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NEUROVASCULAR DISTAL ACCESS SUPPORT CATHETERS,
ASPIRATION CATHETERS, OR DEVICE SHAFTS

CROSS REFERENCE TO RELATED APPLICATION DATA
{8061} The present application claims the benefit under 35 USC §11%(e) of U.S.
Provisional Appln. Nos. 62/701,254 filed July 20, 2018 and 62/858,835 filed June 7, 2019;
the full disclosures which are incorporated herein by reference in their entirety for all

PUrposes.

BACKGROUND OF THE INVENTION
180062} This application relates generally to catheters for use in medical applications, and
more specifically relates to neurovascular distal access support catheters, intravascular-device

shafts, and/or aspiration catheters and methods of use or manufacture,

[8663] Typically, catheters may be used for a variety of medical applications. For
example, catheters may be designed as delivery catheters configured to position medical
devices within a patient directly or indirectly {e.g., via one or more intermediary catheters),
Such catheters may also be coupled to a thud source to deliver fluid to a designated location
within a patient or to inflate a medical device (e.g., a balloon). Catheters may be coupled to
an aspiration source to aspirate (e.g., obstructions} trapped within a patient. Catheters may be
requared to navigate particularly narrow or small diameter, tortuous, or curved vasculature to
be advanced into a desired position within a patient. Constructing braided or coiled catheters
with additional materials or matenals with ditferent stiffness may provide flexibility as
needed to navigate particularly tortuous vasculature. However, the additional materials may
also lead to an increase in overall size or wall thickness of such catheters. Therefore, it would
be desirable to provide improved catheters, and in particular, distal access support and/or
aspiration catheters with improved features including increased flexibility or improved sizing
(e.g., increased inner diameter or decreased wall thickness or outer diameter while

maintaining sutficient structural integrity.
BRIEF SUMMARY OF THE INVENTION
[8004]  According to an aspect of the invention, a catheter or shaft (e g., a distal access

support catheter, an aspiration catheter, an intravascular-device shaft) configured to be
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advanced at least partially within a patient is provided that includes a flexible and hollow
shaft including a proximnal end and a distal end, the flexible and hollow shaft including a
slotted portion with a plurality of slotted openings. The slotted portion includes a first
segment with a first pattern of slotted openings and a second segment extending proximally
relative the first segment with a second pattern of slotted openings different from the first

pattern.

(80658}  In some embodiments, first pattern of slotted openings includes a repeating helical
pattern of cut and uncut portions extending circumferentially around and along a length of the
first segment and wherein the second pattern of slotted openings includes a repeating helical
pattern of cut and uncut portions extending circumferentially around and along a length of the

second segment.

[8066]  In some embodiments, a longitudinal spacing between the slotted openings of the
first pattern at a distal portion of the first segment is smaller relative to a longitudinal spacing
between the slotted openings of the second pattern at a proximal portion of the second
segment such that a density of the slotted opeunings at the distal portion is greater relative to a
density of the slotted openings at the proximal portion. In some embodiments, the helical
pattern of cut and uncut portions of the first or second patterns of slotted openings extend
circumferentially around and along a length of the first or second segments and alternates
between cut and uncut portions such that uncut portions extend between two cut portions. In
some embodiments, a combingd arc length of circumferentially adjacent cut and uncut
portions of the helical pattern of the first pattern or second pattern of slotted openings is

between 100 degrees and 180 degrees.

(80067}  In certain embodiments, the distal end of the flexible and holiow shaft ts coupled to
an intravascular device that includes an expandable basket movable between a collapsed
configuration and an expanded configuration, the expandable basket configured to be in the
collapsed configuration during delivery into a vasculature of the patient via the tlexible and
hollow shaft of the catheter or shaft and in the expanded configuration during engagement
and retrieval of an obstruction. The expandable basket includes a proximal end and a distal
end, wherein at least one of the proximal end or the distal end 1s movable relative to each
other such that a proximal portion of the expandable basket is invertible towards a distal
portion of the expandable basket to form a proximally oriented cavity in the expanded

configuration. In certain emboduments, the distal end of the flexible and hollow shaft is

b
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coupled to a flow diverter configured to be delivered into a patient’s vasculature. In other
embodiments, the distal end of the flexible and hollow shaft 15 coupled to a coil embolization

device configured to be delivered into a patient’s vasculature.

{8008} In some embodiments, the flexible and hollow shatt is sized and adapted to allow
aspiration of an obstruction through the flexible and hollow shaft. In other ermnbodiments, the
tlexible and hollow shaft is sized and adapted to allow a delivery catheter for an intravascular
device to extend therethrough, the delivery catheter configured to position the intravascular
device distally of the distal end of the distal access support catheter. In yet other
embodiments, the slotted portion is configured to provide the flexible and hollow shaft with
flexibility to traverse at least two bends having angles of at least or up to 90 degrees during
advancement through the patient. In further embodiments, the slotted portion is configured to
provide the flexible and hollow shaft with flexibility to traverse at least three bends up having

angles of at least or up to 90 degrees during advancement through the patient.

18009} In some embodiments, a ratio of an area of the slotted portion of the flexible and
hollow shaft without slotted openings relative to an area of the slotted portion with slotted
openings has a value up to 50%. In some embodiments, the ratio may be greater than 50%.
The slotted openings may be laser-cut. The flexible and hollow shaft may be tormed out of a
hypotube. The flexible and holiow shatt may include at least one of a non-slotted portion
extending proxamally relative the slotted portion or a non-slotted portion extending distally
relative the slotted portion. The flexible and holiow shaft may be constructed out of one or
more of stainless steel, nitinol, chromium, cobalt, platinum, or polymer. In some
embodiments, the tlexible and hollow shaft is operably coupled to or in fluid communication
with one or more of a catheter control handle, aspiration source, inflation source, or fluid

delivery source.

[8618] In some embodiments, the flexible and hollow shafi does not include a coil or
braided material. The catheter may include an outer liner extending coaxially arcund the
flexible and hollow shaft. In certain embodiments, the flexible and hollow shatt does not
include an inner liner extending coaxially within the tlexible and hollow shaft. The outer liner
may have a uniform hardness along its length. In some embodiments, an inner liner extending
coaxially within the flexible and hollow shatt such that the flexible and hollow shaft is
sandwiched between the inner and outer liners. In some embodiments, the inner liner is

directly coupled to the flexible and hollow shaft.

(98]
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(80611} According to another aspect of the invention, an aspiration catheter configured to
be advanced at least partially within a patient proxamate to an obstruction to aspirate the
obstruction therefrom is provided that includes a flexible and hollow shaft including a
proximal end and a distal end, the flexible and hollow shaft including a slotted portion with a
plurality of slotted openings, wherein the slotted portion includes a first segment with a first
pattern of slotted openings and a second segment extending proximally relative the first

segment with a second patiern of slotted openings different from the first pattern.

9812} In some embodiments, first pattern of slotted openings includes a repeating helical
pattern of cut and uncut portions extending circumferentially around and along a length of the
first segment and wherein the second pattern of slotted openings includes a repeating helical
pattern of cut and uncut portions extending circumferentially around and along a length of the

second segment.

18813} In some embodiments, a longitudinal spacing between the slotted openings of the
first pattern at a distal portion of the first segment is smaller relative to a longitudinal spacing
between the slotted openings of the second pattern at a proximal portion of the second
segment such that a density of the slotted openings at the distal portion is greater relative to a
density of the slotted openings at the proximal portion. In some embodiments, the
longitudinal spacing of the first and/or second segment progressively may vary along the
length of the first and/or second segment (or along the length of the catheter or shaft). In
some embodiments, the helical pattern of cut and uncut portions of the first or second patterns
of slotted openings extend circumferentially around and along a length of the first or second
segments and alternates between cut and uncut portions such that uncut portions extend
between two cut portions. In some embodiments, a combined arc length of circumferentially
adjacent cut and uncut portions of the helical pattern of the first pattern or second pattern of
slotted openings is between 100 degrees and 180 degrees. In some embodiments, a ratio of an
arc length of a cut portion to an arc length of an uncut portion may progressively vary along
the length of the first and/or second segment (or along the length of the catheter or shaft). As
an example, the ratio may progressively decrease along the length of the first and/or second
segment. In some embodiments, the longitudinal spacing of the first and/or second segment
may progressively vary along the length of the first and/or segment, and the ratic of an arc
length of a cut portion to an arc length of an uncut portion may progressively vary along the
length of the first and/or second segment {or along the length of the catheter or shaft). Asan

example, the longitudinal spacing of the first or second segment may progressively increase
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along the length of the first and/or segment, and the ratioc may progressively increase along

the length of the first and/or second segment.

[0014] In yet other embodiments, the slotted portion is configured to provide the flexible
and hollow shaft with flexibility to traverse at least two bends having angles of at least or up
to 90 degrees during advancement through the patient. In further embodiments, the slotted
portion is configured to provide the flexible and hollow shaft with flexibility to traverse at
least three bends up having angles of at least or up to 90 degrees during advancement through

the patient.

18015} In some embodiments, a ratio of an area of the slotted portion of the flexible and
hollow shaft without slotted openings relative to an area of the slotted portion with slotted
openings has a value up to 50%. In some embodiments, the ratio may be greater than 50%.
The slotted openings may be laser-cut. The flexible and hollow shaft may be formed out of a
hypotube. The flexible and holiow shatt may include at least one of a non-slotted portion
extending proximally relative the slotted portion or a non-slotted portion extending distally
relative the slotted portion. The flexible and hollow shaft may be constructed out of one or
more of stainless steel, nitinol, chromium, cobalt, platinum, or polymer. In some
embodiments, the tlexible and hollow shaft is operably coupled to or in fluid communication
with one or more of a catheter control handle, aspiration source, inflation source, or fluid

delivery source.

[8616] In some embodiments, the flexible and hollow shafi does not include a coil or
braided material. The catheter may include an outer liner extending coaxially around the
flexible and hollow shaft. In certain embodiments, the flexible and hollow shaft does not
include an inner liner extending coaxially within the tlexible and hollow shaft. The outer liner

may have a uniform hardness along its length.

{8017} In accordance with another aspect of the invention, a method for positioning a

distal access support catheter within a vasculature of a patient is provided that includes the
steps of advancing a distal access support catheter into a patient, the distal access support
catheter includes a flexible and hollow shaft including a proximal end and a distal end, the
flexible and hollow shaft including a slotted portion with a plurality of slotted openings,
wherein the slotted portion includes a first segment with a first pattern of slotted openings

and a second segment extending proximally relative the first segment with a second pattern of

slotted openings different from the first pattern. The method further includes bending the
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slotted portion of the flexible and hollow shaft in at least two spaced apart locations while

advancing the catheter through the vasculature of the patient.

(0018} In some embodiments, the method further includes advancing at least one of' a
delivery catheter, aspiration catheter, or intravascular device into the patient through or via

the flexible and hollow shaft.

[0619]  In accordance with another aspect of the tnveuntion, a method for aspirating an
obstruction from a vasculature of a patient is provided that includes advancing an aspiration
catheter into a patient distally of an obstruction, the aspiration catheter comprising a flexible
and hollow shaft including a proximal end and a distal end, the flexibie and hollow shaft
including a slotted portion with a plurality of slotted openings, wherein the slotted portion
includes a first segment with a first pattern of slotted openings and a second segment
extending proximally relative the first segment with a second pattern of slotted openings
different from the first pattern. The method further includes bending the slotted portion of the
flexible and hollow shatt in at least two spaced apart locations while advancing the catheter
through the vasculature of the patient and aspirating the obstruction out of the patient through

the flexiblie and hollow shaft.

(8028} In accordance with ancther aspect of the invention, method for manufacturing a
distal access support and/or aspiration catheter is provided that includes cutting a first pattern
of slotted openings in a first segment of an elongated, hollow shaft and cutting a second
pattern of slotted openings in a second segment of the elongated, hollow shaft, the second
segment extending proximally relative the first segment, and the second pattern of slotted
openings being different from the first pattern of slotted openings. The method may include
coupling an inner liner to an tnner surface of the flexible and hollow shaft without an
intermediary layer therebetween. The method may further include coupling an outer liner to
an outer surface of the flexible and hollow shaft such that the flexible and hollow shaft is
sandwiched between the inner and outer liners, the cuter liner having a uniform thickness

along its length.

BRIEF DESCRIPTION OF THE DRAWINGS
8021} FIGS. 1A and 1B are illustrations of a distal access support and/or aspiration
catheter or shaft extending within a vasculature of a patient in accordance with aspects of the

invention.
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(8022} FIGS. 1C and 1D are side section and detatled views, respectively, of the catheter

or shaft of FIG. 1A or FIG. 1B configured 10 accordance with an aspect of the invention.

[8023] FIGS. 1E-1G are detailed views of the catheter or shaft of FIG. 1C taken along
different locations along a length of the catheter or shaft having a progressively increasing

pitch from the distal end to the proximal end in accordance with aspects of the invention.

[8624] FIGS. 1H and 11 are side section and detailed views, respectively, of the catheter or

shaft of FIG. 1A or FIG. 1B configured in accordance with another aspect of the invention.

(8025} FIG. 1] illustrates an example of one or more segments of the catheter or shaft

having a progressively varying pitch and a progressively varying cut pattern.

18026] FIG. 1K illusirates an example embodiment of a catheter or shaft having three

distinct segments.

(8027} FIG. 2 illustrates an example catheter or shaft that may be a part of an intravascular

device.

[0028] FIGS. 3A-3C illustrate the process of expanding the expandable basket 202 within

a vasculature having an obstruction.
(8029} FIG. 4 illustrates a close-up view of the inner wire within the shaft.

[8038] FIGS. SA and 5B are flowcharts dlustrating exemplary methods of positioning a
distal access support catheter or aspiration catheter, respectively, in accordance with other

aspects of the invention.

18631} FIG. SC 1s a flowchart illustrating an exemplary method of manufacturing a distal
access support catheter and/or aspiration catheter in accordance with another aspect of the

invention.

DETAILED DESCRIPTION OF THE INVENTION
18032] With reference to FIGS. 1A-5C, embodiments of a catheter or shatft 100 for use
with various medical devices and procedures are iHustrated. In some embodiments, the
catheter or shaft 100 may be configured to be used as a distal access support and/or aspiration
catheter. For example, the catheter or shaft 100 as described herein may be advanced at least
partially 1nto a vasculature 102 {e.g., neurovasculature) of a patient to a desired position {e.g.,
proximal or distal an obstruction 104). In some embodiments, the catheter may be used as an

intermediate support catheter contigured to support one or more other catheters slidable
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therethrough (e.g., a delivery catheter, aspiration catheter, fluid delivery catheter, imaging
device catheter). For example, a delivery catheter configured to carry a medical device, such
as an intravascular device (e.g., a mechanical thrombectomy device, flow diverter, filter,
imaging device, embolization coil, stent, occlusion device) may be shid or otherwise moved
through the catheter or shaft 100 in order to position the intravascular device within the
patient. In other embodiments, the catheter or shaft 100 may be formed as the actual delivery
catheter or delivery shaft coupled to {e.g., directly} or configured to carry the medical device
or intravascular device. For example, the catheter or shaft 100 may be configured to be used
as the delivery catheter to deliver directly such intravascular devices or imaging devices {e.g.,
without one or more inner or intermediary catheters extending therethrough). As another
example, the catheter or shaft 100 may be a shaft (or hypotube) that is directly coupled to an
expandable basket at the distal end of the catheter or shaft 100. In this example, the catheter
or shaft 100 may be advanced into a vasculature 102 through a delivery catheter, and may
then be extended from the delivery catheter to a desired position. Related intravascular
devices and systems, including thrombectomy devices and filters or flow diverters, stents,
occlusion devices, aspiration catheters, delivery catheters or shafts applicable to the present
invention are described in greater detail below and in co-assigned and previously filed U.S.
Provisional Application Nos. 62/677 870, (Atty Docket No. 103135-000200US8-1080564),
entitled Integrated Thrombectomy and Filter Device and Methods of Use and 62/697 644
(Atty Docket No. 103135-000210US-1092283), entitled Integrated Thrombeciomy and Filter
Device and Methods of Use, and U.S. Patent Application No. 15/842,228 (Atty Docket No.
103135-000120US8-1068135), entitled Flectrospun Stents, Fiow Diverters, and Occlusion
Devices and Methods of Making the Same, all of which are incorporated herein by reference

tor all purposes in their entirety.

[8033] Other types of catheters including aspiration catheters or catheters for imaging
devices may also be slid or otherwise moved through the catheter or shatft 100. In vet other
embodiments, the catheter or shatt 100 may be used directly as an aspiration, imaging,
delivery, or fluid delivery catheter as discussed above. For example, the catheter or shaft 100
may be coupled to an aspiration source and used to aspirate the obstruction 104 ocut of a
patient’s vasculature. As used herein, the term “obstruction” includes, but is not linuted to, a
thrombus, embolus, or other particulate. In some embodiments, the catheter or shaft 100 may
be configured or sized to be used as one or more of a distal access support catheter, delivery

catheter, or aspiration catheter.
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[8034] While referring in particular to distal access support and/or aspiration catheters for
use {¢.g., for positioning, supporting, or aspirating} with for example, thrombectomy devices
within the neurovasculature {e.g., lumen or vessel within a head, neck, or brain) of a patient,
the present invention is not limited to any specific context. For example, such catheters and
methods disclosed herein may be used in the coronary or pulmonary vasculature {(e.g., to
retrieve a pulmonary embolism), the peripheral vasculature (e.g., to retrieve a deep vein
thrombus), or in the context of other procedures (e.g., vasospasm, carotid stenting,
angioplasty, temporary vessel occlusion, aneurysm bridging). For example, the catheters
disclosed herein may be used with a filtering device (e.g., instead of or in addition to a
mechanical thrombectomy device) during a thrombectomy procedure or other procedures
{e.g., cardiac procedures such as valve replacement, breaking up or dissolution of a thrombus
or other obstruction). Other devices or procedures the catheters disclosed herein may be used
with or to position include imaging devices, occlusion devices, flow diverters, embolization

coils, or stents.

[8635] FIG. 2 illusirates an example catheter or shaft that may be a part of an intravascular
device. In some embodiments, the catheter or shaft may be an intravascular-device shaft. For
example, the catheter or shaft may be directly coupled to, or part of an intravascular device
for engaging, retrieving, capturing, filtering, or removing an obstruction. As used herein, the
term “obstruction” includes, but 1s not limited to, a thrombus, embolus, clot, or other
particulate. In these embaodiments, the catheter or shaft may comprise a shaftt {or hypotube)
208 that 1s directly coupled to an expandable basket 202 at the distal end of the shaft 208, The
intravascular device may additionally, or instead, be configured to provide protection from
distal emboli or other obstructions {(e.g., as a filtering device) during removal or aspiration of
the obstruction or another intravascular procedure (e.g., to remove, dissolve, or break up the
obstruction). The expandable basket 202 may be movable between a collapsed configuration
and an expanded configuration {and a partially expanded configuration, as illustrated in FIG.
23. The expandable basket 202 is configured to be in the collapsed configuration during
delivery or insertion into a vasculature (e.g., a neurovasculature) of the patient and in the

expanded configuration during engagement and retrieval or filtering of the obstruction.

[8036] The expandable basket 202 may include a proximal end 204 and a distal end 206.
The proximal end 204 may be centrally and pivotally coupled to the shaft 208 allowing the
expandable basket 202 to pivot and maintain contact with a vessel wall. The distal end 206

may be coupled to an inner wire 210 {e.g., an actuating wire, core wire, delivery wire)

9



WO 2020/018319 PCT/US2019/041030

extending coaxially through the outer delivery shaft 208. At least one of the proximal end 204
or the distal end 206 may be movable relative to each other such that a proximal portion to
214 of the expandable basket 102 is invertible into or towards a distal portion to 216 of the
expandable basket 202 to form a proximally oriented cavity in the expanded configuration.
The proximally oriented cavity 212 may have a parabolic-shaped cavity formed by the

inverted proximal portion 214 of the expandable basket 202

(80637} FIGS. 3A-3C illustrate the process of expanding the expandable basket 202 within
a vasculature 102 having an obstruction 104, FIG. 3A illustrates the introduction, viaa
delivery catheter 209 into the vasculature 102, of an intravascular device that comprises the
shaft 208 coupled to the expandable basket 202 (iltustrated in FIG. 3 A in its constraint
configuration). The expandable basket 202 may be advanced to a location distal to the
obstruction 104. The delivery catheter 209 may be withdrawn and the expandable basket 102
may be expanded outward to a partially expanded configuration {(e.g., due to the lack of
constriction provided by the delivery catheter 209) as shown 10 FIG 3B, As shown in FIG.
3C, the expandable basket 202 may be inverted into its expanded configuration, thereby
torming the proximally oriented cavity 212, which may be used to engage, retrieve, capture,

filter, or remove an obstruction.

18038} FIG. 4 illustrates a close-up view of the inner wire 210 within the shatt 208, FIG. 4
omits the expandable basket 202, In some embodiments, as illustrated in FIG. 2 and FIG 4,
the inner wire 210 may have a smaller diameter at a distal end or portion relative to a
proximal end or portion. For example, the inner wire 210 may taper down in diameter from
near or proximate to where the shaft 208 is coupled to the proximal end 204 of the
expandable basket 202 to the distal end 206 of the expandable basket 202. Decreasing or
tapering the diarneter of the tnner wire 210 enhances flexibility for bending or pivoting of the
inner wire 210 at the distal portion of the inner wire 210 while providing sufficient stiffness
at the proximal portion of the inner wire 210. FIG. 4 illustrates this tapering portion as
segment D1, Segment D1 may be of any suitable size. As an example, segment BI may be
about 40 cm. In some embodiments, a more proximal segment of the inner wire 210, may not
have a taper (e.g., it may be cylindrical), tllustrated in FIG. 4 as segment D2. Segment D2
may be of any suitable size. As an example, segment D2 may be about 140 cmto 145 em. In
some embodiments, a segment of the inner wire 210, may extend beyond the proximal end of
the shaft 208, ilustrated in FIG. 4 as segment D3, Segment D3 may be of any suitable size.

As an example, segment D3 may be about 0.007” to 0.0118” in length. The proximal portion

16
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of the inner wire 210 requires sufficient stiffness to allow application of a push-pull force
upon the inner wire 210 to expand the basket 202 or for retrieval of the basket 202. Tapering
from a larger diameter to a smaller diameter along a length of the inner wire 210 allows the
inner wire 210 to have a larger diameter along a proximal end or portion of the inner wire 210
relative to the distal end or portion. Additionally, a smaller diameter at a distal end or portion
of the inner wire 210 may provide increased clearance between an outer diameter of the inner
wire 210 and an inner diameter of the outer delivery shaft 208 to reduce friction between the
components during actuation of the expandable basket 202. Further, the inner wire 210 may
have a coating (e.g., a PTFE coating) to allow 1t to shide or move more easily {(e.g., reduce
triction) relative to the outer delivery shaft 208, In some embodiments, the inner wire 210
may be flattened at or near the distal end of the inner wire 210 (for example, the portion of

the inner wire distal to the expandable basket 202). In some embodiments, the inner wire 210

may be cylindrical until the flattened portion—i.e., it may have a cylindrical portion and a
flattened portion. By flattening the inner wire 210, the distal end of the inner wire one may be
made more flexible and easy to deflect, and may consequently facilitate navigation through
pathways that may have tight turns requiring increased maneuverability. More information
about intravascular devices for engaging, retrieving, capturing, filtering, or removing an
obstruction may be found in U.S. Patent Application No. 16/425,650 (Atty Docket No.
103135-000230U5-1134918), entitled ntfegrated Thrombectomy and Filter Device and

Methods of Use, which is incorporated by reference herein in its entirety for all purposes.

[8038] With reference to FIGS. 1A-11, the catheter or shaft 100 as described herein
includes an elongate, flexible and hollow shaft 110 (e g, cannula, tube, sheath) including a
proximal end 112 and a distal end 114. The shaft 110 includes a slotted portion 116 with a
plurality of slotted openings 118 {e.g, cuts, slits, apertures, grooves). The slotted openings
118 provide the slotted portion 116 with varying flexibility or stiffness along a length of the
slotted portion 116. For example, the shaft 110 may bend or flex to traverse two or more
turns, curves, or bends (e.g., T1 and T2} having angles of at least or up to 90 degrees (see
FIG. 1A) as the catheter or shaft 100 1s advanced into a desired position within a patient
through the vasculature 102, In other embodiments, the shaft 110 may have a sufficient
tflexible distal length to bend or flex to traverse three or more turns, curves, or bends {(e.g.,
T1-T3) having angles of at least or up to 90 degrees (see FIG. 1B} as the catheter or shaft 100
is advanced into a desired distal position within a patient through the vasculature 102, In such

embodiments, the desired position may be more distal {e.g., longer path to travers) within a

11
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patient’s body or includes more turns such that the flexible portion {e.g., distal portion) of the
catheter or shaft 100 is greater in length relative to the flexible portion in FIG. 1AL The shaft
110 may possess sufficient structural integrity to traverse the turns without ovalizing or
kinking. For example, in some embodiments, a ratio or proportion of non-slotted area to
slotted area along any length of the shaft 110 (e.g., measured circumferentially} may be
about, greater than or equal to 50% to provide the structural integrity or rigidity. In some
embodiments, the ratio or proportion of non-slotted area to slotted area of the shatt 110

includes or is between 40% to 50%, 50% to 70%, 50% to 80%, or any value therebetween.

[8040] In some embodiments, a distal portion of the slotted portion 116 may be provided
with more densely packed slotted openings (e.g., more openings, larger opening, or openings
spaced closer together) relative to a proximal portion as described in more detail below. This
may provide the distal portion with increased flexibility relative to the proximal portion while
maintaining sufficient structural integrity or rigidity at the proximal portion in order to
advance the shatt 110 into position within the patient (e.g., by applying push-pull forces on
the stiffer or less flexible proximal portion). For example, in some embodiments, the distal
portion or end of the catheter or shaft 100 may bend or turn greater than 90 degrees in any
direction {e.g., without ovalizing or kinking}. Further, tn some embodiments, wall thickness
or outer diameter of the shaft 110 may be reduced or inner diameter increased relative to
conventional (e.g , braided or coiled) catheters as described in more detail below. Therefore,
space is increased between an inner diameter or wall of the catheter or shaft 100 and
intravascular devices or catheters positioned or supported therein or extending therethrough
for delivery. Such increased space may provide room for contrast to be injected between the
inner wall of the catheter or shaft 100 and the devices or catheters for aiding a clinician in
postiioning the devices or catheters. Additionally, decreasing the wall thickness or ocuter
diameter or increasing the inner diameter may reduce an overall profile of the catheter or
shaft 100 for improved positioning in or through narrow spaces {(e.g., within a patient

vasculature).

[8041] The slotted openings 118 may be formed by a laser-cutting process or other suitable
process (e.g., etching) for removing material from the shaft 110. For example, the catheter or
shaft 100 may be a laser-cut hypotube. The slotted openings 118 may extend partially or
completely through walls of shaft 110. The slotted openings 118 may be formed or extend at
an angle (e.g., obliquely or orthogonally) relative to a longitudinal axis of the shaft 110. For

example, the slotted openings 118 may extend in a helical or spiral patiern about the shatt

12
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110. In some embodiments, a helical or spiral pattern (e.g., extending obliquely relative the
longitudinal axis) may be easter to manufacture or cut relative to slotted openings extending
in a non-helical manner at an orthogonal angle. The catheter or shaft 100 may be formed or
constructed out of one or more of stainless steel, nitinol, platinum, chromium, cobalt, nickel,
other suitable metallic material, polymer, or other suitable material. For example, the shaft
110 may be constructed of multiple layers {e.g., an inner platinum layer and an outer cobalt
nickel layer). Further, the catheter or shaft 100 may include radiopague material or marker
bands {e.g., coupled to an inner distal end} for indicating location to a clinician during or to
verify placement within the patient. In some emabodiments, the catheter or shatt 100 15 gold-

plated.

[8042] FIGS 1C-1D are side section and detailed views, respectively, of a catheter or shaft
100¢ configured 1n accordance with an erabodiment of the present disclosure. The catheter or
shaft 100c may be configured to be a distal access support catheter (e.g., for supporting other
catheters, including delivery catheters, intravascular devices, or both) and/or aspiration
catheter as described herein. The slotted portion 116 includes a first segment S1 with a first
pattern of slotted openings 126 and a second segment 82 extending proximally (e.g., disposed
proximal) relative the first segment S1 with a second pattern of slotted openings 132 different
from the first pattern 126. The slotted openings 118 are discontinuous (e.g., do not extend
circumferentially around the shaft 110 in a continuous manner or 360 degrees). In other
words, the slotted openings 118 include cut and uncut portions {e.g., slotted and un-slotted,

removed and solid, or grooved and un-grooved portions) as described in more detail below,

[0043] While illustrated with two slotied segments, 81 and 82, in some embodiments, the
slotted portion 116 may include more than two slotted segments. For example, the slotted
portion 116 may include three, four, five, or more slotted segments. Each of the segments
may have different patterns relative to the other segments. In other embodiments, two or
more of the segments may have similar or the same pattern. In some embodiments, each of
the segments may have one or more patterns {e.g., different patierns) of slotted openings. For
example, segment S1 may have a first pattern of slotted openings (e g, along a distal portion)
and a second pattern of slotted opening (e .g., along a proximal portion) different from the
first pattern (See FIG. 11). The segment 82 may then have a third pattern of slotted openings
and/or fourth pattern of slotted openings different from the pattern{s) of the first segment S1.
In some embodiments, at least one of the pattern(s) of the segment 82 may the same as at

least one of the pattern{s) of segment S1.

13



WO 2020/018319 PCT/US2019/041030

(8044} The first pattern of slotted openings 126 may include a repeating helical pattern of
cut and uncut portions 126a and 126b extending circumferentially around and along a length
of the first segment S1. Similarly, the second pattern of slotted openings 132 may include a
repeating helical pattern of cut and uncut portions 132a and 132b extending circumferentially
around and along a length of the second segment 52, The cut and uncut portions of each
pattern may extend at equivalent angles (e.g., obligue or orthogonal) relative to the
longitudinal axis of the shaft 110. As described above, in some embodiments, a longttudinal
spacing between the slotted openings 118 may be closer or smaller at a distal portion {e.g,,
along segment 31} of the shaft relative to a proximal portion (e g., along segment 82) such
that the openings are more densely packed along the distal portion {e.g., more material
removed 1u that portion) resulting in greater flexibility along the distal portion relative the
proximal portion. In this manner, the distal portion {e.g., S1} 1s provided with sufficient
flexibility to traverse turns or bends within a patient’s vasculature and sufficient length to
reach a desired location within the patient. For example, a length of such a distal portion may
be increased proportionally relative to how distal a location the catheter is to be positioned
within the patient. Additionally, the proximal portion {e.g., S2) is provided with sufficient
rigidity such that push-pull forces applied to the proximal end may be transferred to advance

the catheter therethrough.

[8645] In some embodiments, the proximal end 112 1ncludes a solid or uncut portion 122
(e.g., un-slotted) extending proximally relative to segment 82 and the distal end 114 includes
a solid or uncut portion 124 (e.g., un-slotted) extending distally relative to segment 81, The
proximal solid portion 122 may have a length with values of or between .017 to 027, 0127 to
0187, 0147 to 0167, or any value therebetween (e.g., .0147). The distal solid portion 124
may have a length with values of or between 0017 to 0067, 0027 to 0057, 003" to .004”, or

any value therebetween {e.g., 00317},

[8046] In some embodiments, a pitch or spacing between cut portions may vary or increase
from pitch P1 at a distal end to pitch P2 at the proximal end of the slotted portion. Further, tn
some embodiments, a longitudinal spacing or pitch P1 between cut portions 126a of the first
pattern 126 may be smaller relative to the longitudinal spacing or pitch P2 (e.g,, P1 <P2)
between cut portions 132a of the second pattern 132 such that a density or number of slotted
openings in the first segment S1 1s greater than a density or number of slotted openings in the
second segment S2 {e.g., providing greater relative flexibility). Similarly, the longitudinal

spacing or piich between uncut portions 126b of the first pattern 126 may be smaller relative
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to the longitudinal spacing or pitch between uncut portions 132b of the second pattern 132, In

some embodiments, the pitch or spacing may be constant along a segment or segments.

100471  In other embodiments, the longitudinal spacing or pitch along a length of the shaft
110 gradually or progressively increases from the distal end 114 to the proximal end 112
(e.g., from distal end of the first pattern 126 to a proximal end of the second pattern 132) such
that it varies across each segment. For example, pitch may progressively increase along the
length of one or more segments rather than being constant across segments such that the pitch
ot longitudinal spacing transitions from pitch P1 to pitch P2 along the length of the shaft. In
this manner, the pitch or longitudinal spacing between cut portions between the distal and
proximal ends may have a value greater than P1 but Jess than P2. For example, as tlustrated
in detailed views (FIGS. 1E-1G) of three spaced apart longitudinally spaced apait locations of
the shaft 110, the pitch or longitudinal spacing may vary or progressively increase along a
length of the slotted portion of the shaft from pitch P1 at a distal portion (FIG. 1E), to pitch
PI at an intermediary portion between distal and proximal portions (FIG. 1F), and to pitch P2
at a proximal portion (FIG. 1G). In some embodiments, the distal, intermediary, and proximal
portions may correspond to locations about 17, 67, and 477, respectively, from a distal end of
a shaft having an overall length of about 507 (e.g., with segment 81 of about 107 and 82
about 40”. In some embodiments, these locations may correspond to locations proximate or
near a distal end of segment 51, proximal end of segment S1, and proximal end of segment
§2, respectively. For example, referencing FIG. 1H, the pitch or longitudinal spacing may
transition from a first pitch P1 to a second pitch P2 along the length of the segment 51, and
then to a pitch P3 at segment S2 (e.g., a proximal end of segment S2). In these embodiments,
pitch may progressively increase along the length of an individual segment rather than being
constant across the entirety of the segment. In some embodiments, the pitch P1 may have a
value of or between 0017 to 0067, 0027 to .0057, .003” to 0047, or any value therebetween
{e.g.. 00317} In some embodiments, the piich P2 may have a value of or between 017 to

027, 0127 t0 0187, 014 to 0107, or any value there between {(e.g., .0157).

5 -

[0048] As discussed above, the repeating helical patterns of the first pattern or second
pattern include cut and uncut portions. Each cut portion is spaced circumferentially from
another cut portion by an uncut portion such that the repeating helical pattern includes
alternating cut and uncut portions extending circumnferentially around the shaft of each slotted
segment. In some embodiments, an arc length of cut portions has a value of or between 80

degrees to 150 degrees or any value therebetween (e.g., 124, 116 degrees, 104 degrees). In
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some embodiments, an arc length of uncut portions has a value of or between 10 degrees to
60 degrees or any value therebetween (e.g., 20 degrees, 28 degrees, 40 degrees). In some
embodiments, a combined arc length of adjacent cut and uncut portions of the helical pattern
of the first pattern or second pattern of slotted openings has a value of or between 100
degrees and 180 degrees, 120 degrees to 160 degrees, 130 degrees to 150 degrees, 135

degrees to 145 degrees, or any value therebetween {e.g., 144 degrees).

(8049} As used herein, the term “cuts per revolution” or “CPR” refers to the number of
combined adjacent cut and uncut portions required to completely extend around the shaft 110
{(e.g., in one revolution or 360 degrees) determined based on the combined arc length of the
adjacent cut and uncut portions. For example, when adjacent cut and uncut portions of the
tirst pattern or second pattern of slotted openings 126 or 132 have a combined arc length of
144 degrees (e.g., 124 degrees cut portion arc length and 20 degrees uncut portion arc length
or 116 degrees cut portion arc length and 28 degrees uncut portion arc length), the CPR 1s
2.5. That 1, the product of 2.5 and the combined arc length is equivalent to a single, complete
revolution around the shaft (e.g., 360 degrees}. In some embodiments, segments 51 and 82
{e.g., first pattern and second pattern of slotted openings 126 and 132) may have equivalent
CPR of a segment may have a value of or between 1-8, 2-7, 3-6, 4-5, 2-3, 2-4, or any value

therebetween.

(8638} Additionally, in some embodiments, while CPR or combined arc length of cut and
uncut portions may be constant across each segment or segments, one or more of pitch,
width, arc length of cut portions, or arc length of uncut portions may be different or varied
across each segment or segments. For example, the first and second segments S1 and 82 may
each have CPR’s of 2.5 or a combined arc length of cut and uncut portions of 144 degrees.
However, the first segment S1 may have cut portions with arc lengths of 124 degrees and
uncut portions with arc lengths of 20 degrees while the segment 52 may have cut portions
with arc lengths of 116 degrees and uncut portions with arc lengths of 28 degrees. Increasing
arc length of cut portions in segment S1 relative to arc length of cut portions in segment S2
may increase flexibility {(e.g., varying flexibility along the length) in the segment tnstead of or
in addition to decreasing pitch or longitudinal spacing (e.g., increasing density of slotted
opening}. In this manner, segment 81 is also more flexible as the arc length of its cut portions
are relatively greater than the arc length of the cut portions of the segment S2. In other

emnbodiments, one ot more of CPR or combined arc length of cut and uncut portions, pitch,
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width, arc length of cut portions, or arc length of uncut portions may be varied or constant
across each segment or segments. Further, the varying arc length and spacing as described
herein may also provide the catheter or shaft 100 with sufficient flexibility or structural
integrity {e.g., to prevent or reduce ovalizing or kinking) while improving dimensional
characteristics of the catheter or shaft 100¢ {e.g., reduced cuter diameter or wall thickness or

increased inner diameter) relative to conventional catheters as described in more detail below.

[0051]  As an alternative to CPR, segments of the catheter or shaft 100 may be
characterized by one or more respective cut patterns. As used herein, the term “cut pattern”
refers to the ratio of the cut portion arc length to the uncut portion arc length. For example, a
cut pattern of 124/20 indicates a cut portion arc length of 124 degrees and an uncut portion
arc length of 20 degrees. This may be expressed with less specificity as having a CPR of 2.5,
as discussed above. As with pitch, the cut pattern may vary gradually or progressively along
the length of the catheter or shaft 100. In some embodiments, the cut pattern may
progressively decrease from the distal end 114 to the proximal end 112, In some
embodiments, as with pitch, the cut pattern may progressively decrease within an individual
segment. Increasing the cut pattern increases flexibility. For example, a cut pattern of 124/20
provides for a relatively flexible segment of the catheter shaft 100, while a cut pattern of

79/65 provides for a relatively rigid segment.

(8052} In some embodiments, both the cut pattern and the pitch may vary gradually or
progressively across the length of the catheter or shaft 100. As discussed above, the cut
pattern and/or pitch may be varied to affect the local flexibility (or rigidity) of a segment of
the catheter or shaft 100. Abrupt transitions in flexibility may have the undesired effect of
compromising the integrity of the catheter or shaft 100, or of increasing the risk of kinking
{(e.g., at the juncture between two segments of different flexibility). Varying the transition
gradually or progressively serves to prevent or reduce these undesired effects. In some
embodiments, varying both cut pattern and pitch may allow for a smoother transition between
segments. For example, to achieve a desired flex ability, the cut pattern and the pitch may
each be varied by a relatively small amount. To achieve the same flexibility while varying
only one of either the cut pattern or pitch, a relatively large amount may need to be varied.
Essentially, the ability to vary both the cut pattern and the pitch may provide more degrees of
freedom in changing local flexibility. To some embodiments, achieving certain levels of
flexibility without compromising the integrity of the catheter or shaft 100 may require

varying both cut pattern and pitch. For example, increasing the cut pattern beyond a threshold
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ratio may significantly reduce the integrity of a segment (e.g., because increasing the cut

pattern inherently involves cutting and removing material from the segment). The same may
hold true for decreasing the pitch beneath a threshold pitch. FIG. 17 illustrates an example of
one or more segments of the catheter or shaft 100 having a progressively varying pitch and a

progressively varying cut pattern. As an example, referencing FIG. 1 ], the segment S1 may

have a pitch that progressively varies from P1 to P2 (e.g., 0.0025” t0 0.0107) and a cut pattern

that progresstvely vartes from C1 to C2 (e.g., 124/20 to 99/45). In this example, the segment

82 may have a constant pitch P2 {e.g., 0.010”) and a constant cut pattern C2 {e.g., 99/45}.

Also in this example, the segment S3 may have a constant pitch of P2 (e.g, 00107y and a ¢

pattern that progressively varies from C2 to C3 {e.g., 99/45 to 79/65).

[0053]

FIG. 1K illustrates an example embodiment of a catheter or shaft having three

distinct segments. Hach of these segments—381, S2, and 83—may have different pitch, cut

pattern, CPR, and lengths, as outlined in the table below, listing different embodiments

(“items”). For example, item 1 is an embodiment that has a segrment S1 that has a length of

30 cm, a varying pttch that varies {e.g., progressively} from 0.00277 to 0.0107, a cut pattern
that that varies {e.g., progressively) from 124/20 to 99/45, and a CPR of 2.5. In this example,
item 1 also has a segment S2 that has a length of 135 om and a segment 53 that has a length

of 0.025 cm {or 0.0107). In this example, segments 82 and 83 are not slotted.

~5 Y

31 52 83
itern Length Pitch Cut CPR Length Pitch Cut CPR | Length | Piich Cut CPR
Pattern Pattern Pattemn
1 30 om 3.0027" 124/20 2.5 135¢cm | N/A N/A N/A 0107 N/A N/A N/A
0.019” 104/40 {025
o))
2 30 om 0.0027” 124720 25 135 cm | 0107 104/40 2.5 .01 N/A N/A N/A
0.010" 104/40 (.G25
o
3 40 om 0.002%" 124720 2.5 118cm | 0.010" | 99/45 25 10 cm 0.010" | 99/45 2.5
0.019” 99/45 70/85
4 4% cm 0.0025” 124720 2.5 118om | 0.0107 | 99/45 2.5 S om 0.010” | 9%/45 2.5
0.010" 099/45 79/85
5 40 om (.0025" 124/20 2.5 133 cm | 0.010" | 99/45 2.5 9 om 0.010" | 99/45 2.5
0.01¢” 98/45 79/85
[8634] In some embodiments, the catheter or shaft 100¢ has an outer diameter OD having a

value of or between about 027 to . 127, .04” to0 .09 or any value therebetween (e.g., .06”,

0657, 077). The OD may be constant or uniform in some embodiments across the length.

The catheter or shaft 100c may have an inner diameter 1D having a value of or between .02”
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to .08” or any value therebetween (e.g., .067, 0617, 0627, 0727). The ID may be constant or
uniform in some embodiments across the length. A wall thickness T of catheter or shaft 100¢
may have a value of or between 001" to 0057, less than 0037, or any value therebetween
{e.g., 00157, 0027, 0037, 0035”7, 0047). The catheter or shaft 100c may have an overall
length L of or between 30 to B0 inches, or any value therebetween (e.g., 457, 507, 557,
Segment S1 may have a length L of or between 5 to 20 inches, or any value therebetween
(e.g., 57, 107} Segment 82 may have alength L of or between 25 to 75 inches, or any value

therebetween {(e.g., 407, 457, 507}

[8035] In some embodiments, the proxamal end 112 of the catheter or shaft 100¢ may be
operably coupled to a catheter control handle 120a, fluid source 120b, aspiration source 120¢,
or energy delivery source. In vet further embodiments, the shaft 110 may include cuter or
inner layers or jackets 140, 142 (e g., Teflon, polyurethane, polyether, elastomer, PTFE,
polymer or other suitable material liners, lavers, coatings) sandwiching the shaft
therebetween {e.g , to reduce friction against a patient’s vasculature or catheters or other
devices supported therein}. In some embodiments, the outer or inner layers or jackets 140,
142 may include a hydrophilic or anti-thrombogenic coating. In yet other embodiments, the
catheter or shaft 100c¢ does not tnclude an inner jacket 142, For example, an inner liner or
coating may not be provided when the catheter is used directly as a delivery shaft for a
mechanical thrombectomy device, as an aspiration catheter o increase inner diameter, or
when other catheters or devices are not configured to move therethrough. One or more of the
outer or inner layers or jackets 140, 142 may be directly applied, adhered, coated, or
otherwise coupled to the shaft 110 (e g, without intermediary, strike, or adhesive layers
therebetween). The inner or outer layer or jacket (e g, liner) may have a width or thickness of
or between 000257 to 0027, or any value therebetween {e.g., .0017). Further, in some
embodiments, as the shaft’s variable flexibility or stiffness is provided by the slotted
openings (e.g., without coils or braids for rigidity or support), the shatt 110 may be provided
with an outer jacket 140 having a uniform hardness across its length (e.g., reducing overall

profile).

[8636] With reference to FIGS. 1H-11, side section and detailed views, respectively, of a
catheter or shaft 100h are illustrated configured in accordance with another embodiment of
the present disclosure. The catheter or shatt 100h may be configured to be a delivery catheter
or shaft {(e.g., coupled to the intravascular device) for directly supporting or positioning an

intravascular device such as a thrombectomy or filter device as described in U.S. Provisional
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Application Nos. 62/677,870 and 62/697 644 incorporated by reference above) as described
herein. The catheter or shaft 100h may 1nclude one or more of any of the features, in whole or
inn part, as described above with respect to catheter or shaft 100c¢. For example, the catheter or
shaft 100h includes a slotted portion 116. The slotted portion 116 includes a first segment S1
with a first pattern of slotted openings 126 (e.g., along a distal portion S1A) and a second
pattern of slotted openings 127 different from the first pattern {e.g., reduced arc fength of cut
portions relative to the first pattern along a proximal portion 82A). The slotted portion further
includes a second segment 52 extending proximally (e.g., disposed proximal) relative the first
segment ST with a third pattern of slotted openings 132 different from the first pattern 126
{(e.g., either the same as the second pattern 126b or reduced arc length of cut portions
relatively to the second pattern). However, in sorue embodiments, segment S2 is solid or
uncut and does not include a pattern of slotted openings 118. In yet other embodiments, the
segment ST or other segments only include one pattern {e.g., the first pattern of slotted
openings 126). The slotted openings 118 are discontinuous (e.g., do not extend
circumferentially around the shaft 110 in a continuous manner or 360 degrees). In some
embodiments, the proximal end 112 of the catheter or shaft 100h may be operably coupled to
a catheter control handle 120a, fluid source 120b, aspiration source 120¢, or energy delivery

SOUICe.

18637}  In some embodiments, the proximal end 112 1ncludes a solid or uncut portion 122
(e.g., un-slotted) extending proximally relative to segment 82 and the distal end 114 includes
a solid or uncut portion 124 (e.g., un-slotted) extending distally relative to segment 81, The
proximal solid portion 122 may have a length with values of or between .005” to 037, 017 to
027, or any value there between (e.g., .017). The distal solid portion 124 may have a length
with values of or between 0017 to 0067, .002” 1o 0057, 0037 to .004”, or any value

therebetween (e g, .00277).

[0058] As described above, longitudinal spacing or pitch may increase from a distal end to
a proximal end of the slotted shaft. For example, the longitudinal spacing or pitch P1 between
cut portions 126a of the first pattern 126 may be smaller relative to the longitudinal spacing
or pitch P2 {e.g., P1 < P2) between cut portion 127a of the second pattern of segment 81 as
well as longitudinal spacing or pitch P3 between cut portions 132a of the third pattern 132
such that a density or number of slotted openings in a distal portion of first segment S1 is
greater than a density or number of slotted openings in the proximal portion of first segment

S1 or the second segment S2 (e.g., to provide flexibility for traversing bends while

i
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maintaining sufficient stiffness along a proximal portion for application or transferring of
push-pull forces). In some embodiments P2 15 less than P3. In other embodiments P2 is
equivalent or equals P3. Similarly, the longitudinal spacing or pitch between uncut portions
126b of the first pattern 126 may be smaller relative to the longitudinal spacing or pitch
between uncut portions 127b or 132b. In some embodiments, the pitch P1 has a value of or
between 0017 to .0067, 0027 to 0057, .003” to .004”, or any value therebetween {e.g,,
00277}, In some embodiments, the pitches P2 or P3 has a value of or between 0057 10 037,

01”10 .027, or any value therebetween {e.g., 017}

[8059]  As discussed above with respect to catheter or shaft 100c, similarly, in some
embodiments, the longitudinal spacing or pitch along a length of the shaft 110 of catheter or
shaft 100h may gradually or progressively increase from the distal end 114 to the proximal
end 112 {e.g., from distal end of the first pattern 126 to the second pattern 127 and then to the
proximal end of the third pattern 132. For example, pitch or spacing may progressively
increase along the length of one or more segments rather than being constant across segments
such that the pitch or longitudinal spacing transttions from pitch P1 to piich P2 to pitch P3
along the length of the shaft. However, in other embodiments, one or more segments may

have constant pitches or longitudinal spacing.

180606} As discussed above with respect to catheter or shaft 100c¢, the repeating helical
patterns of the first pattern, second pattern, or third pattern include cut and uncut portions. In
some embodiments, an arc length of cut portions has a value of or between 80 degrees to 150
degrees or any value therebetween (e g, 124, 116 degrees, 104 degrees). In some
embodiments, an arc length of uncut portions has a value of or between 10 degrees to 60
degrees or any value therebetween (e.g., 20 degrees, 28 degrees, 40 degrees). In some
embodiments, a combined arc length of adjacent cut and uncut portions of the helical pattern
of the first pattern or second pattern of slotted openings has a value of or between 100
degrees and 180 degrees, 120 degrees to 160 degrees, 130 degrees to 150 degrees, 135
degrees to 145 degrees, or any value therebetween (e.g., 144 degrees). In some embodiments,
segments 81 and 82 (e g, first pattern, second pattern, and third pattern of slotted openings
126, 127 and 132} may have equivalent CPR’s. However, in other embodiments, one or more

of the patterns may have different CPR’s.

(8061} Additionally, in some embodiments, while CPR or combined arc length of cut and

uncut portions may be constant across each segment or segments, pitch, length, arc lengths of
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cut portions, or arc lengths of uncut portions may be different or varied across each segment
or segments. For example, the first and second segments may each have CPR’sof 25 or a
combined arc length of cut and uncut portions of 144 degrees. However, the first segment §1
may have cut portions with arc fengths of 124 degrees and uncut portions with arc lengths of
20 degrees while the segment 82 may have cut portions with arc lengths of 104 degrees and
uncut portions with arc lengths of 40 degrees. Further, as described above, a segment {e.g ,
first segment 81) may have cut portions with arc lengths of 124 degrees and uncut portions
with arc fengths of 20 degrees along a distal portion and cut portion with arc lengths of 104
degrees and uncut portions with arc lengths of 40 degrees along a proximal portion. In other
embodiments, one or more of CPR or combined arc length of cut and uncut portions, pitch,
width, arc length of cut portions, or arc length of uncut portions may be varied or constant

across each segment ofF segiments.

18062} In some embodiments, the catheter or shatt 100h has an outer diameter OD having a
value of or between about 027 to 127, .017 to 037 or any value therebetween {(e.g, 0167,
0187, .027). The catheter or shaft 100h may have an inner diameter ID having a value of or
between .017 to 037 or any value therebetween {e.g., 0127, 0147, .0167). A wall thickness T
of catheter or shaft 100h may have a value of or between 0017 to 0057, less than 0037, or
any value therebetween (e.g., 00157, 0027, 0037, 00357, 0047}, The catheter or shaft 100h
may have an overall length L of or between 40 to 80 inches, or any value therebetween (e.g.,
607, 657, 707). Segment S1 may have a length L of or between 5 to 20 inches, or any value
therebetween (e.g., 97, 117, 137). Segment 82 may have a length L of or between 35 to 75
inches, or any value therebetween (e.g., 507, 557, 607). In some embodiments, one or more of
0D, ID, or T may be uniform across the length. Further, in some embodiments, the catheter
or shaft 100h may have inner and outer layer or jackets 140, 142 as described above (e.g.,
with uniform hardness or directly coupled), be formed without an inner layer or jacket 142,

and/or without a coil or braid.

108631 FIGS. SA-5B illustrate exemplary methods 500a and S00b for positioning a distal
access support catheter within a vasculature of a patient and aspirating an obstruction from a
vasculature of a patient, respectively. One or more of any steps of methods described herein
may be removed, re-ordered, substituted, added, or modified. The method 500a includes the
steps of advancing a distal access support catheter into a patient 502a (e.g., via a guidewire or
within an outer catheter or sheath). The distal access support catheter includes a flexible and

hollow shaft including a proximal end and a distal end as described herein. The shaft includes
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a slotted portion with a plurality of slotted openings and the stotted portion includes a first
segroent with a first pattern of slotted openings and a second segment extending proximally
relative the first segment with a second pattern of slotted openings different from the first
pattern. The method 500a further includes bending the slotted portion of the shaft in at feast
two spaced apart locations while advancing the catheter through the vasculature of the patient
504a. The method 500b includes advancing an aspiration catheter into a patient distally of an
obstruction 502b (e.g., via a guidewire or within an cuter catheter or sheath). The aspiration
catheter includes a flexible and hollow shaft including a proximal end and a distal end. The
shaft includes a slotted portion with a plurality of slotted openings and the slotted portion
includes a first segment with a first pattern of slotted openings and a second segment
extending proximally relative the first segment with a second pattern of slotted openings
different from the first pattern. The method further includes bending the slotted portion of the
shaft in at least two spaced apart locations while advancing the catheter through the
vasculature of the patient 504b. The method also includes aspirating the obstruction out of the

patient through the shaft 506b.

18064} FIG. 5C illustrates an exemplary method 500¢ for manufacturing a distal access
support and/or aspiration catheter as described herein. The method 500c¢ includes the steps of
cutting a first pattern of slotted openings in a first segment of an elongated, hollow shatt
502¢. The method further includes cutting a second pattern of slotted openings in a second
segment of the elongated, hollow shaft, the second segment extending proximally relative the
first segment, and the second pattern of slotted openings different from the first pattern of

slotted openings 504c.

18065} In the description above, various embodiments of the present invention are
described. For purposes of explanation, specific configurations and details are set forth 1n
order to provide a thorough understanding of the embodiments. However, it will also be
apparent to one skilled in the art that the present invention may be practiced without the
specific details. Furthermore, well-known features may be omitied or simplified in order not
to obscure the embodiment being described. The subject matter of the present invention is
described here with spectficity, but the claimed subject matter may be embodied in other
ways, may include different, less, or additional elements or steps, and may be used in

conjunction with other existing or future technologies.
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[8066] This description should not be interpreted as implying any particular order or
arrangement among or between various steps or elements except when the order of individual
steps or arrangement of elements is explicitly described. Different arrangements of the
components depicted in the drawings or described above, as well as components and steps
not shown or described are possible. Simtlarly, some features and sub-combinations are
useful and may be employed without reference to other features and sub-combinations.
Embodiments of the invention have been described for illustrative and not restrictive
purposes, and alternative embodiments will become apparent to readers of this patent.
Accordingly, the present invention is not hiuted to the embodiments described above or
depicted in the drawings, and various embodiments and modifications may be made without

departing from the scope of the claims below.

{8067} Other vanations are within the spirit of the present invention. Thus, while the
invention is susceptible to various modifications and alternative constructions, certain
ittustrated embodiments thereof are shown in the drawings and have been described above in
detail. It should be understood, however, that there is no intention to limit the invention to the
specific form or forms disclosed, but on the contrary, the intention is to cover all
modifications, alternative constructions, and equivalents falling within the spirit and scope of

the invention, as defined in the appended claims.

[8068] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention {especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The term “or” in reference to a list of two or more items,
covers all of the following interpretations of the word: any of the items in the list, all of the
items in the list, and any combination of items in the list. The terms “comprising,” “having,”
“including,” and “containing” are to be construed as open-ended terms {i.e., meaning
“mcluding, but not limited to,”) unless otherwise noted. The terms “connected” or “attached”
are to be construed as partly or wholly contained within, coupled to, or joined together, even
if there is something intervening. Recitation of ranges of values herein are merely intended to
serve as a shorthand method of referring individually to each separate value falling within the
range, unless otherwise indicated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly

contradicted by context. The use of any and all examples, or exerplary language {e.g., “such
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as”’) provided herein, is intended merely to better illuminate embodiments of the invention
and does not pose a limitation on the scope of the invention unless otherwise claimed. No
language in the specification should be construed as indicating any non-claimed element as

essential to the practice of the invention.

[8669] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.

[8678] Al references, including publications, patent applications, and patents, cited herein
are hereby incorporated by reference to the same extent as if each reference were individually
and specifically indicated to be incorporated by reference and were set forth in its entirety

herein,

A\
W
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WHAT IS CLAIMED IS:

1. A catheter or shaft configured to be advanced at least partially within a
patient, the catheter or shaft comprising:

a flexibie and hollow shaft including a proximal end and a distal end, the
flexible and hollow shaft including a slotted portion with a plurality of slotted openings,
wherein the slotted portion tncludes a first segment with a first pattern of slotted openings
and a second segment extending proximally relative the first segment with a second pattern of

slotted openings different from the first pattern.

~

2. The catheter or shaft of claim 1, wheren the first pattern includes a
repeating helical pattern of cut and uncut portions extending circumferentially around and
along a tength of the first segruent, and wherein the second pattern 1ncludes a repeating
helical pattern of cut and uncut portions extending circumferentially around and along a

length of the second segment.

3. The catheter or shatt of claim 2, wherein a longitudinal spacing
between the slotted openings of the first pattern at a distal portion of the first segment is
smaller relative to a longitudinal spacing between the slotted openings of the second pattern
at a proximal portion of the second segment such that a density of the slotted openings at the

distal portion is greater relative to a density of the slotted openings at the proximal portion.

4 The catheter or shatft of claims 2-3, wherein the helical pattern of cut
and uncut portions of the first or second patterns extending circurnferentially around and
along a length of the first or second segments alternates between cut and uncut portions such

that uncut portions extend between two cut portions.

5. The catheter or shaft of claims 2—4, wherein a combined arc length of
circumferentially adjacent cut and uncut portions of the helical pattern of the first pattern or

second pattern is between 100 degrees and 180 degrees.

6. The catheter or shaft of claims 15, wherein the distal end of the
flexible and hollow shaft is coupled to an intravascular device, the intravascular device
comprising:

an expandable basket movable between a collapsed contiguration and an

expanded configuration, the expandable basket configured to be n the collapsed
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configuration during delivery into a vasculature of the patient via the flexible and holiow
shaft and in the expanded configuration during engagement and retrieval of an obstruction,
the expandable basket including a proximal end and a distal end, wherein at least one of the
proximal end or the distal end is movable relative to each other such that a proximal portion
of the expandable basket is invertible towards a distal portion of the expandable basket to

torm a proximally oriented cavity in the expanded configuration.

7. The catheter or shaft of claims 1-6, wherein the distal end of the
flexible and hollow shaft is coupled to a flow diverter configured to be delivered into a

patient’s vasculature.

8. The catheter or shaft of claims 17, wherein the distal end of the
flexible and hollow shaft 1s coupled to a coll embolization device configured to be delivered

into a patient’s vasculature.

9. The catheter or shaft of claims 1-8, wherein the flexible and hollow
shaft is sized and adapted to allow aspiration of an obstruction through the flexible and

hollow shaft.

10. The catheter or shaft of claims 1-9, wherein the flexible and hollow
shaft is sized and adapted to allow a delivery catheter for an intravascular device to extend
therethrough, the delivery catheter configured to position the intravascular device distally of

the distal end of the flexible and hollow shaft.

11 The catheter or shatt of claims 1-10, wherein the slotted portion is
configured to provide the flexible and hollow shaft with flexibility to traverse at least two

bends having angles of at least or up to 90 degrees during advancement through the patient.

12, The catheter or shaft of claims 11, wherein the slotted portion ts
configured to provide the flexable and hollow shaft with flexibility to traverse at least three

bends having angles of at least or up to 90 degrees during advancement through the patient.

13. The catheter or shaft of claims 1-12, wherein a ratio of an area of the
slotted portion of the flexible and hollow shaft without stotted openings relative to an area of

the slotted portion with slotted openings has a value up to 50%.

[N
~J
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14. The catheter or shatt of claims 113, wherein the slotted openings are

laser-cut.

15. The catheter or shaft of claims 1-14, wherein the flexible and hollow
shaft further comprises at least one of a non-slotted portion extending proximally relative to

the slotted portion or a non-slotted portion extending distally relative to the slotted portion.

io. The catheter or shaft of claims 1-15, wherein the flexible and hollow

shaft comprises a hypotube.

17. The catheter or shaft of claims 1-16, wherein the flexible and hollow
shaft is constructed out of one or more of stainless steel, nitinol, chromium, cobalt, platinum,

or polymer.

18. The catheter or shaft of ¢laims 1-17, wherein the flexible and hollow
shaft is operably coupled to or in fluid communication with one or more of a catheter control

handle, aspiration source, inflation source, or tluid delivery source.

i9. The catheter or shaft of claims 1-18, wherein the flexible and hollow

shafl does not include a coil or braided material.

20. The catheter or shaft of claims 1-19, tfurther comprising an outer liner

extending coaxially around the flexible and hollow shaft.

21. The catheter or shaft of claim 20, wherein the flexible and hollow shaft

does not include an inner liner extending coaxially within the flexible and hollow shaft.

~

22. The catheter or shaft of claims 20-21, wherein the outer liner has a

uniform hardness along its length.

23. The catheter or shaft of claim 22, further comprising an inner liner
extending coaxially within the flexible and hollow shaft such that the flexible and hollow

shafl is sandwiched between the inner and outer liners.

24, The catheter or shaft of claim 23, wherein the inner liner is directly

coupled to the flexible and hollow shaft.
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25. An aspiration catheter configured to be advanced at least partially
within a patient proximate to an obstruction to aspirate the obstruction therefrom, the
aspiration catheter comprising:

a flexible and hollow shaft including a proximal end and a distal end, the
tlexible and hollow shaft including a slotted portion with a plurality of slotted openings,
wherein the slotted portion includes a first segment with a first pattern of slotied openings
and a second segment extending proximally relative the first segment with a second pattern of

slotted openings different from the first pattern.

26.  The aspiration catheter of claim 25, wherein the first pattern includes a
repeating helical pattern of cut and uncut portions extending circumferentially around and
along a length of the first segment and wherein the second pattern includes a repeating helical
pattern of cut and uncut portions extending circumferentially around and along a length of the

second segment.

27 The aspiration catheter of claim 26, wherein a longitudinal spacing
between the slotted openings of the first pattern at a distal portion of the first segment i
smaller relative to a longitudinal spacing between the slotted openings of the second pattern
at a proximal portion of the second segment such that a density of the slotted openings at the

distal portion is greater relative to a density of the slotted openings at the proximal portion.

28 The aspiration catheter of claims 26-27, wherein the helical pattern of
cut and uncut portions of the first or second patterns extending circumferentially around and
along a length of the first or second segments alternates between cut and uncut portions such

that uncut portions extend between two cut portions.

29.  The aspiration catheter of claims 26-28, wherein a combined arc
length of circumferentially adjacent cut and uncut portions of the helical pattern of the first

pattern or second pattern 13 between 100 degrees and 180 degrees.

30, The aspiration catheter of claims 25-29, wherein the slotted portion is
configured to provide the flexible and hollow shaft with flexibility to traverse at least two

bends having angles of at least 90 degrees during advancement through the patient.
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31.  The aspiration catheter of claim 30, wherein the slotted portion is
configured to provide the flexible and hollow shaft with flexibility to traverse at least three

bends up having angles of at least 90 degrees during advancement through the patient.

32, The aspiration catheter of claims 25-31, wherein a ratio of an area of
the slotted portion of the flexible and hollow shaft without slotted openings relative to an area

of the slotted portion with slotted openings has a value up to 50%.

33 The aspiration catheter of claims 25-32, wherein the slotted openings
are laser-cut.
34 The aspiration catheter of claims 25-33, wherein the flexible and

hollow shatt comprises at least one of a non-slotted portion extending proximally relative the

slotted portion or a non-siotted portion extending distally relative the slotted portion.

35, The aspiration catheter of claims 25-34, wherein the flexible and

hollow shaft comprises a hypotube.

36. The aspiration catheter of claims 25-35, wherein the flexible and
hollow shaft is constructed out of one or more of stainless steel, nitinol, chromium, cobalt,

platinum, or polymer.

37. The aspiration catheter of claims 25-36, wherein the flexible and
hollow shatft is operably coupled to or in fluid communication with one or more of a catheter

control handle, aspiration source, inflation source, or fluid delivery source.

38. The aspiration catheter of claims 25-37, wherein the flexible and

hollow shatft does not include a coil or braided material.

39, The aspiration catheter of claims 25-38, further comprising an outer

liner extending coaxially around the flexible and hollow shaft.

40.  The aspiration catheter of claim 39, wherein the outer liner has a

uniform hardness along its length.

41 The aspiration catheter of claims 39-40, wherein the flexible and
hollow shatt does not include an inner liner extending coaxially within the flexible and

hollow shatt.

36
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42, A method for positioning a catheter or shaft within a vasculature of 2
patient, the method comprising:

advancing a catheter or shatt into a patient, the catheter or shaft comprising a
flexible and hollow shaft including a proximal end and a distal end, the flexible and hollow
shaft including a slotied portion with a plurality of slotted openings, wherein the slotied
portion includes a first segment with a first pattern of slotted openings and a second segment
extending proximally relative the first segment with a second pattern of slotted openings
different from the first pattern; and

bending the siotted portion of the flexible and hollow shaft in at least two
spaced apart locations while advancing the catheter or shaft through the vasculature of the

patient.

43, The method for positioning the catheter or shatt of claim 42, further
comprising: advancing at least one of a delivery catheter, aspiration catheter, or intravascular

device into the patient through the flexible and hollow shaft.

44, A method for aspirating an obstruction from a vasculature of a patient,
the method comprising:

advancing an aspiration catheter into a patient distally of an obstruction, the
aspiration catheter comprising a flexible and hollow shaft including a proximal end and a
distal end, the tlexible and hollow shaft including a slotted portion with a plurality of slotted
openings, wherein the slotted portion includes a first segment with a first pattern of slotted
openings and a second segment extending proximally relative the first segment with a second
pattern of slotted openings difterent from the first pattern;

bending the slotted portion of the flexible and hollow shaft in at least two
spaced apart locations while advancing the aspiration catheter through the vasculature of the
patient; and

aspirating the obstruction out of the patient through the flexible and hollow

shaft.

45. A method for manufacturing a catheter or shaft, the method
comprising:
cutting a first pattern of slotted openings in a first segment of an elongated,

hollow shaft;

31
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cutting a second pattern of slotted openings in a second segment of the
elongated, hollow shaft, the second segment extending proximally relative the first segment,

and the second pattern of slotted openings being different from the first pattern.

40, The method for manufacturing the catheter or shaft of claim 45, further
comprising coupling an inner liner to an inner surface of the flexible and hollow shaft without

an intermediary layer therebetween.

47. The method for manufacturing the catheter or shaft of claim 46, further
comprising coupling an outer liner to an outer surface of the tlexible and hollow shaft such
that the flexible and hollow shaft is sandwiched between the inner and outer hiners, the outer

liner having a uniform thickness along its length.

48.  The method for manufacturing the catheter or shaft of claims 4547,
wherein the catheter or shaft is configured to be a distal access support catheter or an

aspiration catheter.

49, The catheter or shaft of claims 1-24, wherein the catheter or shaft is

configured to be a distal access support catheter.

50. The catheter or shaft of claims 2-24 or 49, wherein a ratio of an arc
length of a cut portion to an arc length of an uncut portion progressively varies along the

length of the first or second segment.

51 The catheter or shaft of claims 50, wherein the ratio progressively

decreases along the length of the first or second segment.

52. The catheter or shaft of claims 3-24 or 49-51, wherein the longitudinal
spacing of the first or second segment progressively varies along the length of the first or

second segment.

53.  The catheter or shaft of claims 3-24 or 49-52, wherein the longitudinal
spacing of the first or second segment progressively varies along the length of the furst or
second segment, and wherein a ratic of an arc length of a cut portion to an arc length of an

uncut portion progressively varies along the length of the first or second segment.

32
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54 The catheter or shatt of claim 53, wherein the longitudinal spacing of
the first or second segment progressively increases along the length of the first or second
segment, and wherein the ratio progressively increases along the length of the first or second

segmennt.
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9/10

500z

Advancing a distal access support catheter into a patient. The distal
502a access support catheter includes g flexible and hollow shaft including a
\ proximal end and a distal end. The shaft includes a slotted portion with
a plurality of siotted openings and the slotted portion includes a first
segment with a first pattern of slotted openings and a second segment
extending proximally relative to the first segment with a second pattern
of siotted openings different from the first pattern.

l

5043\ Bending the slotted portion of the shaft in at least two spaced apart
locations while advancing the catheter through the vasculature of the
patient.
FiG. 5A

500

502b Advancing an aspiration catheter into a patient distally of an
\ obstruction. The catheter includes a flexible and hollow shaft
including a proximal end and a distal end. The shaft includes a slotied
portion with a plurality of slotied openings and the slotted portion
includes a first segment with a first patiern of slotted openings and a
second segment extending proximally relative the first segment with a
sacond patiern of slotted openings different from the first pattern.

504k

Bending the sloited portion of the shaft in at least two spaced apart
\ locations while advancing the catheter through the vasculature of
the patient.

506b l

\ Aspirating the obstruction out of the patient through the shaft.

FiG. 5B
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10/10
500¢
502¢
\ Cutting a first paitern of slotted openings in a segment of an elongated,
hollow shaft.
504c l

\ Cutting a second pattern of slotted openings in a second segment of

the elongated, hollow shaft, the second segment extending proximally

relative 1o the first segment, in the second pattern of sictied opeanings
different from the first pattern of slotted openings.

FIG. 5C
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only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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