examples, the guidewire may
penetrate the clot or it may stop short of the clot. Thereafter, the intermediate catheter may be
withdrawn proximally and/or the elongate inversion support catheter advanced distally so that
the tractor tube is everted from over the distal end opening of the elongate inversion support
catheter and into the elongate inversion support catheter. Pulling the puller proximally may
continue to roll the tractor tube, while advancing the elongate inversion support catheter to
pull the clot into the elongate inversion support catheter as the tractor tube everts.

[000118] FIG. 5B illustrates another example of the pre-loaded inverting tractor mechanical
thrombectomy apparatus shown in FIG. SA. IN this example, only the distal end of the puller
519’ (referred to herein as the pull micro catheter or PMC), while the tractor tube attached
more proximally to the PMC remains in the intermediate catheter (I.C.) 503°. In this example,
the puller 519 rides over the guidewire 517, and has a length that is about 2 and 5 cm.
[000119] The examples shown in FIGS. 3A-5B shown above include a puller that is
configured as a puller micro catheter than may be driven over a guidewire. Any of the
variations described herein may instead by configured so that the puller is a guidewire, as
shown in the example in FIG. 6. In this example the puller 619 is a guidewire and the tractor
tube 615 is attached at one end to the puller. IN this example, the tractor is attached to the
distal end of the puller, but it may be attached more proximally, as described above. The
elongate inversion support catheter 607 is interposed between the puller and the tractor tube,
and may be extended distally so that the tractor tube rolls over the distal end opening of the
elongate inversion support catheter when pulling the puller to capture and remove a clot. In
the variations shown in FIG. 6, the puller does not necessarily need to be a movable (i.e.,
longitudinally slideable) pull wire, but may be a fixed wire.

[000120] As an alternative to the pre-assembled configurations described in FIGS. 3A-5B
described above, any of the apparatuses described herein may also or alternatively be
configured to be deployed through an intermediate catheter that is first deployed (e.g., using a
guidewire and one or more internal catheters), and left in place; the inverting tractor
mechanical thrombectomy apparatus may then be delivered through the intermediate catheter.
[000121] Some variations an inverting tractor mechanical thrombectomy apparatus for
removing a clot from a vessel configured to be delivered through a tortious anatomy are
configured for delivery and deployment to remove a clot without needing an intermediate

catheter. For example, in some variations all, or most of, the tractor tube is withdrawn into
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the elongate inversion support catheter portion of the apparatus. Thus, the outer surface of the
apparatus is the outer surface of the elongate inversion support catheter, which may be
smooth, and/or lubricated, and therefore less likely than the tractor tube to provoke a
compressive force on the distal end region that would otherwise stiffen the elongate inversion
support catheter and prevent it from navigating a tortious vessel. For example, FIGS. 7A-7C
show a first example of an inverting tractor mechanical thrombectomy apparatus for
removing a clot from a vessel configured to be delivered through a tortious anatomy that is
configured to deliver the apparatus to the deployment site near the clot with the tractor
withdrawn nearly fully into the elongate inversion support catheter.

[000122] In FIG. 7A, the inverting tractor mechanical thrombectomy apparatus does not
include (or require) the use of an intermediate catheter, though one may be used with it (not
shown). The apparatus includes an outer elongate inversion support catheter 707 that includes
a stop 704 at or near the distal end. This stop 704 may be a lip, flange, protrusion, or the like,
and may provide a larger diameter region that engages with a complimentary stop 816 on the
end of the tractor tube 715. The opposite end of the tractor tube is connected to a puller
(puller micro catheter 719) similar to the variations described above. When delivered to the
clot region of a vessel the puller is withdrawn (preferably loosely, to avoid compressive
forces on the elongate inversion support catheter), so that the tractor tube is withdrawn into
the elongate inversion support catheter except for small portion at the distal end that is
prevented from rolling into the elongate inversion support catheter by the stop on the tractor
tube engaging with the stop on the elongate inversion support catheter. The apparatus may be
driven over a guidewire 717, as shown, until it is proximate to the clot. FIGS. 7B and 7C
illustrate a two-step method for deploying the apparatus that may be used. In This example,
the apparatus may be deployed by advancing the puller distally (e.g., “pushing” the puller
775), as shown in FIG. 7B. Thus, the tractor portion will be inverted over itself, ahead of the
distal end of the elongate inversion support catheter. Thereafter, as shown in FIG. 7C, the
elongate inversion support catheter may be advanced distally into the pocket 777 formed by
the inverted tractor tube. The apparatus is then ready for the puller to be pulled proximally to
roll the tractor tube back into the elongate inversion support catheter so that it may capture a
clot, and may therefore be positioned against or adjacent to the clot.

[000123] FIGS. 8A-8C show an alternative method of deploying the apparatus shown in
FIG. 7A. FIG. 8A is similar to FIG. 7A, showing delivery of the apparatus to the clot over a
guidewire 717. The apparatus includes the tractor tube 715 and elongate inversion support

catheter 707, which include a stop on one or both of the elongate inversion support catheter
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and/or tractor tube to engage the distal end of the elongate inversion support catheter with the
end of the tractor tube. The apparatus may be delivered with the tractor tube retracted so that
it does not tension the elongate inversion support catheter. As shown in FIGS. 8B and 8C,
once near the clot, the tractor tube may be repositioned outside of the elongate inversion
support catheter so that it can be rolled and used to capture a clot. In FIG. 8B, the elongate
inversion support catheter is pulled proximately 851; since the distal end of the elongate
inversion support catheter is engaged with the tractor tube to prevent it from sliding off of the
end of the elongate inversion support catheter, when the elongate inversion support catheter is
pulled proximally while holding the puller in place (or advancing it distally), the tractor tube
will extend out of the elongate inversion support catheter and invert, as shown. Thereafter, as
shown in FIG. 8C, the elongate inversion support catheter may be advanced distally between
the fold formed by the inverted tractor tube, and the entire apparatus advanced distally back
to the clot 833, a shown. Once proximate the clot, the puller may be pulled proximally to
capture the clot and remove it.

[000124] FIGS. 9A-9K illustrate one method of removing a clot using a preloaded assembly
of an inverting tractor mechanical thrombectomy apparatus within an intermediate catheter,
such as the variation shown in FIG. 3A. In general, a method of using any of the preloaded
assemblies of inverting tractor mechanical thrombectomy apparatuses described herein (e.g.,
in FIGS. 3A-5B), may be delivered over a wire, through a guide catheter (or a sheath or
balloon guide catheter) to a clot fact, e.g., proximate the clot. The tractor tube may then be
aligned so that it warps around and over the distal end of the elongate inversion support
catheter and rolls into (everts) the elongate inversion support catheter. Once in positioned
(against the face of the clot), the elongate inversion support catheter may be pushed distally
while pulling proximally on the puller to ingest the clot, until the full length of the tractor
tube is pulled proximally and rolled into the elongate inversion support catheter, unless the
apparatus includes a stop to prevent it from entering the elongate inversion support catheter.
Aspiration may be applied through the elongate inversion support catheter and/or the puller
(when a puller micro catheter is used) to ensure that the clot remains in contact with the distal
end of the elongate inversion support catheter and tractor. The intermediate catheter may then
be advanced to the distal end of the elongate inversion support catheter (and aspiration may
be applied through the intermediate catheter. The elongate inversion support catheter may be
withdrawn proximally through the intermediate catheter while applying aspiration, which
may both ease retraction of the apparatus within the intermediate catheter and may remove

any residual clot portions.
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[000125] For example, in FIG. 9A, the apparatus has been delivered to the region adjacent
to the clot and deployed out of the intermediate catheter 903. The elongate inversion support
catheter 907 and puller 919 are advanced together distally to the clot 933 face over a
guidewire 917. The elongate inversion support catheter includes a marking 963 that is visible
under, for example, fluoroscopy or other imaging modality. In FIGS. 9A-9K this marking on
the elongate inversion support catheter is a band. In FIG. 9B, the elongate inversion support
catheter is advanced distally while simultaneously or sequentially pulling the puller
proximally so that the tractor tube is rolled over the distal end opening of the elongate
inversion support catheter and extends slightly within the elongate inversion support catheter
(shown biased against the inner diameter of the elongate inversion support catheter). The
tractor extending out of the elongate inversion support catheter is pushed against the clot
face. In FIG. 9B, the guidewire has been left in place; alternatively, as shown in FIG. 9C, the
guidewire may be removed. Alternatively, or additionally, the intermediate catheter 903 may
be withdrawn proximally, which may fully unsheathe the tractor, including the distal end of
the tractor. This may permit the tractor tube to roll freely over the distal end of the elongate
inversion support catheter. The intermediate catheter may be locked to the elongate inversion
support catheter, so that the two catheters move together wile drawing the puller proximally
to roll the tractor tube over the elongate inversion support catheter, as shown in FIG. 9D. In
this example, aspiration (e.g., vacuum) may also be applied, e.g., from within the puller
and/or elongate inversion support catheter, which may help the rolling tractor to engage with
the apparatus, even before rolling the tractor into the elongate inversion support catheter by
withdrawing the puller proximally.

[000126] As shown in FIG. 9E, the puller 919 (PMC) may be drawn proximally while the
elongate inversion support catheter 907 is advanced towards/into the clot. As previously
mentioned, the intermediate catheter 903 may optionally be advanced with the elongate
inversion support catheter (e.g., the two may be coupled together for this portion of the
method. This step may be continued to ingest the clot. FIG. 9F shows the clot 30% ingested
while still rolling the tractor tube into the elongate inversion support catheter (e.g., by pulling
on the puller and/or pushing on the elongate inversion support catheter). FIG. 9G shows the
clot 80% ingested and rolling into the elongate inversion support catheter. By FIG. 9H, the
tractor tube has been fully withdrawn into the elongate inversion support catheter. In this
example, the marker 963 on the elongate inversion support catheter aligns with either a
marker on the puller or the puller itself (if it is visible under imaging). FIG. 17 shows another

example of an elongate inversion support catheter (slotted 1709 to have a high column
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strength and high flexibility) in which the distal end region 1707 is marked with a platinum
material to make it visible when imaging (e.g., with fluoroscopy). In FIGS. 9A-9H, the entire
clot (100%) is captured by the tractor tube within the elongate inversion support catheter once
the entire tractor tube has been rolled into the elongate inversion support catheter. However,
this is not necessarily the case, as will be described below, in some variations additional clot
may be drawn into the elongate inversion support catheter and/or the intermediate catheter by
applying a combination of mechanical action (e.g., pulling the clot with the portion captured
by the tractor and suction. For example, FIG. 91 shows the (optional) use of aspiration
through the intermediate catheter (and in some cases, the elongate inversion support catheter).
The aspiration may be left on while withdrawing the apparatus proximally, as shown in FIG.
9J. As mentioned, this may remove any remaining clot. Alternatively, or additionally a
second apparatus may be installed through the intermediate catheter and delivered to the
deployment site (with the intermediate catheter left in position. Finally, as shown in FIG. 9K,
an angiogram may be performed through the intermediate catheter to confirm that the vessel
is opened. If not, additional procedures (e.g., another preloaded assembly of an inverting
tractor mechanical thrombectomy apparatus may be inserted and used to remove clot) may be
performed.

[000127] In general, when deploying any of the inverting tractor mechanical thrombectomy
apparatuses described herein, and in particular, the pre-loaded inverting tractor mechanical
thrombectomy apparatuses, the deployment may include the general steps described below.
These steps may be customized as indicated herein. First, obtaining access with sheath to the
patient’s common carotid or ICA. Inject contrast through the sheath to image the vessel.
Before, during or shortly after, on the back table (e.g., where the proximal end of the
mechanical thrombectomy apparatus is held/prepared), flush the intermediate catheter (I.C.)
and connect it to a first rotating hemostatic valve (RHV A), then introduce the elongate
inversion support catheter (“880 Device™), puller and tractor through RHV A, e.g., using a
peel-away sheath. The elongate inversion support catheter may then be positioned relative to
the 1.C., e.g., within about 1 ¢cm proximal to the tip of the I.C., as shown in FIG. 3A, and
locked in position relative to the .C. RHV A may then be tightened. A second RHV (e.g.,
RHV B) may be coupled to the pusher and flushed, and RHV A may be flushed as well.
Flush lines may be connected. A guide wire may be loaded through the apparatus. The puller
may be locked in position (e.g., as shown in FIG. 3A, extending approximately 1 cm or more

from the distal end opening of the I.C.) for tracking.
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[000128] The apparatus may then be tracked to the desired location (e.g., near the clot).
Once in position, the apparatus may be used to perform the thrombectomy. For example,
RHV A and B may be loosened. The coupling between the elongate inversion support
catheter and the 1.C. may be released, as may any coupling between the puller and the 1.C.
and/or elongate inversion support catheter. The elongate inversion support catheter may be
advanced over the puller until its distal end meets the distal connection between the tractor
tube and the puller. The I.C. may be pulled back to unsheathe the tractor tube. The elongate
inversion support catheter and 1.C. may again be locked in position relative to each other.
RHV A may be tightened, and the elongate inversion support catheter may be advanced to the
clot face (possible with aspiration through the puller). With a slight pressure forward
(distally) on the pusher (and/or 1.C.), the puller may be pulled slowing proximally to ingest
the clot. Alignment markers on the elongate inversion support catheter and the tractor (e.g., a
region at the end of the tractor tube on the outside of the elongate inversion support catheter,
or a region of the puller) may be monitored to indicate when the tractor tube is completely
inverted into the elongate inversion support catheter, and the user may stop pulling
proximally on the puller. RHV A may be loosened and the IC may be advanced, with
aspiration, over the elongate inversion support catheter, which may remove any excess clot or
pieces of clot. The elongate inversion support catheter, puller and tractor may then be
withdrawn proximally through the 1.C. The I.C. may remain in position and contrast applied
to again image through the vessel and a TICI score determined.

[000129] Another example of the operation of a pre-loaded assembly of an inverting tractor
mechanical thrombectomy apparatus is shown in FIGS. 10A-10D. For example, in FIG. 10A,
the pre-assembled apparatus is similar to that shown in FIG. 3A, above. The apparatus
includes an intermediate catheter 1003 that entirely houses the elongate inversion support
catheter 1007 during the tracking through the tortious vessel 1081. A puller (pull micro
catheter 1019) passes through the elongate inversion support catheter, and include a tractor
tube (shown as a knit tractor tube 1015) extends from an attachment site 1008 approximately
2 mm proximal to the distal end of the puller. The opposite end of the tractor tube is held
between the elongate inversion support catheter and the intermediate catheter (within the
intermediate catheter). In FIG. 10A, the guidewire 1017 has been inserted distally to and
through a clot 1033, and the pre-loaded assembly of the inverting tractor mechanical
thrombectomy apparatus is locked (e.g., so that the puller extends distally a predetermined
distance and the elongate inversion support catheter is locked relative to the intermediate

catheter) and advanced distally over the guide wire until it reaches the clot face.
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[000130] In FIG. 10B, the puller distal end is adjacent to the clot face, and the puller may be
locked in position (e.g., at the handle) while the elongate inversion support catheter is
unlocked from the intermediate catheter and advanced distally over the puller and between
the gap formed by the tractor tube. In this example, as the elongate inversion support catheter
is advanced distally, the tractor tube may compress to a compressed/jammed state,
particularly when a knit material is used, before the elongate inversion support catheter slides
within its inner diameter. In FIG. 10C, the elongate inversion support catheter is advanced
distally 1068 over the puller (and under the tractor tube) until the distal end of the elongate
inversion support catheter is aligned with the clot, as shown. Finally, as shown in FIG. 10D,
the puller may be pulled proximally 1091 while the elongate inversion support catheter is
pushed distally 1093 to roll the tractor into the elongate inversion support catheter and
capture the clot 1033.

[000131] As discussed above, in some variations the tractor tube may be completely rolled
into the elongate inversion support catheter before a clot has been completely removed. In
such cases, it may be helpful to ensure that the clot is not ripped or fragmented during the
process. In order to prevent this, the apparatus may be adapted to limit the movement of the
puller and/or the tractor, in addition to (or instead of) using the vacuum and intermediate
catheter, as described above. FIGS. 11A-11C illustrate an example in which the clot is too
long for the tractor tube apparatus to fully engulf. In FIG. 11A, similar to FIG. 9H, the clot
has been captured by the tractor tube 915, which is shown fully retracted into the elongate
inversion support catheter 907. The user may detect that the tractor tube has been fully
retracted because either the puller 919 maybe limited to prevent it moving further proximally
when the tractor tube is fully retracted into the elongate inversion support catheter.
Alternatively, or additionally, the tractor tube may include a first marker 963 that may align
with a marker on the puller 965 when the tractor tube is fully retracted, as shown in FIG.
11A. Unlike FIG. 9H, however, in this example, the clot has not been fully captured, and
some of it remains outside of the tractor and elongate inversion support catheter.

[000132] If the clot is not fully captured by the apparatus, there is a risk that continuing to
pull on the clot may disrupt it, e.g., cutting it into fragments. To avoid this, the apparatus may
be configured to prevent the user from continuing to apply force to the clot once the tractor
has been fully deployed. As mentioned, the user may be instructed to stop drawing the puller
proximally once one or more markers indicate that the tractor tube has been retracted to a
predetermined position. In particular, it may be beneficial to prevent the tractor tube from

fully inverting over the tractor tube, as described in FIG. 12A, below.
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[000133] In some variations, the apparatus may include a stop (e.g., in a handle region)
preventing or limiting the puller to prevent it from extending beyond a predefined limit. For
example, the limiter or puller stop may be configured as a physical stop on the puller portion
of a handle that limits the travel of the puller.

[000134] FIGS. 11B-11C illustrate a method for handling this situation without tearing (and
risk harming the patient). In FIG. 11B the elongate inversion support catheter is stopped from
advancing any further distally, and instead the intermediate catheter may be advanced distally
(with or without aspiration through the intermediate catheter). In FIG. 11C, the clot,
including the portion outside of the elongate inversion support catheter, has been fully
captured within the intermediate catheter, as shown.

[000135] FIG. 12A illustrates another example of a configuration of the apparatus (and in
particular the tractor tube) in which the distal end of the tractor tube is configured with a non-
compliant material 1205 (e.g., a cuff) so that it cannot flip or roll over the distal end of the
elongate inversion support catheter. This may prevent the user from pulling the tractor all the
way around the catheter. In some variations, the cuff is configured to permit the tractor tube
to flip over the distal end of the elongate inversion support catheter. For example, a cuff on
the outer end of the tractor tube may include one or more slits (e.g., between one and 20 slits
or slots) extending along its length configured to permit it to flip and invert, but providing an
increase in the stiffness of the tractor tube. In any of these variations, the cuff on the outer
end of the tractor tube may include a marker (e.g., radiopaque material); for example, the cuff
may be a polymer including a platinum or other radiopaque material suspended in it. FIG.
12B illustrates an example of a cuff 1205” at one end of a flexible tube (‘tractor’) 1207 that
has been inverted over the inversion support catheter 1209.

[000136] As mentioned above, any of these apparatuses may include one or more features
that may be used to improve tracking, and in particular, by preventing the elongate inversion
support catheter from stiffening. This may be a problem with the high column-strength,
highly flexible elongate inversion support catheters that include one or more slot or cut-out
regions along their length. One feature that may be included, discussed above, is the use of
configurations in which the tractor tube, and particularly knitted tractor tubes, are delivered in
a compressed state, rather than a stretched state. As mentioned above, pinning one end of the
tractor tube in the intermediate catheter may be configured to do this in some of the preloaded
configurations described above. FIGS. 13A-16B illustrate other variations. For example, FIG.
13A shows a knitted tractor tube 1315 over an elongate inversion support catheter 1307 that

is stretched. The woven links are connected end-to-end (forming a helical winding pattern
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around the elongate inversion support catheter). FIG. 13B illustrates the resulting
compressive load on the catheter tip in this configuration; friction loads on the knit during
tracking may pull on the distal end of the elongate inversion support catheter, causing it to
stiffen in compression. However, such compressive loads may be lessened or eliminated by
using a woven material held in a compressed configuration, as shown in FIG. 13C. In this
example, the interlocking loops forming the weave are overlapping in a compressed state.
[000137] This compressed state may be maintained by pinning, securing or holding one or
more ends or lengths of the tractor tube in place when the tractor tube is compressed. Any
appropriate mechanism for holding the compression may be used. For example, the apparatus
may include a stop or lock to engage with one or more regions of the tractor tube and hold it
in a compressed configuration during tracking. FIGS. 14A-14D illustrate variations of
structures (stops) that may be used to hold the woven tractor tube on the outside of the
elongate inversion support catheter in a longitudinally compressed state. In FIG. 14A, the
elongate inversion support catheter includes a polymeric lip, ridge or rim (stop) 1401 that
may secure one end of the woven tractor tube against the elongate inversion support catheter
with the tractor tube in compression. Distal force may be applied to pull the tractor tube out
of the stop (not shown). FIG. 14B shows a Nitinol (NiTi) braid 1403 that holds the knitted
tractor tube in compression along the length of the elongate inversion support catheter. FIGS.
14C shows a similar NiTi braids with exposed ends that engage with the knit of the tractor.
FIG. 14D a NiTi knit segment also includes projections that engage with the knit, as shown.
[000138] FIGS. 14A-14G show similar finger-like elements that may be used to engage
with the knit (the loops formed by the knit) of the tractor. In FIG. 15A. the loose ends of the
woven material form short “fingers™ that are exposed and engage with the knitted tractor, as
shown in FIG. 15B. In FIG. 15C, as similar construction having longer “fingers” of loose
ends is shown, and FIG. 15D shows the fingers engaging with the knitted tractor tube. FIG.
15E shows “fingers” formed by the loose ends of the weave located approximately 1 cm from
the tip of the elongate inversion support catheter, and FIG. 15F shows these elements
engaging the knitted tractor tube. FIG. 15G is another example of a set of fingers formed of
projecting metal wires that may be used to removably hold the tractor tube against the
elongate inversion support catheter in compression. FIG. 15H shows an example of a
variation formed by a metal wire having very long “fingers”, engaged with a knitted tractor
tube, holding it in compression.

[000139] Alternatively, or additionally, any of these apparatuses may include a housing or

garage that may be used to hold the knitted tractor tube in compression. For example, FIG.
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16A and 16B illustrate one example of this configuration, in which a housing (‘garage’)
region 1602 formed of a 48-end braided material, is used to hold the knitted tractor tube 1604
in a compressed state at one of its ends on the elongate inversion support catheter. FIG. 16B
shows a similar example of a elongate inversion support catheter having a 10 mm long

‘garage’ region made of a braided material 1608.

REMOVAL OF LARGE CLOTS

[000140] Any of the mechanical thrombectomy apparatuses described herein may be
adapted to remove large clots. In general, a large clot may be large in either or both diameter
(outer diameter) and length, and may be large relative to the mechanical thrombectomy
apparatus. For example, the clot may have a diameter that is larger than the diameter of the
apparatus (e.g., larger than the expanded diameter of the flexible tube which captures the
clot). Thus, the apparatus may be configured to capture and compress the clot so that it may
be withdrawn from the lumen of the vessel, into the lumen of the intermediate catheter and/or
inversion support catheter. The apparatus may also be configured to capture and remove clots
that are longer than the ability of the flexible tube to hold.

[000141] In general, FIGS. 18A-18J show a method of removing a clot 1815 from a vessel
1815 as described herein, in which a vacuum (suction) may be applied through the puller to
make and confirm initial contact with the clot. For example, FIGS. 18A-18B illustrate an
example of an apparatus that is preloaded and configured to both track to the clot and to
remove the large-diameter clot 1815. For example, in FIG. 18A, the apparatus (mechanical
thrombectomy apparatus or inverting tube apparatus) includes an intermediate catheter (IC)
1801, an inversion support catheter (“outer catheter”) 1803 within a lumen of the
intermediate catheter, a puller (shown as a puller catheter) 1805 within a lumen of the
inversion support catheter, and a flexible tube (e.g., knit tube) 1809 extending over the
inversion support catheter. The flexile tube has a first end 1826 coupled at a distal end region
of the puller and a second end 1824 comprising a cuff 1825 that is less flexible that a region
of the flexible tube adjacent to the cuff, wherein the flexible tube is configure to be pulled
proximally into the inversion support catheter by pulling the puller proximally so that the
flexible tube rolls and inverts over a distal end of the inversion support catheter 1823. The
apparatus is shown over a guidewire 1807. In this example, multiple regions include markers
that may be visualized, e.g., under fluoroscopy. For example, the end of the inversion support

catheter includes a marker 1823, as does the distal end of the puller 1826. The puller may
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also include an intermediate marker 1821, shown aligned with the cuff 1825; the cuff also
includes a marker. The assembly is shown within the vessel 1813.

[000142] The apparatus may be distally advanced over the guidewire and positioned
adjacent to the clot 1815. The apparatus may initially be pre-loaded in a tracking
configuration, in which the outer (inversion support) catheter 1803 is retracted into the lumen
of the intermediate catheter 1801 while the puller (puller catheter 1805) with the attached
flexible tube 1809 extending proximally from the distal end 1826, is moved distally to track
over the guidewire. In FIG. 18B, the apparatus is adjusted into a clot-grabbing configuration
in which the inversion support catheter 1803 is extended distally towards the distal end of the
apparatus, although it is still positioned proximal to the puller distal end 1827. The
intermediate catheter 1801 may also optionally be withdrawn proximally, as shown in FIG.
18C, which in some variations may allow the flexible tube to expand outwards (see, e.g.,
FIG. 26B).

[000143] FIG. 18C1 shows an example of a prototype device corresponding to the
apparatus configured as shown in FIG. 18C. In this example the flexible tube is a woven
flexible tube 1809 that is shown extending distally from the distal end face 1827 of the puller.
The puller is shown over a guidewire 1807.

[000144] Once the apparatus is in position near the clot, suction may be applied through the
puller catheter, as shown in FIG. 18D. This focal suction (aspiration) 1840 may be applied
while advancing the apparatus distally to engage the clot, as shown in FIG. 18E. In some
variations, the guidewire is left in place (not shown) or it may be optionally removed (as
shown in FIGS. 18D-18E). Once the distal-facing end of the puller is engaged with the clot,
as shown in FIG. 18E, connection to the clot may be detected by observing the flow and/or
pressure through the puller from the suction 1840°. Thereafter, the puller may be drawn
proximally and/or the inversion support catheter may be moved distally so that the flexible
tube rolls over the distal end opening of the inversion support catheter (these motions are
shown by the large arrows). In FIG. 18F, approximately 30% of the clot has been drawn into
the inversion support catheter by rolling 1866 the flexible tube. In FIG. 18G, more, but not all
(e.g., approximately 70%) of the clot has been ingested, though a substantial amount of clot
remains outside of the inversion support catheter and flexible tube. The vacuum may be left
on, or it may be turned off while pulling the puller proximally to engulf/grab the clot. Heavy
arrows indicate movement of the components of the apparatus, such as the intermediate
catheter, which may be advanced distally, the inversion support catheter, which may also be

advanced distally, and the puller, which may be withdrawn proximally. These motions may
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be coordinated by the handle (not shown) and/or performed manually by the user. Once the
flexible tube has reached the distal end of the inversion support catheter, it may stop or be
stopped, to prevent it from rolling over the distal end. Rolling of the second end of the
flexible tube over the inversion support catheter distal end may cut or break the clot off,
which may be highly undesirable, as it may potentially release the clot, resulting in
complications, and/or may require additional removal steps.

[000145] In FIG. 18 A-18] the second end of the flexible tube includes a cuff 1825 that may
prevent the flexible tube from rolling over the distal end when pulling proximally on the
puller, as shown in FIG. 18H. In FIG. 18I, the intermediate catheter is shown advancing
distally beyond the cuff and the distal end of the intermediate support catheter. In this
configuration (as also described in FIGS. 22A-22B) the motion of the intermediate catheter
1801 may invert the cuff 1825 over the distal end of the inversion support catheter 1803 and
against the clot 1815 without breaking or disrupting the clot. A vacuum (suction) may be
applied through the intermediate catheter is also shown in FIG. 18I (by the small arrows). In
FIG. 18], the flexible tube, puller and inversion support catheter are then drawn proximally
into the intermediate catheter along with the un-engulfed portion of the clot, either by driving
the intermediate catheter distally over them, and/or by pulling the inversion support catheter
(which may be pulled with the puller) proximally.

[000146] Thus, in the example shown in FIGS. 18A-18], a larger clot, both in diameter and
in length, may be removed by the apparatus.

[000147] FIG. 19 illustrates another example of an apparatus that is configured or adapted
to have a smaller diameter (outer diameter) than the vessel and the clot but may be capable of
grabbing and removing larger clots (e.g., clots having an outer diameter that are more than
1.5x, more than 2x, more than 2.5x, etc.) the outer diameter of the flexible tube capturing the
clot.

[000148] In FIG. 19, the apparatus includes a flexible tube that is configured as a knit tube.
In this example the region of the knit tube 1901 on the outside of the inversion support
catheter 1903 hugs the outer diameter (OD) of the inversion support catheter. In order to
maximize the ingesting efficiency/power of the knit when used to capture larger clots, the
stich length of the knit may be tuned to the diameter of the vessel in which the apparatus is to
be used. For example, in general, the stitch length 1905 is the lateral extent of a loop formed
by the knit. In general, the outer diameter 1909 of the inversion support catheter may be
known, and the inner diameter of the vessel (which may be equivalent to the outer diameter

of the clot) may also be known or approximated (e.g. from fluoroscopy). Thus, the user, such
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as a surgeon or physician, may select the appropriate flexible tube (e.g., knit) based on the
selected size. For example, in FIG. 19, twice the knit or stich length (knit/stich length) plus
the outer diameter of the inversion support catheter may be approximately equal to the
~Vessel ID in order to maximize power/efficiency when grabbing and/or removing clot. The
woven stitches may act as fingers or extensions that swing around the distal end opening of
the inversion support catheter 1907, as shown in FIG. 19. Thus, for vessel inner diameters of
between set ranges, the knit/stitch length may be determined. In general, the knitted tube may
comprise a filament knitted to form a plurality of interlocking loop stitches, wherein each
loop stitch has a stitch length that is between the difference of 25% of the ID and one half the
outer diameter (OD) of the inversion support catheter and 65% of the ID and one half of the
OD of the inversion support catheter. For example, twice the knit/stitch length plus the
inversion support catheter OD may be equal to a range of vessel inner diameters (IDs), such
as between about 90%-110% of the vessel ID, between about 80-100% of the vessel 1D,
between about 60-100% of the vessel ID, between about 50-100% of the Vessel ID, between
about 30-100% of the vessel ID, between about 20-100% of the vessel ID, between about 10-
100% of the vessel ID, and/or between about 50-130% of the vessel ID.

[000149] In practice for most neurovascular and/or peripheral vascular applications, the
knit/stitch length may be between about 0.5 mm and about 10 mm (e.g., about 0.5 mm,
between about 0.1 to 0.5mm, about 1. mm, between about 0.5 — 1. mm, about 1.5mm,
between about 1. -1.5mm, about 2. mm, between about 1.5 — 2. mm, about 2.5 mm, between
about 2. - 2.5 mm, about 3. mm, between about 3. — 3.5 mm, between about 0.5mm — 10mm
(e.g.. by any 0.5 mm increment), etc.

[000150] In general, the apparatuses described herein may compress a clot. For example,
FIG. 20A illustrates an example of a clot 2005 shown within the bottle on the top of the
figure that is 5 cm long and has an outer diameter of about 15 mm. A portion of an inverting
mechanical thrombectomy apparatus is shown in the middle of FIG. 20A, showing an
inverting support catheter that is an 8 French (8F) catheter 2003 over which a flexible tube,
formed of a knit material 2001, has been arranged, including coupling to one end of a puller
(not shown). The flexible (knitted) tube in this example is biased to expand in an uploaded
state to an outer diameter than is much greater than the outer diameter of the inverting
support catheter. This apparatus was used to remove the clot 2005, which resulted in
compressing the clot 2007, as shown in FIG. 20A, bottom.

[000151] Another example of an apparatus for removing clot is shown in FIG. 20B,
showing a 10 mm diameter clot 2005” being grabbed and engulfed by a flexible tube 2001°
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having an expanded outer diameter of 5 mm extending over a 3 mm outer diameter inversion
support catheter.

[000152] In general, the amount of clot that may be contained (e.g., “eaten™) by the rolling
and inverting devices described herein in a single pass may be a function of the diameter of
the clot, the length of the flexible tube, the structure of the flexible tube (e.g., woven, knitted,
etc.) and most importantly, the expanded outer diameter of the flexible tube. For example,
FIG.S 21A and 21B illustrate the relationship. In FIG. 21A, the graph shows the length of the
flexible tube (e.g., length of the woven tube, L, needed to fully engulf a clot of 15 mm
diameter and 5 cm length. In general, the results show that for compressible clots, the length
of the flexible tube necessary to fully engulf a 5 cm length of 15 mm diameter clot
(depending on the type of clot, including its compressibility) may be between about 6. mm
and about 60 mm. Thus, as a rough rule of thumb, as much as a 12:1 ratio of flexible tube to
clot may be necessary at this exemplary dimension of a clot. FIG. 21 B illustrates example of
different apparatuses 2105 used to generate the data shown in FIG. 21A.

[000153] In general, the knit expands to a larger diameter than the outer diameter of the
catheter once the apparatus is delivered to a clot site when the vessel ID is much larger than
the catheter OD. Furthermore, the flexible tube (e.g., knit tube) may expand to a larger
diameter than the catheter once it is delivered to clot site, particularly when the vessel ID is
much larger than the catheter OD. This is illustrated, e.g., in FIG. 20B. Typically, to
maximize the efficiency/power of the flexible tube to ingest a clot, when the catheter is much
smaller than the vessel ID/clot OD, it may be helpful to have an expanded outer diameter of
the flexible tube such that it is at least 10% (e.g., at least 20%, 30%, 40%, 50%, 60%, 70%,
80%, etc. of the Vessel ID, or any range between any two of these percentages). For example,
it may be preferable for the expanded flexible tube to have at least 30% of the vessel ID.
Further, as mentioned above, the expanded diameter of the flexible tube may be at least about
30%, 50%, 100%, 150%, 200%, 250%, 300%, 400%, 500%, 600%, etc. of the catheter OD
(or any range between any of these two percentages).

[000154] As shown in FIG. 19, and discussed above, the extension of the loop stiches in
flexible tubes that are knitted (forming “fingers™ on the knit, or protrusion that roll and extend
beyond the expanded OD of the rest of the flexible tube) may further help grab and remove
clot. These extensions for an apparatus such as shown in FIG. 19 (or 26A) may be between
about 0.5mm — 10mm (e.g., between any two value in this range, typically by 0.5 mm

increments, including any range between any such increments).
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[000155] FIGS. 22A and 22B illustrate an example of a cuff as discussed above. In the
example shown in FIGS. 22A and 22B, the cuff 2201 is made of (or includes) a radiopaque
polymer filling the cuff at the second end of knit tube. This may allow it to be seen under
fluoroscopy, and may also prevent unraveling of the knitted tube. In FIG. 22A, the cuff
includes a plurality of lateral slits 2205 (e.g., four are shown, though 3, 4, 5, 6, 7 or more slits
may be used). These slits may allow the cuff to flip over inversion support catheter, e.g.,
when driven by an intermediate catheter 2203, as shown in FIG. 22B. In this example, the
cuff may be formed of a polymer such (e.g., as Pebax 45D + 80% tungsten filled). The cuff
may have a wall thickness of less than about 0.025 inches when laminated on knit, and may
have a length of between 1 and 3 loop stitches (e.g., about 1.5 knit stitches long).

[000156] FIGS. 23A-23B and 24A-24B illustrate examples of a proximal end of a
mechanical thrombectomy apparatus, showing components of the apparatus (e.g., guidewire
2305, inner/inversion support catheter 2307, puller 2309, and intermediate catheter 2311.
FIG. 23B shows another example, of a proximal end of the mechanical thrombectomy
apparatus showing manual controls, including vacuum attachment ports (RHVs) 2317, 2319,
for the different regions, as well as the puller hub 2321 at the proximal end.

[000157] FIGS. 24A-24B illustrate another example of a set of proximal end controls for a
mechanical thrombectomy apparatus. In FIG. 24 A the apparatus control region is shown in a
first puller position (prior to pulling the clot in), and includes the inner (e.g., puller) rotating
hemostat valve (RHV) 2417, outer (intermediate catheter) rotating hemostat valve (RHV)
2419, as well as the puller hub 2421. One or more stop elements 2423, 2423" may be
included on the puller to prevent it from pulling and completely inverting the flexible tube
over the distal end of the inversion support catheter, as described above; flush ports 2432,
2433 are also shown. In FIG. 24B the apparatus control region is shown after pulling the clot
(showing the puller hub extended proximally).

[000158] FIG. 25 illustrate an example of a mechanical thrombectomy apparatus in which
the flexible tube 2505 is configured to cut tissue as it rolls into the inversion support catheter.
In this example, the flexible tube is a knitted tube that includes sharp cutting edges that may
be used to cut through tissue. The apparatus may be used over a guidewire to prevent the
cutter from dissecting the vessel wall.

[000159] FIGS. 26A-26B illustrate two exemplary side perspective views of mechanical
thrombectomy apparatuses. In FIG. 26A, similar to that shown in FIGS. 18A-18]J, the
apparatus include a flexible (e.g., knitted) tube 2601 that is attached at the first end to a puller

catheter 2603 and is configured to expand within the inversion support catheter to an outer
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diameter that is greater than 40% (shown here as greater than 90%) of the inner diameter of
the inversion support catheter 2605, driving the region of the flexible tube within the
inversion support catheter against the walls, even when unloaded by clot. The other region
(un-inverted) of the flexible tube along the outer diameter of inversion support catheter is
shown as snug with the inversion support catheter in the un-constrained configuration. This
results in the Y-shaped distal profile 2609, for the inverting flexible tube, which may help
grab even larger diameter clots.

[000160] FIG. 26B illustrates another example of a mechanical thrombectomy apparatus in
which the expanded outer profile of the flexible tube 2601 is expanded beyond the outer
diameter of the inversion support catheter 2605 near the first end where it attaches to the
puller 2603, but the second end 2621, that is freely sliding over the inversion support
catheter, has a much smaller (nearly snug) expanded diameter. This region may also or

alternatively include a cuff as described herein.

Re-sheathing the tractor

[000161] Any of the inverting tube apparatuses described herein may be configured so that
the inverting tube apparatus may be retracted (e.g., re-sheathed) into an intermediate catheter.
In particular, any of the inverting tube apparatuses that include a cuff at one end (e.g., at the
distal end) of the inverting flexible tube may be re-sheathed into the intermediate catheter
after deployment, including after capturing all or a portion of a clot. FIGS. 27A-27C
illustrates operation of an inverting tube apparatus having a cuff on one end of the flexible
tube. As shown in FIG. 27A, the inverting tube apparatus includes an inversion support
catheter 2707, a puller 2705 within a lumen of the inversion support catheter, and a flexible
tube 2709 extending over the inversion support catheter that is coupled at a first (e.g.,
proximal) end to the puller, and is configured to roll and invert over the open distal end of the
flexible inversion support catheter. In some examples, the flexile tube 2709 may be a woven
or knit material. A second end (e.g., distal) end of the flexible tube 2709 may include a cuff
2711 that is less flexible that the region of the flexible tube adjacent 2715 to the cuff. In FIG.
27A, the apparatus is shown in a deployed or partially deployed configuration, in which the
flexible tube 2709 and inversion support catheter has been extended out of the distal end of
an intermediate catheter 2713, also referred to as a sheath). As discussed above, the apparatus
may be delivered to the clot and deployed from out of the intermediate support catheter,

including using a guidewire (not shown).
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[000162] As shown in FIG. 27B, the flexible tube 2709 is configure to be pulled proximally
into the inversion support catheter 2707 by pulling 2715 the puller 2705 proximally so that
the flexible tube rolls 2719 and inverts over a distal end of the inversion support catheter; the
cuff 2711 may slide along the outside surface of the inversion support catheter. As the device
is deployed, the distal end 2714 of the cuff 2711 extends further from the distal end 2715 of
the intermediate catheter (sheath 2713), which may have a distal end face that faces the
deployed cuff 2711, se

[000163] At any point, either before or after flexible tube has completely, or mostly
completely, withdrawn and inverted into the inversion support catheter, the apparatus, and in
particular the inversion support catheter, flexible tube, cuff, and any captured clot material,
may be withdrawn or re-sheathed back into the intermediate catheter 2713. However, in some
cases, including (but not limited to) variations having a cuff 2711 at the second (e.g., distal)
end of the flexible and inverting tube 2709 may make it difficult to re-insert the cuff back
into the intermediate catheter, as illustrated in FIG. 27C.

[000164] In FIG. 27C, the distal face or end 2717 of the intermediate catheter 2713 is
shown catching on the distal end 2714 of the cuff 2711 when attempting to re-sheath the sub-
assembly including the cuff 2711, flexible tube 2709 and inversion support catheter 2707
back into the intermediate catheter 2713. Although in some variations this may be desirable,
as it may help push the cuff and end of the flexible inverting tube off of the end of the
inversion support catheter (which it may further envelop and/or cut the clot, as described
above in relation to FIGS. 18H-18I), in some variations it may be desired to leave the cuff
2711 on an outside of the inversion support catheter 2707. In this case, as shown in FIG. 27C,
if the distal end 2717 of the intermediate catheter 2713 catches on the end face 2714 of the
cuff 2711, the cuff may be driven forward, towards the end of the inversion support catheter,
as shown. In FIG. 17C, this is shown also driving 2725 the flexible inverting tube 2709
towards the end of the inversion support catheter.

[000165] To avoid this, the apparatus may be configured to include one or more cuff
retainers that hold the cuff level and/or limit its movement so that it may slide into the
intermediate catheter. FIGS. 28 A-28C, 29A-29C, 30A-30C, and 312A-31C all describe cuff
retainers that may be used.

[000166] For example, FIGS. 28 A-28C illustrate an example of an inverting tube apparatus
that includes a cuff at one end of the inverting flexible tube and a cuff retainer, in which the
cuff ad flexible tube over the inversion support catheter may be re-sheathed into the

intermediate catheter after deployment. The cuff retainer may facilitate the re-sheathing of
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the cuff and flexible tube into the distal end of the intermediate catheter by applying a force
to hold the cuff in a fixed position on the outside of the inversion support catheter. In some
variations, the cuff retainer may also or alternatively hold the face of the cuff level relative to
the distal end of the intermediate catheter.

[000167] In FIG. 28A, the inverting tube apparatuses include a cuff 2811 on the end of an
inverting flexible tube 2809 that inverts into the inversion support catheter 2807. A puller (or
pusher) 2805 may slide within the inversion support catheter and is attached to the flexible
tube 2809. The puller (or pusher) in any of these examples may be a catheter and may pass a
guidewire. The cuff retainer in this example is one or more leashes or tether 2835 (e.g., a
filament, wire, strand, cable, etc.) that is connected at one or more points on the cuff and one
or more locations on the outer surface (or through the outer surface) of the inversion support
catheter. The cuff retainer shown is helically arranged over the inversion support catheter so
that it may be unwound or unspooled as the puller/pusher pulls and inverts the flexible tube
into the inversion support catheter. The cuff retainer may be elastic. In some variations the
cuff retainer may include multiple tethers that are spaced circumferentially around the cuff
(e.g., spaced equal distances apart).

[000168] The inverting flexible tube sub-assembly (cuff, inverting flexible tube, and
inversion support catheter) may be re-sheathed into the intermediate catheter 2813 after the
puller has pulled the flexible tube into the inversing support catheter, so that the cuff has slid
over the inverting support catheter to a predetermined position 2833 towards the distal end of
the inversion support catheter, as shown in FIG. 28B.

[000169] Once the cuff retainer 2835 is engaged and applying force against the cuff to hold
it in position relative to the inversion support catheter, the intermediate catheter 2813 maybe
be slid distally 2850 over the distal end of the cuff and/or the sub-assembly including the cuff
may be drawn proximally back in to the intermediate catheter. This is illustrated in FIG. 28C.
[000170] In the variation shown in FIGS. 29A-29C, the cuff retainer 2935 is configured as
one or more leashes or tethers 2935 (e.g., filaments, wires, strands, cables, etc.) that is/are
attached to a cuff 2911. However, in this example, the cuff retainer passes through an
opening 2941 in the inversion support catheter 2907 and attaches to the puller (or pusher)
2905. Thus, as the puller 2905 is drawn proximally to pull and invert the flexible tube 2909
into the inversion support catheter 2905, the cuff retainer 2935 is also drawn with the flexible
tube. This configuration may coordinate the movement of the puller with the movement of
the cuff, as illustrated in FIGS. 29B and 29C. In FIG.29B. As shown in FIG. 29B the cuff

retainer also limits the axial movement of the cuff along the outside of the inversion support
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catheter. Thus, by pulling the puller/pusher 2905 proximally, the cuff retainer may apply a
force holding the cuff in position so that, as shown in FIG. 29C, the intermediate catheter
(sheath 2913) may be advanced distally 2971 and over the cuff and outer portion of the
flexible tube 2909. This configuration may also be useful in reloading the flexible tube, as
(not shown) force applied to pull the cuff proximally (by pulling/pushing the cuff proximally
on the inversion support catheter) may be transmitted to the puller through the cuff retainer
(e.g., the one or more filaments, so that force is applied to both ends of the flexible tube to
reload the device and also eject any clot within the flexible tube and inversion support
catheter.

[000171] FIGS. 30A-30C illustrate another example of an apparatus including a cuff and a
cuff retainer 3035, 3035’ in which the cuff retainer includes a pair of leashes or tethers 3035,
3035 (e.g., filaments, wires, strands, cables, etc.) that are attached to the cuff 3011 and
extend proximally through the intermediate catheter 3013 all the way to a proximal end of the
device where they may be used to apply force (e.g., tension) to the cuff. In FIG. 30B, the
puller 3005 has been withdrawn proximally 3072 to cause the flexible tube 3009 (attached to
the puller) to roll and invert over the distal end of the inversion support tube 3007. By
securing and/or pulling on the cuff retainer 3035, 3035°, and in some variations also securing
and/or pulling on the puller 3005, the cuff may be held in a fixed location while the
intermediate catheter 3013 is driven distally 3074, as shown in FIG. 30C. In this example, the
cuff retainer (e.g., tethers) may be made of a metallic (e.g., stainless steel, elgiloy, Nitinol,
etc.) or polymeric material. As mentioned, in use, the cuff retainer may be locked down or
free to move (e.g., slide) and may be manipulated by the user near the hub of the inversion
support catheter or elsewhere on the proximal end of the apparatus.

[000172] In some variations, the cuff retainer may be used to pull back the tractor to eject
clot after use. For example, the apparatus (e.g., the sup-portion including the cuff, the flexible
tube and the puller) may be reloaded on the inversion support catheter and/or material such as
a clot captured in the apparatus may be ejected by pulling the cuff proximally (and in some
variations pushing the puller/pusher 3005 distally).

[000173] Although the cuff retainer shown in FIGS. 30A-30C is shown as one or more
tethers, in some examples, the cuff retainer is a tubular structure, which may be knitted,
woven, solid, etc.

[000174] In some variations the cuff retainer is a cuff stop near or on a distal region of the
inversion support catheter. For example, in FIG. 31A the cuff retainer is configured as a cuff

stop that is formed as a collar attached to the distal end region of the inversion support
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catheter. In FIG. 31A, the cuff 3111 connected to an end of the flexible tube 3109 slides
freely along the inversion support catheter 3105, so that when the puller/pusher 3105 within
the inversion support catheter is drawn proximally 3172 (a shown in FIG. 31B), the cuff may
be pulled distally while the flexible tube rolls and inverts over the distal end of the inversion
support catheter. In FIG. 31B, the cuff is stopped from moving distally by the cuff retainer
3137 (cuff stop). The intermediate catheter (sheath 3113) may then be moved distally over
the cuff and any portion of the flexible tube 3109 that is external to the inversion support
catheter to re-sheath the apparatus, as shown in FIG. 31C. Alternatively, or additionally, the
inversion support catheter, cuff, flexible tube and puller may be drawn proximally into the
intermediate catheter. In some variations, a combination of both movements may be used.
The puller may be pulled or held so that the cuff is held against the cuff retainer while re-
sheathing or alternatively the intermediate catheter (sheath) may drive the cuff against the
cuff retainer.

[000175] In FIGS. 31C the cuff retainer is a stop that is fixed to the outside of the inversion
support catheter. Any stop that may engage with the outer distal-facing edge of the cuff and
the inversion support catheter may be used. For example, the cuff retainer may be a cuff stop
that is a bump, ridge, button, protrusion, band, ring, lip, or the like. One or more (e.g., two,
three, etc.) discrete regions arranged around the outside of the inversion support catheter may
be used. The cuff retainer may made of any appropriate material, e.g., a polymer or metallic
structure, and may be a solid element or a braid or knit structure.

[000176] In addition to these mechanical cuff retainers (cuff stops), electrical and/or
magnetic cuff retainers may be used. For example, the cuff retainer may be a magnetic or
paramagnetic material that interacts with cuff (which may include a magnetic or parametric
material) to limit movement of the cuff distally.

[000177] Any of the cuffs described herein may also include one or more tapered or shaped
ends that also help re-sheath the apparatus. For example, in some variations, the proximal end
of the cuff may be tapered towards the inversion support catheter.

[000178] FIGS. 32A-32C illustrate examples of tapered cuffs that may be used. In FIG.
32A, the apparatus includes a cuff 3211 that has a skived or tapered proximal end 3242. The
cuff is attached at the other end to the flexible tube 3209 which inverts and rolls over the
inversion support catheter 3207 when pulled by the puller 3205 from within the inversion
support catheter. The sub-assembly including the inversion support catheter, flexible
(inverting) tube, and the cuff is shown in a deployed configuration extending from outside of

the intermediate catheter 3213. The tapered cuff may aid in re-sheathing the sub-assembly,
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including the cuff, back into the intermediate catheter. A tapered cuff may be used with or
without a cuff retainer, including any of those described above.

[000179] FIG. 32B is another example of a tapered cuff 3211 that includes a proximal
tapered region 3245’ In this example, the tapered region includes serrations that may allow
some flexibility of the narrowed proximal end so that it is still free to slide on the inversion
support catheter. The serrations may be configured as one or more slots, slits or cut-out
regions in the tapered region. The serrations may be limited to the tapered region.

[000180] FIG. 32C is another example of a tapered cuff 3211 having a crown-like tapered
region 3255 comprising a number of larger cut-out regions, similar to the serrations of the
tapered region in FIG. 22B. In FIG. 32C the tapered region may include tapered fingers or
projections that may be triangular, square/rectangular, curved and/or sinuous and/or
irregularly shaped tapered extensions. In some variations, the tapered region is crenelated.
[000181] The tapered regions of the cuff may extend over a portion of the cuff, eg.,
between 5%-50% of the length of the cuff in the long-axis of the inversion support catheter
(e.g., between 10% and 50%, between 15% and 50%, between 10% and 40%, etc.). The cuff
may be any appropriate length, e.g., between 0.5 mm and 30 mm, between 1 mm and 20 mm,
between 2 mm and 20 mm, greater than 2 mm, greater than 3 mm, greater than 4 mm, greater
than 5 mm, greater than 6 mm, etc.).

[000182] FIGS. 32D and 32E illustrate cuffs having tapered regions that are angled on the
proximal-facing sides. Thus, the proximal-facing side of the cuff is angled relative to the
body of the cuff and the inversion support catheter. In FIG. 32D the cuff 3211 has an angled
proximal side 3265, but the distal-facing side of the cuff is flat (e.g., perpendicular to the long
axis of the inversion support catheter over which it may slide. FIG. 32E shows a cuff 3211’
that is similar to the variation shown in FIG. 32D but is also angled on the distal-facing side.
The angled proximal-facing side may be tapered (and/or may include tapered cut-out
regions/perforations). Cuffs having angled proximal faces may also be used with a cuff
retainer. The angled proximal face may be formed by cutting the cuff at an angle. Any
appropriate angle may be used, e.g., between 5 degrees and 60 degrees (e.g., between 10
degrees and 50 degrees, between 15 degrees and 45 degrees, etc.), measured as the acute
angle formed between the proximal-facing side and the sidewall of the cuff.

[000183] FIG. 32F illustrates a cuff 3211 having a proximal-facing stent like structure 3275
that is low-profile and may also help with re-sheathing. Any of the tapered and/or angled
cuffs may also include a proximally-extending stent-like structure. The stent-like structure

may include wires, filaments, ribbons, etc. extending from the proximal edge. These sent-like
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structures may be flattened toward the inversion support catheter 3207 outer surface. A stent-
like structure may also be referred to as a low-profile scaffolding, and may extend completely
or partially around the perimeter of the cuff.

[000184] Any of the apparatuses described herein may also be configured to be re-loadable.
For example, FIGS. 33A-33D illustrate one example of a re-loading apparatus in which a
single-use subassembly including a cuff 3311 (configured as a split cuff), a flexible tube
3309, and an inner puller 3305, is loaded onto the inversion support catheter 3307, and
partially deployed out of the intermediate catheter (sheath 3313). The sub-assembly, which
may be referred to as an inverting flexible tube sub-assembly is removable from the inversion
support catheter, and may be removed from the inversion support catheter out of the
intermediate catheter after removing all or part of a clot; the intermediate catheter (sheath)
may then be left in place while the intermediate catheter and inverting flexible tube sub-
assembly may be removed from the vessel proximally. Once withdrawn, the sub-assembly
may be removed from the inversion support catheter and a new sub-assembly may be loaded
onto the inversion support catheter and inserted back through the intermediate catheter to
remove additional clot material. This is illustrated in FIGS. 33A-33E.

[000185] In FIG. 33A, the apparatus is shown partially deployed, with the inversion support
catheter 3307 extending out of the sheath 3313, and the flexible tube 3309 connected at one
end to a split cuff 3311 and at the other end to a puller (e.g., puller assembly, including a
puller wire 3305 and a puller catheter segment 3306). The cuff may be slid over the inversion
support catheter distally as the puller is drawn proximally (e.g., by pulling on the puller end
3356). Pulling the puller proximally causes the flexible tube to roll and invert over the distal
end of the inversion support catheter. In FIG. 33A, a guidewire 3341 may be used, and passes
through the catheter segment 3306 of the puller. As described in greater detail above, this
may draw a clot into the inversion support catheter. Once the cuff reaches the distal end of
the inversion support catheter, as shown in FIG. 33B, the cuff may split apparat and roll and
invert 3372 over the distal end of the inversion support catheter as well, into the inversion
support catheter. As shown in FIG. 33C, the entire sub-assembly (e.g., the puller, flexible
tube 3309 and split cuff 3311 may then be housed within the inversion support catheter 3307,
and withdrawn proximally out of the sheath 3313. For example, the proximal end of the
inversion support catheter may include a handle or grip 3361, allowing it to be advanced
and/or withdrawn from outside of the patient. The entire sub-assembly and/or inversion

support catheter may be removed proximally out of the patient.
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[000186] Once removed, the inverting flexible tube sub-assembly may then be removed,
along with captured clot, from the inversion support catheter, and either a new inversion
support-catheter pre-loaded with an inverting flexible tube sub-assembly may then be
inserted into the sheath and back into the vessel to capture any additional clot material, or the
same inversion support catheter may be re-loaded with a new inverting flexible tube sub-
assembly, as shown in FIGS. 33D and alternative variation in FIG. 33E.

[000187] In FIG. 33D, a new inverting flexible tube sub-assembly 3360, including the
puller (puller assembly including pull wire 3305 and pull catheter 3306), flexible tube 3309
and cuff 3311, is loaded 3374 into the distal end of the inversion support catheter 3307. The
variation shown in FIG. 33E is similar to that shown in FIG. 33D, but the cuff 3311° is un-
inverted, and therefore loads on the outer surface of the inversion support catheter. As the
loaded inversion support catheter is driven back through the sheath, the flexible tube 3309
and cuff may be driven proximally, so that it prepared to be withdrawn proximally by the
puller to capture clot by the time it reaches the distal end region of the sheath.

[000188] In any of these variations, a guidewire may be use to insert and guide insertion of
the inverting flexible tube sub-assembly and/or inversion support catheter to the clot material.
[000189] The steps of capturing clot, withdrawing the sub-assembly proximally and
reloading anew sub-assembly, as illustrated in FIGS. 33A-33E, may be repeated as necessary
to remove more clot material.

[000190] Alternatively, as mentioned above, any of the apparatuses described herein may
be configured to reusing inverting flexible tube sub-assembly and other portions of the
apparatus. For example, the apparatus may be deployed to a clot, and used to remove at least
a portion of the clot, and the clot, captured by the flexible tube, may be withdrawn out of the
vessel, and ejected from the flexible tube, and the flexible tube (e.g., the inverting flexible
tube sub-assembly including the flexible tube) reloaded, reinserted and used to remove
additional clot. An example of this is illustrated in FIGS. 34A-34C.

[000191] In FIG. 34A, a portion of clot 3490 has been captured by an apparatus. The
apparatus may include an inversion support catheter 3407, a puller 3405, a flexible tube 3409
and a cuff 3411. In this example, the puller includes a proximal handle region 3465 and the
inversion support catheter includes a proximal handle region 3467. The apparatus has been
withdrawn from out of the patient after grabbing the clot material in FIG. 34A. The clot
material may then be ejected from the apparatus, as shown in FIG. 34B. In this example, the
clot material is ejected by pulling the cuff proximally 3472 and/or by pushing the puller
distally 3474. In some variations, the clot may be ejected by both pushing the puller distally
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and by pulling the cuff proximally. For example, in some variations it may be beneficial to
use an ejection apparatus 3522, as shown schematically in FIG. 35, to coordinate the relative
motion of the puller 3505 (or puller assembly) and the inversion support catheter 3507, while
drawing the cuff 3511 proximally. The ejection apparatus 3522 couples to both the puller
proximal handle 3565 and the inversion support catheter proximal handle 3567 and moves
the two handles 3565 and 3567 closer to each other 3572, as shown by the arrows. Force may
also be provided (manually or automatically) to move the cuff 3511 proximally to eject the
clot material 3590 from the flexible tube 3509. For example, the ejection apparatus may be a
mechanical apparatus including one or more springs (e.g., extension springs) to assist in
gjecting the clot material.

[000192] Once the clot is ejected, as shown in FIG. 34C, the apparatus is prepared for re-
insertion, and may be inserted back into the patient (e.g., through an intermediate catheter
with or without a guidewire) to remove additional clot material. An additional cover or sheath

may be used to re-introduce the apparatus through the intermediate catheter.
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CLAIMS

1. An inverting tube apparatus for removing a clot from a vessel, the apparatus
comprising:

an inversion support catheter;

a puller within a lumen of the inversion support catheter; and

a flexible tube extending over a distal end of the inversion support catheter, the flexile
tube having a first end coupled at a distal end region of the puller and a second end
comprising a cuff that is less flexible that a region of the flexible tube adjacent to the cuff,
wherein the flexible tube is configure to be pulled proximally into the inversion support
catheter by pulling the puller proximally so that the flexible tube rolls and inverts over a

distal end of the inversion support catheter.

2. The apparatus of claim 1, wherein the cuff comprises one or more slits along its

length extending in a proximal-to-distal direction.

3. The apparatus of claim 1 or 2, wherein the cuff comprises a polymeric material.

4. The apparatus of any of claims 1-3, further comprising a cuff retainer configured to

prevent the cuff from extending over the distal end of the inversion support catheter.

5. The apparatus of claim 4, wherein the cuff retainer comprises one or more

filaments coupling the cuff to the inversion support catheter.

6. The apparatus of claim 4, wherein the cuff retainer comprises a mechanical stop on

the inversion support catheter.

7. The apparatus of claim 4, wherein the cuff retainer comprises one or more filament

connecting the cuff to the puller through a lateral opening in the inversion support catheter.

8. The apparatus of claim 4, wherein a proximal-facing end of the cuff is tapered.

9. The apparatus of claim 4, wherein a proximal-facing end of the cuff comprises a

low-profile scaffolding extending at least partially around the perimeter of the cuff.
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10. The apparatus of any of claims 1-9, further comprising a first proximal port

configured to couple with a vacuum source to apply vacuum through the puller.

11. The apparatus of any of claims 1-9, further comprising a second proximal port
configured to couple with a vacuum source to apply vacuum between the intermediate

catheter and the inversion support catheter.

12. The apparatus of any of claims 1-11, wherein the intermediate catheter is
configured to push the cuff over the distal end of the inversion support catheter when the

intermediate catheter is advanced distally past the cuff.

13. The apparatus of any of claims 1-12, wherein the flexible tube comprises a knit.

14. The apparatus of any of claims 1-13, wherein the cuff is radiopaque.

15. An inverting tube apparatus for removing a clot from a vessel, the apparatus
comprising:

an inversion support catheter;

a puller within a lumen of the inversion support catheter; and

a flexible tube extending over a distal end of the inversion support catheter, the flexile
tube having a first end coupled at a distal end region of the puller and a second end
comprising a cuff that is less flexible that a region of the flexible tube adjacent to the cuff,
wherein the flexible tube is configure to be pulled proximally into the inversion support
catheter by pulling the puller proximally so that the flexible tube rolls and inverts over a
distal end of the inversion support catheter, and wherein the cuff is tapered at the proximal

facing end.

16. An inverting tube apparatus for removing a clot from a vessel, the apparatus
comprising:

an intermediate catheter;

an inversion support catheter within a lumen of the intermediate catheter;

a puller within a lumen of the inversion support catheter; and
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a knitted tube extending over the inversion support catheter, the knitted tube having a
first end coupled at a distal end region of the puller and a second end that is free,

wherein the knitted tube is configured to be pulled proximally into the inversion
support catheter by pulling the puller proximally so that the knitted tube rolls and inverts over
a distal end of the inversion support catheter,

wherein the knitted tube comprises a filament knitted to form a plurality of
interlocking loop stitches, and

wherein each loop stitch has a stitch length that is between 0.5mm and 10mm.

17. The apparatus of claim 16, wherein the knitted tube extends over the inversion
support catheter with an inner diameter that is within 20% of the outer diameter of the

inversion support catheter.

18. The apparatus of claim 16 or 17, wherein the second end of the knitted tube
comprises a cuff that is less flexible that a region of the knitted tube adjacent to the cuff.

19. An inverting tube apparatus for removing a clot from a vessel, the apparatus
comprising:

an inversion support catheter;

a puller within a lumen of the inversion support catheter; and

a knitted tube extending over the inversion support catheter in a first configuration,
the knitted tube having a first end coupled to a distal end region of the puller, and a second
end that is free to move relative to the inserting support catheter, wherein the knitted tube is
configure to be pulled proximally into the inversion support catheter by pulling the puller
proximally so that the knitted tube rolls and inverts over a distal end of the inversion support
catheter into a second configuration within the inversion support catheter;

further wherein the knitted tube in the first configuration has an expanded outer
diameter that is between 0.5 mm and 12 mm for a first region of the knitted tube that is
adjacent to the first end, and the knitted tube in the second configuration has an inner
diameter that is greater than 30% of an inner diameter of the inversion support catheter, and
wherein a second region of the knitted tube adjacent to the second end has an expanded outer
diameter that is less than the expanded outer diameter of the region of the knitted tube
adjacent to the first end and within 20% of an outer diameter of the inversion support

catheter.
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20. The apparatus of claim 19, further comprising a cuff at the second end, wherein

the cuff has a stiffness that is greater than a region of the knitted tube adjacent to the cuff.

21. The apparatus of claim 19 or 20, further comprising a stop configured to limit the
travel of the knitted tube so that the second end does not roll and invert over the distal end of

the inversion support catheter.

22. The apparatus of any of claims 19-21, wherein the knitted tube is shape set so that
the first configuration has the outer diameter between 0.5 mm and 10 mm for the region of
the kitted tube adjacent to the first end, and the knitted tube in the second configuration has
an inner diameter that is greater than 60% of the inner diameter of the inversion support

catheter.

23. The apparatus of any of claims 19-22, wherein the first region of the kitted tube is

at least 2 cm long.

24. The apparatus of any of claims 19-23, wherein the second region is at least 1 cm

long.

25. The apparatus of any of claims 19-24, wherein the knitted tube comprises a
filament knitted to form a plurality of interlocking loop stitches, wherein each loop stitch has

a stitch length that is between 0.5 mm and 10 mm.

26. The apparatus of claim 25, wherein, at a region of the knitted tube that is inverting
from the first configuration to the second configuration, a sub-set of the plurality of loop
stitches forming the knitted tube extend proud from the long axis of the knitted tube by

between 0.5 mm and 10 mm.

27. The apparatus of any of claims 19-26, further comprising an intermediate catheter
having a lumen, wherein the inversion support catheter is within the lumen of the
intermediate support catheter and may be extended distally from the intermediate catheter to

deploy the knitted tube so that the knitted tube may expand into the first configuration.
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28. The apparatus of any of claims 19-27, wherein the puller comprises a puller

catheter.

29. A pre-loaded inverting mechanical thrombectomy apparatus for removing a clot
from a vessel configured to be delivered through a tortious anatomy, the apparatus
comprising:

an intermediate catheter having a distal end;

an inversion support catheter within a lumen of the intermediate catheter, the
inversion support catheter having a distal end and a distal end opening;

a puller extending within the inversion support catheter; and

a flexible tube extending proximally from a distal end region of the puller so that a
distal-facing face of the puller extends distally beyond the flexible tube,

wherein the puller extends from the distal end of the intermediate catheter and the
distal end opening of the inversion support catheter; and wherein the distal end opening of the
inversion support is held within the lumen of the intermediate catheter, and wherein the

flexible tube extends between the inversion support catheter and the intermediate catheter.

30. The apparatus of claim 29, wherein the inversion support catheter comprises a
plurality of slots or cut-out regions along its length to enhance flexibility while maintaining
column strength such that the inversion support catheter is able to withstand at least about

500g of compressive force.

31. The apparatus of claim 29 or 30, wherein the flexible tube comprises a knitted
tube.

32. The apparatus of claim 29, wherein the inversion support catheter comprises a
plurality of slits or openings around the perimeter of the inversion support catheter and down

the length of the inversion support catheter.
33. The apparatus of claim 29, wherein the inversion support catheter is removably

secured to the intermediate catheter so that the intermediate support catheter and the

intermediate catheter move relative to each other.
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24. The apparatus of any of claims 19-23, further comprising a guidewire within the
puller.

25. The apparatus of any of claims 19-23, wherein puller comprises a micro catheter.

26. The apparatus of any of claims 19-23, wherein the puller comprises a guidewire.

27. A pre-loaded inverting mechanical thrombectomy apparatus for removing a clot
from a vessel configured to be delivered through a tortious anatomy, the apparatus
comprising:

an intermediate catheter having a distal end;

an inversion support catheter extending distally from a lumen of the intermediate
catheter, the inversion support catheter having a distal end and a distal end opening;

a puller extending distally within the inversion support catheter; and

a flexible tube extending proximally from a distal end region of the puller and
between the intermediate catheter and the inversion support catheter,

wherein the puller extends from the distal end of the intermediate catheter and the
distal end opening of the inversion support catheter; and wherein the distal end opening of the
inversion support is held within the lumen of the intermediate catheter, and wherein the
flexible tube extends between the inversion support catheter and the intermediate catheter,
and

wherein the puller and inversion support catheter are releasably held together so that

they move together while advancing distally within a vessel lumen.

28. The apparatus of claim 27, wherein the inversion support catheter comprises a
plurality of slots or cut-out regions along its length to enhance flexibility while maintaining
column strength such that the inversion support catheter is able to withstand at least about

500g of compressive force.

29. The apparatus of claim 27 or 28, wherein the tractor tube comprises a knitted tube.

30. The apparatus of claim 27, wherein the inversion support catheter comprises a

plurality of slits or openings around the perimeter of the inversion support catheter and down

the length of the inversion support catheter.
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31. The apparatus of any of claims 27-30, further comprising a guidewire within the
puller.

32. The apparatus of any of claims 27-30, wherein puller comprises a micro catheter.

33. The apparatus of any of claims 27-30, wherein the puller comprises a guidewire.

34. An inverting mechanical thrombectomy apparatus for removing a clot from a
vessel configured to be delivered through a tortious anatomy, the apparatus comprising:

an inversion support catheter extending distally, the inversion support catheter having
a distal end and a distal end opening, the inversion support catheter comprising a plurality of
slots or cut-out regions along its length to enhance flexibility while maintaining column
strength such that the inversion support catheter is able to withstand at least about 500g of
compressive force;

a puller extending distally within the inversion support catheter; and

a flexible tube extending proximally from a distal end region of the puller,

wherein the flexible tube comprises a knitted material that is held in compression
along an outside region of the inversion support catheter and inverts over the distal end
opening of the inversion support catheter and couples to the puller, and

wherein pulling the puller proximally causes the flexible tube to roll from the outside
region of the inversion support catheter, over the distal end opening and invert into the

inversion support catheter.
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34, A pre-loaded inverting mechanical thrombectomy apparatus for removing a clot
from a vessel configured to be delivered through a tortious anatomy, the apparatus
comprising:

an intermediate catheter having a distal end;

an inversion support catheter extending distally from a lumen of the intermediate
catheter, the inversion support catheter having a distal end and a distal end opening;

a puller extending distally within the inversion support catheter; and

a flexible tube extending proximally from a distal end region of the puller and
between the intermediate catheter and the inversion support catheter,

wherein the puller extends from the distal end of the intermediate catheter and the
distal end opening of the inversion support catheter; and wherein the distal end opening of the
inversion support is held within the lumen of the intermediate catheter, and wherein the
flexible tube extends between the inversion support catheter and the intermediate catheter,
and

wherein the puller and inversion support catheter are releasably held together so that

they move together while advancing distally within a vessel lumen.

35. The apparatus of claim 34, wherein the inversion support catheter comprises a
plurality of slots or cut-out regions along its length to enhance flexibility while maintaining
column strength such that the inversion support catheter is able to withstand at least about
500g of compressive force.

36. The apparatus of claim 33 or 34, wherein the tractor tube comprises a knitted tube.

37. The apparatus of claim 27, wherein the inversion support catheter comprises a
plurality of slits or openings around the perimeter of the inversion support catheter and down

the length of the inversion support catheter.

38. The apparatus of any of claims 34-37, further comprising a guidewire within the

puller.

39. The apparatus of any of claims 34-37, wherein puller comprises a micro catheter.

40. The apparatus of any of claims 34-37, wherein the puller comprises a guidewire.
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41. An inverting mechanical thrombectomy apparatus for removing a clot from a
vessel configured to be delivered through a tortious anatomy, the apparatus comprising:

an inversion support catheter extending distally, the inversion support catheter having
a distal end and a distal end opening, the inversion support catheter comprising a plurality of
slots or cut-out regions along its length to enhance flexibility while maintaining column
strength such that the inversion support catheter is able to withstand at least about 500g of
compressive force;

a puller extending distally within the inversion support catheter; and

a flexible tube extending proximally from a distal end region of the puller,

wherein the flexible tube comprises a knitted material that is held in compression
along an outside region of the inversion support catheter and inverts over the distal end
opening of the inversion support catheter and couples to the puller, and

wherein pulling the puller proximally causes the flexible tube to roll from the outside
region of the inversion support catheter, over the distal end opening and invert into the

inversion support catheter.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-15, 41

Inverting tube aparatus for removing a clot from a vessel
comprising an inversion support catheter, a puller and a
flexible inverting tube with a cuff at the second end

1.1. claim: 41

Inverting mechanical thrombectomy aparatus for removing a
clot from a vessel comprising an inversion support catheter
with a plurality of slots or cut-outs for enhancing
flexibility, a puller and a flexible knitted inverting tube

2. claims: 16, 18

Inverting tube aparatus for removing a clot from a vessel
comprising an intermediate catheter, an inversion support
catheter, a puller and a knitted inverting tube with
filament knitted to form a plurality of interlocking Toop
stitched having a length between 0,5 and 10 mm

3. claims: 17, 19-28

Inverting tube aparatus for removing a clot from a vessel
comprising an inversion support catheter, a puller and a
knitted inverting tube having a first and a second
configuration, the knitted tube having an expanded outer
diameter of 0,5-12 mm for the first region adjacent the
first end in the first configuration, an inner diameter
grater than 30% of an inner diameter of the inversion
support catheter in the second configuration, and a second
region of the knitted tube adjacent the second end has an
expanded outer diameter less than the expanded outer
diameter of the knitted tube region adjacent the first end
and within 20% of an outer diameter of the inversion support
catheter.

4. claims: 29-40

Pre-1loaded inverting mechanical thrombectomy aparatus for
removing a clot from a vessel comprising an intermediate
catheter, an inversion support catheter, a puller and a
flexible inverting tube extending between the inversion
support catheter and the intermediate catheter, wherein the
puller and the inversion support catheter are releasabl held
together.
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