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HEMODIALYSES CATHETER SLEEVE

[0001] This application is being filed as a PCT International Patent application
on September §, 2016 in the name of Surmodics, Inc., a U.S. national corporation,
applicant for the designation of all countries and Joram Slager, a U.S. Citizen,
inventor for the designation of all countries, and Joe McGonigle, a U.S. Citizen,
inventor for the designation of all countries, and Anh Tri La, a U.S. Citizen,
inventor for the designation of all countries, and David E. Babcock, a U.S. Citizen,
inventor for the designation of all countrics, and Bruce Jelle, a U.S. Citizen,
inventor for the designation of all countries, and Aleksey Kurdyumov, a U.S.
Citizen, inventor for the designation of all countries, and Timothy M. Kloke, a U.S.
Citizen, mventor for the designation of all countries, and Charlie Olson, a U.S.
Citizen, inventor for the designation of all countries, and Gary Maharaj, a U.S.
Citizen, inventor for the designation of all countries, and Nathan Lockwood, a U.S.
Citizen, inventor for the designation of all countries, and claims priority to U.S.
Provisional Application No. 62/218,549, filed Septermnber 15, 2015, and U.S. Patent
Application No. 15/257,252, filed September 6, 2016, the contents of which are

herein incorporated by reference in their entireties.

TECHNICAL FIELD
[0002] This document relates generally to medical device access systems, and
more particularly, to systems, devices and methods for long-term access to a body

vessel.

BACKGROUND
[0003] Hemodialysis is available for patients who have health issues, such as
kidney fatlure. In a hemodialysis procedure, blood is drawn from a patient, filtered
to remove substances such as salts or wastes, and then returned to the patient. A
kidney failure patient may bhe required to follow a hemodialysis treatment protocol
for months or years. Some patients receive treatment using a hemodialysis catheter
that is inserted into the vasculature and periodically used according to a treatment

regimen.
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Indwelling catheters such as hemodialysis catheters are sometimes
emploved for long-term access to internal areas of a patient, such as several weeks
or even several months, For example, a hemodialysis catheter may be left in place
for three fo six months or longer while an arteriovenocus (AV) graft or
arteriovenous fistula matures. When a catheter is left in place long term, i.c. for
weeks or months, problems may arise with the patency of the catheter. For
cxample, hemodialysis catheters are prone to occlusion from fibrin sheath and
thrombus formation. When this happens, complex interventional treatments can be
required, ranging from flushing of the lumen with thrombolytic agents to fibrin
sheath stripping or catheter removal and reinsertion of another catheter. These
treatments can be invasive or undesirable for the patient, and expensive for the
health care systern. There is therefore a need to maintain patency of herodialysis
catheters to reduce the complex interventional treatments.

SUMMARY
[0004] An example vascular access device includes an elongated body
insertable into a vessel and including a distal lomen extending to a distal orifice, a
proximal portion including a proximal orifice and a proximal lumen in
communication with the distal lumen, the proximal lumen defining an axis. The
proximal lumen and distal lumen configured to receive a catheter through the
proximal orifice and extending through the proximal humen and distal lumen. The
proximal orifice is axially displaccable toward the clongated body from a first
position to a second position. When a distal end of the catheter is situated inside
the distal humen of the elongated body, the proximal orifice is in the first location.
When the distal end of the catheter extends beyond the distal orifice the proximal
orifice 18 in the second position.
[0005] An example hemodialysis device includes a dialysis catheter having a
proximal end, an elongated body, and a distal end; a sleeve sized and shaped to
reccive the dialysis catheter, the sleeve having a valve proximate to a distal orifice,
and a compressible section coupled to a proximal end of the sleeve, the
compressible section also coupled to the dialysis catheter at a location proximal to
the proximal end of the sleeve. Distal movement of the proximal cnd of the
compressible section moves the dialysis catheter distally within the sleeve from a

first configuration in which distal end of the catheter resides inside the sleeve to a
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sccond configuration in which the catheter extends through the valve and out a
distal end of the sleeve.

[0006] An example hemodialysis vascular access device includes a proximal
end sized and shaped to sealably couple to a hemodialysis catheter, a movable
structure coupled to the proximal end, a fixation structure coupled to a non-
movable region and sized and shaped for fixation on a patient, an clongated slesve
coupled to the fixation structure and sized and shaped for insertion into a patient’s
vasculature, and a valve at a distal end of the internal lumen. When a hemodialysis
catheter is inserted into the device and coupled to the proximal end, distal
movement of the proximal end relative to the fixation structure biases a distal end
of the hemodialysis catheter from a position inside the clongated sleeve through a
valve out of the device and into the patient’s blood.

[0007] An example method of using a dialysis catheter includes inserting a
sleeve into the vasculature of a patient, inscrting a catheter into the sleeve, a distal
cnd of the catheter residing in the sleeve, coupling a proximal end of the catheter to
a compressible section that can be coupled to the sleeve and moving the catheter
distally to extend a distal end of the catheter out of a distal end of the sleeve and
into the patient’s vasculature. In some cxamples, a method includes first inserting
the catheter into the slecve, with the distal end of the catheter protruding past the
distal end of the sleeve, then inserting this catheter/sleeve assembly into the
vasculature of the patient.

0008] This Summary is an overview of some of the teachings of the present
application and not intended to be an exclusive or exhaustive treatment of the
present subject matter. Further details about the present subject matter are found in
the detailed description and appended claims. Other aspects of the disclosure will
be apparent to persons skilled in the art vpon reading and understanding the
following detailed description and viewing the drawings that form a part thereof,
cach of which are not to be taken in a limiting sense. The scope of the present

disclosure is defined by the appended claims and their legal equivalents.
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BRIEF DESCRIPTION OF THE DRAWINGS
0009] Various examples are ithistrated by way of example in the figures of the
accompanying drawings. Such examples are demonstrative and not intended to be
exhaustive or exclusive examples of the present subject matter.
[0010] FIG. 1 illustrates an cxample hemodialysis access device with a
hemodialysis catheter inserted into the device and extending out of the device an
into the bloodstream.
[0011] FIG. 2A illustrates, by way of example, an embodiment of a
hemodialysis vascular access device.
[0012] FIG. 2B illustrates, by way of example, an embodiment of a
hemaodialysis vascular access device with a catheter inserted into the access device.
[0013] FIG. 3A ilustrates, by way of example, an embodiment of a
hemodialysis vascular access device with a catheter mserted into the device and a
protective cover over a compressible region.
[0014] FIG. 3B illustrates, by way of exarple, an embodiment of a
hemodialysis vascular access device with a catheter inserted into the access device
and advanced to protrude from a valve at a distal end of the access device.
[0015] FIG. 4A 15 an exploded illustration of an example embodiment of a
hemodialysis vascular access device.
[0016] FIG. 4B is a longitudinal section view an example embodiment of a
hemodialysis vascular access device with a catheter inserted in the device.
{0017} FIGS. 5A and 5B, are illustrations of a portion an example access
device with a compressible section formed from a balloon.
1061 8] FIG. 5C is a perspective view of an example cap and seal for coupling
an access device to a hemodialysis catheter.
[0319] FIG. 6A is a perspective view of an example valve configuration at a
distal end of the access device.
[0020] FIG. 6B is a perspective view of an example valve configuration at a
distal end of the access device.
[0021] FIG. 6C is a perspective view of an example valve configuration at a
distal end of the access device.
(0022} FIG. 6D 1s a perspective view of an example valve configuration at a

distal end of the access device.
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[0023] FIG. 6E is an end view of an example valve configuration at a distal

end of the access device.

[0024] FIG. 6F is an end view of an example valve configuration at a distal end

of the access device.

[0025] FIG. 6 is a perspective view of the distal end of an cxample access

device with a balloon configured to close a distal orifice.

[0026] FIG. 6H is a cross sectional view of an example access device with a

balloon configured to close a distal orifice.

10027} FIG. 61 is a perspective view of the distal end of an example access

device with an annular balloon configured to close a distal orifice.

[0028] FI(3. 61 is a cross sectional view of an example access device with an

annular balloon configured to close a distal orifice.

[0029] FIGS. 7A-7E are cross-sectional views of various example tube

assemblics of an example access devices.

[0030] FIG. 8 is a flowchart that illustrates an example method of using an

access device in a medical procedure such as a hemodialysis procedure.
DETAILED DESCRIPTION

100311 The following detailed description of the present subject matter refers

to the accompanying drawings which show, by way of illustration, specific aspects

and examples in which the present subject matter may be practiced. These

cxamples are described in sufficient detail to enable those skilled in the art to

practice the present subject matter. Other exaroples may be utilized and structural,

logical, and electrical changes may be made without departing from the scope of

the present subject matter. References to “an”, “one”, or “various” examples in this

disclosure are not necessarily to the same embodiment, and such references

contemnplate more than one embodiment. The following detailed description is,

therefore, not to be taken in a Himiting sense, and the scope is defined only by the

appended claims, along with the full scope of legal equivalents to which such

clairos are entitled.

[0032] An example hemodialysis vascular access device includes a sleeve that

receives a hemodialysis catheter. The access device can be attached to the body,

for example using sutures. A portion of the aceess device that remains on the

outside of the patient’s body incledes a proximal opening that can receive a

W
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catheter. The access device also includes an clongated sleeve body that extends
into the vasculature of a patient. At the distal end of the slecve body, a valve
prevents blood from entering the sleeve. When hemodialysis is not being
performed, the catheter resides within the sleeve, and the valve at the distal end of
the slecve body can be closed. The catheter may be mounted to a structure, such as
& cap, at or near the proximal end of the access device. To use the catheter for
hemodialysis, the catheter can be pushed further into the device, so that the distal
cnd of the catheter pushes past the valve and into the patient’s blood. To
accommodate this movement, a proximal portion of the access device moves
distally as the catheter is inserted. In an example, a proximal portion of the
catheter compresses to allow this axial movement. In various examples, gascous
fhiid {such as air) can be allowed to exit the device through a permeable membrane
or valve, or displaced to a low pressure zone such as a balloon or bladder. This
avoids injection of gascous fluid inio the sleeve. When a hemodialysis procedure
is complete, the catheter can be typically flushed with a solution, such as heparin,
to help keep the catheter unobstracted.  Because the catheter is usually housed
within the sleeve during the time between hemodialysis procedures, the catheter is
less prone to occlusion or blockage from fibrin sheath growth or thrombus
formation. In some embodiments of the vascuolar device described herein, the
catheter can cffectively be flushed with solutions of antipiatelet to reduce fibwin or
antimicrobial or antibacterial agents to reduce infection because the catheter is
housed and protected within the sleeve. For these embodiments a port can be
provided on the vascular access device to aid in flushing the space between the
siecve and the catheter.

00331 in an exaraple, & catheter has a captured axial length from a distal tip to
a proximal fixation point. The captured axial length is capured within a portions
of a vascular access device, such as within a sleeve and compressible section. The
catheter can be securable at or near a proximal orifice of the vascular access
device. The vascular access device can have a variable lumen length from the
proximate orifice to a distal orifice. In an expanded state, the variable lumen
fength is longer than the captured axial length of the catheter. In a contracted state,
the variable lumen length of the vascular access device can be shorter than the

captured axial length of the catheter. In an example, a proximal orifice is

6
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moveable from a first position, at which the access device is in an expanded state,
to a second position, at which the access device is in a contracted state. By moving
the proximal orifice, and thus a catheter that is coupled to the proximal orifice, the
distal end of the catheter can he sclectively extended from or retracted into the
distal lumen of the access device. This selective movement can be used, for
cxample, to extend the distal end of the catheter into and out of blood in a patient
to allow, for example, access to blood during a hemodialysis procedure, but shickd
the catheter from blood when a procedure is not underway.

[0034] Referring now to exarnples shown in the figures, FIG. 1 illustrates an
example hemodialysis access device 100 with a hemodialysis catheter 130 inserted
into the device and extending out of a distal end 160 of the device an into the
patient’s blood. FIGS 2A, 2B, 3A, and 3B show various features and
configurations of the example embodiment ilhustrated in FIG. 1

[0035] Referring again to FIG. 1, 2 hemeodialysis access device 100 is inserted
through an incision site 105 in a patient’s body. The access device 100 hasa
sieeve 110 that extends into the patient’s vasculature 115 and optionally into the
right atria 120 of the heart 125. A hemodialysis catheter 130 is inserted inside the
access device 100 and through the sleeve 110. The sleeve tnner diameter may, for
example, be 15.5 French or smaller, but can be large enough to accommodate a
hemodialysis catheter. A proximal end of the catheter may be coupled to a
movable portion 140 of the access device 100, typically at or near the proximal end
135 of the access device 100. The movable portion 140 may, for example, be
coupled to a compressible region 150 on the access device 100, so that the overall
axial length of the access device 100 may be reduced by compressing the
compressible region. When the movable portion 140 of the access device 100 is
displaced distally along the axis 142 of the access device, a distal end 155 of the
hemodialysis catheter 130 extends out of the distal end 160 of the sleeve 110.
[0036] The sleeve 110 may include a valve 165 that prevents blood from
entering the distal end 160 of the sleeve 110 when the catheter is retracted into the
sieeve, and permits the catheter to push through the valve 165 to enter the blood
strecamn. The valve 165 may be designed to partially or fully seal around the
catheter 130 to prevent entry of blood into the catheter when the catheter is

cxtended through the valve and into the bloodstream. During a dialysis procedure,
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blood is drawn in through a first orifice 170 in the distal end 153 of the catheter
and through a lurnen (not shown) in the catheter, and processed outside the body
to, for example, filter out waste or salt. The processed blood is then retorned to the
body through a second lumen (not shown) in the hemodialysis catheter and
reintroduced into the blood stream through a second orifice 175 in the catheter.
{0037} When the sleeve remains in the vasculature of a body for a period of
time, the sleevel 10 can become covered with a fibrin sheath. In this case, in some
cxamples, when the hemodialysis catheter 130 is displaced out from the distal end
160 of the sleeve 110, the hemodialysis catheter 130 can break through the fibrin
sheath and allow blood exchange. In some examples, the valve is designed to
facilitate breaking of fibrin sheath that has accumulated at the distal end of the
sleeve by pushing the catheter through the valve.

[0038] Referring now to FIG. 2A and 2B, an example access device 100 may
include a threaded region 205 on the proximal end 135 of the device. A cap 210
with internal threads may be advanced onto the threaded region 205 to compress an
internal seal onto a hemodialysis catheter 130, An example seal is shown in FIG.
SA. The cap 210 may form part of the movable portion 140 of the access device
that translates axially to allow for displacement of the catheter 130 relative to the
devices.

[0039] Various technigues may be used to allow the movable portion 140 and
catheter to move relative to fixed portions of the access device. For example,
portions of the access device may shide, pivot, translate, compress, or otherwise
move relative to each other to accommodate axial displacement. For the purpose
of dlustration, a compressible region 150 is shown in FIGS. 2A and 2B, Inan
example, the compressible region 150 may be formed of a flexible material 215
that permits axial displacement of the movable portion 140 of the access device
100, so that the catheter can be advanced into the device. In an example, the
flexible material 215 can be an air-permoeable membrane that permits alr movement
out of the device during compression, to avoid driving air into the sleeve 110 and
potentially into the body. Simifarly, the membrane permits air movement into the
catheter during retraction, o avoid creating a vacuum during retraction, which if
transiated to the sleeve may cause blood to draw into the distal end of the sleeve.

The membrane may prohibit particles from entering the device, and may be an
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antimicrobial membrane. In an example, the membrane can be formed from a
polypropylenc material. In some examples, the membrane can be a non-woven
material, such as non-woven polypropylene. The membrane may also be formed
of polyethylene terephthalate, nylon, cotton, polyamide or polyester. An optional
spring 220 may provide structural support. The spring can be made of metal such
as stainless steel or nitinol. In some examples, the compressible region 150
includes an extendible pleated material. For example, the compressibie region may
be formed of an accordion-type pleated material that can be extended or
compressed without stretching the material. In some examples, the compressible
region can be formed of a plurality of layers of pleated material

[(040] In some examples, one or more valves are provided on the device as an
alternative or in addition to the permeable membrane. In an example, the one or
more valves permit movement of a fluid such as air into the device when the
catheter is pushed into the device. In various examples, the one or more valves
permit fluid movement in and out of the device, or between regions of the device.
In some examples, other structures such as a bladder or balloon are used in
addition to a valve or membrane or both, or as an alternative to a valve or
membrane. In an example, to accommaodate movement of the movable portion
140, a balloon inflates and deflates as the movable portion 140 and catheter 130 are
cycled with tespect to the device.

[0041] FIG 2B shows an example access device 100 inserted through a suture
site 201 in a patient’s body 202. The access device 100 may bave a fixation
structure 225 such as wings 230, 231 that allow for fixation of the access device in
the incision. Sutures may be attached to the wings using holes 235, 236 in the
wings. Inside the patient’s body, a cuff 240 may be provided to further support
fixation by ingrowth of tissae into the cuff over time. The cuff may, for example,
be made of Polyethylene terephthalate, which i3 commercially available as
Dacron®. In some exemplary embodiments the cuff could be impregnated or
coated with antihacterial components. Exemplary antibacterial components
include, but are not Himited to, various silver-containing materials, antibiotics {(e.g.
rifampin/minocycline) or other antibacterial surface treatments (e.g. coating with

quaternary ammonium containing polymers). In vet other embodiments, the sleeve
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could contain antibacterial components. Nano structured surfaces may also be
employed to enhance surface antibacterial activity.

[0042] FIG. 3A illustrates, by way of example, an embodiment of a
hemodialysis vascular access device with a catheter inserted into the device and a
protective cover 305 over the compressible region 150.

[0043] FIG. 3B illustrates, by way of example, an embodiment of a
hemodialysis vascular access device with a hemodialysis catheter 130 inserted into
the access device 100 and advanced to protrude from a valve 165 at a distal end of
the access device. The compressible region 150 is shown in a compressed
configuration, which brings the movable portion 140 closer to the fixation structure
225 and moves the catheter 130 further into the device 100, The distal end 155 of
the catheter 130 extends through the valve 165 and past the distal end 160 of the
sieeve 110. On the proximal side of the catheter, protective cover 305 extends
over the compressible region 150. The protective cover can be removed, i.e. when
the compressible region is compressed.

[0044] FIG. 4A is an exploded illustration of an example embodiment of a
hemodialysis vascular access device 100 showing the sleeve, components of the
movable section 140, cuff 240, fixation structure 225 and other components
described herein.

[0045] FIG. 48 is a cross-sectional view of an cxample vascular access device
100 and a catheter 130 inserted into the device. The catheter 130 can be secured to
the vascular access device 100 using a cap assembly 505 (shown in detadl in FIG.
5C) secure that compresses one or move seal members 510 against the catheter to
form a fluid tight seal.

[0046] In some examples, the proximal end of the access device 100 is
configured to sealably attach to a variety of hemodialysis catheters, i.e. the device
can be compatible with different brands of catheters or families of catheters. In an
example, the device 100 can be compatible with CVC catheters, Bard®
HemoSplit™ long term hemodialysis catheters, as well as catheters available from
Medronic Covidien, such as the Palindrome™ family of catheters.

[0047] FIGS. 5A and 5B, are illustrations of a portion an example access
device 550 with a compressible section 555 formed from a balloon. A tubular

balloon structure 560 extends from a proximal end 555 of the device, around a

10
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shaft of a beraodialysis catheter 570, to a fixation structure 575. The balloon can
be sized and shaped to permit inflation without stretching of the balloon material to
avoid pressurizing the system. In some exemplary embeodiments the balloon can
contain a liquid fluid instead of gaseous fluid, provided with an optional external
overflow. In some embodiments the fluid can contain anti-microbial and/or anti-
bacterial agents.

The balloon 560 can be compliant, or non-compliant, and the balloon material may
be elastic, or largely inelastic. In some examples, the balloon material can be
latex, acrylonitrile, non-latex, polyurcthane, Pebax, nylon or polyethylenc
terephthalate or a blend of the above.

[0048] As shown in FI(G. 5B, when the proximal end 565 of the access device
is moved toward the fixation structure 575, the balloon structure 560 expands. In
this manner, the access device may provide a closed system and avoid the need for
valves or permeable membranes. In some examples, a valve or permeable
membrane is used in conjunction with the balloon as a supplemental or pressure
rehief valve. In some embodiments, an airtight seal can be provided where the
catheter enters fixation structure 575, This would cause any pressurized air to
remain in the balloon rather than migrating into the sleeve. In some cxamples, the
seal could be configured as shown in FIGS 6A-).

[0049] FIG. 5C is a perspective view of an cxample cap and seal assembly 505
for coupling an access device to a hemodialysis catheter. In an example,
compressible seal members 510, 515 reside inside a support structure 520, which
may be a cylindrical tube sized and shaped to receive seal members 510, 515 inside
the mbe. Exemplary embodiments include compressible seal members 510 and 515
made such that receiving devices with oval or other form cross-sections can be
tightly sealed in the cap and seal asscmbly.

[0050] Threads 525 may be provided on an outside surface of the support
structure 520 to mate with internal threads on a rotating cap 540. In an cxample,
the support structure can be formed with a gap 5325 that allows for compression of
an upper section 530 and against a lower section 535 by the cap, which compresses
the seal members 510, 515 against a tube, e.g. a hemodialysis catheter shaft 136,
that can be inserted through the assembly 505. Other ernbodiments include a gap

with sufficient space to accept a coff on the hemodialysis catheter to enter the

11
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sleeve.

[0051] In an example embodiment, this structure can be used as component
of the access device 100 shown in FIGS 1, 2A, 2B, 3A, and 3C. In some
cxamples, an alternative structures can he used to scal the access device against
the catheter. In some cxamples, a Tuchy Borst valve adapter structure can be used.
Another example hemostasis sealing device is described in U.S. Publication
number 20120221024 (Sutton et al.), which is incorporated by reference in its
cntirety.

[0052] In some examples, the valve at the distal end of the catheter can be a
mechanical valve that has a neutral closed state, 1.e. it closes itself, unless biased
open. FIGS 6A-F illustrate various valve configurations that biock the flow of
blood into a sleeve 600 but permit a catheter (not shown) to pass through the valve.
The valve may be formed, for example, of CARBOTHANE ™. Other flexible
biocompatible materials may also be used, such as silicone, PU, bio-compatible
rubbers (latex, non-latex). In some cxamples, a valve can include leaflets that flex
to alfow a catheter (o pass through the valve. In some examples, the leaflets
substantially scal against the catheter to partially or fully block the passage of
blood into the catheter. In some examples, the leaflets return to a closed
configuration when the catheter is withdrawn from the valve. In some examples,
portions of the valve arc covered with a coating, such as a low friction, friction
reducing coating, hubricating materials (e.g. silicone oil) or a lubricious coating.
[0053] FIGS. 6A-61 show various examples of valve configurations at the
distal end of the device. While for the purpose of illustration the valves are shown
at the distal end of the device 100, as previously described, in some examples the
valve configurations in FIGS. 6A-6] could be emploved to seal around a catheter
138 at the proximal end of the device.

[0054] FIG. 6A is a perspective view of an example valve configuration with a
plurality of leaflets situated at a distal end of the access device. The valve 603 has
a plurality of leaflets 610, 611, 612, 613 which may be provided in a dome shape
that may have a circumference that is approximately the same as the circumference
of the sleeve. When a catheter is pressed against the leaflets 610, the leatlets flex

distally to allow the catheter to pass through the valve 603,



WO 2017/048576 PCT/US2016/050703

[0055] FIGS. 6B and 6C are perspective views of an example valve 620
configuration at a distal end of the access device. The valve 620 is provided in a
split configuration, with a top portion 625 and bottom portion 630 exiending
distally from the sleeve 600 and converging to a narrowed mouth 634 at a distal
end of the seal. As shown in FIG. 6C, the top portion 625 and bottor portion 630
can flex away from the central axis of the sleeve 635 to permit a catheter to pass
through the valve. . Thickness of material in distal portion of valve maybe thicker
than thickness of material in proximal portion of valve. This may allow for firmer
closing and a better seal.

[0056] FI(3. 6D is a perspective view of an example valve configuration at a
distal end of the access device. A plurality of leaflets 641, 642, 643, 644 extend
inwardly from an outer wall 640 of sleeve 600. The leaficts 641, 642, 643, 644
may be arranged 10 a plane that is substantially perpendicular to the longitudinal

axis of the sleeve 600. The leaflets 641, 642, 643, 644 flex to allow a catheter to

pass through the valve.
[0057] FIGS. 6F and 6F are end views of an example valve configuration at a

distal end of the access device. The device has a valve section 630 with at least
two feaflets 651, 632 extending into the interior of the sleeve. The leaflets 651,
652 connect to form a seal. When a catheter 655 s pushed through the valve, the
leaflets 651, 652 deflect and deform to accommoeodate the catheter.

[0058] FIGS. 6G and 6H are respectively perspective and sectional illustrations
an example where an access device has a sleeve 600 with a distal tip orifice 660
that can be closed off with a small balloon 665 positioned at the orifice. When
tluid is delivered through an inflation lumen 670 running through the sleeve to the
balloon, the balloon 665 expands to seal the distal tip orifice 660. When the
catheter 130 is moved distally in the sleeve, it pushes against the balioon and
pivots, defiects, or deforms the balloon 665 to move out of the sleeve and into the
blood.

[0059] FIGS. 61 and 6] are respeciive perspective and sectional illustrations of
an example with an annular balloon 675, The balloon, when inflated, can seal the
distal tip orifice 660. Catheter 130 can be inserted through orifice 680 in the
annular balloon 675. The balloon 675 can seal around the catheter 130. In an

cxample, the balloon 675 flexes or deforms to accommodate the catheter 130
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through the orifice. In an example, the balloon 675 can be partially deflated
accommodate passage of the catheter 130. In some examples, the balloon 675 can
accomrnodate passage of the catheter when fully inflated.

[0060] Other configurations of an access device 100 are possible to cnable
movement of the moveable portion 140 with respect to the sleeve 110. The various
cxamples shown in FIGS. 7A to 7E can be incorporated into an access device 106,
[0061] In some examples, in lieu of or in addition to a compressible section,
the proximal portion of access device 100 includes a tube with at least two valves
or seals. As shown in the example device 700 illustrated 1n FIG. 7A, a proximal
portion of a vascular access device 700 includes a tube 703, a proximal sealing
valve 710, and a distal sealing valve 715 spaced from the proximal sealing valve
710. The sealing valves 710, 715, can be configured, for example, similar to the
distal valve examples shown in FIGS. 6A-6E, or as variations of compressible
seals as illustrated in FIG. 5C. Other seal configurations, such as appropriately
sized ring seals can also be used. The scals prevent contaminants such as bacteria
or particles from entering the tube. In an example, the distance between the
proximal seal and distal seal is larger than the expected or maximum amount of
distal oovement of the catheter within the sleeve, such that a sterilized portion of
the catheter 130 may remain in either the tube 705 or sleeve and is not exposed to
contaminants outside the body. In some examples, the catheter 130 can be held in
place by friction between uses by one or both of the valves 710, 715.

[0062] As shown in FIG 78, in some examples the catheter can be held in
place by a releasable locking assembly 728, which in an example can be
configured similar to the assembly 505 shown in FIG. 5. Cap 721 can be advanced
on threads on compression piece 722 to compress a seal 723 against the catheter
130.

[0063] In some exampies, a vascular access device can include a tube assembly
with 2 moveable component scalably and slidably disposed inside a tube can allow
for axial movernent of the catheter with respect to the sleeve. In various examples,
the moveable component can be dise, a cylinder or other solid form, or an inner
tube. The moveable component can include an orifice that accommodates a
catheter extending through the moveable component, so that the moveabhle and

catheter move together in the mibe assernbly. In some examples, the moveable
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component incorporates a seal, such as one of the seals shown in FIG. 6A-6E
valve, or a compressible seal that can be compressed using a rotary component, to
scal the moveable component against the outer surface of the catheter. A valve
may be provided in the seal assembly to allow passage of air, but not particles, into
and out of a chamber formed by the moveable component and the outer tube.
[0064] Referring now to FIGS. 7C and 7D, in some examples, a tube assembly
730 enables movement of the moveable portion 140 with respect to the sleeve 110,
In the example shown in FIG. 7C, a moveable inner tube 735 is slidably inserted
inside of an outer tube 740 to form tube assembly 745 that is coupled to the sleeve
110.

in the cxample shown in FKG. 7D, a moveable outer tube 736 slides over an inner
tube 741. The inner tube 735, 736 has an outer shape and dimension that
substantially matches in an inner diameter of the outer tube 740, 741. The inner
and outer tube may have cross-sections (not shown) that are circular, elliptical,
ovular, or other shapes. In some cxamples, a seal 755, 756 extends around an
outside surface 745, 746 of the inner tube 735, 736 to seal the inner tube against an
inner surface 750, 731 of the outer tube 740, 741. A seal 760, such as a ring scal or
a seal as shown in FIGS 6A-J, can seal against the outer surface of catheter 130, A
distal seal 762, 763 can be provided at a distal end of the tbe assembly and can
seal against the catheter 130, In some examples, a valve 765 is provided in or on
the outer tube 740, 741 or inner tube 735, 736 to allow air to move into or cut of a
chamber 766, 777 created by the tubes. In the examples shown in FIG. 7C and 7D,
the wbe assembly 730 may be integral with the fixation structure 2235, or coupled
to the fixation structure. In some examples, a tube assembly 730 can be coupled to
a catheter 130 so that the moveable portion 130 moves with the catheter. For
example, a cap and seal assembly (not shown in FIG. 7C or 7D), such as the
assernbly 503 illustrated in FIG. 5C, can be coupled to the inner tube 735 in FIG.
7C or outer tube 741 shown in FIG. 7D to provide connection to a catheter 130.
[0065] Referring now to FIG 7C, as the inner tube 735 is displaced into the
outer tube 7440, the catheter 130 moves distally into the sleeve, and, if a valve 765
is provided, air moves through the valve out of the chamber 766. When the inner
tube 735 is pulled backward out of the outer tube 740, the catheter 130 retracts, and

if a valve 7635 is provided, air moves through the valve into the chamber.
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[0066] Referring now to FIG. 7D, as the outer tube is moved distally toward
the inner wibe, the catheter protrudes from the sleeve 110, and air moves out of the
chamber 777 through valve 767.

[0067] As shown in FIG. 7E, in an example vascular access device, a tube
assembly 779 slidable component 780 is attached to the catheter 130 and captured
in a tube 785. The slidable component 780 may seal against the inner surface 786
of the tube 785, or a ring seal {not shown) may be provided to create a seal
between the slidable component 780 and the tube 785. The tube may bave a seal
781 on the proximal end 790. A distal seal 782 may also be provided on the distal
end 791 of the tube 785. The tube 785 can be integral with our coupled to a
fixation component 225 that is fixable to a human body. In an example, the
movable component 780 is releasably attachable to a catheter 130, e.g. using a
compressible seal, or an assembly configured simtlar to the asscmbly shown in
FIG. 5C. The tube 785 can include a longitudinal hinge 795 and a longitudinal seal
(not shown} so that the tube 785 can be opened to receive the catheter and
moveable component 780 and subsequently closed and sealed. In an example,
when the catheter 130 is moved distally to extend the distal end of the catheter out
of the slecve 110 and into blood, the movable component 780 moves distally with
the catheter inside the tube 785. The tube assembly can include a distal valve 766
that releases air from a chamber 797 when the slidable component 780 is moved
distally and allows air into the chamber 797 when the slidable component (s moved
proximally. The wbe assembly can also include a proximal valve 798 to release air
from proximal chamber 799 when the component 780 is moved proximally in the
tube, and allow air into the proximal chamber proximal when the component 780 is
moved distally.

[0068] FIG. 8 is a flowchart that iliustrates an example method 800 of using an
access device in a medical procedure. At 802, a catheter 15 inserted into a sleeve,
such as a sleeve of the various examples of a vascular access device 100 described
herein. At 804, a proximal end of the catheter is coupled to a movable portion that
is coupled to the sleeve to form a catheter/sleeve assembly. In an example, the
proximal end of the catheter is coupled to a compressible section, such as a section
as shown in FIGS. 1, 24, 2B, 3A, and 3B. In an example, the catheter can be

positioned in the sleeve with a desired length protruding from distal end of sleeve
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when the compressible portion is in a comprossed configuration, and a location is
marked, or positioned secured. In an example, a movable portion of an access
device is actuated, ¢.g. by compressing a compressible region or shiding a
component in a tube, to project a distal end of the catbeter out of the sleeve, so that
a desired catheter protrusion length can be obtained. In an example, the catheter is
a hemodialysis catheter.

[0069] At 806, the catheter and sleeve assembly is inserted into a body vessel
of a patient, such as a blood vessel. At 808, the catheter {s moved distally to
extend a distal end of the catheter out of a distal end of the sleeve and into contact
with the paticnt’s body. In an exarapie, the catheter is moved into a blood vessel
8o that it in in the patient’s blood. When the medical procedure is a dialysis
procedure, at 810, dialysis of the patient’s blood is provided by withdrawing blood
through the catheter, treating the blood, and returning the blood to the body
through the catheter. At 812, the catheter is retracted, so that the distal end of the
catheter resides within the sleeve of the catheter/siceve assembly.

[0070] In some examples, various access device configurations may be
provided with slecves in various lengths to accommodate various catheter lengths.
In some examples, the length of the sleeve can be variable, through adjustment of
parts, or through selection of components of particular lengths. In some examples,
access devices can be provided with a varicty of stroke lengths, t.e. the length over
which the movable section can move, and thus the distance that the distal end of
the hemodialysis catheter can move, can be varied to suit a particular application.
In some applications, the stroke length of an access device can be variable, for
example by adjustiment of mechanical stops.

(00711 In some cxamples, a hemodialysis catheter can be removable and
replaceable, in the event that an onginal catheter becomes obstructed or otherwise
compromised. Hemodialysis catheters are shown for example in U.S. Patent Nos.
6,156,016 and 6,190,371, which are incorporated by reference.

[0072] While various exaroples are described in the context of a hemodialysis
application, an access device could be used with an indwelling catheter in other
scenarios, such as ceniral venous access for numerous reasons inchuding:
chemotherapy, parenteral nutrition, saline and fluid delivery, drug delivery,

antibiotic delivery, frequent blood draws, blood stern cell collection,
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plasmapheresis, and monitoring of central venous pressure. Venous access can be
cither through tunneled or non-tunneled catheters and can be directly into central
veins such as the subclavian or jugular veins or inserted into peripheral veins using
a longer catheter to provide central access called a peripherally inserted central
catheter (PICC) line.

[0073] in some exampies, portions of the access device 100, catheter 130, or
both may be covered with a coating. For example, hydrophilic polymeric base
coatings can be applied to portions of the medical device to impart lubricity and
decrease particulate shedding. In some examples, portions of the valve on the
distal end of the slecve are covered with a coating. In other examples, the inner
diameter of the sleeve is coated or lined with hubricious low friction coatings or the
outer diameter is lined with lubricious low friction coatings, friction reducing or
lubricating materials sach as silicone oil, perflucrinated oils or waxes or with
covalently bonded coating that imparts lower friction.

[0074] Low Friction Surfaces

[0075] Exemplary embodiments of low friction smfaces for the vascular access
devices described herein include substrates prepared from low friction materials
(e.g. PTFE and PTFE liners) and surfaces that can be made to be low friction by
addition of coatings (e.g. coatings with hydrophilic polymers).

[0076] One class of hydrophilic polymers useful as polymeric materials for
hydrophilic base coat formation can be synthetic hydrophilic polymers. Synthetic
hydrophilic polymers that are biostable (i.c., that show no appreciable degradation
in vivo) can be prepared from any suitable monomer including acrylic monomers,
vinyl monomers, ether monomers, or combinations of any one or more of these
types of monomers. Acrylic monomers include, for example, methacrylate, methyl
methacrylate, hydroxyethyl methacrylate, hydroxyethyl acrylate, methacrylic acid,
acrylic acid, glycerol acrylate, glycerol methacrylate, acrylamide, methacrylamide,
dimetbylacrylamide (DMA), and derivatives and/or mixtures of any of these. Vinyl
monomers inchide, for example, vinyl acetate, vinylpvrrolidone, vinyl aleohol, and
dertvatives of any of these. Ether monomers inchide, for example, ethylene oxide,
propylene oxide, butylene oxide, and derivatives of any of these. Exaraples of

polymers that can be formed from these monorers inchude
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poly{acrvlamide), poly(methacrylamide}, poly(vinylpyrrolidone), poly(acrylic
acid},

poly{ethylene glycol), poly(vinyl alcohol}, and poly(HEMA). Examples of
hydrophilic

copolymers include, for example, methyl vinyl cther/maleic anhydride copolymers
and vinyl pyrrolidone/{meth)acrylamide copolymers. Mixtures of homopolymers
and/or copolymers can be used.

[0077] Examples of some acrylamide-based polymers, such as
poly(N,Ndimethylacrylamide-co-aminopropylmethacrylamide) and
poly(acrylamide-co-N,Ndimethylaminopropylmethacrylamide) are described in
example 2 of U.5. Patent No. 7,807,750 (Taton et al.), the disclosure of which is
incorporated herein by reference.

[0078] Other hydrophilic polymers that can be useful in the present disclosure
are derivatives of acrylamide polymaers with photoreactive groups. One such
representative hydrophilic polymer can be the copolymerization of N-{3-(4-
benzoylbenzamido)propyl fmethacrylamide (Formula I) with N-(3-
aminopropyhmethacrylamide (Formula 1) to produce the polymer poly{N-3-
aminopropyhmethacrylamide-co- N-{3-(4-
benzoylbenzamido)propylmethacrylamide (Formula H). The preparation of the
polymer is disclosed in Example 1 of US Patent Publication 2007/0032882 (1o

Lodhi, et al.), the full content of which is incorporated herein by reference.

[0079]

19



WO 2017/048576 PCT/US2016/050703

[00R0] Formula I
HMN o
[0081] HaN Formmdta 11
H
e N
HN ©
HaN
[0082] Foronda T




WO 2017/048576 PCT/US2016/050703

[0083] In some embodiments, the hydrophilic polvmer can be a vinyl
pyrrolidone polymer, or a vinyl pyrrolidone/(meth)acrylamide copolyrmer such as
poly{vinylpyrrolidone-co-methacrylamide). I a PVP copolymer is used, it can be
a copolymer of vinylpyrrolidone and a monomer selected from the group of
acrvlamide monomers. Exemplary acrylamide monomers include
{meth)acrylamide and {meth)acrylamide derivatives, such as
alicyl(methjacrylamide, as exemplified by dimethylacrylamide, and
aminoalkyl(methiacrylamide, as exerplified by aminopropylmethacrylamide and
dimethylaminopropylmethacrylamide. For example, poly(vinylpyrrolidone-co-
N,N-dimethylaminopropylmethacrylamide) is describad in example 2 of U.S.
Patent No. 7,807,750 (Taton et al.).

{00841 in one embodiment, the polymers and copolymers as described are
derivatized with one or more photoactivatable group(s). Exemplary photoreactive
groups that can be pendent from biostable hydrophilic polymer include aryl
ketones, such as acetophenone, benzophenone, anthraquinone, anthrone, quinone,
and anthrone-like heterocycles. Aryl ketones herein can specifically inclade diaryl
ketones. Polymers herein can provide a hydrophilic polymer having a pendent
activatable photogroup that can be applicd to the expandable and collapsible
structure, and can then treated with actinic radiation sufficient to activate the
photogroups and causc covalent bonding to a target, such as the material of the
expandable and collapsible structure. Use of photo-hydrophilic polymers can be
used to provide a durable coating of a flexible hydrogel matrix, with the
hydrophilic polymeric materials covalently bonded to the material of the
expandable and collapsibie structure.

00851 A hydrophilic polymer baving pendent photoreactive groups can be
used to prepare the flexible hydrogel coating. Methods of preparing hydrophilic
polymers having photoreactive groups are known i the art. For example, methods
for the preparation of photo-PVP are described in U.S. Patent No. 5,414,075, the
disclosure of which is incorporated herein by reference. Hydrophilic photo-
polyacrylamide polymers such as poly{acryvlamide-co-N-(3-(4-
benzoylbenzamidojpropyhimethacylamide), “Photo PA” , and derivatives thereof
can be used to form hvdrophilic base coats in exemplary embodiments of the

present disclosure. Methods for the preparation of photo-polyacrylamide are
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described in U.S. Patent No. 6,007,833, the disclosure of which is incorporated
herein by reference.

[0(86] Other embodiments of hydrophilic base coats include derivatives of
photo-polyacrylamide polymers incorporating additional reactive moieties. Some
exemplary reactive moieties include N-oxysuccinimnide and glycidyl methacrylate.
Representative photo-polyacrylamide derivatives incorporating additional reactive
maoieties include poly(acrylamide-co-maleic-6-aminocaproic acid-N-
oxysuccinimide-co-N-(3-(4-benzoylbenzamido)propyDmethacrylamide) and
poly(acrylamide-co-(3-(4-benzoylbenzamido)propylmethacrylamide)-co-
glycidylmethacrylate. Additional photo-polyacrylamide polymers incorporating
reactive moictics arc described in US Patent Nos. 6,463,178 {to Chappa, et al.},
6,762,019 (to Swan, et al.) and 7,209,593 (to Ofstead, et al}, the disclosures of
which are herein incorporated by reference.

[0087] Other embodiments of exemplary hydrophilic base coats that include
derivatives of photo-polyacrylamide polymers incorporating additional reactive
moieties can be found in US Patent No. 6,514,734 (to Clapper, et al.}, the
disclosure of which is incorporated herein by reference in its entirety.

0088] in yet other embodirnents, the hydrophilic base coat can include
derivatives of photo-polvacrylamide polymers incorporating charged moictics.
Charged moieties include both positively and negatively charged specigs.
Exemplary charged species include, but are not limited to, sulfonates, phosphates
and quaternary amine derivatives. Some examples include the negatively charged
species N-acetylated poly(acrylamide-co-sodinm-2-acrviamido-2-
methylpropanesulfonate-co-N-(3-(4-benzoylbenzamido)propyl ymethacrylamide)-
co-methoxy polv{ethylene glycol) monomethacrylate. Other negatively charged
species that can be incorporated into the hydrophilic base coat are described in US
Patent No. 4,973,893, the disclosure of which is incorporated herein by reference
in its entirety.  Positively charged species can include  poly(acrylamide-co-N-(3-
{4-benzoylbenzamido)propyhmethacrylamidey-co-(3-
(methacrylovlamino)propyhitrimethylammonium chioride. Other positively
charged species that can be incorporated into the hydrophilic base coat are
described in US Patent No. 5,858,653 (to Duran et al.), the disclosure of which is

incorporated herein by reference in its entirety.
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[0089] In another embodiment, the polymers and copolyrers as described are
derivatized with one or more polymerizable group(s). Polymers with pendent
polymerizable groups are commonly referred to as macromers. The polymerizable
group(s) can be present at the terminal portions (ends) of the polymeric strand or
can be present along the length of the polymer. In one embodiment polyvmerizable
groups are located randomly along the length of the polymer.

{0090 Exemplary hydrophilic polymer coatings can be prepared using
polymer grafting techniques. Polymer grafting techniques can include applying a
nonpolymeric grafting agent and monomers to a substrate surface then causing
polymerization of the monomers on the substrate surface upon appropriate
activation (for example, but not limited to, UV radiation) of the grafting agent.
Grafting methods producing hydrophilic polymeric surfaces are exemplified in US
Pat. Nos. 7,348,055; 7,736,689 and §,039,524 (all to Chappa et al.) the foll
disclosures of which are incorporated herein by reference.

[0091] Optionally, the coating can inclade a crosslinking agent. A crosslinking
agent can promote the association of polymers in the coating, or the bonding of
polymers to the coated surface. The choice of a particular crosslinking agent can
depend on the ingredicnts of the coating composition.

(0092} Suitable crosslinking agents can include two or more activatable
groups, which can react with the polymers in the composition. Suitable activatable
groups can include photoreactive groups as described herein, like aryl ketones,
such as acetophenone, benzophenone, anthraquinone, anthrone, guinone, and
anthrone-like heterocycles. A crosslinking agent including a photoreactive group
can be referred to as a photo-crosslinker or photoactivatable crosslinking agent.
The photoactivatable crosslinking agent can be ionic, and can have good solubility
in an agueous composition. Thus, in some embodiments, at least one ionic
photoactivatable crosshinking agent can be used to form the coating. The ionic
crosslinking agent can inchude an acidic group or salt thereod, such as selected
from sulfonic acids, carboxylic acids, phosphonic acids, salts thereof, and the like.
Exemplary counter ions include alkali, alkaline carths metals, ammonium,
protonated amines, and the like.

{0093} Exemplary ionic photoactivatable crosshinking agents include 4,5-bis{4-

benzoylphenylmethyleneoxy) benzene-1,3-disulfonic acid or salt; 2,5-bis(4-
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benzoylphenylmethylencoxy)benzene-1,4-disulfonic acid or salt; 2,5-bis(4-
benzovimethvlencoxyibenzene-1-sulfonic acid or salt; N,N-bis]{2-(4-
benzoylbenzyloxy)ethyli-2-aminoethanesulfonic acid or salt, and the like. See U.S.
Patent Nos. 6,077,698 (Swan et al.), 6,278,018 (Swan), 6,603,040 (Swan) and
7,138,541 (Swan) the disclosures of which arc incorporated herein by reference.
[0094] Other exemplary ionic photoactivatable crosslinking agents include
cthylenchis{4-benzoylbenzyldimethyiammonium) dibromide and
hexamethylenchis{4-benzovibenzyldimethylammonium) dibromide and the like.
See LLS. Patent No. 5,714,360 (Swan et al.) the disclosures of which are
incorporated herein by reference.

[0095] In vet other embodiments, restrained multifunctional reagents with
photoactivable crosslinking groups can be used. In some examples these restrained
multifunctional reagents inchude tetrakis (d-benzoyibenzyl ether) of pentaerthyritol
and the tetrakis (4-benzoylbenzoate ester) of pentaerthyritol. See U.S. Patent Nos.
5,414,075 (Swan et al.) and 5,637,460 (Swan et al.} the disclosures of which are
incorporated herein by reference.

[0096] Additional crosslinking agents can include those having formula
Photol-1.G-Photo2, wherein Photol and Photo2 independently represent at least
one photoreactive group and LG represents a linking group comprising at least one
silicon or at least onc phosphorus atom, wherein the degradable linking agent
comprises a covalent linkage between at least one photorcactive group and the
linking group, wherein the covalent linkage between at least one photoreactive
group and the linking group is interrupted by at least one heteroatom. See ULS.
Patent No. 8,889,760 (Kurdyumov, et al.}, the disclosure of which is incorporated
herein by reference. Further crosslinking agents can include those having a core
molecule with one or more charged groups and one or more photoreactive groups
covalently attached to the core molecule by one or more degradable linkers. See
LIS, Publ. Pat. App. No. 201 1/0144373 (Swan, et al.}, the disclosure of which is
incorporated herein by reference.

[0097] Crosslinking agents used in accordance with embodiments herein can
inchude those with at least two photorcactive groups. Exemplary crosslinking
agents are described in U.S. Patent No. 8,889,760, the content of which is herein

incorporated by reference in its entirety.
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[0098] In some embodiments, the first and/or second crosslinking agent can
have a molecular weight of less than about 1500 kDa. In some embodiments the
crosslinking agent can have a molecular weight of iess than about 1200, 1100,
16000, 900, 800, 700, 600, 500, or 400,

(00991 in some embodiments, at least one of the first and second crosslinking
agents comprising a linking agent having formula Photo1-LG-Photo2, wherein
Photol and Photo2, independently represent at icast one photoreactive group and
LG represents a linking group comprising at least one silicon or at least one
phosphorus atom, there is a covalent linkage between at least one photoreactive
group and the linking group, wherein the covalent linkage between at least one
photoreactive group and the linking group is interrupted by at least one heteroatom.
(001007 In some embodiments, at least one of the first and second crosslinking
agents comprising a linking agent having a formula selected from:

001011 (a)
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[00103]  wherein R1, R2, R8 and RY are any substitution; R3, R4, R6 and R7 are
alkyl, aryl, or a combination thereof; RS is any substitution; and each X,
independently, is O, N, Se, 5, or alkyl, or a combination thercof;

(001041 (b)
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[00105]
[00106] wherein R1 and R5 are any substitution; R2 and R4 can be any
substitution, except OH; R3 can be alkyl, aryl, or a combination thereof; and X,
independently, are O, N, Se, 5, alkylene, or a combination thereof;

[00107]  (©
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[0010§]
(001097 wherein R1, R2, R4 and RS are any substitution; R3 is any substitution;
R6 and R7 are alkyl, aryl, or a combination thereof; and each X can independently

be O, N, Sc¢. 5, alkvlene, or a combination thercof; and

00110 (@b

(00111}
[00112] In a particular embeodiment. the crosslinking agent can be bis{4-
benzoylphenyl) phosphate.

[00113]

3

In some embodiments, the photoactivatable crosslinking agent can be
tonic, and can have good solubility in an agueous composition, such as the first
and/or second coating composition. Thus, in some embodiments, at least one ionic
photoactivatable crosslinking agent is used to form the coating. In some cases, an
ionic photoactivatable crosslinking agent can crosslink the polymers within the
sccond coating layer which can also improve the durability of the coating.
[00114]  Any suitable ionic photoactivatable crosslinking agent can be used. In
some embodiments, the ionic photoactivatable crosslinking agent is a compound of
formula I X1--Y--X2 where Y is a radical containing at least one acidic group,
basic group, or a salt of an acidic group or basic group. X1 and X2 are cach
independently a radical containing a latent photoreactive group. The photoreactive
groups can be the same as those described heretn. Spacers can also be part of X1 or
v2 along with the latent photoreactive group. In some embodiments, the latent

photoreactive group includes an aryl ketone or a guinone.
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[00115] The radical Y in formula [ provides the desired water solubility for the
ionic photoactivatable crosslinking agent. The water solubility (at room
temperature and optimal pH) is at least about 8.05 mg/mi. In some embodiments,
the solubility is about (.1 to about 10 mg/m!l or about 1 to about 5 og/ml

(001167  in some embodiments of formula I, Y is a radical confaining at [east
one acidic group or salt thereof. Such a photoactivatable crosslinking agent can be
anionic depending upon the pH of the coating composition. Suitable acidic groups
include, for example, sulfonic acids, carboxylic acids, phosphonic acids, and the
like. Suitable salts of such groups include, for example, sulfonate, carboxylate, and
phosphate salts. In some embodiments, the ionic crosslinking agent includes a
sulfonic acid or sulfonate group. Suitable counter ions include alkali, alkaline
carths metals, ammonium, protonated amines, and the like.

[00117] For example, a compound of formula { can have a radical Y that
contains a sulfonic acid or sulfonate group; X1 and X2 can contain photoreactive
groups such as aryl ketones, Such compounds include 4,5-bis(4-
benzoylphenylmethyleneoxy)benzene-1,3-disuifonic acid or salt; 2,5-bis{4-
henzoylphenylmethyleneoxybenzene-1.4-disulfonic acid or salt; 2,5-his(4-
henzoylmethyleneoxybenzene-1-sulfonic acid or salt; N,N-bis{2-(4-
benzoylbhenzyloxyvicthyll-2-aminoethanesulfonic acid or salt, and the like. See U.S.
Pat. No. 6,278,018, The counter ion of the salt can be, for example, ammonium or
an alkali metal such as sodium, potassium, or lithium.

[00118]  In other embodunents of forroula 1, Y can be a radical that contains a
basic group or a salt thereotf. Such Y radicals can include, for example, an
ammonium, a phosphonium, or a sulfonium group. The group can be neutral or
positively charged, depending upon the pH of the coating composition. In some
embodiments, the radical Y includes an ammonium group. Suitable counter ions
inchude, for example, carboxylates, halides, sulfate, and phosphate. For example,
compounds of foromla | can have a Y radical that contains an anypnoniom group;
X1 and X2 can contain photoreactive groups that include aryl ketones. Such
photoactivatable crosslinking agents inchide ethylenebis{(4-
benzoylbenzyldimethylammonium) salt; hexamethylenebis (4-
benzoylbenzyldimethylammonium) salt; 1,4-bis(4-henzovibenzyl)-1,4-

dimethylpiperazinediivm) salt, bis(4-benzoylbenzybhhexamethylenetetramninediivm
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salt, bis|2-{(4-benzoylbenzyldimethylammoniojethyl]-4-
benzovibenzylmethylammonium salt; 4,4-bis{(4-benzoylbenzyhmorpholinium salt;
ethylenebis[(2-{4-benzoylbenzyldimethylammoniojethyl)-4-
bhenzoylbenzylmethylammonium)] salt; and 1,1,4.4-tetrakis(4-
henzoylbenzyDpiperzinediium salt. See U.S. Pat. No. 5,714,360, The counter ion is
typically a carboxylate ton or a halide. On one embodiment, the halide is bromide.
[00119] In other embodiments, the ionic photoactivatable crosslinking agent can

be a compound having the formula:
ximD'im\Efmz

DZ

|
[00120] X2
(00121}
[001227  wherein X1 inchudes a first photorcactive group; X2 includes a second
photoreactive group; Y inclades a core molecule; £ includes at least one charged
group; D1 includes a first degradable linker; and D2 includes a second degradable
linker. Additional exemplary degradable ionic photoactivatable crosslinking agents
are described in US Patent Application Publication US 2011/0144373 (Swan et al.,
“Water Soluble Degradable Crosslinker”), the disclosure of which is incorporated
herein by reference.
[001237  in some aspects a non-ionic photoactivatable crosslinking agent can be
used. In one embodiment, the non-ionic photoactivatable crosslinking agent has
the formula XR1IR2R3R4, where X is a chemical backbone, and R1, R2, R3, and
R4 are radicals that include a latent photoreactive group. Exemplary non-ionic
crosslinking agents are described, for example, in U.S. Pat. Nos. 5,414,075 and
5,637,460 (Swan et al., "Restrained Multifunctional Reagent for Surface
Modification™). Chemically, the first and second photorcactive groups, and
respective spacers, can be the same or different.
(00124} In other embodiments, the non-ionic photoactivatable crosslinking
agent can be represented by the formula:
[00125]  PG2-LE2-X-LE1-PG1
[00126]  wherein PG1 and PG2 include, independently, one or more

photoreactive groups, for example, an aryl ketone photoreactive group, including,
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but not limited to, aryl ketones such as acetophenone, benzophenone,
anthraquinone, anthrone, anthrone-like heterocyeles, their substituted derivatives
or a combination thereof; LET and LE2 are, independently, linking elements,
inchuding, for example, segments that include urea, carbamate, or a combination
thereof; and X represents a core molecule, which can be either polymeric or non-
polymeric, incheding, but not hmited to 2 hydrocarbon, including a hydrocarbon
that is linear, branched, cyclic, or a combination thereof; aromatic, non-aromatic,
or a combination thercof; monocyclic, polycyclic, carbocyelic, heterocyclic, or a
combination thereof; benrene or a derivative thereof) or a combination thereof.
Other non-tonic crosslinking agents are described, for example, in US Application
Number 13/316,030 filed December 9, 2011 (Publ. No. US 2012/0149934)
(Kurdyumov, “Photocrosslinker™), the disclosure of which is incorporated herein
by reference.

(00127} Further embodiments of non-ionic photoactivatable crosslinking agents
can include, for example, those described in US Pat. Publication 2013/0143056
{(Swan et al., "Photo-Vinyl Primers/Crosslinkers™), the disclosure of which is
incorporated herein by reference. Exemplary crosslinking agents can include non-
ionic photoactivatable crosslinking agents having the general formula R1 - X - R2,
wherein R1 is a radical comprising a vinyl group, X is a radical comprising from
about onc to about twenty carbon atoms, and R2 is a radical comprising a
photoreactive group.

[00128] A single photoactivatable crosslinking agent or any combination of
photoactivatable crosslinking agents can be used in forming the coating. In some
embodiments, at least one nonionic crossiinking agent such as tetrakis(4-
henzoylhenzyl ether) of pentacrythritol can be used with at least one ionic
crosslinking agent. For example, at least one non-ionic photoactivatable
crosslinking agent can be used with at least one cationic photoactivatable
crosslinking agent such as an cthylenebis{4-benzoylbenzyldimethylammonium})
salt or at least one anionic photoactivatable crosslinking agent such as 4,5-bis(4-
benzoyl-phenylmethyleneoxybenzene-1,3-disulfonic acid or sait. In another
example, at lcast one nonionic crosshinking agent can be used with at ieast one

cationic crosslinking agent and at least one anionic crosslinking agent. In vet

29



WO 2017/048576 PCT/US2016/050703

another example, a least one cationic crosslinking agent can be used with at least
one anionic crosslinking agent but without a non-ionic crosslinking agent.
[00128]  An exemplary crosshinking agent is disodium 4,5-bis{{4-
henzoythenzyloxy]-1,3-benzenedisulfonate (DBDS), This reagent can be
prepared by combining 4,5-Dibhydroxylbenzyl-1,3-disulfonate (CHBDS) with 4-
bromomethylbenzophenone (BMBP) in THF and sodiwm hydroxide, then
retluxing and cooling the mixture followed by purification and recrystallization
(also as described in ULS. Pat. No. 5,714,360, incorporated herein by reference).
[00133]  Further crosslinking agents can include the crosslinking agents
described in U.5. Publ. Pat. App. No. 2010/0274012 (to Guire et al.} and U.S. Pat.
No. 7,772,393 (to Guire et al.} the content of all of which is herein incorporated by
reference.

[00131] In some embodiments, crosslinking agents can include boron-
containing linking agents inciuding, but not limited to, the boron-containing
linking agents disclosed in US Pat. Publication 2013/0302529 entitled “Boron-
Containing Linking Agenis” by Kurdyumov et al., the content of which is herein
incorporated by reference. By way of example, linking agents can include borate,
horazine, ot boronate groups and coatings and devices that incorporate such
linking agents, along with related methods. In an embodiment, the linking agent
inchudes a compound having the structure (1)

HE

|

1< B\ 3
(00132} R R %)
[00133]  wherein R1 is a radical comprising a photoreactive group; R2 is
selected from OH and a radical comprising a photoreactive group, an alkyl group
and an aryl group; and R3 is selected from OH and a radical comprising a
photoreactive group. [n some embodiments the bonds B-R1, B-R2 and B-R3 can
be chosen independently to be interrupted by a heteroatom, suchas O, N, §, or
mixtures thereof.
[00134] Additional agents for use with embodiments herein can inciude
stilbene-based reactive compounds including, but not lunited to, those disclosed in

U.S. Pat. No. 8,487,137, entitled “Stilbens-Based Reactive Compounds,

30



WO 2017/048576 PCT/US2016/050703

Polymeric Matrices Formed Therefrom, and Articles Visualizable by
Fluorescence” by Kurdyumov et al., the content of which is herein incorporated by
reference.

(331357  Additional photorcactive agents, crosslinking agents, hydrophilic
coatings, and associated reagents are disclosed i U.S. Pat. No. 8,513,320 (to
Rootjmans et al.); 8,809,411 (to Rooijmans); and 2010/0198168 (tc Rootjmans),
the content of all of which is berein incorporated by reference.

[00136]  Natural polymers can also be used to form the hydrophilic hase coat.
Natural polyvmers include polysaccharides, for example, polydextrans,
carboxymethylcellulose, and hydroxymethylcelinlose; glycosaminoglycans, for
example, hyaluronic acid; polypeptides, for example, soluble proteins such as
collagen, albumin, and avidin; and combinations of these natural polymers.
Combinations of natural and synthetic polymers can also be used.

(001377 In some instances a tic layer can be used to form the hydrophilic base
layer. In vet other instances the tic laver can be added to the hydrophilic base
layer. The tic layer can act to increase the adhesion of the hydrophilic base layer to
the substrate. In other embodiments, the tic layer can act to increase adhesion of
the hydrophobic active agent to the hydrophilic base layer. Exemplary tics layers
inchude, but are not Hmited to silane, butadicne, polyurethane and parylene. Silane
tic layers are described in US Patent Publication 2012/0148852 (1o Jelle, et al.}, the
content of which is herein incorporated by reference.

[00138]  In exemplary embodiments, the hydrophilic base layer can include
tannic acid, polydoparine or other catechol containing materials.

(00139} The above detailed description is intended to be illustrative, and not
restrictive. The scope of the disclosure should, thercfore, be determined with
references 1o the appended claims, along with the full scope of equivalents to

which such claims are entitled.
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What 1s claimed is:

i. A vascular access device comprising:

an elongated body insertable into a vessel and including a distal lnmen

extending to a distal orifice;

a proximal portion including a proximal orifice and a proximal lumen in

communication with the distal lumen, the proximal lumen defining an axis;

the proximal lumen and distal lumen configured to receive a catheter through

the proximal orifice and extending through the proximal lumen and distal lumen,

the proximal orifice axially displaceable toward the elongated body from a first
position to a second position, wherein, when a distal end of the catheter is situated
inside the distal lumen of the elongated body when the proximal orifice is in the first
location, the distal end of the catheter extends beyond the distal orifice when the

proximal orifice is in the second position.

2. The vascular access device of claim 1, further comprising the catheter.
3. The vascular access device any one or any combination of claims 1-2 farther

comprising a low friction surface.

4. The vascular access device of any one or any combination of claims -3 further
comprising a low friction hydrophilic coated surface.

5. The vascular access device of any one or any combination of claims -4 further

coruprising an antimicrobial.

6. The vascular access device of any one or any combination of claims -5 further
comprising a port for delivery of an antibiotic, anti-platelet antimicrobial,

thrombolytic or anti-coagulant solution.

7. The vascualar access device of any one or any combination of claims 1-6,

wherein the catheter has a captured axial length from a distal tip to a proximal fixation
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point that is securable at or near the proximal orifice, and the vascular access device
has a variable lumen length from the proximate orifice to the distal orifice, the variable
tumen length longer than the captured axial length of the catheter when the proximal
orifice is in the first position, and the variable lumen length shorter than the captured
axial length of the catheter when the proximal orifice is in the second position,
wherein the distal end of the catheter can be selectively extended from or retracted

into the distal lumen.

8. The vascular access device of any one or any combination claims 1-7, wherein
the proximal portion comprises a compressible section that is compressible from an
extended configuration when the proximal orifice is in the first position to a

compressed configuration when the proximal orifice is in the second position.

9. The vascular access device of any one or any combination claims 1-8, wherein

the compressible section includes an air permeable membrane.

10. The vascular access device of any one or any combination of claims 1-9,

wherein the air permeable membrane is an antimicrobial membrane.

ii. The vascular access device of any one or any combination of claims 1-10,
wherein the air permeable membrane is covered with a membrane protective cover.
12. The vascular access device of any one or any combination of claims 1-11,
wherein the compressible section includes a balloon sized and shaped to at least

partially inflate when the proximal orifice is displaced toward the elongated body.

i3. The vascular access device of any one or any combination of claims 1-12,
wherein the elongated body includes a valve proximate the distal orifice, the valve
configured to allow passage of the catheter through the valve such that the catheter
may extend through the valve and out of the distal orifice, the valve further configured
to prevent the flow of blood into the distal lumen when the catheter is not extended

through the valve.
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4. The vascular access device of any one or any combination of claims 1-13,
wherein the catheter is a dialysis catheter and the elongated body comprises at least a
portion of a guide sheath or guide catheter configured to receive the dialysis catheter.
15. A hemodialysis device comprising:
a dialysis catheter having a proximal end, an elongated body, and a distal end;
a sleeve sized and shaped to receive the dialysis catheter, the sleeve having a

valve proximate a distal orifice; and

a compressible section coupled to a proximal end of the sleeve, the
compressible section also coupled to the dialysis catheter at a location proximal to the

proximal end of the sleeve;

wherein distal movement of the proximal end of the compressible section
moves the dialysis catheter distally within the sleeve from a first configuration in
which distal end of the catheter resides inside the sleeve to a second configuration in

which the catheter extends through the valve and out a distal end of the sleeve.

io. The hemodialysis device of claim 15, wherein a proximal end of the catheter is

coupled to a proximal end of the compressible section with a cap.

17. The hemodialysis device of any one or any combination of claims 15-16,

wherein the valve includes a plurality of leaflets.

ig&. The hemodialysis device of any one or any combination of claims 15-17,

wherein the valve includes dome tip leaflet valve.

i9. The hemodialysis device of any one or any combination of claims 15-1§,
further comprising a valve that allows air to pass out of the device when the

compressible section is moved distally.
20. A hemodialysis vascular access device comprising:

a proximal end sized and shaped to sealably couple to a hemodialysis catheter;
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a movable structure coupled to the proximal end and sized and shaped to

receive a portion of the hemodialysis catheter;

a fixation structure coupled to the movable region and sized and shaped for
fixation on a patient, the fixation structure sized and shaped to receive a portion of the

hemodialysis catheter;

an elongated sleeve coupled to the fixation structure and sized and shaped for
insertion into a patient’s vasculature, the elongated sleeve having an internal lumen

sized and shaped to receive a portion of the hemodialysis catheter;
a valve at a distal end of the internal lumen;

wherein, when a hemodialysis catheter is inserted into the device and coupled
to the proximal end, distal movement of the proximal end relative to the fixation
structure biases a distal end of the hemodialysis catheter from a position inside the

elongated sleeve through the valve out of the device and into the patient’s blood.

21. The hemodialysis catheter of claim 20, wherein the movable structure

comprises an air permeable membrane.

22. The hemodialysis catheter of any one or any combination of claims 20-21,

wherein the device further comprises a structural support inside the air permeable

membrane.
23. The hemodialysis catheter of any one or any combination of claims 20-22,

further comprising a proximal seal sized and shaped to seal the proximal end with the

hemodialysis catheter.
3

24. A method of using a medical catheter comprising:

inserting the catheter into a sleeve, a distal end of the catheter residing in the

sleeve;

coupling a proximal end of the catheter to a movable portion that is coupled to

a proximal end of the sleeve, providing a catheter/sleeve assembly; and
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inserting the catheter/sleeve assembly into a body vessel of a patient.
25. The method of claim 24 further providing the steps of;

moving the catheter to extend a distal end of the catheter out of a distal end of

the sleeve and into contact with the patient’s body,
performing a procedure, and

retracting the catheter so the distal end resides within the sleeve of the

catheter/sleeve assembly.

26. The moethod of claim 24 or 23, wherein moving the catheter distally pushes the

catheter past a valve in a distal end of the sleeve.

27. The ruethod of any one or any combination of claims 24-26, wherein coupling
a proximal end of the catheter to a movable portion that is coupled to a proximal end
of the sleeve comprises coupling a proximal end of the catheter to a compressible

section that is coupled to a proximal end of the sleeve.

28. The ruethod of any one or any combination of claims 24-27, wherein inserting
the catheter/sleeve assembly into a body vessel a patient includes inserting the
catheter/sleeve assembly into a blood vessel, and performing a procedire inclades

providing dialysis of the patient’s blood.
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insert a catheter into a sleeve
804 Couple a proximal end of the catheter to a movable portion
that is coupled to the sleeve.
89{’\ Insert the catheter and slesve assembly nto the a
body vessel of a patient.
808 Move the catheter distally {o extend a distal end of the catheter out
of a distal end of the sleeve and into contact with the patient’s body.
810
\\ Performing a procedurs
812

Retract the catheter so the distal end of the catheter resides
\\».. within the sleeve of the catheter/sleeve assembly.
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