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ALCOHOL RESISTANT CATHETERS AND USES THEREOF

Cross-Reference to Related Applications

[0001] This patent application claims priority to U.S. Provisional Patent
Application No. 61/793,116, titted ALCOHOL RESISTANT CATHETERS AND USES
THEREOF, filed on March 15, 2013, which is incorporated herein by reference in its
entirety.

Technical Field

[0002] The current disclosure relates generally to alcohol resistant polymers for
use in medical applications. More specifically, the current disclosure relates to
alcohol resistant aromatic polycarbonate urethanes for use in catheters.

Description of the Figures

[0003] Figure 1 is a representation of a peripherally inserted central line catheter
(PICC) according to certain embodiments of the disclosure.
[0004] Figure 2 is a graph showing the hourly effect of alcohol on the burst
pressure of an embodiment of a catheter produced as disclosed herein.
[0005] Figure 3 is a graph showing the daily effect of alcohol on the burst
pressure of an embodiment of a catheter produced as disclosed herein.
[0006] Figure 4 is a graph showing the effect of alcohol on the modulus of
elasticity of some embodiments of alcohol resistant aromatic polycarbonate urethane
formulations as disclosed herein.
[0007] Figure 5 is a graph showing the effect of alcohol on the tensile strength, in
pounds force (Ibf), of some embodiments of alcohol resistant aromatic polycarbonate
urethane formulations as disclosed herein.

Detailed Description
[0008] [ Definitions
[0009] As used herein, “medical catheter” or “catheter” refers to a medical device

that includes a flexible shaft, which contains one or more lumens which may be
inserted into a subject for introduction of material (e.g., fluids, nutrients, medications,
blood products, etc.), monitoring of the subject (e.g., pressure, temperature, fluid);
and more removal of material (e.g., body fluids), or any combination thereof. A
catheter may further include various accessory components such as extension
tubes, fittings, over molded junction hub, and so forth. A catheter may also have
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various tip and shaft features including holes, splits, tapers, overmolded tips or
bumps, and so forth.

[0010] As used herein, “venous access device” refers to a device that provides
access to the venous circulation, typically the central venous circulation system.
This includes but is not limited to central venous catheters, peripherally inserted
venous catheters, midlines, ports, and dialysis catheters. Venous access devices
may remain in place from days to years. The typical construction of a venous
access catheter includes a flexible shaft with one or multiple lumens with various
tips, splits, tapers, and so forth, that is connected by a junction hub to extension
tubes with luer fitting for attachment to other devices.

[0011] As used herein, “central venous catheter” refers to a catheter with its tip
placed directly in the central venous circulation system. These include any device,
whether wholly implanted or partially implanted that delivers medication to the central
parts of the heart, such as the vena cava.

[0012] As used in this specification and the appended claims, the singular forms

a,

an,” and, “the” include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a device” may include one or more of
such devices, reference to “a diol” may include reference to one or more diols, and
reference to “an aromatic polycarbonate urethane” may include reference to one or
more of such compounds.

[0013] As used herein, “urethane linkage” refers to the -HN-(C=0)O- moiety along
the backbone of a polymer.

[0014] As used herein, “carbonate linkage” refers to the -O(C=0)O- moiety along
the backbone of a polymer.

[0015] As used herein, a plurality of items, structural elements, compositional
elements, and/or materials may be presented in a common list for convenience.
However, these lists should be construed as though each member of the list is
individually identified as a separate and unique member. Thus, no individual
member of such list should be construed as a de facto equivalent of any other
member of the same list solely based on their presentation in a common group
without indications to the contrary.

[0016] Concentrations, amounts, and other numerical data may be expressed or
presented herein in a range format. It is to be understood that such a range format
is used merely for convenience and brevity and thus should be interpreted flexibly to
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include not only the numerical values explicitly recited as the limits of the range, but
also to include all the individual numerical values or sub-ranges encompassed within
that range as if each numerical value and sub-range is explicitly recited. As an
illustration, a numerical range of “about 1 micron to about 5 microns” should be
interpreted to include not only the explicitly recited values of about 1 micron to about
5 microns, but also include individual values and sub-ranges within the indicated
range. Thus, included in this numerical range are individual values such as 2, 3.5,
and 4 and sub-ranges such as from 1-3, from 2-4, and from 3-5, etc.

[0017] This same principle applies to ranges reciting only one numerical value.
For example, a range of values designated as less than 5, includes ranges less than
4 and less than 3. Furthermore, such an interpretation should apply regardless of
the breadth of the range or the characteristics being described.

[0018] /I. Alcohol Resistant Catheters

[0019] In current medical practice, it is commonly necessary to introduce a
catheter into the central venous circulation system for various purposes. For
example, catheters may be introduced for purposes of delivering fluids, nutrition,
blood, glucose solutions, medications, diagnostic agents, and so forth, to the
vasculature. Catheters may also be introduced for the purposes of withdrawing
blood from the vasculature, for example, in order to treat the blood, to carry out
diagnostics on the blood, and so forth. In the process of carrying out such medically
necessary tasks, a central catheter can become colonized with microbes, such as
bacterial and fungus, that can harm the patient. Additionally, in the case of the
delivery of nutrition, the catheter can become occluded with lipids.

[0020] A method of reducing or eliminating said microbes or said lipid occlusion is
through the direct and prolonged exposure of the central access device to an
alcohol, such as ethanol. One such method of exposing the central catheter to
alcohol is referred to by clinicians as an alcohol lock. Alcohol locking of a central
catheter refers generally to techniques or procedures where alcohol is introduced
into the catheter lumen and maintained in the lumen for a period of time greater than
10 minutes with an ethanol concentration from between 25% and 100%, for the
purpose of disinfection or lipid occlusion removal. The practice of alcohol locking, or
the internal or external application of liquid alcohol, is referred to as direct and

prolonged exposure.
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[0021] Silicone catheters are generally used as central catheters when there will
be direct and prolonged exposure to alcohol. It is well known by clinicians and
manufacturers that direct and prolonged exposure to alcohol can adversely affect the
material properties of polyurethane catheters. When direct and prolonged exposure
to alcohol is not used, polyurethane catheters are often used by clinicians over
silicone catheters for increased durability, particularly in power injection applications
requiring high flow rates and associated high pressures.

[0022] Direct and prolonged exposure of alcohol to central access devices
manufactured with polyurethanes such as Tecoflex, Quadrathane, Quadraflex,
Tecothane, Pellethane, Chronoflex and the like, results in the loss of the current
standard of performance, such as burst during power injection or leak due to cyclic
kink. This loss of performance is directly related to alcohol-related degradation in
mechanical properties such as increased swell, decreased stress crack resistance,
and loss of certain mechanical properties such as hardness, modulus, and strength.
Accordingly, manufacturers of central venous catheters, in some instances, explicitly
disallow the use of direct and prolonged exposure to alcohol with their catheters.
[0023] The catheter shafts for central venous catheters are typically made from
polymers. Suitable polymers are those that are biocompatible, that can be formed
into tubing, and that are flexible enough to be routed through the vasculature without
causing trauma to the patient. When formed into tubing, the polymer chosen should
also provide strength sufficient to ensure that the lumen does not collapse in the
vasculature, and should resist repeated flexure. Silicone and polyurethane based
polymers are commonly employed to meet these criteria, however polyurethane
catheters may be preferred because they are stronger.

[0024] Furthermore, catheter shafts and accessories may be made from
biocompatible flexible polymers that enable them to be inserted into the body and
vasculature while causing minimal trauma to the patient. These materials may
generally be required to provide chemical resistance, flexibility, biocompatibility,
softness, strength, burst resistance, radiopacity, and durability. In such
embodiments, some catheters may be formed of thermoplastic polyurethanes.
Thermoplastic polyurethanes may be melt processable and may be extruded and/or
molded using heat processing, while thermoset polyurethanes may be cast molded.
[0025] In some cases, thermoplastic polyurethanes, including aliphatic and
aromatic polycarbonate polyurethanes, can be subject to swelling in the presences
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of alcohol, water, and strong polar solvents. For example, urethanes and resultant
central venous catheters when exposed to these agents may soften, swell, and lose
their mechanical properties, such as modulus of elasticity and tensile strength. This
effect may also be accelerated at body temperatures. The resultant loss of these
mechanical properties may cause central venous catheter failures including, but not
limited to tip instability, tip malposition, bursts during power injection, lumen collapse
during fluid aspiration, cyclic fatigue failures from repeated bending, and leakage at
the junction hub from the extension legs or the catheter shaft. Accordingly, in many
applications, medical device manufacturers are required to design-in safety factors,
specify the conditions under which polyurethane central venous catheters may be
used, and disallow the use of alcohol and other materials with the catheters to
prevent these failures.

[0026] The present disclosure relates to alcohol resistant aromatic polycarbonate
urethane polymers. Also disclosed herein are alcohol resistant catheters comprising
the alcohol resistant aromatic polycarbonate urethane polymers disclosed herein. In
certain embodiments, an alcohol resistant aromatic polycarbonate urethane can be
formed by reacting at least the following monomers: a polyisocyanate, a polyol, and
a chain extender. In such embodiments, the monomers may provide an aromatic
polycarbonate urethane having reduced swelling, improved stress crack resistance,
and/or greater retention of certain mechanical properties such as hardness,
modulus, and strength, upon exposure to alcohol. In other such embodiments, the
monomers may provide an aromatic polycarbonate urethane having a plurality of
urethane linkages and a plurality of carbonate linkages and where the aromatic
polycarbonate (relative to certain polyurethanes such as Tecoflex, Quadrathane,
Quadraflex, Tecothane, Pellethane, Chronoflex and the like) exhibits reduced
swelling, improved stress crack resistance, and/or greater retention of certain
mechanical properties such as hardness, modulus, and strength, upon exposure to
alcohol.

[0027] In some embodiments, the alcohol resistant catheters disclosed herein
may comprise an alcohol resistant aromatic polycarbonate urethane formed by
reacting a polyisocyanate, a polyol, and a chain extender. In such embodiments, the
polyisocyanate may be one or more aromatic diisocyanates selected from at least
one of 4,4 methylene bis diphenyl diisocyanate (MDI), p-tetramethyl xylene
diisocyanate, m-tetramethyl xylene diisocyanate, bitolylene diisocyanate, toluene
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diisocyanate, p-phenylene diisocyanate, isophorone diisocyanate, 1,5-naphthalene
diisocyanate, hexamethylene diisocyanate, methylene-bis cyclohexyl diisocyanate,
and isomers and or mixtures thereof.

[0028] In particular embodiments, the alcohol resistant catheters disclosed herein
may comprise an alcohol resistant aromatic polycarbonate urethane formed by
reacting a polyisocyanate, a polyol, and a chain extender wherein the polyol may be
a polycarbonate polyol. In such embodiments, the polyol may be a polycarbonate
polyol having a formula HO-[ -R1-O(CO)O-]n-H wherein R1 is an alkyl group of
between 4 to 20 methylene units, such that greater than 99% of the R1 groups have
the same chemical structure; and n is between 1 and 35. In other such
embodiments, the polyol may be a polycarbonate polyol comprising a weight
average molecular weight from between 2500 to 4500 g/mol. In other embodiments,
the polyol may be a polycarbonate polyol comprising a weight average molecular
weight from between 1000 to 3000 g/mol. In other embodiments, the polyol may be
a polycarbonate polyol comprising a weight average molecular weight from between
1500 to 2500 g/mol. In yet other such embodiments, the polyol may be a
polycarbonate polyol that includes a diol comprising alternating carbonate groups
and linear aliphatic chains having from 4 to 20 methylene units. In further such
embodiments, the polyol may be a polycarbonate polyol that includes polyhexanediol
carbonate. In yet further such embodiments, the polyol may be a polycarbonate
polyol that is present in an amount ranging from about 30 wt% to about 70 wt% of
the aromatic polycarbonate urethane.

[0029] In further embodiments, the alcohol resistant catheters disclosed herein
may comprise an alcohol resistant aromatic polycarbonate urethane formed by
reacting a polyisocyanate, a polyol, and a chain extender wherein the chain extender
is any compound capable of polymerizing with the polyisocyanate such that the
chain extender resides in the hard segment of the polyurethane. In some
embodiments, the chain extender can be a compound having a molecular weight of
less than 500 g/mol. In other embodiments, the chain extender can be selected from
at least one of the following: polyols, ethylene glycol, diethylene glycol, neopentyl
glycol, 1,3-propane diol, 1,2-propanediol, 2-ethyl-2-(hydroxymethyl)propane-1,3-diol,
glycerol, 1,4-butanediol, hydroquinone bis(2-hydroxyethyl)ether, cyclohexane
dimethylol, trimethylolpropane, pentanediol, hexanediol, heptanediol, octanediol,
nonanediol, decanediol, undecanediol, dodecanediol, and mixtures thereof.
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Although a number of aromatic polyurethanes can be utilized in preparing a polymer
in accordance with the present disclosure, in some embodiments the chain extender
comprises diols with 4 to 14 carbon atoms, 10 to 14 carbon atoms, or 12 carbon
atoms, or combinations thereof. In particular embodiments, the chain extender may
comprise diols having between 4 and 20 carbon atoms. In certain embodiments, the
chain extender may comprise diols having 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19 and 20 carbon atoms. In still other embodiments, the chain extender can
be present in the aromatic polycarbonate urethane in an amount from about 0.5 wt%
to about 45 wt%. In yet other embodiments, the chain extender can be present in
the aromatic polycarbonate urethane in an amount from about 0.5 wt% to about 5
wt%. In further embodiments, the chain extender can be present in the aromatic
polycarbonate urethane in an amount from about 5 wt% to about 45 wt %.

[0030] In further embodiments, the alcohol resistant catheters disclosed herein
may comprise an alcohol resistant aromatic polycarbonate urethane having one or
more radiopacifiers. Generally, radiopacifiers are dense fillers added to polymers to
enable resultant medical devices, including catheter shafts, for instance, to be
viewed under radiography when in the body. Radiopacifiers used in medical
polymers may include barium sulfate (BaSO,), tungsten metals, bismuth metals and
related species (e.g., bismuthoxide, bismuth oxychloride, bismuth subcarbonate,
etc.), platinum, palladium, and gold. The amount of radiopaque filler added to a
polymer may vary from about 5 wt% to about 65 wt%. In some instances, the
addition of higher amounts of filler and/or more dense fillers may increase the
radiopaqueness of the resultant medical catheter shaft, but may also deteriorate the
mechanical properties of the material (elongation, tensile strength, burst strength,
biocompatibility, modulus, and chemical resistance, for example). Thus, the amount
of filler added to a catheter material may be dependent on the particular application
requirements of the material. For example, in small diameter, thin walled catheters —
which may become difficult to see under radiography — the appropriate amount of
filler may depend highly on parameters of the device as well as the expected use of
the device.

[0031] In the case of thermoplastic polyurethanes, barium sulfate may be used in
PICCs. However, barium sulfate may not provide adequate radiopacity in small thin
wall catheters without negatively affecting the performance of the catheter. For
example, in high pressure small PICC shafts, where the catheter flow rate and burst
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strength are potential performance requirements, barium sulfate may not provide
sufficient radiopacity without compromising the properties of the device. In some
applications, bismuth metals and related species show improved radiopacity when
compared to a similar weight percent of barium sulfate due to their higher densities.
Historically, bismuth metals have not been used in thermoplastic polyurethanes due
to polymer degradation, poor UV stability, color, and heat related discoloration.
[0032] In some embodiments of the current disclosure, however, a select grade of
a bismuth species (e.g., bismuthoxide, etc.) and the present polycarbonate
urethanes may not exhibit issues with heat stability, UV stability, and polymer
compatibility. Notably, in some applications, such a combination can also provide
superior radiopacity without substantial negative impact on the elongation, tensile
strength, and chemical resistance of the catheter shaft. In other words, an aromatic
thermoplastic urethane with a bismuth species(e.g., bismuthoxide, etc.) radiopacifier
may be utilized to produce, for example, a catheter with particular properties for
medical catheter shafts as disclosed herein.

[0033] Disclosed herein are medical devices, including central venous catheters,
that may be formulated to resist the detrimental effects of solvents and chemicals
upon overall mechanical properties thus enabling these materials to be used in the
presence of alcohol as well as allowing the construction of smaller and more flexible
central venous catheters. Specific methods for fabrication of such medical devices
may include preparing the aromatic polycarbonate urethanes as recited herein and
forming into a desired device.

[0034] Also disclosed herein are medical devices that may contain a mixture of
aromatic polycarbonate urethanes such as one or more alcohol resistant aromatic
polycarbonate urethanes as described herein. Further, the alcohol resistant
aromatic polycarbonate urethanes described herein can be used in a number of
medical applications. In one embodiment, for example, a medical device or
instrument can be coated or manufactured, in whole or in part, with the alcohol
resistant aromatic polycarbonate urethanes described herein.

[0035] In certain embodiments, a peripherally inserted central line catheter
(PICC) may comprise an alcohol resistant aromatic polycarbonate urethane as
disclosed herein. Certain such embodiments may include a PICC 100 as shown in
Fig. 1. In particular embodiments, a PICC 100 may be constructed from an extruded
catheter 110 with one or more lumens that is affixed to corresponding extension leg
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tubing 115a, 115b via a junction hub 120. The extension leg tubing 115a, 115b may
be affixed to luer hubs 116a, 116b that are designed to connect each of the
extension legs 115a, 115b to a medical device such as a syringe or tubing. In some
embodiments, a PICC 100 comprises an alcohol resistant aromatic polycarbonate
catheter shaft with a wall thickness that is from approximately 0.005" to
approximately 0.021” and a length from the junction hub 120 to the distal end of that
is from approximately 30 cm to approximately 60 cm. In other embodiments, the
PICC 100 comprises an alcohol resistant aromatic polycarbonate catheter shaft with
a wall thickness that is from approximately 0.006” to approximately 0.015”. In other
embodiments, the wall thickness, outer diameter, and elastic modulus of the material
determine the stiffness of the catheter shaft. The wall thickness, lumen area, and
elastic modulus determine the use pressure of the catheter during power injection.
The wall thickness, diameter, elastic modulus, and tensile strength determine the
burst pressure of the catheter during power injection or during a hydraulic load, such
as an injection from a syringe by a clinician. Prolonged and direct exposure to a
polar solvent such as alcohol or water results in a reduction of elastic modulus.
Alcohol causes a greater reduction in elastic modulus than water because it is a
stronger polar solvent than water.

[0036] The reduction in modulus directly impacts the burst strength of the
catheter by the following equation:

p,=CEL
r

Where P, is the burst strength of the catheter, C is a constant of proportionality
dependent on the rheological properties of the material (typically close to 0.25), E is
the modulus of elasticity of the material, t is the wall thickness of the tube, and r is
the radius of the tube. Therefore, as the modulus is reduced due to soaking in
alcohol or water, the burst strength of the tubing decreases in proportion to that
reduction. It is therefore desirable that the material not soften beyond a certain
threshold due to alcohol locking.

[0037] In certain embodiments, the alcohol resistant catheters disclosed herein
comprise an extruded catheter shaft that results in a catheter stiffness of
approximately less than 12,000 mN*mm? when dry and approximately greater than
400 mN*mm? during or after direct and prolonged exposure to alcohol. In some
embodiments, the alcohol resistant catheters disclosed herein can comprise an
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extruded catheter shaft that results in a catheter stiffness of approximately less than
12,000 mN*mm? when dry and approximately greater than 2,000 mN*mm? during or
after direct and prolonged exposure to alcohol. In other embodiments, the alcohol
resistant catheters disclosed herein may have a stiffness such that the reduction in
stiffness between the dry state and alcohol locked state is less than 60%. In other
embodiments, the alcohol resistant catheters disclosed herein may have a stiffness
such that the reduction in stiffness between the dry state and alcohol locked state is
less than 50%. In further embodiments, at least a portion of the alcohol resistant
catheters disclosed herein may have a burst pressure that exceeds the use
pressure, thereby surviving power injection following an alcohol lock. In still further
embodiments, the alcohol resistant catheters disclosed herein may include one or
more catheter shafts where the ratio of hydrated stiffness to alcohol lock stiffness is
less than 1.5.

[0038] In some embodiments, the alcohol resistant catheters disclosed herein
comprise an aromatic polycarbonate polyurethane extension leg with a wall
thickness that is approximately 0.015” +/- 0.010” and a length from the junction hub
to the distal end of approximately 4 cm to 10 cm. In particular embodiments, the
extension leg is designed to not burst during power injection. In such embodiments,
the burst strength of the extension leg may be above 250 psi during or after
prolonged exposure to alcohol. In other such embodiments, the burst strength of the
extension leg may be above 250 psi after being clamped during or after prolonged
exposure to alcohol. In yet other embodiments, the burst strength of the extension
leg can be above 250 psi after being clamped during or after prolonged exposure to
alcohol of a period of 45 days. In further embodiments, a wall thickness to diameter
ratio of less that 0.25 is desirable so that the extension leg remains flexible.

[0039] In particular embodiments, the alcohol resistant catheters disclosed herein
comprise an aromatic polycarbonate polyurethane extension junction hub. In such
embodiments, the junction hub may connect a particular extension to a particular
lumen of the catheter shaft. The catheter can leak if the bond between the junction
hub and the catheter shaft or the junction hub and the extension leg tubing is
compromised, especially during high pressure events such as during power injection
and hydraulic pressure. Additionally, the integrity of the junction hub is reduced as
the elastic modulus and the tensile strength of the junction hub polyurethane is
reduced such as occurs during prolonged and direct exposure to alcohol.
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[0040] In other embodiments, a junction hub may be molded with a rigid aromatic
polyurethane with a durometer of between Shore 100A and Shore 80D. In specific
embodiments, the combination of formulations of polyurethane for the catheter shaft
and extension legs, combined with an aromatic polyurethane junction hub and rigid
aromatic polyurethane luer connectors may allow for the continued current standard
of performance during and after direct and prolonged exposure to alcohol.
Examples

[0041] Example 1: Alcohol resistant aromatic polycarbonate urethane polymers
[0042] Alcohol resistant aromatic polycarbonate urethane polymer test samples
were made according to Table 1. The test samples were made by standard one shot
hand casting method where 4,4’ methylene bis diphenyl diisocyanate (MDI), polyol
(polyhexamethylene carbonate (PHMC) diol), and a chain extender are weighed into
a mixing vessel, stirred for 1-3 minutes, and poured into pans. The pans were then
cured for at least 16 hours at 110 °C. The resulting cured sheets were granulated,
then compounded on a twin-screw extruder. The resulting pellets were then injection
molded into ASTM test plaques. As shown in Table 1, the Shore A hardness, tensile
strength (psi), % strain at break, 25% secant modulus (psi), and % weight change (%

wt chg) were tested for each of the test samples.
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Table 1.
Test Sample # 1 2 3
Polyol:
Description PHMC diol, 2000 g/mol | PHMC diol, 3000 g/mol | PHMC diol, 3000 g/mol
Amount (g) 8785 41621.3 10093.8
Temperature (C) 80 77 88
Isocyanate:
Description MDI MDI MDI
Amount (g) 4250 17185.8 3687.6
Temperature (C) 55 55 52

Chain Extender:

Description 1,4-Butanediol 1,4-Butanediol 1,12-Dodecanediol
Amount (g) 1059 4730.6 22423
Temperature (C) 27 27 88
Radiopacifier:
Description BaSO4 BaSO4 BaSO,
Amount (Wt %) 20% 30% 30%
Mechanical Properties: As molded
Shore A Hardness [not tested] 91 93
Tensile Strength (psi) [not tested] 6687 3950
%Strain at Break [not tested] 405 473
25% Secant Modulus (psi) [not tested] 3773 3951
Mechanical Properties: EtOH Aged @
Shore A Hardness [not tested] 81 83
Tensile Strength (psi) [not tested] 4369 2809
%Strain at Break [not tested] 534 568
25% Secant Modulus (psi) [not tested] 1404 1992
% Wt Chg [not tested] 7.5% 6.3%

a. 46 hours at 37 °C in 70% Ethanol

[0043] Example 2: Performance of catheters comprising alcohol resistant
aromatic polycarbonate urethanes.
[0044] Using the aromatic polycarbonate urethanes listed as Test Samples # 1-3

in Table 1, catheters were fabricated according to the design shown in Fig. 1 using a
catheter extrusion process. The test catheters had the following specifications:
material = aromatic polycarbonate polyurethane; number of lumens: 2; length = 55
cm; OD = 0.0695 (nominal = 0.068); and lumen area = 0.00088 in* (nominal =
0.00081). The performance of the catheters was compared to a commercially
available control catheter comprising Carbothane 3595A. The results are shown in
Table 2.
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Table 2.

Unexposed Catheter Test Results:
Stiffness (MN*mm 2) 8248 7498 [not tested] 4566

Alcohol Exposed? Catheter Test Results:
Stiffness (MN*mm 2) 5119 4402 [not tested] 1713
Burst Pressure (psi) 192 210 225 N/AP

Test Sample Used Test Sample #1 Test Sample #2 Test Sample #3 Carbothane 3595A

a. 46 hours at 37 °C in 70% Ethanol
b. All Carbothane samples failed during power injection

[0045] Catheter burst strength was measured before and after direct and
prolonged exposure to 70% alcohol for up to 46 hours. With reference to Fig. 2, it
was determined that the catheter burst pressure reached a minimum at
approximately 2 hours following the ethanol lock and then the stiffness began to
increase as the ethanol diluted through the walls of the catheter and into the
surrounding bath filled with deionized water. Therefore, just 2 hours following the
ethanol lock the catheter reached its approximate minimum burst strength.

[0046] The burst strength was also monitored over the course of several days
with the catheter being continuously locked with alcohol, and then relocked with
alcohol just 2 hours prior to being burst. As shown Fig. 3, the burst strength showed
some degradation but then leveled out over 5 days of exposure.

[0047] Example 3: Power injection of alcohol locked catheter samples.

[0048] Samples of alcohol resistant catheters were prepared using the aromatic
polycarbonate urethane of Test Sample # 3 shown in Table 1.

[0049] Group A - 10 Samples of alcohol resistant catheters were locked and
clamped 24 hrs a day and power injected for 10 straight days.

[0050] Group B - 10 Samples locked and clamped 2 hrs prior to power injection,
power injected for 10 straight days.

[0051] Group C - 5 Samples locked and clamped 2 hrs prior to power injection,
soaked in saline, power injected for 5 straight days.

[0052] The results are shown in Table 3. All groups passed power injection
testing up to 161 psi without bursting and showed no signs of deformation post

power injection.
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Table 3.
Sample Group Average Pressure Range Standard Deviation
Group A 144.81 psi 132 - 161 psi 5.62 psi
Group B 144.21 psi 134 — 156 psi 5.64 psi
Group C 144.82 psi 137 — 155 psi 4.64 psi

[0053] Example 4: Flexural fatigue.

[0054] Aromatic polycarbonate urethanes, listed as Test Samples # 1-3 in Table
1, were used to fabricate catheters according to the design shown in Fig. 1 using a
catheter extrusion process. The catheters were alcohol locked and were cyclically
kinked (representing arm bending at the antecubital fossa) over 200,000 times, and
did not leak thereafter when exposed to a constant pressure of 45 psi.

[0055] Example 5: Extension leg durability.

[0056] The extension legs were extruded from Shore 95A durometer aromatic
polycarbonate urethane, with an outside diameter of 0.107” +/- 0.003” and a wall
thickness of: 0.020” +/- 0.002”. The catheter assembly, including the extension legs,
was filled with 70% alcohol solution for 24 hours. While the catheter assembly was
filled with alcohol the extension leg was clamped 1116 times. The catheter was
pressurized to 250 psi. The extension legs did not burst, and additionally no leaks
were observed. Conversely, extension legs constructed from aromatic polyether
polyurethane burst during the same test condition.

[0057] Example 6: Effect of alcohol on the catheter modulus of elasticity.

[0058] The effect of alcohol on the catheter modulus of elasticity was observed
for a catheter comprising the alcohol resistant aromatic polycarbonate urethane of
Test Sample # 3 (ARC Polyurethane) from Table 1 and two additional catheters
comprising the commercially available Carbothane and Tecoflex. The results shown
in Fig. 4 demonstrate that the aromatic alcohol resistant aromatic polycarbonate
urethane of Test Sample # 3 shows a higher modulus of elasticity than the
commercial formulations for both water and ethanol. “Wet” refers to soaking in 37°C
water for a minimum of 2 hours. “EtOH” refers to locking the device with a 70%
ethanol solution, then submerging the catheter shaft in a 37°C water bath for 2

hours.
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[0059] Example 7: Effect of alcohol on catheter tensile strength.

[0060] The effect of alcohol on the catheter tensile strength in pounds of force
(Ibf) was tested for a catheter comprising the alcohol resistant aromatic
polycarbonate urethane of Test Sample # 3 (ARC Polyurethane) from Table 1 and
two additional catheters comprising the commercially available Carbothane and
Tecoflex. The results are shown in Fig. 5 and reveal that the alcohol resistant
aromatic polycarbonate urethane of Test Sample # 3 has a higher average tensile
strength after alcohol lock than the commercial formulations Carbothane and
Tecoflex.

[0061] Example 8: Power injection results of catheters after ethanol lock.

[0062] Table 4 shows a comparison of power injection results of different
catheters manufactured with various polyurethanes and the Test Sample # 3,
following a 2 hour 70% ethanol lock. Power injection was performed with 37c¢
visipaque 320 contrast (11.8 cP), using the flow rates as specified.

Table 4

Polyurethane
Sample Name Configuration Length |Flow Rate [Result
Shaft Material

IAromatic

Medcomp Pro-PICC CT 5F DL 55 cm 5.0 mL/s Burst
Polyether
Aliphatic

Navilyst Xcela PASV 5F DL 55 cm 4.0 mL/s Burst
Polycarbonate

] ] Aliphatic

AngioDynamics Morpheus CT 5F DL 65 cm 4.0 mL/s Burst
Polycarbonate
IAromatic

Arrow Pressure Injectable PICC 5F DL 50 cm 4.0 mL/s Burst
Polyether
Aliphatic

Cook Spectrum Turbo-JeCT 5F DL 55 cm 5.0 mL/s Burst
Polyether
Aliphatic

BARD PowerPICC 5F DL 55 cm 5.0 mL/s Burst
Polyether
IAromatic

Test Sample #3 5F DL 55 cm 5.0 mL/s Pass

Polycarbonate
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Claims

1. An alcohol resistant catheter, comprising:

a catheter shaft with at least one lumen and comprising an alcohol resistant
aromatic polycarbonate urethane;

an aromatic polycarbonate urethane junction hub; and

at least one aromatic polycarbonate urethane extension tube.

2. The alcohol resistant catheter of claim 1, wherein the catheter is power
injectable at least 5 mL/s using contrast of viscosity 11.8 cP or lower at 37 °C
during or after direct exposure to alcohol for 2 hours.

3. The alcohol resistant catheter of any one of claims 1 or 2, the catheter having
a burst pressure greater than the pressure during power injection during or
after direct exposure to alcohol for 2 hours.

4. The alcohol resistant catheter of any one of claims 1 - 3, wherein the catheter
withstands a cyclic kinking of the catheter shaft of greater than 60,000 bend
cycles at an angle of at least 90 degrees during or after direct exposure to
alcohol for 2 hours.

5. The alcohol resistant catheter of any one of claims 1 - 4, the catheter having a
ratio of hydrated stiffness to alcohol lock stiffness of less than 1.5.

6. The alcohol resistant catheter of any one of claims 1 - 5, wherein the junction
hub further comprises a soft outer molded junction surrounding a hard inner
junction.

7. The alcohol resistant catheter of any one of claims 1 - 6, wherein the
extension tube comprises an alcohol resistant aromatic polycarbonate
urethane.

8. The alcohol resistant catheter of any one of claims 1 - 7, further comprising at
least one alcohol resistant luer connector comprising an aromatic
polycarbonate urethane.

9. The alcohol resistant catheter of any one of claims 1 - 8, wherein the
extension tube comprises a clampable, alcohol lockable extension tube.

10.The alcohol resistant catheter of claim any one of claims 1 - 9, wherein the
extension tube does not burst below 250 psi when exposed to alcohol lock
after being clamped; and wherein the extension tubes have a wall thickness to

diameter ratio less than 0.25.
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11.The alcohol resistant catheter of any one of claims 1 - 10, wherein the
extension tube does not leak or burst after clamping and alcohol locks over a
period of at least 45 days.

12.The alcohol resistant catheter of any one of claims 1 - 11, wherein the alcohol
resistant aromatic polycarbonate urethane is formed by reacting at least the
following: polyisocyanate, polycarbonate polyol, and a chain extender.

13.The alcohol resistant catheter of claim 12, wherein the chain extender is a diol
having between 4 and 20 carbon atoms.

14.The alcohol resistant catheter of claim 12, wherein the chain extender is a diol
having between 8 and 12 carbon atoms.

15.The alcohol resistant catheter of any one of claims 12 - 14, wherein the
polycarbonate polyol has the following formula:
HO-[ -R1-O(CO)O-]n-H wherein R1 is an alkyl group of between 4 to 20
methylene units, such that greater than 99% of the R1 groups have the same
chemical structure; and n is between 1 and 35.

16.The alcohol resistant catheter of any one of claims 12 - 15, wherein the
polycarbonate polyol has a weight average molecular weight from between
2500 to 4500 g/mol.

17.The alcohol resistant catheter of any one of claims 12 - 16, wherein the
polycarbonate polyol is a diol comprising alternating carbonate groups and
linear aliphatic chains having from 4 to 20 methylene units.

18.The alcohol resistant catheter of any one of claims 12 - 17, wherein the
aromatic polycarbonate urethane further comprises a radiopacifier.

19.The alcohol resistant catheter of claim 18, wherein the radiopacifier is present
in the aromatic polycarbonate urethane in an amount ranging from about 5
wt% to about 65 wt%.

20.The alcohol resistant catheter of any one of claims 18 or 19, wherein the
radiopacifier is selected from at least one of the following: barium sulfate,
bismuthoxide, bismuth oxychloride, bismuth subcarbonate, and tungsten
radiopacifier.

21.The alcohol resistant catheter of any one of claims 12 - 20, wherein the
polycarbonate polyol is present in an amount ranging from about 30 wt% to

about 70 wt% of the aromatic polycarbonate urethane.
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22.The alcohol resistant catheter of any one of claims 12 - 21, wherein the
polycarbonate polyol is a polyhexanediol carbonate.

23.The alcohol resistant catheter of any one of claims 12 - 22, wherein the
polyisocyanate is a diisocyanate selected from at least one of the following:
4,4 methylene bis diphenyl diisocyanate, hexamethylene diisocyanate, p-
tetramethyl xylene diisocyanate, m-tetramethyl xylene diisocyanate, bitolylene
diisocyanate, toluene diisocyanate, methylene-bis cyclohexyl diisocyanate, p-
phenylene diisocyanate, isophorone diisocyanate, 1,5-naphthalene
diisocyanate, and isomers and/or mixtures thereof.

24.The alcohol resistant catheter of any one of claims 12 - 23, wherein the

diisocyanate is 4,4’ methylene bis diphenyl diisocyanate.
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