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NEUVT.013PR PROVISIONAL
HIGH FLEXIBILITY, KINK RESISTANT CATHETER SHAFT

BACKGROUND
Field
[0001] The present disclosure relates to a flexible catheter for endovascular
procedures.

Description of the Related Art

[0002] Nearly all endovascular procedures require the use of flexible catheters,
for example, to deliver contrast injection, to deliver implantable devices, perform vascular
procedures, or to aspirate. Due to the tortuous nature of the vasculature, it is important for
catheters to be flexible enough to travel through vessels without excessive force. However,
there is generally a trade-off between the features of catheter diameter, trackability,
flexibility, and kink resistance. An increase in catheter diameter tends to increase its
stiffness, which lowers its trackability and may dangerously increase vascular sheer forces.
An increase in flexibility tends to increase the tendency of the catheter to kink as it is pushed
through the vasculature, which limits the catheter to vessels with gentle curves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Figure 1 is a schematic cross-section of an embodiment of a catheter.

[0004] Figure 2 is a schematic cross-section of a catheter wall portion having
varying depths of corrugation.

[0005] Figure 3 illustrates an outer surface of the catheter shown in Figure 1.

[0006] Figure 4 illustrates an inner surface of the catheter shown in Figure 1.

[0007] Figure 5 is a schematic cross-section of a catheter wall portion having an
outer tubular layer bonded with an inner tubular layer.

[0008] Figure 6 is a schematic cross-section of a transition between a distal wall
portion and a proximal wall portion.

[0009] Figure 7 is a schematic cross-section of another transition between the
distal wall portion and the proximal wall portion.

[0010] Various embodiments are depicted in the accompanying drawings for

illustrative purposes, and should in no way be interpreted as limiting the scope of the

-1-
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embodiments. Furthermore, various features of different disclosed embodiments can be
combined to form additional embodiments, which are part of this disclosure.
DETAILED DESCRIPTION

[0011] Figure 1 illustrates an embodiment of a highly flexible, kink resistant
catheter. The catheter can include a distal portion, a proximal portion, and a central lumen
and a reinfbrcing structure such as a helical support that runs the length of the catheter. The
proximal portion and/or the transition between the distal portion and the proximal portion can
include any of the corresponding features of the catheters described in U.S. Application No.
15/647,763, filed July 12, 2017, titled “HIGH FLEXIBILITY, KINK RESISTANT
CATHETER SHAFT,” which is attached in the Appendix. The inner tubular layer and/or the
outer tubular layer can include PTFE, ePTFE, electrospun PTFE, silicone, latex, TecoThane,
nylon, PET, Carbothane (Bionate), SIBS, Tecoflex, Pellethane, PGLA, or Kynar.

[0012] The inner and outer tubular layers (Figure 1) in at least the distal portion
can be formed from a single section of material or a number different sections of similar or
different material. In this embodiment the outer tubular layer of the distal portion is formed
from a polyurethane (e.g., Pellethane 80AE) and the inner tubular layer is formed from
ePTFE and/or PTFE.

[0013] The highly flexible distal portion of the catheter is created by forming
corrugations into the outer surface of the outer tubular layer. The helical support is
encapsulated between the corrugations of the outer tubular layer and the outside of the
smooth inner tubular layer as shown in Figure 1. The formation of a corrugated wall
structure during bending provides flexibility while reducing the likelihood of kinking. The
corrugated outer surface can also decrease resistance when the outer surface of the catheter
contacts a vessel wall. The depth of the corrngations may be tailored to provide a desired
variation in stiffness along the length of the catheter as shown in Figure 2. Additionally,
pitch, or corrugation width variations may be used to control the flexibility locally in the
corrugated region.

[0014] The outer tubular layer can extend at least a length of the highly flexible
distal portion or extend beyond the distal portion for some distance along the proximal (mid-

section) length or extend the entire length of the catheter as shown in Figure 3. Extending the
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outer tubular layer at least some length beyond the highly flexible distal portion of the
catheter allows for a controlled stiffness transition between the distal and proximal portions
of the catheter and for the formation of a robust joint between the outer tubular layer and any
additional outer jacket materials.

[0015] To form the corrugations in a tubular membrane, the membrane can first
be positioned over the helical reinforcing structure. On the application of heat, the outer
tubular membrane will reflow such that it forms around the helical structure. A tensioned
wire can then be wound around the outside of the tubular membrane such that it forces
portions of the membrane into the grooves between each loop of the supporting helical
structure. The tubular membrane can then be heat set to fix the corrugations in place. After
this process the tensioned wire may be unwound leaving eh corrugations behind.

[0016] The inner tubular layer can extend into the proximal portion of the catheter
to provide an uninterrupted lumen and to join or improve the joint strength between the
highly flexible distal portion of the catheter and the proximal portion of the catheter. The
diameter of the inner tubular layer can be constant (e.g., smooth surface). The inner tubular
layer may form at least part of or the entirety of the liner as shown in Figure 4. The inner
tubular layer can be made from a low friction material such as ePTFE or PTFE.

[0017] As explained above, the outer tubular layer of at least the distal portion is
formed from a polyurethane (e.g., Pellethane 80AE) and the inner tubular layer is formed
from an ePTFE and/or PTFE liner. It is necessary to attach these layers together and this is
not easily achieved as fluoropolymers do not form strong bonds with other materials.

[0018] To facilitate bonding between fluoropolymers (e.g., ePTFE and PTFE) and
between fluoropolymers and other polymers such as polyurethanes (e.g., Pellethane) the outer
or bonding surface of the fluoropolymer(s) may be chemically treated using a sodium-based
etching solution such as FluoroEtch. The etching solution removes fluorine atoms from the
surface of the fluoropolymer and prepares it for bonding.

[0019] The etched fluoropolymer can then be coated with a thin layer of urethane,
such as ChronoFlex. On the application of heat, this thin ChronoFlex layer flows and acts to
tie the fluoropolymer to a second etched fluoropolymer layer or to a different polymer layer

as shown in Figure 5. The ChronoFlex tie-layer is so thin it does not cause any significant
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change in wall thickness. An alternative form of tie-layer involves the use of FEP. The
fluoropolymer may be sputter coated with a FEP powder which under heat and pressure
forms a bond between the coated fluoropolymer layer and a second layer. An ultra-thin FEP
tape may also be used in the same application.

[0020] The helical support is encapsulated between the corrugations of the outer
tubular layer and the smooth inner tubular layer as shown in Figure 5. The inner tubular layer
and the outer tubular layer are bonded together in the space between the adjacent loops of the
helical support by such mechanisms as a tie-layer. The helical support is bonded within the
helical channel formed by the corrugated outer tubular layer, i.e., the helical support is
molecularly or physically attached to the outer tubular layer. The helical support may also be
bonded to the outside surface of the smooth inner tubular layer. The distal portion of the
catheter retains highly flexibility and kink resistance because of the advantages inherent in a
corrugated outer structure and using materials of appropriate stiffness and thickness.

[0021] In the present configuration, the pitch of the helical support may vary over
the length of the catheter to influence the flexural stiffness of the catheter. For example, the
helical support could have a different pitch at the proximal loops compared to the distal
loops. '

[0022] If the outer tubular layer of the distal portion of the catheter is formed from
a fluoropolymer such as ePTFE or PTFE and the outer tubular layer of the proximal portion is
formed from a different polymer then achieving a good bond, especially one that resists
delamination during tracking, can be difficult. This may be overcome by sandwiching the
outer layer of the proximal portion of the catheter between the inner and outer tubular layers
of the distal portion of the catheter as shown in Figure 6.

[0023] If the inner tubular layer of the distal portion of the catheter is formed from
a different material or different section of material from that of the inner tubular layer of the
proximal portion then the tubular layers can be joined by creating a small slit or window in
one tubular layer and pulling a spliced length of the other tubular layer through it as shown in
Figure 7. The helical support is then wound around the outside of these layers thus keeping

them together.

27228153
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NEUVT.003A PATENT
HIGH FLEXIBILITY, KINK RESISTANT CATHETER SHAFT

BACKGROUND

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

[0001]  This application claims the benefit of U.S. Provisional Application
no. 62/361984, filed July 13, 2016, which is hereby incorporated by reference in its entirety
herein.

[0002] Any and all applications for which a foreign or domestic priority claim is
identified in the Application Data Sheet as filed with the present application are hereby
incorporated by reference under 37 CFR 1.57.

Field

[0003] The present disclosure relates to a flexible catheter for endovascular
procedures.
Description of the Related Art

[0004] Nearly all endovascular procedures require the use of flexible catheters, for
exarﬂple, to deliver contrast injection, to deliver implantable devices, perform vascular
procedures, or to aspirate. Due to the tortuous nature of the vasculature, it is important for
catheters to be flexible enough to travel through vessels without excessive force. However,
there is generally a trade-off between the features of catheter diameter, trackability, flexibility,
and kink resistance. An increase in catheter diameter tends to increase its stiffness, which
lowers its trackability and may dangerously increase vascular sheer forces. An increase in
flexibility tends to increase the tendency of the catheter to kink as it is pushed through the
vasculature, which limits the catheter to vessels with gentle curves.

SUMMARY

[0005] Traditional catheter shafts have a braided/coiled wire reinforcing element
encapsulated in a plastic matrix to form a tube. The catheter shaft may or may not have a
coaxial liner layer. With these conventional designs, the inherent flexibility of the base wire
frame is significantly reduced when encapsulated in the non-distensible plastic matrix. To
facilitate trackability, some catheter designs vary the inner/outer diameter of the catheter and/or

the durometer of the plastic material. However, when the resulting reinforced tube is flexed, a
-1-
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great deal of energy goes into stretching the plastic matrix on the outside curve and
compressing the plastic matrix on the inside curve of the tube. This is less pronounced on
small diameter catheters, but more significant as diameter gets larger. Further, varying the
durometer creates potential kinking points at the durometer transition points. This
conventional construction also provides limited force transmission or pushability due to
buckling or ovalization of the distal shaft. It would be desirable to have a catheter that did not
show deteriorating trackability and kink resistance as the diameter increased.

[0006] The present disclosure is directed toward catheter shaft designs that are
more flexible than conventional shafts and that demonstrate a unique set of properties such as
relative independence of catheter diameter and stiffness, catheter diameter and trackability, and
catheter stiffness and kink resistance. The catheter shafts described below permit the passage
of larger diameter catheters through tortuous vascular anatomy and to more distal vascular
anatomy, while providing improved resistance to compression or ovalization during bending.
This increase in flexibility is coupled with an improved kink resistance for a given catheter
diameter.

[0007] Some aspects of the disclosure are directed toward an elongate flexible body
with a proximal end, a distal end, and at least one lumen extending therethrough. A distal,
flexible section on the body has a tubular membrane having at least a first reinforcement
structure, such as a first helical support, on a radially interior or exterior surface of the
membrane. A second reinforcement structure, such as a second helical support, on the other of
the radially interior or exterior surface of the membrane may also be provided.

[0008] Controlled hinging (e.g., pleating or corrugating) of the tubular membrane
during bending reduces the tendency of the tubular membrane to buckle or kink at a focal
bending point. In some embodiments, the tubular membrane is supported by opposing inner
and outer coils as described above, which can promote the controlled hinging. In some
embodiments, the tubular membrane is supported by only an outer coil or an inner coil that is
affixed to the tubular membrane by an ultra-thin layer of a suitable plastic, such as Kynar, that
does not restrict the pleating of the tubular membrane.

[0009] Some aspects of the disclosure are directed toward a highly flexible, kink
resistant catheter with floating tubular support. The catheter can include an elongate tubular

body having a proximal end, a distal end and a central lumen. The tubular body can include an
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inner tubular layer surrounding the lumen. A helical support can be carried concentrically over
the inner layer. Adjacent loops spaced axially apart. The pitch of the adjacent loops can be
varied to adjust for flexibility and pushability. An outer tubular layer can be carried
concentrically over the helical support. The inner layer and the outer layer are bonded together
in the space between adjacent loops of the tubular support to form a helical channel and the
helical support is floating unbonded within the helical channel, e.g., the tubular support is not
molecularly or physically attached to the inner layer or the outer layer. The cross sectional
area of the helical channel can be varied from an area just larger than the wire cross sectional
area to an area up to 10X larger than the wire cross sectional area in order to facilitate free
movement of the wire helix.

[0010] Any feature, structure, or step disclosed herein can be replaced with or
combined with any other feature, structure, or step disclosed herein, or omitted. Further, for
purposes of summarizing the disclosure, certain aspects, advantages, and features of the
inventions have been described herein. It is to be understood that not necessarily any or all
such advantages are achieved in accordance with any particular embodiment of the inventions

disclosed herein. No individual aspects of this disclosure are essential or indispensable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Various embodiments are depicted in the accompanying drawings for
illustrative purposes, and should in no way be interpreted as limiting the scope of the
embodiments. Furthermore, various features of different disclosed embodiments can be
combined to form additional embodiments, which are part of this disclosure.

[0012] Figure 1 is a schematic representation of a conventional catheter.

[0013] Figure 2 shows a distal portion of a catheter having a single reinforcement
structure.

[0014] Figure 3 is a schematic representation of the catheter shown in Figure 2.

[0015] Figure 4 shows a distal portion of another catheter having a single
reinforcement structure.

[0016] Figure 5 shows a distal portion of a catheter having two reinforcement
structures.

[0017] Figure 6 is a schematic representation of the catheter shown in Figure 5.

-3-
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[0018] Figure 7A is a schematic representation of a cross-section of the distal
portion of the catheter shown in Figure 5 in a bent configuration.

[0019] Figure 7B schematically illustrates an inner bend of the distal portion shown
in Figure 7A.

[0020] Figure 7C schematically illustrates an outer bend of the distal portion shown
in Figure 7A.

[0021] Figure 8 is a schematic representation of another catheter having two
reinforcement structures.

[0022] Figure 9 is a schematic illustrate of yet another embodiment of a catheter
having a single reinforcement structure.

[0023] Figure 10 is a graph of stiffness v. outer diameter for various catheter
devices.

[0024] Figures 11A-11D illustrate yet another catheter having a single
reinforcement structure.

[0025] Figure 12 is a flow chart demonstrating one method of manufacturing the
catheter shown in Figure 11A.

[0026] Figure 13 is a schematic representation of yet another catheter having a

single reinforcement structure.

DETAILED DESCRIPTION

[0027] To improve flexibility, conventional catheter designs often vary a durometer
of the polymer tubing along the catheter shaft. Figure 1 schematically illustrates a
conventional catheter 10 having a plurality of sections of polymer tubing 12, 14, 16 forming an
outer surface of the catheter 10. Each section 12, 14, 16 has a different durometer. Often, the
durometer of the polymer tubing transitions every few centimeters. The transition points
between the different sections can increase the likelihood of kinking. Further, the softer
durometer sections can increase resistance when the outer surface of the catheter contacts a
vessel wall.

[0028] An inner surface of the catheter 10 can be formed by a liner 18, which can
limit flexibility by providing a relatively stiff backbone. A stiffer catheter tends to create

increased resistance when the inner surface of the catheter contacts the guide wire and/or the
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outer surface of the catheter contacts the vessel. The catheter shaft designs described below
provide improved flexibility, trackability, and kink resistance, even for catheters having larger

diameters.

Fibrous Encapsulated Reinforcement Structure

[0029] Figure 2 depicts a distal portion 102 of a catheter 100 having a
reinforcement structure (sometimes referred to herein as an annular support) encapsulated in a
fibrous coating. Figure 3 schematically illustrates the catheter 100 including the distal portion
102 of the catheter shown in Figure 2 and a proximal portion 104. The proximal portion 104
can include one or more sections (e.g., one, two, three, or more) of polymer tubing 106, 108.
When the proximal portion 104 has multiple sections 106, 108, each section 106, 108 can have
a different diameter that generally increases in the proximal direction toward the hub 110. The
distal-most section 106 of the proximal portion 104 can be generally stiffer than any portion of
the distal portion 102. The proximal portion 104 may or may not have a liner 112 positioned
radially inward of the one or more sections 106, 108.

[0030] The catheter 100 can have at least one lumen. For catheters having a single
lumen, an inner diameter at a proximal end of the distal portion 102 can be substantially the
same as an inner diameter at a distal end of the proximal portion 104. In some configurations,
an inner diameter of the catheter 100 can be substantially the same along the entire length of
the catheter.

[0031] At least the distal portion 102 can include a reinforcement structure 114. In
Figures 2 and 3, the reinforcement structure 114 is a coil, but in other implementations, can be
a mesh, braided structure, laser cut structure, parallel spaced apart rings, helical z patterns,
diamond patterns, or other structure capable of providing column strength and radial strength.
The reinforcement structure 114 can include a medical grade metal material, such as nitinol,
stainless steel, or otherwise, or a polymeric material, such as PEEK, Kevlar, carbon fiber
filaments, or otherwise. Although the illustrated embodiment includes a single reinforcement
structure 114 at a distal portion 102 of the catheter 100, additional reinforcement structures 114
may be added, for example, radially inward and/or radially outward of a coating 116, and/or
the reinforcement structure 114 can form at least a part of the proximal portion 104 of the

catheter 100 or extend along the entire length of the catheter 100.
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[0032] At least the distal portion of the reinforcement structure 114 can be coated
with a coating such as fibrous coating 116. The coating 116 can be applied to an inner and/or
outer surface of the reinforcement structure 114 using an electrospinning process. The fibrous
coating 116 can be formed from a thermoplastic fluoropolymer. Exemplary materials for the
fibrous coating 116 can include, but are not limited to, PTFE, PET, silicone, latex, TecoThane,
nylon, PET, Carbothane (Bionate), SIBS, TecoFlex, Pellethane, Kynar, and PGLA. The
fibrous nature of the coating 116 allows the catheter to stretch, which imparts flexibility.
Preferably the coating remains impermeable at least to erethrocytes, or is completely fluid
impermeable in the vascular environment. Although the illustrated embodiment includes a
coating 116 at a distal portion 102 of the catheter 100, the coating 116 can extend at least
partially into the proximal portion 104 of the catheter 100 or along the entire length of the
catheter 100. |

[0033] The reinforcement structure 114 can also be coated or embedded in a non-
electrospun membrane such as a tubular hydrogel. For example, the reinforcement structure
can be spray. coated‘, dip coated or otherwise provided with a thin, highly flexible layer of a
methacrylate polymer such as poly(HEMA), preferably in such a way that the coating is
strongly adherent, e.g., there is no detachment of the coating from the underlying coil surface.
Other hydrophilic and non-hydrophilic polymeric coating materials may alternatively be used,
such as those obtained by polymerization of monomers selected from hydroxyethoxyethyl
methacryiate (HEEMA), hydroxydiethoxyethyl methacrylate (HDEEMA), methoxyethyl
methacrylate (MEMA), methoxyethoxyethyl methacrylate (MEEDA), metoxydiethoxyethyl'
methacrylate (MDEEMA), ethylene glycol dimethacrylate (EGDMA) and mixtures thereof.
These polymeric coatings can be crosslinked or non-crosslinked depending upon the desired
performance. These polymeric materials can be copolymers, terpolymers or even more
complex macromolecular systems, or physical blends. Adherence of the methacrylate polymer
biomaterial to the metallic surface of the supporting coil may be enhanced by the application of
a binder polymer layer. One such binder is poly(ethersulfone). Additional details may be
found in US patent Publication 2002/0065551 entitled Method for Immobilizing poly(HEMA)
on Stents, to Koole, et al., which is hereby incorporated by reference in its entirety herein.

[0034] Electrospinning refers generally to processes involving the expulsion of

flowable material from one or more orifices, and the material forming fibers are subsequently
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deposited on a collector. Examples of flowable materials include dispersions, solutions,
suspensions, liquids, molten or semi-molten material, and other fluid or semi-fluid materials.
In some instances, the rotational spinning processes are completed in the absence of an electric
field. For example, electrospinning can include loading a polymer solution or dispersion,
including any of the materials described below, into a cup or spinneret configured with orifices
on the outside circumference of the spinneret. The spinneret is then rotated, causing (through a
combination of centrifugal and hydrostatic forces, for example) the flowable material to be
expelled from the orifices. The material may then form a "jet" or "stream" extending from the
orifice, with drag forces tending to cause the stream of material to elongate into a small
diameter fiber. The fibers may then be deposited on a collection apparatus. Further
information regarding electrospinning can be found in U.S. Publication No. 2013/0190856,
filed March 13, 2013, and U.S. Publication No. 2013/0184810, filed January 15, 2013, which
is incorporated by reference in its entirety herein.

[0035] The catheter 100 can be formed by taking a mandrel having a diameter of
the desired inner diameter of the catheter 100. Several layers of the coating 116 can be spun
over the mandrel, and then the reinforcement structure 114 can be positioned over the spun
material. Thereafter, another several layers of coating 116 can be spun over the reinforcement
structure 114 such that the reinforcement structure 114 is encapsulated within the coating 116.
The outer layers of coating 116 can fill in the interstitial spaces in the reinforcement
structure 114, such as between the bends in a coil.

[0036] The fibrous encapsulated reinforcement structure allows for a catheter
construction in which the region of greatest flexibility is provided over a greater length than
traditional catheters. Unlike traditional catheters in which a durometer of the plastic matrix
transitions a few centimeters from the distal end, the coating 116 described herein can have a
generally uniform stiffness (e.g., by providing a generally constant thickness, and/or density)
along a length of the distal portion 102 or along an entire length of the coating 116. The length
of generally uniform stiffness can be at least about 1.0 cm, at least about 2.0 cm, at least about
4.0 cm, at least about 5.0 cm, at least about 10.0 cm, at least about 15.0 cm, at least about 20.0
cm, at least about 50.0 cm, or an entire length of fhe catheter.

[0037] As mentioned above, in conventional catheter designs, the coating on the

outside curve stretches while the coating on the inside curve compresses, which can result in
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kinking. The fibrous encapsulated reinforcement structure mitigates kinking seen in larger
diameter catheters having an outer diameter of at least about 5.0 F, such as between about 6.0 F
and about 12.0 F, between about 8.0 F and 10.0 F, or otherwise, because the coating generally
demonstrates better stretch and compression than conventional plastic catheter jacketing
materials. Larger diameter catheters can be useful to ease the passage of other devices through
a lumen of the catheter or to provide greater aspiration forces for a given aspiration pressure. It
should be noted that this construction could be applied to any catheter diameter, including
catheter diameters less than about 5.0 F or greater than about 12 F.

[0038] Figure 4 depicts a catheter 200 with a reinforcement structure extending
along a length of the catheter. The distal portion 202 can be coated with a fibrous coating as
described above. The coating can transition from the fibrous coating at the distal portion 202
to a polymer tubing at the proximal portion 204 at transition point e.

[0039] The stiffness of the coating can be varied along the length of the distal
portion 202 by changing the coating density or varying a thickness of the coating or the coating
material. The thickness of the coating can be varied between 0.1 mm and 1 mm to change the
stiffness and permeability of the covering. For example, the distal portion 202 can have
multiple sections (e.g., two, three, four, or more) of varying stiffness that are separated by
transition points a, b, ¢, d. A stiffness of the coating generally increases in the proximal
direction toward the proximal portion 204 of the catheter 200. A length of the coating can
have a generally uniform stiffness, thickness, and/or density. The length of generally uniform
stiffness, thickness, and/or density can be at least about 1.0 cm, at least about 2.0 cm, at least
about 4.0 cm, at least about 5.0 cm, at least about 10.0 cm, at least about 15.0 cm, at least about
20.0 cm, at least about 50.0 cm, an entire length of the catheter, or otherwise. This length of

uniform coating may be measured from a distal end of the catheter 200.

Dual Reinforcement Structure

[0040] Figure 5 shows a distal portion 302 of a catheter 300 having two
reinforcement structures (sometimes referred to herein as annular supports) separated by a
tubular membrane. Figure 6 schematically illustrates a catheter 300 including the distal portion
302 of the catheter shown in Figure 5 and a proximal portion 304. The distal portion 302 and

the proximal portion 304 can have a same inner diameter. The proximal portion 304 can
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include one or more sections 306, 308 (e.g., one, two, three, or more) of polymer tubing each
having a different durometer. When the proximal portion 304 has multiple sections 306, 308,
the durometer of each section 306, 308 can increase in the proximal direction toward the hub
310. The distal-most section 306 of the proximal portion 304 is generally stiffer than any
portion of the distal portion 302. The proximal portion 304 may or may not have a liner 312
positioned radially inward of the one or more sections 306, 308. Providing a catheter 300
without a liner 312 in the distal portion 302 of the catheter 300 increases the flexibility in the
distal portion 302 compared to conventional catheters.

[0041] At least the distal portion 302 can include an outer reinforcement
structure 318 and an inner reinforcement structure 314. For example, in Figures 5 and 6, the
reinforcement structures 318, 314 are helical-shaped support structures (e.g., round wire coils
or flat wire coils). The pitch of one or both of the helical-shaped support structures can be
between about 0.01 inches to about 0.03 inches, between about 0.015 inches and about 0.25
inches, or otherwise. The reinforcement structures 318, 314 can include a medical grade metal
material, such as nitinol, stainless steel, or otherwise, or a polymeric material, such as PEEK,
Kevlar, carbon fiber filaments, or otherwise. Although the preferred embodiment of the
reinforcement structures is a helical wire, other similar embodiments could include a mesh,
braided structure, laser cut structure, parallel spaced apart rings, helical z patterns, laser cut
diamond patterns, or other structure capable of providing column strength and radial strength.

[0042] As shown in Figure 6, the tubular membrane 316 can have a helical
convoluted or corrugated structure having a plurality of radially outwardly projecting helical
ribs 320 on the outer surface of the tubular membrane 316 and a plurality of radially inwardly
projecting helical ribs 322 on the inner surface of the tubular membrane 316 (or viewed
another way helical grooves on inner and outer surfaces of the tubular membrane 316).

[0043] In some embodiments, the tubular membrane 316 can be constructed from
an inelastic plastic material (e.g., PTFE), but even when the tubular membrane 316 is inelastic,
the corrugations provide flexibility in an otherwise stiff tubular member 316. When the distal
portion 302 of the catheter 300 bends, flexibility is primarily provided by the unfolding of the
corrugations on the outer bend and folding of the corrugations on the inner bend, not

stretching. Other exemplary materials for the tubular membrane 316 can include, but are not
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limited to, expanded PTFE (ePTFE), electrospun PTFE, PET, silicone, latex, TecoThane,
nylon, PET, Carbothane (Bionate), SIBS, TecoFlex, Pellethane, Kynar, and PGLA.

[0044] The formation of an organized corrugated wall structure during bending
provides flexibility while reducing the likelihood of kinking. As the catheter shaft is bent, the
amplitude of the corrugations on the outer bend 316a decreases and the amplitude of the
corrugations on the inner bend 316b increases (see Figure 7A). Further, as the catheter shaft is
bent, the wavelength A; of the corrugations on the inner bend 316b decreases (see Figure 7B)
and the wavelength A, of the corrugations on the outer bend 316a increases (see Figure 7C). In
a bent configuration, the average wavelength of the corrugations on the inner bend 316b can be
less than the average wavelength of the corrugations on the outer bend 316a, and the average
amplitude of the corrugations on the inner bend 316b can be greater than the average amplitude
of the corrugations on the outer bend 316a.

[0045] Referring to Figure 7A, a reference line 330 may be drawn perpendicular to
a longitudinal axis of the catheter shaft, such that it crosses the tubular wall at a first point 334
and a second point 336. A second reference line 332, spaced apart from the first reference
line 330 also resides perpendicular to the longitudinal axis of the catheter, and crosses the wall
at a first point 338 and a second point 340. When the catheter is oriented linearly, first
reference line 330 is parallel to and spaced apart from the second reference line 332.

[0046] The distance between reference points 334 and 338 is equal to the distance
336 — 340, when the catheter is in a linear configuration. As shown in Figure 7A, the distance
334 — 338 (inside length) is less than the distance 336 — 340 (outside length), when the catheter
is in a curved configuration.

[0047] Due to the significant axial compression and expansion of the sidewall of
catheters built in accordance with the present disclosure, the catheter shaft can be wrapped into
a relatively tight radius bend without kinking. For example, a catheter shaft having an OD of at
least about 0.05 inches or 0.1 inches or greater may be bent such that the outside length is at
least about 200% and in some constructions at least about 300% or 400% of 500% or more the
inside length. Axial compression of the wall along the inside length is accomplished by
decreasing the wavelength between adjacent ribs along the inside length as shown in Figure
7B, and / or increasing the wavelength between adjacent ribs along the outside length as shown

in Figure 7C.
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[0048] Catheters having an outside diameter of at least about 0.05 inches, in some
implementations at least about 0.08 inches, or 0.1 inches or 0.2 inches or more can be bent
around a radius of curvature for the inside length of less than about 0.075 inches, and in some
embodiments less than about 0.05 inches, 0.04 inches, or 0.025 inches or less, without kinking.

[0049] In some implementations of the catheter shaft, a catheter having an OD of at
least about 0.05” (e.g., 0.066™), or at least about 0.1” (e.g., 0.111”) can have an OD to kink
radius ratio of at least about 2.0, or 2.5 or 3.0 or 3.5 or more. Kink radius is the radius at the
point when kinking first occurs, so bending the catheter shaft around the kink radius or a
smaller radius will cause a kink in the catheter shaft.

[0050] The corrugations permit the catheter shaft to assume a relatively tight radius
of curvature without kinking or stressing the plastic tubular membrane in either stretch or
compression. The combination of corrugations and helical reinforcement structures 314, 318
produces a catheter shaft with ideal properties that are normally in competition, e.g., flexibility
with high resistance to compression or kinking, because the reinforcement structures 314, 318
provide support to and facilitate alignment of the of the corrugations in the tubular
membrane 316. When the distal portion 302 of the catheter bends, an arcuate portion 317 of
the bend hinges in a generally uniform manner so that the catheter does not buckle or kink in
any single position. For example, for a catheter 300 having an outer diameter of less than or
equal to about 5.0 F, the distal portion 302 will not kink when bent to form an arcuate portion
317 having a radins (measured from the inner curvature) of no more than about 0.01 inches, no
more than about 0.015 inches, no more than about (.02 inches, no more than about 0.25 inches,
or no more than about 0.3 inches. As another example, for a catheter 300 having an outer
diameter of less than or equal to about 8.0 F, the distal portion 302 will not kink when bent to
form an arcuate portion 317 having a radius (measured from the inner curvature) of no more
than about 0.4 inches or no more than about 0.5 inches.

[0051] The pitch of the inner groove of the tubular membrane 316 can be
approximately the same as the pitch of the inner reinforcement structure 314, and the pitch of
the outer groove of the tubular membrane 316 can be approximately the same as the pitch of
the outef reinforcement structure 318. The depth of the inner groove can be at least about 1X
and often between about 1.5X and 2.0X a radial dimension such as a diameter of the wire

forming the inner reinforcement structure 314, and the depth of the outer groove can be
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between about 1.5X and 2.0X a radial dimension such as a diameter of the wire forming the
outer reinforcement structure 318. If the reinforcement structures were rings instead of helices,
the tubular membrane would have a recurring series of ring-like corrugations rather than a
helical pattern. _

[0052] The outer reinforcement structure 318 can be positioned in the outer helical
groove such that the helical rib 320 extends through the interstitial spaces of the adjacent outer
reinforcement structure 318. The inner reinforcement structure 314 can be positioned in the
inner helical groove such that the helical rib 322 extends through the interstitial spaces of the
second reinforcement structure 318. With this design, both the inner and outer surfaces of the
distal portion 302 of the catheter 300 are textured, which can decrease resistance when the
outer surface of the catheter contacts a vessel wall.

[0053] The inner diameters of the outer and inner reinforcement structures 318, 314
can differ from each other, e.g., by at least about 0.001 inches (or at least about 0.005 inches)
and/or by less than a diameter of the wire forming the reinforcement structures 318, 314. The
diameter of the wires can be larger than wires in conventional catheters because the
reinforcement structures 318, 314 do not need to be fully encased in a plastic matrix. For
example, the diameter of the wires can be between about 0.003 inches and about 0.007 inches,
such as between about 0.004 inches and about 0.005 inches in a catheter intended for
neurovascular access. The larger diameter wire provides greater hoop strength, crush
resistance, and kink resistance than traditional construction techniques.

[0054] In some implementations, the outer reinforcement structure 318 can have a
smaller inner diameter than at least an outer diameter or an inner diameter of the inner
reinforcement structure 314. The inner diameter of the inner reinforcement structure 314 can
be at least about 1% greater than, at least about 2% greater, or at least about 5% greater than an
inner diameter of the outer reinforcement structure 318. For example, in a 9.0 F catheter, the
outer reinforcement structure 318 can have an inner diameter of 0.100 inches and the inner
diameter of the inner reinforcement structure 314 can have an inner diameter of 0.105 inches.
With this configuration, the inner reinforcement structure 314 presses upward or outward on
the tubular membrane 316 and the outer reinforcement structure 318 presses inward on the
tubular membrane 316 to retain the assembled configuration of the catheter 300. This

configuration also creates deeper grooves in the tubular membrane 316 such that there is a
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greater length of the tubular membrane 316 (e.g., greater arc length or greater length when
flattened) between adjacent bends in either reinforcement structure 318, 314. The deeper
corrugations provide more flexibility.

[0055] At least one of the reinforcement structures 318, 314 is not encapsulated in
the tubular membrane 316. Rather, at least one or both of the reinforcement structures 318,
314 floats with respect to the tubular membrane 316. Unlike conventional catheters, the
reinforcement structures 318, 314 are floating (e.g., not fully encapsulated and/or joined to the
tubular membrane 316), so the flexibility of reinforcement structures 318, 314 is preserved
without negatively affecting the wall thickness and overall size of the catheter. This increased
flexibility enables the use of a larger overall diameter catheter to perform the same tasks that
are typically performed using a smaller diameter catheter. It should be understood that
corrugation of the tubular membrane would increase the catheter shaft flexibility whether or
not the reinforcement structures are floating with respect to the tubular membrane or
encapsulated by the tubular membrane, but when the reinforcement structures are floating with
respect to the tubular membrane, the catheter may have greater flexibility and trackability.

[0056] When the portion of the catheter 300 having the above-described
construction is flexed, each groove or pleat on an outer curve of the bent catheter 300 flexes
outward a few degrees (e.g., one degree, two degrees, three degrees, or more) to accommodate
the change in geometry. Since the reinforcement structures 318, 314 are not encapsulated in a
plastic matrix, there is very little energy needed to bend the catheter 300 compared to
conventional catheters.

[0057] This type of catheter construction allows for a catheter in which the region
of greatest flexibility is provided over a greater length than traditional catheters. Unlike
traditional catheters in which a durometer of the plastic matrix transitions a few centimeters
from the distal end, the distal portion 302 can have a generally uniform stiffness profile along a
length of the distal portion 302, or over at least a length of at least about 1.0 cm, at least about
2.0 cm, at least about 4.0 cm, at least about 5.0 cm, at least about 10.0 cm, at least about 15.0
cm, at least about 20.0 cm, at least about 50.0 cm, or an entire length of the catheter. The
length of uniform stiffness can be measured from a distal end of the catheter. Compared to
conventional catheters, there are fewer transition points between sections of varying stiffness,

which reduces the number of transition points that are prone to kinking.
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[0058] The distal portion 302 of the catheter can be mated to the proximal
portion 306 of the catheter in a butt joint. Alternatively, as described in further detail below,
one or more of the tubular membrane 316, outer reinforcement structure 318, and the inner
reinforcement structure 318 can extend into a proximal portion 304 of the catheter 300 to join
the distal portion 302 and the proximal portion 304 and reduce the likelihood of kinking at the
connection.

[0059] The proximal end of the inmer reinforcement structure 314 can be
encapsulated in the polymer tubing of the proximal portion 304, e.g., in the distal-most or
softest durometer section 306. The proximal end of the outer reinforcement structure 318 can
be encapsulated in the same section of tubing 306 or extend proximally toward the hub 310
within the walls of the polymer tubing 306, 308 or radially outward of the polymer tubing 306,
308. The distal ends of the inner and outer reinforcement structures 314, 318 can be
encapsulated in a polymer jacket that may be separate from the tubular membrane 316.
Polymer jacketing material may be bonded to one or more parts of the distal portion 302 to
improve kink resistance.

[0060] Figure 6 schematically illustrates the tubular membrane 316 only extending
along a length of the distal portion 302 and/or a length of the reinforcement structures 318,
314. However, in other configurations, the tubular membrane 316 and/or the coils may extend
proximally of the distal portion 302 by at least about lcm or Scm or 10cm or more in a
proximal direction from the proximal end of the distal portion 302. For example, the tubular
membrane 316 may form at least part of or the entirety of the liner 312 of the proximal
portion 304. The tubular membrane 316 and/or the coils can have a thickness of less than or
equal to about 0.01 inches or less than or equal to about 0.001 inches. The tubular
membrane 316 can be constructed from a polymer such as PTFE, ePTFE, electrospun PTFE,
silicone, latex, TecoThane, nylon, PET, Carbothane (Bionate), SIBS, TecoFlex, Pellethane,
PGLA, or Kynar.

[0061] The properties of the dual reinforcement structure design are generally
insensitive to catheter diameter, thus the design can be applied to larger diameter catheters
having an outer diameter of at least about 5.0 F and/or less than or equal to about 12.0 F,
between about 8.0 F and 10.0 F. Larger diameter catheters can be useful to ease the passage of

other devices through a lumen of the catheter or to provide greater aspiration forces for a given
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aspiration pressure. It should be noted that this construction could be applied to any catheter
diameter, including catheter diameters less than 5.0 F or greater than 12.0 F.

[0062]  Although the schematic illustration in Figure 6 shows the distal tip 324
being cut perpendicular to the longitudinal axis of the catheter, in other configurations, the
distal tip 324 can be cut at an oblique angle to the longitudinal axis of the catheter (as shown in
Figure 5) to facilitate trackability at bifurcations. For aspiration catheters, the beveled tip can
increase a surface area at the distal end 324 for engaging the clot, thus increasing total suction
force on a surface such as an embolus. The beveled tip may also prevent the clot from
clogging the catheter by creating a larger end hole through which an embolus can pass. In
some configurations, the distal tip may be a soft, flexible tip to create a seal against the emboli
surface. In some configurations, the distal tip 324 may have a feature (e.g., offset channel or
lumen) to force the guidewire to one side of the distal opening to facilitate trackability.

[0063] Although not shown, the construction at the distal portion 302 of the
catheter may extend along an entire working length of the catheter 300. A durometer of the
reinforcement structures 318, 314 and/or the tubular membrane 316 can generally increase in
the proximal direction to provide the desired stiffness profile.

[0064] One method of forming the catheter 300 is to first form the individual
components. To form the corrugations in the tubular membrane, the tubular membrane 316
can be positioned on a mandrel having a helical groove and a tensioned wire can be positioned
on top of the tubular membrane 316 to force portions of the membrane into the groove in the
mandrel. The tubular membrane 316 can be heat set to fix the corrugations in the tubular
membrane 316. To form the reinforcement structures 314, 318, wires can be wrapped around
mandrels having the desired inner diameter of the respective reinforcement structure 314, 318
and heat set. The final assembly is formed by mating the two reinforcement structures 314,
318 with the respective grooves in the tubular membrane 316. With the inner reinforcement
structure 314 positioned on a mandrel, the tubular membrane 316 can be wound over the inner
reinforcement structure 314. Next, the outer reinforcement structure 318 can be wound around
the groove in the outer surface of the tubular membrane.

[0065]  Figure 8 illustrates another catheter 400 having dual reinforcement
structures. The distal portion 402 resembles or is identical to the distal portion 302 discussed

above in many respects. Accordingly, numerals used to identify features of the catheter 300
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are incremented by a factor of one hundred (100) to identify like features of the catheter 400.
Any component or step disclosed in this embodiment can be used in other embodiments
described herein.

[0066] As mentioned above, the inner and/or outer reinforcement structure 314, 318
can extend proximally of the distal portion 302 to provide support to the proximal portion 304
(e.g., to prevent kinking). For example, as shown in Figure 7, the outer reinforcement
structure 418 can provide the proximal support and extend along a length of catheter 400. The
outer reinforcement structure 418 can be encapsulated in the one or more sections of polymer
tubing 406, 408. The inner reinforcement structure 414 can terminate within a distal
section 406 of the proximal portion 404. For example, a proximal end of the inner
reinforcement structure 414 can extend through a thickness of the tubular membrane 416 and
into a wall of the distal-most section of polymer tubing 406. In this configuration, the
proximal ends of both reinforcement structures 418, 414 can be fully encapsulated in the
polymer tubing 406, 408 forming the proximal portion 404.

[0067] In other configurations, the inner reinforcement structure 414 can provide
the proximal support and extend along at least a partial or entire length of the proximal
portion 404. The inner reinforcement structure 414 can be encapsulated in the one or more
sections of polymer tubing 406, 408. The outer reinforcement structure 418 can terminate in a
wall of the polymer tubing at the distal-most section 406 of the proximal portion 406 or be
positioned radially outward of the proximal portion 406 and extend along at least a partial or

entire length of the proximal portion 406.

Single Reinforcement Structure Affixed to Tubular Membrane
[0068] Figure 9 illustrates another embodiment of a catheter with a single

reinforcement structure 518 (sometimes referred to herein as an annular support). At least a
distal portion 502 of the catheter 500 can include a reinforcement structure 518 and a tubular
membrane 516. As shown in Figure 9, the reinforcement structure 518 is on an outer surface
of the tubular membrane 516, but in other configurations, the reinforcement structure 518
could be positioned on an inner surface of the tubular membrane 516.

[0069] The reinforcement structure 518 can be a helical-shaped support structures

(e.g., a round wire coil or flat wire coil). The pitch of the helical-shaped support structures can
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be between about 0.01 inches to about 0.03 inches, between about 0.015 inches and about 0.25
inches, or otherwise. The reinforcement structure 518 can include a medical grade metal
material, such as nitinol, stainless steel, or otherwise, or a polymeric material, such as PEEK,
Kevlar, or carbon fiber filaments, or otherwise. Although the preferred embodiment of the
reinforcement structures is a helical wire, other similar embodiments could include a mesh,
braided structure, laser cut structure, diamond patterns, parallel spaced apart rings, helical z
patterns, or other structure capable of providing column strength and radial strength rings.

[0070] The tubular membrane 516 can have a helical convoluted, pleated, or
corrugated structure having a helical rib 520 on the outer surface of the tubular membrane 516.
The tubular member 516 can be inelastic and constructed from a polymer material (e.g.,
PTFE), but even when the tubular membrane 516 is inelastic, the corrugations provide
flexibility. The corrugations permit the catheter 500 to assume a relatively tight radius of
curvature without kinking or stressing the plastic tubular membrane in either stretch or
compression. The properties of the corrugated structure are generally the same as the
corrugated structure described above with respect to Figures 7A-7C. Other exemplary
materials for the tubular membrane 516 can include, but are not limited to, ePTFE, electrospun
PTFE, PET, silicone, latex, TecoThane, nylon, PET, Carbothane (Bionate), SIBS, TecoFlex,
Pellethane, Kynar, and PGLA.

[0071] The pitch of the outer groove of the tubular membrane 516 can be
approximately the same as the pitch of the reinforcement structure 518. The depth of the outer
groove can be between about 1.5X and 2.0X a diameter of the wire forming the outer
reinforcement structure 318. If the reinforcement structure 518 has rings instead of helices, the
tubular membrane 516 would have a recurring series of ring-like corrugations rather than a
helical pattern. |

[0072] The reinforcement structure 518 can be positioned in the outer helical
groove such that the helical rib 520 extends through the interstitial spaces of the reinforcement
structure 518. The corrugations on the inner and outer surfaces of the distal portion 502 of the
catheter 500 provide texturing, which can decrease resistance when the outer surface of the
catheter contacts a vessel wall.

[0073] The reinforcement structure 518 can be affixed to the tubular membrane 516

by a thin polymer coating 530 (e.g., a Kynar or urethane coating). The coating may be applied
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using a spray coating technique. The thickness for the coating 530 can be less than or equal to
about 0.01 inches, less than or equal to about 0.001 inches, or less than or equal to about
0.0005 inches. For example, the coating can be sprayed over the assembled catheter 500, such
that the coating 530 fills the spaces between the reinforcement structure 518 and the surface of
the tubular membrane 516. Although, in other configurations, the reinforcement structure 518
could be floating with respect to the tubular membrane 516 as described with respect to
catheter 300.

[0074] Similar to the catheter 300, when the distal portion 502 of the catheter 500
bends, an arcuate portion of the bend hinges in a generally uniform manner so that the catheter
does not buckle or kink in any single position. The reinforcement structure 518 promotes and
supports the uniform hinging of the tubular membrane 516. Although the reinforcement
structure 518 is affixed to the tubular membrane 516, the polymer coating 530 is sufficiently
thin to not appreciably increase an overall thickness of the catheter.

[0075] As shown in Figure 9, the reinforcement structure 518 can extend
proximally of the distal portion 502 to provide support to the proximal portion 504 (e.g., to
prevent kinking). For example, the reinforcement structure can provide the proximal support
and extend along a length of catheter 500. The reinforcement structure 518 can be
encapsulated in the one or more sections of polymer tubing 506, 508. The tubular membrane
516 can extend proximally and provide an inner lining of the proximal portion 504. In other
constructions, the reinforcement structure 518 may terminate in the distal portion 502 or in a

distal portion of the proximal portion 504.

Stiffness v. Outer Diameter

[0076] As described above, the catheter construction of the dual reinforcement
structure design can provide greater flexibility than conventional catheters, particularly for
larger diameter catheters. Figure 10 is a graph showing catheter outer diameter v. stiffness for
the distal portion of the dual reinforcement structure catheter described herein (e.g., catheter
300 or catheter 400) compared to the most flexible portion of other commercially available
catheter designs. The stiffness of the catheter can be measured as a percentage of the bending
load using an ASTM D 747 test (standard test method for apparent bending modulus of plastics

by means of a cantilever beam).
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[0077] As shown in Figure 10, the stiffness of the distal portion of the dual
reinforcement structure catheter is generally at least less than half of the stiffness of the most
flexible portion of commercially available catheters for catheters having an outer diameter up
to at least about 10.0 F. The stiffness of a distal portion of a catheter having the dual
reinforcement structure design (e.g., catheter 300 or catheter 400) can have a stiffness of less
than or equal to about 40% of a bending load for a catheter having an outer diameter up to and
including about 10.0 F, less than or equal to about 30% of a bending load for a catheter having
an outer diameter up to and including about 8.0 F, or less than or equal to about 20% of a
bending load for a catheter having an outer diameter up to and including about 6.0 F. In some
implementations, the stiffness of a catheter having an outer diameter of at least about 4.0 F can
have a percentage bending load of no more than about 30, or no more than about 20. In some
implementations, the stiffness of a catheter having an outer diameter of at least about 6.0 F can
have a % bending load of no more than about 50, or no more than about 40, or no more than
about 30, or no more than about 20. In some implementations, the stiffness of a catheter
having an outer diameter of at least about 8.0 F can have a percentage bending load of no more
than about 60, or no more than about 40, or no more than about 30. In some implementations,
the stiffness of a catheter having an outer diameter of at least about 10.0 F can have a
percentage bending load of no more than about 80, or no more than about 60, or no more than
about 40. The outer diameter referred to above can be measured along any portion of the
catheter shaft, for example, anywhere along the distal portion of the catheter shaft.

Single Floating Reinforcement Structure

[0078] Figures 11A-11D illustrate another embodiment of a highly flexible, kink
resistant catheter 1100 having an elongate tubular body. The catheter 1100 can include a distal
portion 1104, a proximal portion 1106, and a central lumen 1116. The proximal portion 1106
and/or the transition 1105 between the distal portion 1104 and the proximal portion 1106 can
include any of the corresponding features of the above-described catheters.

[0079] The distal portion 1104 is more flexible than the proximal portion 1106.
The distal portion 1104 can have a generally uniform stiffness profile over at least a length of
at least about 1.0 cm, at least about 2.0 cm, at least about 4.0 cm, at least about 5.0 cm, at least

about 10.0 cm, at least about 15.0 cm, at least about 20.0 cm, at least about 50.0 cm of the
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catheter, or an entire length of the elongate tubular body. The length of uniform stiffness can
be measured from a distal end 1102 of the catheter 1100.

[0080]  As shown in Figure 11B, at least the distal portion 1104 can include a
helical support 1114 positioned concentrically between an inner tubular layer 1110 and an
outer tubular layer 1112. The inner tubular layer 1110 can define at least a portion of the
central lumen 1116 of the catheter 1100. The helical support 1114 can be carried
concentrically over the inner layer 1110. Adjacent loops of the helical support 1114 can be
axially spaced apart at least when the catheter 1100 is at rest. The outer tubular layer 1112 can
be carried concentrically over the helical support 1114. The outer tubular layer 1112 can
extend at least a length of the distal potion 1104 or the entire length of the elongate tubular
body.

[0081] The inner tubular layer 1110 and the outer tubular layer 1112 are bonded
together in the space 1120 between adjacent loops of the helical support 1114 to form a helical
channel 1118, as shown in Figure 11B. The helical support 1114 is floating unbonded within
the helical channel 1118, e.g., the helical support 1114 is not molecularly or physically
attached to the inner tubular layer 1110 or the outer tubular layer 1112. The diameter of the
best fit circle corresponding to the size of the helical channel 1118 exceeds the diameter of the
helical support 1114 by at least about 0.001 inches, at least about 0.0015 inches, or at least
about 0.002 inches. In one implementation, no additional component, material, or fluid is
provided in the space between the helical support 1114 and a wall of the helical channel 1118.
Because the helical support 1114 is unbonded with respect to inner and outer tubular layers
1110, 1112, the helical support 1114 is able to move freely, which facilitates flexibility and
trackability. If the catheter 1100 was cut transversely through the distal portion 1104 of the
catheter 1100 to produce a catheter body segment of about 2 cm in length, the helical support
1114 could be removed by grasping a cut end of the helical support 1114 and pulling the
helical support 1114 out of the helical channel 1118 non destructively, by hand.

[0082] The helical support 1114 can extend along at least a partial iength (e.g., the
length of the distal portion) or a full length of the catheter 1100 (e.g., from a distal tip 1102 to a
proximal hub 1108). The helical support 1114 can be formed from wire (e.g., round wire or
flat wire). The wire can include a medical grade metal material, such as nitinol or stainless

steel, or a polymeric material, such as PEEK, Kevlar, carbon fiber filaments, or otherwise. The
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helical support 1114 can have a constant inner and/or outer diameter. The helical support 1114
can have a cross-section in the radial direction of no more than about 0.006 inches, or no more
than about 0.005 inches, no more than about 0.004 inches, or no more than 0.003 inches. The
pitch of the helical support can be between about 0.01 inches to about 0.03 inches, between
about 0.01 inches to about 0.018 inches, between about 0.015 inches and about 0.25 inches, or
otherwise. In some configurations, the pitch can vary over a length of the helical support 1114.
For example, the helical support 1114 could have a reduced pitch at the proximal loops
compared to the distal loops. The pitch may gradually increase from the proximal end toward
the distal end of the helical support 1114. Although the reinforcement structure in this
embodiment is a helical wire, other similar embodiments could include a mesh, helical z
patterns, braided structure, laser cut structure, diamond patterns, parallel spaced apart rings, or
other structure capable of providing column strength and radial strength rings.

[0083] The inner tubular layer 1110 and/or the outer tubular layer 1112 can include
PTFE, ePTFE, electrospun PTFE, silicone, latex, TecoThane, nylon, PET, Carbothane
(Bionate), SIBS, TecoFlex, Pellethane, PGLA, or Kynar. The inner tubular layer 1110 and/or
outer tubular layer 1112 can include a thickness of no more than about 0.004 inches, or no
more than about 0.002 inches. The inner and outer tubular layers 1110, 1112 in at least the
distal portion 1104 can be formed from a single section of material or two different sections of
similar or different material. The inner diameter and/or outer diameter of the distal portion
1102 of the catheter 1100 can be constant (e.g., a smooth surface) or vary (e.g., a corrugated
surface). As shown in Figure 11B, the distal portion 1104 can include a corrugated outer
surface and a smooth inner surface. The corrugated outer surface can decrease resistance when
the outer surface of the catheter contacts a vessel wall.

[0084] As explained further below, the inner tubular layer 1110 can be formed from
a single segment or two different segments of material (e.g., a proximal section and a distal
section). In instances where the inner tubular layer 1110 is formed from two different
segments of material, the two segments can be joined by a skived joint. The two segments can
be joined at the transition 1105 between the proximal portion 1106 and the distal portion 1102.

[0085] As shown in Figure 11C, the distal tip 1102 of the catheter 1100 can be cut
perpendicular to a longitudinal axis of the catheter 1100. However, in other configurations, the

distal tip 1102 can be cut at an oblique angle relative to the longitudinal axis of the catheter
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1100. The distal tip 1102 may have a feature (e.g., offset channel or lumen) to force the
guidewire to one side of the distal opening to facilitate trackability. In some configurations,
the distal tip 1102 can include a soft, flexible tip to create a seal against the emboli surface.

[0086] The distal tip 1102 can include a radiopaque marker 1122. As shown in
Figure 11C, the radiopaque marker 1122 can be positioned radially between the inner tubular
layer 1110 and the outer tubular layer 1112. The radiopaque marker 1122 can include
tungsten, tantalum, platinum alloys, or otherwise. Because of the radiopaque marker 1122, a
thickness of the distal tip 1102 may be greater than a region adjacent to the distal tip 1102.

[0087] The design of catheter 1100 can be applied to larger diameter catheters
having an outer diameter of at least about SF and/or less than or equal to about 12F, between
about 8F and 10F. It should be noted that this construction could be applied to any catheter
diameter, including catheter diameters less than 5F or greater than 12F. A wall thickness of the
distal portion of any sized catheter (e.g., SF, 6F, 7F, 8F, 9F, or otherwise) is less than or equal
to about 0.006 inches, or less than or equal to about 0.005 inches.

[0088] Catheters 1100 having an outside diameter of at least about 0.0S inches, in
some implementations at least about 0.08 inches, or 0.1 inches or 0.2 inches or more can be
bent around a radius of curvature for the inside length of less than about 0.1 inches, and in
some embodiments less than about 0.08 inches, without kinking.

[0089] The distal portion 1104 can have an outer diameter to kink radius ratio of at
least about 1.2, or at least about 1.475. Kink radius is the radius at the point when kinking first
occurs, so bending the catheter shaft around the kink radius or a smaller radius will cause a
kink in the catheter shaft. For example, for a catheter 1100 having an outer diameter of less
than or equal to about 9F, the distal portion 1104 will not kink when bent to form an arcuate
portion having a radius (measured from the inner curvature) of no more than about 0.1 inches
or no more than about 0.08 inches. As another example, for a catheter 1100 having an outer
diameter of less than or equal to about 8.0 F, the distal portion 1104 will not kink when bent to
form an arcuate portion having a radius (measured from the inner curvature) of no more than
about 0.1 inches or no more than about 0.08 inches.

[0090] Although catheter 1100 is described as having a single helical support 1114,
other configurations may include additional helical supports axially aligned with the helical

support 1114 in a longitudinal dimension.
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[0091] One method of manufacturing the catheter 1100 is described below and
outlined in Figure 12. Although certain materials are described below, other materials can be
used as described above. Any step disclosed below can be replaced with or combined with any
other step disclosed herein, reordered, or omitted.

[0092] In step 1202, the helical support 1114 can by formed by winding a wire onto
a mandrel to and heat setting the wire to form a coil.

[0093] Separately, in step 1204, a layer of PTFE 1124 can be placed over the
catheter mandrel to form at least a portion (e.g., a proximal portion) of the inner tubular
layer 1110 of the catheter 1100. The layer of PTFE 1124 can be heat shrunk so the inner
tubular layer 1110 remains stationary when the helical support 1114 is transferred to the
catheter mandrel. A skived section 1126 is formed at the distal end of the layer of PTFE 1124
(e.g., at least about 1.0 inches long). A layer of ePTFE 1128 is placed over the mandrel so that
the layer of ePTFE 1128 extends distally from the layer of PTFE 1124. The layer of
ePTFE 1128 will form at least a portion of the inner tubular layer 1110 (e.g., distal portion)
and/or the outer tubular layer 1112 of the catheter 1100. The layer of ePTFE 1128 can overlap
the skived end 1126 of the PTFE layer 1124 by less than or equal to about 2.0 mm or less than
or equal to about 1.0 mm. This skived area facilitates a continuous transition between the two
layers of material. The layers of PTFE or ePTFE referred to herein may be tubular segments of
material or sheets of material wrapped around the mandrel. In other configurations, the inner
tubular layer 1110 may be formed from a single layer, or the inner and outer layers of the distal
portion 1104 may be formed from two different segments of material.

[0094] In step 1206, the helical support 1114 is transferred to the catheter mandrel.
A distal end of the helical support 1114 can be glued to the layer of ePTFE 1126 to hold the
helical support 1114 in place during the remaining steps of this process. In instances where the
catheter mandrel has an outer diameter that is greater than an inner diameter of the helical
support, the helical support 1114 is at least partially stressed.

[0095] In step 1208, a radiopaque marker 1122 can be placed in the area of the
distal end of the helical support 1114 (step 1208). The radiopaque marker 1122 may overlap
the distal end of the helical support 1114. The radiopaque marker 1122 can be shrunk down
and melted into that section of the catheter 1100 to form part of the distal tip 1102. The layer
of ePTFE 1128 is folded around or inverted over the radiopaque marker 1122 and extended
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proximally over the helical support 1114 to form the outer tubular layer 1112. Providing a
continuous layer of material from the inside diameter, around the distal tip to the outside
diameter reduces the risk that the inner and outer layers will separate and expose the helical
support 1114 and/or radiopaque marker 1122. In this configuration, the inner and outer layers
1110, 1112 of at least the distal portion 1104 are constructed from the same segment of
material. Another wire is coiled over at least the distal portion 1104 of the outer tubular layer
1112 and in the spaces 1120 between adjacent loops of the helical support 1114. This wire is
used to create enough pressure to sinter the inner tubular layer 1110 and the outer tubular layer
1112 in the spaces 1120 between adjacent loops of the helical support 1114. Through this
sintering process, a helical channel 1118 is formed between the inner tubular layer 1110 and
the outer tubular layer 1112. The helical support 1114 remains unbonded to the helical channel
1118 as discussed above. After the sintering process, the wire is removed. In instances where
the inner and outer layers of the distal portion 1104 are formed by different segments of
material, the outer layer can be placed over the helical support 1114 and sintered in the spaces
1120 between adjacent loops of the helical support 1114 to form the helical channel 1118.
[0096] The proximal portion 1106 of the catheter 110 is etched (step 1210), and
then one or more jackets of material are placed over the proximal portion 1106 (step 1212).
The polymer jacket can include a material (e.g., polyether block amide) different from the
inner and/or outer tubular layers 1110, 1112. The polymer jacket(s) can have a different
durometer than the outer tubular layer 1110 to form a stiffer profile. To the extent there are
multiple jacket segments, the jacket segments can have different diameters and be arranged
from harder durometer to softer durometer in the proximal to distal direction. The one or more
jackets are fused together and over the helical support 1114 using standard bonding and reflow
methods (step 1212). In step 1216, the proximal hub 1108 is joined to the proximal portion
1106. Optionally, at least the proximal portion 1106 of the catheter 1100 is coated with a
hydrophilic coating (1218). The distal portion 1104 of the catheter can remain uncoated.

Corrugated Inner Liner Surface Structure

[0097] Figure 13 shows another embodiment of a catheter 1300 where the catheter
construction is comprised of a braided/coiled wire reinforcing element 1318 encapsulated in a

polymer (e.g.,plastic) matrix 1330 in at least a distal portion 1302 of the catheter 1300. The
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inner liner layer 1316 is not substantially cylindrical in at least a distal portion 1302 of the
catheter 1300. The inner layer surface 1316 is constructed in a helical/corrugated shape to
allow for a more flexible construct. The flexibility of this structure is achieved by having a
section comprised of a coil 1318 encapsulated in the plastic matrix 1330 directly
distal/proximal to a thin section where there is only the plastic matrix 1330 with inner liner
1318 without the coil component in spaces between adjacent loops of the coil 1318. This
construction allows for enhanced flexibility by allowing a greater deflection at the sections
without the coil component compared to the coil-construction region. This pattern of coil-
construction and non-coil-construction repeats along a helical pattern along the distal portion
1302 of the device. The proximal portion 1304 can have a similar construction to the proximal
portion 504 of catheter 500.

[0098] This embodiment can be best fabricated by constructing the “Dual
Reinforcement Structure” (e.g., catheters 300, 400) described above and thermally bonding a
plastic matrix component 1330 to the external surface of the construction. Once the plastic
matrix 1330 is present, the internal metallic coil component can be removed to have the

resultant helical/corrugated shape of the inner layer 1316.

Terminology
[0099] The term “catheter” as used herein, is a broad term to be given its ordinary

and customary meaning to a person skilled in the art and includes, without limitation, micro
catheters, access sheaths, guide catheters, aspiration catheters, balloon catheters, stent delivery
catheters, electrophysiology probes, general device tubing, etc.

3

[0100] Conditional language, such as “can,” “could,” “might,” or “may,” unless
specifically stated otherwise, or otherwise understood within the context as used, is generally
intended to convey that certain embodiments include, while other embodiments do not include,
certain features, elements, and/or steps. Thus, such conditional language is not generally
intended to imply that features, elements, and/or steps are in any way required for one or more
embodiments.

[0101] The terms “comprising,” “including,” “having,” and the like are

synonymous and are used inclusively, in an open-ended fashion, and do not exclude additional

elements, features, acts, operations, and so forth. Also, the term “or” is used in its inclusive
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sense (and not in its exclusive sense) so that when used, for example, to connect a list of
elements, the term “or” means one, some, or all of the elements in the list.

[0102] The terms “approximately,” “about,” and “substantially” as used herein
represent an amount close to the stated amount that still performs a desired function or
achieves a desired result. For example, the terms “approximately”, “about”, and
“substantially” may refer to an amount that is within less than 10% of, within less than 5% of,
within less than 1% of, within less than 0.1% of, and within less than 0.01% of the stated
amount.

[0103] The term “generally” as used herein represents a value, amount, or
characteristic that predominantly includes or tends toward a particular value, amount, or
characteristic. As an example, in certain embodiments, the term *“generally uniform” refers to
a value, amount, or characteristic that departs from exactly uniform by less than 20%, less than
15%, less than 10%, less than 5%, less than 1%, less than 0.1%, and less than 0.01%.

[0104] The ranges disclosed herein also encompass any and all overlap, sub-ranges,

% < LN

and combinations thereof. Language such as “up to,” “at least,” “greater than,” “less than,”
“between” and the like includes the number recited. Numbers preceded by a term such as
“about” or “approximately” include the recited numbers. For example, “about 5.0 cm”
includes “5.0 cm.”

[0105] Some embodiments have been described in connection with schematic
drawings. However, it should be understood that the schematic drawings are not drawn to
scale. Distances are merely illustrative and do not necessarily bear an exact relationship to
actual dimensions and layout of the devices illustrated.

[0106] For purposes of this disclosure, certain aspects, advantages, and novel
features are described herein. It is to be understood that not necessarily all such advantages
may be achieved in accordance with any particular embodiment. Thus, for example, those
skilled in the art will recognize that the disclosure may be embodied or carried out in a manner
that achieves one advantage or a group of advantages as taught herein without necessarily
achieving other advantages as may be taught or suggested herein.

[0107] Moreover, while illustrative embodiments have been described herein, the

scope of any and all embodiments having equivalent elements, modifications, omissions,

combinations (e.g., of aspects across various embodiments), adaptations and/or alterations as
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would be appreciated by those in the art based on the present disclosure. The limitations in the
claims are to be interpreted broadly based on the language employed in the claims and not
limited to the examples described in the present specification or during the prosecution of the
application, which examples are to be construed as non—exclﬁsive. Further, the actions of the
disclosed processes and methods may be modified in any manner, including by reordering
actions and/or inserting additional actions and/or deleting actions. It is intended, therefore, that
the specification and examples be considered as illustrative only, with a true scope and spirit
being indicated by the claims and their full scope of equivalents.
EXAMPLE EMBODIMENTS
[0108] The following example embodiments identify some possible permutations
of combinations of features disclosed herein, although other permutations of combinations of
features are also possible.
1. A highly flexible, kink resistant catheter with floating tubular support, comprising:
an elongate tubular body, having a proximal end, a distal end and a central
lumen, the tubular body comprising:
an inner tubular layer surrounding the lumen;
a helical support, carried concentrically over the inner layer and having
adjacent loops spaced axially apart; and
an outer tubular layer, carried concentrically over the helical support;
wherein the inner layer and the outer layer are bonded together in the space
between adjacent loops of the tubular support to form a helical channel and the helical
support is floating unbonded within the helical channel.
2. A highly flexible catheter as in Embodiment 1, wherein at least one of the inner and
outer tubular layers comprises ePTFE or electrospun PTFE.
3. A highly flexible catheter as in Embodiment 2, wherein the ePTFE has a wall
thickness of no more than about 0.004".
4. A highly flexible catheter as in Embodiment 3, wherein the ePTFE has a wall
thickness of no more than about 0.002".
5. A highly flexible catheter as in any one of Embodiment 1 to 4, wherein the helical

support comprises Nitinol wire.
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6. A highly flexible catheter as in Embodiment 5, wherein the Nitinol wire has a cross
section in the radial direction of no more than about 0.006".

7. A highly flexible catheter as in Embodiment 6, wherein the Nitinol wire has a
circular cross section having a diameter of about 0.004".

8. A highly flexible catheter as in any one of Embodiments 1 to 7, wherein the inner
tubular layer comprises two distinct sections, the two distinct sections comprising a proximal
section and a distal section.

9. A highly flexible catheter as in Embodiment 8, wherein the proximal section and
the distal section of the inner tubular layer comprise different materials.

10. A highly flexible catheter as in Embodiment 8, wherein the proximal section and
the distal section are joined by a skived joint.

11. A highly flexible catheter as in any one of Embodiments 1 to 10, wherein the
helical support extends from the distal end to the proximal end of the tubular body.

12. A highly flexible catheter as in any one of Embodiments 1 to 11, wherein a distal
portion of the tubular body is more flexible than a proximal portion of the tubular body.

13. A highly flexible catheter as in Embodiment 12, wherein the helical channel only
extends through the distal portion of the tubular body.

14. A highly flexible catheter as in any one of Embodiments 1 to 13, wherein the inner
tubular layer and the outer tubular layer are formed from a single segment of material in at
least a distal portion of the elongate tubular body.

15. A highly flexible catheter as in Embodiment 14, wherein the single segment of
material is folded over a distal end of the helical support to form at least a portion of the inner
tubular layer and the outer tubular layer.

16. A catheter, comprising:

an elongate, flexible inner layer positioned concentrically within an elongate,
flexible outer layer, the inner and outer layers joined by a helical bond to form a helical
channel defined between adjacent bonds; and

a helical support, floating in the helical channel.
17. A catheter as in Embodiment 16, wherein at least one of the inner and outer layers

comprises ePTFE or electrospun PTFE.
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18. A catheter as in Embodiment 17, wherein the ePTFE has a wall thickness of no
more than about 0.004".

19. A catheter as in Embodiment 18, wherein the ePTFE has a wall thickness of no
more than about 0.002".

20. A catheter as in any one of Embodiments 16 to 19, wherein the helical support
comprises Nitinol wire.

21. A catheter as in Embodiment 20, wherein the Nitinol wire has a cross section in the
radial direction of no more than about 0.006".

22. A catheter as in Embodiment 20, wherein the Nitinol wire has a circular cross
section having a diameter of about 0.004".

23. A catheter as in any one of Embodiments 16 to 22, wherein the inner layer
comprises two distinct sections, the two distinct sections comprising a proximal section and a ‘
distal section.

24. A catheter as in Embodiment 23, wherein the proximal section and the distal section
of the inner tubular layer comprise different materials.

25. A catheter as in Embodiment 23, wherein the proximal section and the distal section
are joined by a skived joint.

26. A catheter as in any one of Embodiments 16 to 25, wherein the helical support
extends from a distal end to a proximal end of the catheter.

27. A catheter as in any one of Embodiments 16 to 26, wherein a distal portion of the
catheter is more flexible than a proximal portion of the catheter.

28. A catheter as in Embodiment 27, wherein the helical channel only extends through
the distal portion of the catheter.

29. A catheter as in any one of Embodiments 16 to 28, wherein the inner layer and the
outer layer are formed from a single segment of material in at least a distal portion of the
catheter.

30. A catheter as in Embodiment 29, wherein the single segment of material is folded
over a distal end of the helical support to form at least a portion of the inner tubular layer and
the outer tubular layer.

31.  Anenhanced flexibility catheter shaft, comprising:
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an elongate flexible body, having a proximal end, a distal end, and at least one
lumen extending therethrough;

a distal, flexible section on the body, comprising a tubular membrane having a
first helical support on a radially exterior surface of the membrane and a second helical
support on a radially interior surface of the membrane.

32. An enhanced flexibility catheter shaft as in Embodiment 31, wherein at least
one of the first and second helical supports comprises a nitinol wire.

33.  An enhanced flexibility catheter shaft as in Embodiments 31 or 32, wherein an
inside diameter of the first helical support is less than an inside diameter of the second helical
support.

34. An enhanced flexibility catheter shaft of any one of Embodiments 31 to 33,
wherein a pitch of the first helical support is within the range of from about 0.010 inches to
about 0.030 inches.

35. An enhanced flexibility catheter shaft as in Embodiment 34, wherein a pitch of
the first helical support is within the range of from about 0.015 inches to about 0.025 inches.

36. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 35,
wherein at least the first helical support comprises a wire having a diameter within the range of
from about 0.003 inches to about 0.007 inches.

37. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 36,
wherein at least one of the first and second helical supports is floating with respect to the
tubular membrane.

38. An enhanced flexibility catheter shaft as in Embodiment 37, wherein both of the
first and-second helical supports are floating with respect to the tubular membrane.

39. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 38,
wherein the distal, flexible section has an axial length of at least about 1.0 cm.

40.  An enhanced flexibility catheter shaft as in Embodiment 39, wherein the distal,
flexible section has an axial length of at least about 15 cm.

41. An enhanced flexibility catheter shaft as in Embodiment 33, wherein an inside
diameter of the second helical support is at least about 2% greater than the inside diameter of

the first helical support.
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42. An enhanced flexibility catheter shaft as in Embodiment 41, wherein an inside
diameter of the second helical support is about 0.105 inches and the inside diameter of the first
helical support is about 0.100 inches.

43. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 42,
wherein the membrane comprises PTFE.

44,  An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 43,
wherein the membrane comprises ePTFE.

45. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 44,
further comprising a proximal section, having less flexibility than the distal section.

46.  An enhanced flexibility catheter shaft as in Embodiment 45, further comprising
an intermediate section, having less flexibility than the distal section and greater flexibility
than the proximal section.

47.  An enhanced flexibility catheter shaft as in Embodiment 46, wherein the tubular
membrane extends proximally from the distal section at least at least part way across the
intermediate section.

48. An enhanced flexibility catheter shaft as in Embodiment 47, wherein the tubular
membrane extends proximally from the distal section at least as far as the proximal section.

49. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 48,
wherein the tubular membrane comprises a helical pleat.

50. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 49,
wherein the distal, flexible section has an outer diameter of at least about 4 French and a %
bending load of no more than about 30.

51. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 49,
wherein the distal, flexible section has an outer diameter of at least about 4 French and a %
bending load of no more than about 20.

52. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 49,
wherein the distal, flexible section has an outer an outer diameter of at least about 6 French and
a % bending load of no more than about 50.

53. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 49,
wherein the distal, flexible section has an outer diameter of at least about 6 French and a %

bending load of no more than about 40.
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54. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 49,
wherein the distal, flexible section has an outer diameter of at least about 6 French and a %
bending load of no more than about 30.

55. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 49,
wherein the distal, flexible section has an outer diameter of at least about 8 French and a %
bending load of no more than about 60.

56. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 49,
wherein the distal, flexible section has an outer diameter of at least about 8 French and a %
bending load of no more than about 40.

57. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 49,
wherein the distal, flexible section has an outer diameter of at least about 10 French and a %
bending load of no more than about 80.

58. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 49,
wherein the distal, flexible section has an outer diameter of at least about 10 French and a %
bending load of no more than about 60.

59. An enhanced flexibility catheter shaft as in any one of Embodiments 31 to 49,
wherein the distal, flexible section has an outer diameter of at least about 10 French and a %
bending load of no more than about 40.

60.  An enhanced flexibility catheter shaft, comprising:

an elongate flexible tubular body, having a proximal end, a distal end, and at
least one lumen extending therethrough;

a distal, flexible section on the body, comprising a tubular membrane having an
outside surface with a plurality of radially outwardly extending annular ribs spaced
apart by radially inwardly extending recesses, and an inside surface with a plurality of
radially inwardly facing annular concavities corresponding to the radially outwardly
extending annular ribs, and

an annular support carried within at least one of the radially inwardly extending
recesses and the radially inwardly facing annular concavities.

61.  An enhanced flexibility catheter shaft as in Embodiment 60, wherein the
plurality of radially outwardly extending annular ribs comprise revolutions of a continuous

helical rib.
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62. An enhanced flexibility catheter shaft as in Embodiment 60, wherein the
plurality of radially outwardly extending annular ribs comprises discrete rings spaced apart
axially along the distal section.

63.  An enhanced flexibility catheter shaft as in any one of Embodiments 60 to 62,
comprising a first helical support extending within the radially inwardly extending recesses.

| 64.  An enhanced flexibility catheter shaft as in Embodiment 63, comprising a
second helical support extending within the radially inwardly facing annular concavities.

65.  An enhanced flexibility catheter shaft as in any one of Embodiments 60 to 64,
wherein the annular support is unattached to the adjacent tubular membrane.

66. An enhanced flexibility catheter shaft as in Embodiment 64, wherein the
membrane extends in between the first helical support and the second helical support without
being bonded to at least one of the first helical support and the second helical support along a
length of the distal section.

67.  An enhanced flexibility catheter shaft as in Embodiment 64, wherein the
membrane extends in between the first helical support and the second helical support without
being bonded to either of the first helical support and the second helical support along a length
of the distal section.

68.  An enhanced flexibility catheter shaft, comprising:

an elongate flexible tubular body, having a proximal end, a distal end, and at
least one lumen extending therethrough;

a distal, flexible section on the body, comprising a corrugated tubular
membrane;

a first spiral support carried on the outside surface of the tubular membrane; and

a second spiral support carried on the inside surface of the tubular membrane;

wherein at least one of the first and second spiral supports is floating with
respect to the adjacent membrane.

69. An enhanced flexibility catheter shaft as in Embodiment 68, wherein both of
the first and second spiral supports are floating with respect to the adjacent membrane.

70.  Anenhanced flexibility catheter shaft, comprising:

an elongate flexible tubular body, having a proximal end, a distal end, and at

least one lumen extending therethrough; and
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a distal, flexible section on the body, comprising a corrugated tubular
membrane;
wherein the tubular body has an outer diameter of at least about 6 French and a

% bending load of no more than about 40.
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WHAT IS CLAIMED IS:
1. A highly flexible, kink resistant catheter with floating tubular support, comprising:

an elongate tubular body, having a proximal end, a distal end and a central
Iumen, the tubular body comprising:
an inner tubular layer surrounding the lumen;
a helical support, carried concentrically over the inner layer and having
adjacent loops spaced axially apart; and
an outer tubular layer, carried concentrically over the helical support;
wherein the inner layer and the outer layer are bonded together in the space
between adjacent loops of the tubular support to form a helical channel and the helical
support is floating unbonded within the helical channel.

2. A highly flexible catheter as in Claim 1, wherein at least one of the inner and outer
tubular layers comprises ePTFE or electrospun PTFE.

3. A highly flexible catheter as in Claim 2, wherein the ePTFE has a wall thickness of
no more than about 0.004".

4. A highly flexible catheter as in Claim 3, wherein the ePTFE has a wall thickness of
+ no more than about 0.002".

5. A highly flexible catheter as in Claim 1, wherein the helical support comprises
Nitinol wire.

6. A highly flexible catheter as in Claim 5, wherein the Nitinol wire has a cross
section in the radial direction of no more than about 0.006".

7. A highly flexible catheter as in Claim 6, wherein the Nitinol wire has a circular
cross section having a diameter of about 0.004".

8. A highly flexible catheter as in Claim 1, wherein the inner tubular layer comprises
two distinct sections, the two distinct sections comprising a proximal section and a distal
section.

9. A highly flexible catheter as in Claim 8, wherein the proximal section and the distal
section of the inner tubular layer comprise different materials.

10. A highly flexible catheter as in Claim 8, wherein the proximal section and the distal

section are joined by a skived joint.
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11. A highly flexible catheter as in Claim 1, wherein the helical support extends from
the distal end to the proximal end of the tubular body.

12. A highly flexible catheter as in Claim 1, wherein a distal portion of the tubular body
is more flexible than a proximal portion of the tubular body.

13. A highly flexible catheter as in Claim 12, wherein the helical channel only extends
through the distal portion of the tubular body.

14. A highly flexible catheter as in Claim 1, wherein the inner tubular layer and the
outer tubular layer are formed from a single segment of material in at least a distal portion of
the elongate tubular body.

15. A highly flexible catheter as in Claim 14, wherein the single segment of material is
folded over a distal end of the helical support to form at least a portion of the inner tubular
layer and the outer tubular layer.

16. A catheter, comprising:

an elongate, flexible inner layer positioned concentrically within an elongate,
flexible outer layer, the inner and outer layers joined by a helical bond to form a helical
channel defined between adjacent bonds; and

a helical support, floating in the helical channel.

17. A catheter as in Claim 16, wherein at least one of the inner and outer layers
comprises ePTFEE or electrospun PTFE.

18. A catheter as in Claim 17, wherein the ePTFE has a wall thickness of no more than
about 0.004".

19. A catheter as in Claim 18, wherein the ePTFE has a wall thickness of no more than
about 0.002".

20. A catheter as in Claim 16, wherein the helical support comprises Nitinol wire.

21. A catheter as in Claim 20, wherein the Nitinol wire has a cross section in the radial
direction of no more than about 0.006".

22. A catheter as in Claim 20, wherein the Nitinol wire has a circular cross section
having a diameter of about 0.004".

23. A catheter as in Claim 16, wherein the inner layer comprises two distinct sections,

the two distinct sections comprising a proximal section and a distal section.
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24. A catheter as in Claim 23, wherein the proximal section and the distal section of the
inner tubular layer comprise different materials.

25. A catheter as in Claim 23, wherein the proximal section and the distal section are
joined by a skived joint.

26. A catheter as in Claim 16, wherein the helical support extends from a distal end to a
proximal end of the catheter.

27. A catheter as in Claim 16, wherein a distal portion of the catheter is more flexible
than a proximal portion of the catheter.

28. A catheter as in Claim 27, wherein the helical channel only extends through the
distal portion of the catheter.

29. A catheter as in Claim 16, wherein the inner layer and the outer layer are formed
from a single segment of material in at least a distal portion of the catheter.

30. A catheter as in Claim 29, wherein the single segment of material is folded over a
distal end of the helical support to form at least a portion of the inner tubular layer and the
outer tubular layer.

31. An enhanced flexibility catheter shaft, comprising:

an elongate flexible body, having a proximal end, a distal end, and at least one
lumen extending therethrough;

a distal, flexible section on the body, comprising a tubular membrane having a
first helical support on a radially exterior surface of the membrane and a second helical
support on a radially interior surface of the membrane.

32. An enhanced flexibility catheter shaft as in Claim 31, wherein at least one of the
first and second helical supports comprises a nitinol wire.

33. An enhanced flexibility catheter shaft as in Claim 31, wherein an inside
diameter of the first helical support is less than an inside diameter of the second helical
support.

34. An enhanced flexibility catheter shaft as in Claim 31, wherein a pitch of the first
helical support is within the range of from about 0.010 inches to about 0.030 inches.

35.  Anenhanced flexibility catheter shaft as in Claim 35, wherein a pitch of the first
helical support is within the range of from about 0.015 inches to about 0.025 inches.
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36. An enhanced flexibility catheter shaft as in Claim 31, wherein at least the first
helical support comprises a wire having a diameter within the range of from about 0.003 inches
to about 0.007 inches.

37. An enhanced flexibility catheter shaft as in Claim 31, wherein at least one of the
first and second helical supports is floating with respect to the tubular membrane.

38. An enhanced flexibility catheter shaft as in Claim 37, wherein both of the first
and second helical supports are floating with respect to the tubular membrane.

39. An enhanced flexibility catheter shaft as in Claim 31, wherein the distal,
flexible section has an axial length of at least about 1.0 cm.

40. An enhanced flexibility catheter shaft as in Claim 39, wherein the distal,
flexible section has an axial length of at least about 15 cm.

41. An enhanced flexibility catheter shaft as in Claim 33, wherein an inside
diameter of the second helical support is at least about 2% greater than the inside diameter of
the first helical support.

42. An enhanced flexibility catheter shaft as in Claim 41, wherein an inside
diameter of the second helical support is about 0.105 inches and the inside diameter of the first
helical support is about 0.100 inches.

43. An enhanced flexibility catheter shaft as in Claim 31, wherein the membrane
comprises PTFE.

44, An enhanced flexibility catheter shaft as in Claim 31, wherein the membrane
comprises ePTFE.

45.  An enhanced flexibility catheter shaft as in Claim 31, further comprising a
proximal section, having less flexibility than the distal section.

46. An enhanced flexibility catheter shaft as in Claim 45, further comprising an
intermediate section, having less flexibility than the distal section and greater flexibility than
the proximal section.

47.  An enhanced flexibility catheter shaft as in Claim 46, wherein the tubular
membrane extends proximally from the distal section at least at least part way across the
intermediate section.

48. An enhanced flexibility catheter shaft as in Claim 47, wherein the tubular

membrane extends proximally from the distal section at least as far as the proximal section.
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49.  An enhanced flexibility catheter shaft as in Claim 31, wherein the tubular
membrane comprises a helical pleat.

50. An enhanced flexibility catheter shaft as in Claim 31, wherein the distal,
flexible section has an outer diameter of at least about 4 French and a % bending load of no
more than about 30.

51. An enhanced flexibility catheter shaft as in Claim 31, wherein the distal,
flexible section has an outer diameter of at least about 4 French and a % bending load of no
more than about 20.

52. An enhanced flexibility catheter shaft as in Claim 31, wherein the distal,
flexible section has an outer an outer diameter of at least about 6 French and a % bending load
of no more than about 50.

53. An enhanced flexibility catheter shaft as in Claim 31, wherein the distal,
flexible section has an outer diameter of at least about 6 French and a % bending load of no
more than about 40.

54. An enhanced flexibility catheter shaft as in Claim 31, wherein the distal,
flexible section has an outer diameter of at least about 6 French and a % bending load of no
more than about 30.

55. An enhanced flexibility catheter shaft as in Claim 31, wherein the distal,
flexible section has an outer diameter of at least about 8 French and a % bending load of no
more than about 60.

56. An enhanced flexibility catheter shaft as in Claim 31, wherein the distal,
flexible section has an outer diameter of at least about 8 French and a % bending load of no
more than about 40.

57. An enhanced flexibility catheter shaft as in Claim 31, wherein the distal,
flexible section has an outer diameter of at least about 10 French and a % bending load of no
more than about 80.

58. An enhanced flexibility catheter shaft as in Claim 31, wherein the distal,
flexible section has an outer diameter of at least about 10 French and a % bending load of no

more than about 60.
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59. An enhanced flexibility catheter shaft as in Claim 31, wherein the distal,
flexible section has an outer diameter of at least about 10 French and a % bending load of no
more than about 40.

60. An enhanced flexibility catheter shaft, comprising:

an elongate flexible tubular body, having a proximal end, a distal end, and at
least one lumen extending therethrough;

a distal, flexible section on the body, comprising a tubular membrane having an
outside surface with a plurality of radially outwardly extending annular ribs spaced
apart by radially inwardly extending recesses, and an inside surface with a plurality of
radially inwardly facing annular concavities corresponding to the radially outwardly
extending annular ribs, and

an annular support carried within at least one of the radially inwardly extending
recesses and the radially inwardly facing annular concavities.

61.  An enhanced flexibility catheter shaft as in Claim 60, wherein the plurality of
radially outwardly extending annular ribs comprise revolutions of a continuous helical rib.

62. An enhanced flexibility catheter shaft as in Claim 60, wherein the plurality of
radially outwardly extending annular ribs comprises discrete rings spaced apart axially along
the distal section.

63.  An enhanced flexibility catheter shaft as in Claim 61, comprising a first helical
support extending within the radially inwardly extending recesses.

64. An enhanced flexibility catheter shaft as in Claim 63, comprising a second
helical support extending within the radially inwardly facing annular concavities.

65.  An enhanced flexibility catheter shaft as in Claim 60, wherein the annular
support is unattached to the adjacent tubular membrane.

66. An enhanced flexibility catheter shaft as in Claim 64, wherein the membrane
extends in between the first helical support and the second helical support without being
bonded to at least one of the first helical support and the second helical support along a length
of the distal section.

67. An enhanced flexibility catheter shaft as in Claim 64, wherein the membrane

extends in between the first helical support and the second helical support without being
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bonded to either of the first helical support and the second helical support along a length of the
distal section.
68. An enhanced flexibility catheter shaft, comprising:
an elongate flexible tubular body, having a proximal end, a distal end, and at
least one lumen extending therethrough;
a distal, flexible section on the body, comprising a corrugated tubular
membrane;
a first spiral support carried on the outside surface of the tubular membrane; and
a second spiral support carried on the inside surface of the tubular membrane;
wherein at least one of the first and second spiral supports is floating with
respect to the adjacent membrane.
69. An enhanced flexibility catheter shaft as in Claim 68, wherein both of the first
and second spiral supports are floating with respect to the adjacent membrane.
70. An enhanced flexibility catheter shaft, comprising:
an elongate flexible tubular body, having a proximal end, a distal end, and at
least one lumen extending therethrough; and
a distal, flexible section on the body, comprising a corrugated tubular
membrane;
wherein the tubular body has an outer diameter of at least about 6 French and a

% bending load of no more than about 40.
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HIGH FLEXIBILITY, KINK RESISTANT CATHETER SHAFT

ABSTRACT OF THE DISCLOSURE
An enhanced flexibility catheter shaft having an elongate flexible body with a proximal
end, a distal end, and at least one lumen extending therethrough. A distal, flexible section on
the body has a ribbed or corrugated tubular membrane having at least a first reinforcement
structure, such as a first helical support, on a radially exterior or interior surface of the
membrane and optionally a second reinforcement structure, such as a second helical support,

on the other of the radially interior or exterior surface of the membrane

26279958
071017
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application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information” and “Foreign Priority Information®).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). .
Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country h
filed application .

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

] 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: ® Customer Number US Patent Practitioner (O Limited Recognition (37 CFR 11.9)
Customer Number P0995

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status -

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.
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Application Number
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Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)' the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)}(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove |

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the

Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
(] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1)

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Applicant iInformation:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant |1 Remove

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

[

Name of the Deceased or Legally Incapacitated Inventor: I

If the Applicant is an Organization check here. X

Organization Name NeuVT Limited

Mailing Address Information For Applicant:

Address 1 P Harbour Square, Crofton Road

Address 2 Dun Laoghaire, Co.

City Dublin State/Province

Country | 'E Postal Code A96 D6RO
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. ]
Prefix Given Name Middle Name Family Name Suffix

. ]

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City I State/Province
Countryi I Postal Code
Phone Number | Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by rad
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).
This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/Shannon Lam/ Date (YYYY-MM-DD)| R017-12-15
First Name | Shannon Last Name | Lam Registration Number | 65614
Additional Signature may be generated within this form by selecting the Add button.
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This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 US.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency’s responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.
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