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Figure 1A

(57) Abstract: Catheter shafts and associated devices, sys-
tems, and methods are disclosed herein, A representative cath-
eter in accordance with an embodiment of the disclosure in-
cludes a generally tubular outer structure and an inner struc-
ture surrounded by the outer structure. The inner structure
surrounds a catheter lumen. The inner structure includes over-
lapping edges such that, when the catheter is bent along its
longitudinal axis, the over-lapping edges move relative to one
another.
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CATHETER SHAFT AND ASSCCIATED DEVICES, SYSTEMS, AND
METHODS

CROSS-REFEREMCE TO RELATED APPLICATION(S)

{0081} This application claims priovity to U8, Provisional Application No, 62/268,372,
fited on December 18, 2015, entitled "CATHETER SHAFT AND ASSOCIATED DEVICES,
SYSTEMS, AND METHODS," the contents of which are hereby incorporated by reference in

its entirety.

TECHMICAL FIELD

002} The present fechnology is directed generally to catheters. More specifically, the

present iechnology relates to catheter shaft construction.

BACKGROUND

HUEIRY A wide variety of medical devices have been developed for intravascular use.
Catheters, for example, are commonly used to facilitate navigation through and/or treatient
within the anatomy of a patient. Because of the compromises involved between the
mechanical, biclogical and chemical reguirements for catheter performance, many existing
catheters are a composite of two or more different materials in order to take advantage of the
unigue properties of the different materials.  For example, a common composite catheter
construction includes (1) an cuter jacket made of a material that provides longitudinal rigidity
1o resist kinks and (23 a chemically-inest nner surface liner {typically a fluoropolvmer} having
a fow coefficient of friction to ease delivery of one or more compongnts through the shaft
fornen. lnner liner materials, however, are significantly less flexible than the materials used tor
the oofer jacket, and thus greatly affect the flexibility of the composiie catheter shaft. For
example, the modualus of elasticity of materials commonly used as inner surface lners is
about 74,000 psi, while the modulus of elasticity for common outer jacket materiai(s) is about
2,900 pai.  Abhough some conventional catheters are made with low durometer polymers,
{e.g., extremely sofl), such catheters generally have little kink resistance. Accordingly, a need

exists for a kink-resistant catheter shaft with improved flexibility,
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BRIEF DHSCRIPTION OF THE DRAWINGS

16804} Figure 1A is 8 side view of a portion of a catheter shalt configured in accordance
with the present technology, shown in an unstressed state.

B80S Figure 1B i3 a cross-sectional view of the catheter shaft shown in Figure 1A,
taken along ling 1B-18,

{86! Figure 1C is an isolated, isometric view of an Inner structure of the catheter shafl
showbn in Figures TA-1B configured tn accordance with the present technology.

{80871 Figure 103 is an enlarged view of a portion of the cross-sectioned catheter shafl
shown in Figore 1B,

{B068] Figure 24 is an lsometric view of the catheter shaft shown in Figures 1A-1C,

shown bent along a curved axis,

RS Figure 2B is a side view of the catheter shall shown in Figure Z2A.

B8] Figure 2C is an isometric front view of the catheter shafl shown in Figures 2A
and 28,

{60111 Figure 213 is g cross-sectional view of the catheter shatt shown i Figures 2A-2C

taken along line 2025 of the view shown in Figure 2.

{88121 Figure 2E is an enlarged view of a portion of the cross-sectioned catheter shaft
shown in Figure 2.

18413 Figure 2F is an enlarged view of a portion of the cross-sectioned catheter shafl
shown in Figure 20,

{80143 Figure 34 is an isometric view of a catheter shaft configured in accordance with

another embodiment of the present technology, shown bent along its axis,

{6815} Figure 3B is a side view of the catheter shaft shown in Figure 3A,
6815} Figure 44 is an isolated, isometric view of an inner structurs of the catheter shaft

shown in Figures 3A-3B configured in accordance with the present technology, shown in an

unstressed state.

a7 Figure 4B is an isolated side view of the inner struciure shown in Figure 4A.
{8018} Figure 4C is an isolated segment of the inner structure shown in Figures 4A-48

contfigured in accordance with the present technology.
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DETAILED DESCRIPTION

(0619} The present iechnology is divected to catheters and associated wethods of
manufacture,  Specific details of several embodiments of catheter devices, systems, and
methods in accordance with the present technology are described below with reference o
Figures 1A-4C.  In one embodiment, the present technology includes a catheter shafl
comuposed of g tubular outer structure and a helical inner structure surrcunded by the outer
structure.  The inner structure can be formed of a sivip of material wound around a central
longitudinal axis such that the edges of the strip overlap to form a continuous tubular wall, In
some embodiments, only an exposed portion of the strip defines an exterior surface of the
continuous tubular wall. The exposed portion can be bonded to the outer structure while &
reypaiing portion of the strip remains free to slide relative to the exposed portion.
Accordingly, the catheter shaft of the present fechnology is significantly more flexible than a

comparable shaft ntilizing an inner structare made of a contiguous tube,

8 selected Embodiments of Catheter Shafts
180241 Figures 1A and 1B are side and cross-sectional views, respectively, of a portion

of a composite catheter shaft 100 {also referred to herein as "the shafl 100" configured in
accordance with the present technology shown in an unstressed state. Reforring to Figures 1A~
iB fogether, the catheter shafi 100 inchudes a generally tubular sidewall 102 that defines a
fumen 104 therethrough. The lumen 104 is configured to shidably receive and facilitate the
passage therethrough of one or more medical devices, such as catheters, cannulag, access ports,
guidewires, implants, infusion devices, stemts gnd/or stent-grafis, intravascular occlusion
devices, clot retrievers, stent retrigvers, implaniable heart valves, and other soitable medical
devices and/or associated delivery systems, Additionally, the lumen 104 can be configured 1o

receive ane or more fhuids therethrough, such as radiopague dye, saling, drugs, and the fike,

{8021} The size of the lumen 104 can vary depending on the desired characteristics of
the shaft 100, Tor example, in some embodiments the shaft 190 can have an inner diamete

{c.g., lumwen diameter) between about 8.01 inches and about 0.5 inches, and in some
embodiments between about 0.2 inches and about 6.4 inches. Although the shaft 100 shown in
Figures 1A-1B has a generally round {e.g., circular) cross-sectional shape, it will be
appreciated that the shaft 100 can include other cross-sectional shapes or combinations of

shapgs.  For ecxample, the cross-sectional shape of the shaft 108 can be oval, oblong,
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rectangular, square, triangular, polygonal, and/or any other suitable shape and/or combination

of shapes.

{B22] As shown in Figures 1A-1B, the sidewall 102 of the shaft 160 includes an outer
struciure 114 and an inner strocture |12 susrounded by the outer structure 114, An end portion
of the outer structure 114 has been removed in Figures 1A-18 o better lustrate the structural
features of the inner structure 112; generally, the cuter structure 114 surrounds the inner
structure 112 along the entire length of the inner structure 112, In some embodiments, the
puter structure 114 can be an clongated polymer tube. Suitable materials tor the ouler structure
114 clude Pebax® (poly ether block amide), polyoxymethylene (POM), polybutylene
terephthalaie (PRT), polyether block esier, polyether block amide (PEBRA)Y, fluorinated
ethylene propyvlens (FEPY, polyethyviene {PE), polypropylene (PP}, polyvinyvichioride (PV(),
polyurethane, polytetraflucrosthylene (PTPE), polyether-ether ketone (PEEK), polyimide,
polvamide, polyphenviene sulfide (PPS), polyphenviene oxide (PPO), polysulfone, uylon,
pertfluoro{propyt vinyl ethery (PFA), polyether-gster, platimun, polymer/metal composties, eic.,

or mixtures, blends or combinations thereof,

{00231 Figure 1C is an isolated isometric view of the lnner structure 112 alone without
the outer struciure 114, As shown in Figures 1A-1C, the inner structure 112 can be a single
strip F13 of material wound around 3 central longitudinal axis A such that the edges of the strip
113 overlap to form a continuous/contiguous {e.g., gap-freey tbular wall bhaving a
discontinuous exterior surface 125 in g longitudinal direction. The mer structure 112 andfor
sirip 113 can be made of a material having a low coefficient of friction, such as a
fluoropolymer and/or a lubricious polymer {e.g, high density polyethylene (HDPE),
polytetrafluorosthylene  (PTFE), andfor a  copolymer of tewraflumroesthviene  with
nerflucroethers  such  as perfluorpalkoxy (PFA),  perflucropropyl vinyl ether, and/or
perfluoromethyl vinyl ether).  Other suitable materials can include PEEK, PE, PP, or a
copoelymer of tetratiuorocthyiene, FEP, ete, In many embodiments of the present techuology,

the inner structure material(s) has a kigher melting point than the suter siructure material{s).

{10241 As shown in the endarged, cross-sectional view of the shaft 108} in Figure 1D, the
winnd strip 113 has an overlapping region 122 that defines a subduction zone and a non-
overlapping region 140, In the embodiment shown in Figures 1A-1D, a width of the
overlapping region 122 is generally the same along the length of the shaft 100, 1o other

embodiments, & width of the overlapping region 122 can vary along the length of the shaft 100,
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In a representative embodiment, when the shaft 100 is in an unsiressed state, about 50% or less
of the sirip 113 covered. Such a configuration avoids gradually increasing a thickness of the
inner siructure 112 in a given longitudinal direction.  In other embodiments, the percentage of
overlap can be more than 50%. The amount of overlap {or pitch of a helical sirip} may be

varied along the length of the shaft to ereate regions of different and/or changing stiffness.

(8025} The overlapping region 122 includes an outer portion 124 of the strip 113 and an
mner portion 126 of the sirip 113 positioned radially inwardly of the outer portion 124, as
shown i Figure 1D, The outer portion 124, inner portion 126, and non-overlapping region
140 together define a widih w of the sirip 113, Additionaily, a thickness of the inner struciure
112 can be the sum of the thicknesses of the outer portion 124 and the inner portion 126

{labeled {, and 4, respectively), or two thmes a thickness of the strip 113,

{3026} The cuter portion 124 can have an outer surlace [24a facing radially outwardly
and an inner surface 124b opposite the outer surface 124a and facing the lumen 104, The inner
portion 126 has an outer surface 1262 facing radially outwardly and an inner surface 126b
opposite the outer surface 1263 and facing the lumen 104, In the embodiment shown
Figures 1A-113, the outer surface 124a of the outer portion 124 is bonded or otherwise fixed o
the outer structure |14 along all or 2 portion of the length of the onter portion 124, The shaft
100 can include a gap 118 between adjacent turns of the outer portion 124 and the outer
structure 114, The inner surface 124b of the outer portion 124 abuts the sufer surface 126a of
the inner portion 126 along all or a portion of thelr raspective lengths. Because the strip 13 i3
made of g material having g low coefficient of friction, the nner surface 124b of the outer
portion 124 can contact the outer surface 126a of the inner portion 126, vet retain the ability to
stide velative to the outer surface 126a {and vice versa) when the shaft 100 is bent along its
axis A, Additionally, the inner swrface 126b of the inner portion 126 can define the shaft

lumen 104, as shown in Figure 1D,

{271 Figures 2A-20 are an isomeiric view, a side view, and an isometric front view,
respectively, of the catheter shall 100 in accordance with the present techuology, shown bent
along axis A {e.g., a curved axis upon bending), Figure 21 is 3 cross-sectional view of the
catheter shaft shown in Figures 2A-2C taken along line 213213 of the view shown in Figurs
2C, and Figures 2E and ZF are enlarged views of a portion of the cross-sectioned catheler
shail 10§ shown in Figure 23, Referring to Figures 2A-2F together, when the shaft 1 bends

or deforms, the outer structure 114 deforms elastically and forces the fixed outer portion 124 1o
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move and bend with it. As the outer portion 124 moves, the inner portion 126 slides along the
inngr surface 124b of the cuter portion 124, Along portions of the shaft 100 experiencing
iensile forces, the width of the overlapping region 122 decreases, as shown m Figure 2E.
Along portions of the shalt 100 expericncing compressive forces, the width of the overlapping
region 122 increases, as shown in Figure 2F, as the outer portion 124 subducts with respect to

the inner portion 126,

{B028] The catheter shaft 100 of the present technology provides several advantages over
existing catheters. For exampie, the heheal or spirsl geometry of the inner structure 1172, as
well as the inner strocture’s 112 interrupied bonding with the outer struchure 114, greatly
incroases the overall flexibility of the Inmer structurs 112 as compared o a continuous fube
made of the same material and having the same thickness. As such, the catheter shaft 100 of
the present technology is significantly more flexible than conventional catheter shafis. For
example, in some embodiments, the bending stiffness of the shaft 100 may be 25% less than
that of a comparable composite catheter shaft (e.g., 8 shaft having the same outer structure and
an inner structure made of a continuous tube made of the same material, having the same
thickness and the same inner diameier). In some embodiments, the bending siiffness may be
between about 30% and about 60% less than that of a comparable composite catheter. In some
embodiments, the inner structure may provide less than about 50%, and fn other embodiments
fess than about 25%, of the total bending stiffness of the composite catheter. Such mproved
flexibility is most dramatic in larger dismeter cathetors (assuming wall thickness does not vary
based on diameier), such as guide catheters. For a given bend radius and wall thickness, the
walls of catheters with a large D are subject o greater strain than the walls of small ID

catheters,

113 Nelected Methods of Manuiacture

18029} In one embodimeant of manufacturing a catheter shaft in accordance with the
present technology, a strip of material is provided. Tn some embodiments, the strip can be
made of the desired inner structure material, such as PTFE, the sirip can be a PTVFE tape, &
fongitudinally-cut PTFE tube {described in greater detail below), or other polymer siructures in
a sirip form. For example, in some embodiments, the sirlp is constructed by splitting the wall
of a polymer tube along a helical path about the tube’s longitudinal axis. In any of the
forepning embodiments, the strip of material may be wound sround a mandrel. In a

epresentative embodiment, the strip is wound from the proximal end to the distal end such that

»
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the sirips’ free edges or steps face distally within the lomen, The strip can be wound in this
manner 1o provide a smoother path through the lomen for one or more devices delivered
therethrough. In other smbodiments, the sirip can be wound from its distal end 1o ifs proximal-

end.

180381 The strip can be wound 1o have a desired pitch angle {e.g., the distance between
successive turns of the strip). The pitch angle affects the flexibiiity of the resulting wound
structure since the pitch angle affects the amount of overlapping regions per unit length of the
shaft, which in turp affects the width of bonded strip that {eventually) undergoes bending
stress.  In some embodiments, the maximum pitch angle to achieve 50% coverage can be
governed by the equation max pitch angle = tan (2aiy/w), and the minimumn pich angle to
achieve no overlap can be governed by the equation min piich angle = tan” (xD/w), where [ is

the desired inner diameter for the shafi and w is the width of the strip of material.

3311 Once the sirip is wound around the mandrel as desired, a tube of material {e.g., 2
polvmer commonly used for the outer structure} is positioned over the wound strip. Next, a
heat-shrinkable tube (3., a fluoropolymer) can be positioned over the tube. The assembly
{e.g., the mandrel, the wound strip, the tube, and the 11(—;_3‘&-5]1:*511}{333}:’: tube) ts then gradually
heated from s distal end to jts proximal end {or vice versa} to fuse the tube with the strip. The
amount of calories absorbed by the asserbly, and the rate at which the calories are transferred
1o the mandrel, will depend on the geometry of the assembly {e.g., the length of the assembly,
the diameier of the assernbly, the thickness of the materials used, ete.}. The temperature can be
high encugh to shrink the heat-shrinkable tube and raise the temperature of the tube material
ahove its glass transition temperature {e.g., between gbout 380°T and about 440°F), vet low
enough 30 as not to affect the durometer of the tube material and affect its resultant molecular
weight (thereby changing the mechanical properties of the resultant cuter structure}. Also, the
duration of heat application can be monitored to avoid for applying too high of a temperature
for too long, which may cause the tube material to flow between the overlapping portion of the
strip and into the lumen thereby raising the coctlicient of friction within the catheter lumen,
Additionally, the mandrel material can be chosen to provide g hestsink to quickly remove heat
from the melted tube and freeze it before the tube material flows between the overlaps. For
example, in some embodiments the mandrel is a steel tube, and the wall thickness of the tube
can be varied to add or subtract heal transfor rate. Once the assembly has cooled, the heat
shrinkable tube can be removed and the newiy-formed composite shaft can be removed from

the mandrel.
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{81321 i any of the devices and methods disclosed herein, the inner structure is formed
of a polymer tube {c.g.. a PTFE tube) that 1 cut into sirips in a divection parailel w the
longitudinal axis of the tube. The width of the strip is then (zD)} where B is the tubing
diameter. The thickness of the sirip s the wall thickness of the tubing. Another method of
creating sivip from tubing is to slice the tube helically. The maximurm width of the strip is then

{(=1¥/{1antd), where © is the angle of the helix from the tubse axis.

HHERY Before cutiing the tube, the lube can be siched on only Hs exterior swrface io
increase the coefficient of friction between the exterior surface of the tube and other polymers
{i.e., the outer struciure material)y that may be bonded to the exterior surface of the tube. The
wbing may be etched with g strong base (e.g., sodium hydroxide, polassium hydroxide,
sodhnm/ammaonia, ete.) by immersing the tube in Hguid etchant as an on-line process during
exirusion, or as a batch process after extrusion. The latter method includes plugging the ends
of the PTFE tubing before tmmersion or otherwise keeping the open ends out of the liguid
etchant. This way, only one surface of the polymer fubing roaterial is eiched while the other

surface is not etched.

1L Additional Embodiments

L EREY Figures 3A and 3B are sometric and side views, respectively, of & cathetar
shaft 300 {(also referred to hercin as "the shafi 300™) configured in accordance with another
ewrhodiment of the present technology, shown bent along its axis A. As shown in Figures 3A
agnid 3B, the shafl 360 can include an outer structure 314 and an inper structiure 312 surrounded
by the outer structure 314, Figures 44 and 4B are side and isometric views of the nner
structure 312 isolated from the shafi 300, In the ewbodiment shown in Figures 3A-4B, the
mner structure 312 s formed of a plurality of overlapping segments 315, such as rings. An
isclated segment 335 is shown in Figure 4C. The segments 315 can have a geverally
evlindrical or conieal shape. Additionally, referring to Figure 4B, individual segments 315 can
have an outer portion 326 having an ioner diameter and an inner portion 326 having an outer
diameter that fits within the inner dismeter of the outer portion 326. The segments 313 can be
arranged as shown in Figure 4B such that the fnner portion 326 of one segment 315 is received
within the outer portion 324 of an imimediately adjacent segment 315, The nner portions 326
accordingly overlap the culer portions 324 in 2 manner similar to the embodiments described
above with respect to Figures LA-2F. The outer portions 326 are fixed 1o the ounter structure

314, but inner portions 326 can slide over the mner surface of the ouler portions 326, As a



WO 2017/106877 PCT/US2016/067628

result, the shaft 300 is expected to have similar advantages to those described above with

respect tor the shaft 10{,

Y. Esaoplsy
{035 The following examples are iHustrative of several embodiments of the present
technology:

1. A catheter, comprising:

a generally tubular outer structure; and

an inngr structure surrounded by the ouler structure and that surrounds a catheter

hurpen.
2. The catheter of example 1, whorein the inner structure includes over-lapping
gdges
3 The catheier of example | or example 2, wherein the inner siruciure is non-

continuous in a longitudinal direction,

4. The catheter of any one of examples 1-3, wherein the inver structure has freely

sliding interfaces with itself,

5. The catheter of any one of examples 1-4, wherein the inner structure provides

fess than 50% of the total bending stiffness of the catheter,

6. The catheter of any one of examples 1-5, wherein the nner structure has
portions that slide tangentially during bending of the catheter,
7. A catheter, comprising
a generally tubolar outer structurs, the outer structure having an outer surface and an
inner surface; and
an inngr stracture surrounded by the cuter siracture, the inner structire having a relaxed

state and a stressed state, and wherein—

G-
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the nner siructure is composed of a strip of materdal that s helically wound
arcund & central longitudinal axis fo form a generally tubular member
defining a humen, wherein the strip has an duter surface and an inner
surface,

a first portion of the sirip overlaps a second portion of the sirip along the
fongitudinal axis of the strip,

onily a portton of the outer surface is bonded to the inner surface of the outer
structure, and

when the catheter is bent along s longitudinal axis, the second postion is

configured to slide relative to the first portion,

8. The catheier of example 7, wherein the inner structore includes over-lapping

odges,

9. The catheter of example 7 or example 8, wherein the inner struciure is non-

continuous in a longitudinal direction,

1. The catheter of any one of examples 7-9, wherein the mner structure provides

less than S0% of the total bending stiffness of the catheter.

i1, The catheter of any one of examples 7-10, wherein the first portion slides

tangentiatly relative to the second portion during bending of the catheter.

12, The catheter of any one of examples 7-11, wherein the strip of material is
formed from a polymer tube that has been cut in a divection paraliel to g longitudinal axis of

the tube.

13, the catheter of any one of examples 7-11, wherein the strip of matenial is

formed from a polymer tube that has been cut in a helical direction.

14, The catheter of any one of examples 7-13, wherein the polymer tube has an

eiched extericr surface and an inner surface that is not etched.
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14, The catheter of any one of examples 7-13, wherein the polymer tube is a PTFE
tube,
V.o Lonclusion
18036} Many embodiments of the present technology can be used o access or freat

targets located in tortuous and narrow vessels, such as certain sites in the peuravascular
system, the pulmonary vascular svstem, the coronary vascular system, and/or the peripheral
vascular systern, The catheter shall of the present iechnology can also be suited for use in the

digestive sysiem, soft tissues, and/or any other insertion into an organism for medical uses.

16837} It will be appreciated that specific elements, substructures, advantages, uses,
and/or other features of the embodiments described with reterence to Figures 1A-4C can be
suitably interchanged, substituted or otherwise configured with one another in accordance with
additional embodiments of the present technology., For example, 8 single catheter shaft can
include an imner structure having a belical portion {as shown in Figures 1A-2FY and a
segmented portion {as shown in Figures 3A-4Cy A person of ordinary skill in the asgt,
therefore, will accordingly understand that the technology can have other embodiments with
additional clements, or the technology can have ather embodiments without several of the
features shown and described above with reference to Figures 1A-40. For example, the
catheters of the present fechnology can be wsed with any of the clot treatment devices and
associsted devices, systemns, and methods disclosed in ULS. Patent Application No. 14/299,933,
filed June 9, 2014, and U.S. Patent Application No. 13/843,742, filed March 15, 2013, and
118, Patent Application Mo. 14/735,110, filed June &, 2015, ali of which are incorporated
herein by reference in their entireties. Additionally, in some embodiments, the catheter shaft
of the present technology can include additional structures and/or layers, For example, in a
particular embodiment, the shaft includes an additional structure or material positioned
between the inner structure and the outer structure, Moreover, in a particular embodiment, the

shaft inciudes more than one strip.
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CLAIMS

We claim:

i, A cathster, comprising:
a generally tbular outer structure; and
an inner structure surrcunded by the outer struciore and that surrounds a catheter

men, wherein the foner structure includes over-lapping edges.
humen, wherein the joner structure includes over-lapping edges

2. A catheter, comprising:

a generally tubular outer atructhure; and

an inner structure surrounded by the outer structure, wherein the inner structure is non-
contingous in a longitudinal direction.

3. A catheter, comprising:

3 generally tubular outer structure: and

an inner siructurs surrounded by the outer structure, wherein the inner structure has

freely sliding interfaces with Hach

4. A catheler, comprising:
a generally tubular cuter structure; and
an vmermost strycture surrounded by the outer structure, wherein the innermost

structure provides fess than 50% of the total bending stiffness of the catheter,

5. A catheler, comprising
a generally tubular outer struciure; and
an inner structure surrcunded by the outer structure, wherein the inner structure bas

portions that shde tangentially during bending of the catheter,

6. A catheter, comprising
a generally tubular ouler structure, the outer structure having an outer surface and an

o

inner surface; and

12
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an nner structure surrounded by the outer structure, the Inner structure having a relaxed

state and a sivessed state, and wherein—

the inner structure is composed of a strip of material that is helically wound
around a central longitndival axis to form 2 generally tubular member
defining a huuen, wherein the strip has an ouler surface and an mer
surface,

a st portion of the strip overlaps a second portion of the sivip along the
longitudinal axis of the sirip,

only a portion of the cuter surface is bonded to the inner surface of the outer
structure, and

when the catheter is bent along its longitudinal axis, the second portion is

configurad to shide relative to the first portion.
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