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DESCRIPTION

Description

[0001] The present application claims the priority of and benefit to U.S. Provisional Patent
Application Ser. No. 62/750,314, filed October 25, 2018.

TECHNICAL FIELD

[0002] The present disclosure generally relates to hydrophilic coatings including a non-ionic
liquid and methods of making the same. Furthermore, the present disclosure relates to medical
devices having such hydrophilic coatings applied thereto and a method for making medical
devices having such hydrophilic coatings thereon.

BACKGROUND

[0003] It is desirable for medical devices that are inserted into the body to have a lubricated or
lubricious outer surface to facilitate insertion into and/or removal from the body. Such devices
may include, for example, urinary catheters, endoscopes, cardiovascular catheters, syringes,
vascular stents, etc. Such medical devices may have a lubricant gel placed on the outer
surface of the device or may have a hydrophilic coating or layer disposed on the outer surface
of the device. Hydrophilic coatings are becoming the preferred method of providing a lubricious
surface because of their high lubricity and ease of use. Hydrophilic coatings become slippery
or lubricious when lubricated with a liquid, such as saline or water. The lubricious hydrophilic
coating eases insertion and removal of the device, minimizes soft tissue damage and reduces
overall discomfort during use of the medical device.

[0004] When a medical device having a hydrophilic coating is used, the hydrophilic coating is
typically hydrated for a certain period of time prior to use to activate the hydrophilic coating.
For example, the user may immerse or otherwise contact the hydrophilic coating with a liquid,
such as water, to hydrate or activate the coating. In some instances, the medical device is
packaged in a packaging that includes liquid or water vapor within the package that hydrates
the coating while the device is in the package so that the device is ready to use right out of the
package. Document US 5,714,360 discloses a urinary catheter comprising a lubricious PVP
coating.

SUMMARY
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[0005] There are several aspects of the present subject matter which may be embodied
separately or together in the devices and systems described and claimed below. These
aspects may be employed alone or in combination with other aspects of the subject matter
described herein, and the description of these aspects together is not intended to preclude the
use of these aspects separately or the claiming of such aspects separately or in different
combinations as set forth in the claims appended hereto.

[0006] In one aspect of the present disclosure, a lubricious hydrophilic coating with a hydration
indicator. The hydrophilic coating becoming lubricious when hydrated with an amount hydration
fluid and the hydrophilic coating having a first visual appearance when in a non-hydrated state
and transitioning to a second visual appearance when in a hydrated state.

[0007] In another aspect, a medical device includes a hydrophilic coating disposed on a
surface of the medical device, wherein the hydrophilic coating includes a non-polar liquid in an
amount between 0.35 weight percent and about 80 weight percent of the coating.

[0008] In yet another aspect, a method of making a medical device having a hydrophilic
coating. The method includes applying a solution of a non-polar liquid and an alcohol to a
hydrophilic coating wherein the hydrophilic coating is disposed on the surface of a medical
device. The non-polar liquid is about 0.01 weight percent to about 20 weight percent of the
solution.

BRIEF DESCRIPTION OF THE FIGURES

[0009]

Fig. 1 is a picture of a hydrophilic catheter that includes a hydrophilic coating in a dry state, the
hydrophilic coating will change in visual appearance when hydrated; and

Fig. 2 is a picture of the hydrophilic catheter of Fig. 1 shown with the hydrophilic coating in a
hydrated state and wherein the visual appearance of the coating has become more opaque or
translucent as compared to the coatings visual appearance in Fig. 1.

DETAILED DESCRIPTION

[0010] The present disclosure relates to lubricious hydrophilic coatings and devices having
such coatings thereon. The hydrophilic coatings may be disposed on the surfaces of medical
devices. Such medical devices may include shafts or tubes that may be inserted into and
advanced within a lumen of a body, such as a urethra, esophagus, or fallopian tube. Such
medical devices include urinary catheters, endovascular catheters, endoscopes, exploratory
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and biopsy devices, etc. While some of the embodiments set forth below may be described in
the context of urinary catheters, the disclosure is not limited to such and the features disclosed
herein may be applicable to any medical tubing that is inserted into a body lumen.

[0011] The hydrophilic coating on the surface of the medical device, such as a urinary
catheter, may be any suitable hydrophilic coatings. For example, the hydrophilic coating may
be formed from any suitable hydrophilic polymer. Such hydrophilic polymers may include but
are not limited to polyvinylpyrrolidone (PVP), polyethylene oxide, polyurethanes, hyaluronic
acid, homo- and copolymers of acrylic and methacrylic acid, polyvinyl alcohol, polyvinyl ethers,
maleic anhydride based copolymers, polyesters, vinyl amines, polyethylenimines,
poly(carboxylic acids), polyamides, polyanhydrides, polyphosphazenes, cellulosics, for
example methyl cellulose, carboxymethyl cellulose, hydroxymethyl cellulose, and
hydroxypropyl cellulose, other polysaccharides.

[0012] The hydrophilic coating may also include tocopherol in an amount greater than 3.5
weight percent of the hydrophilic coating. The non-polar liquid may provide any number of
characteristics to the hydrophilic coating including but not limited to inducing chromism,
antimicrobial effects, fragrances, providing lubricity (including providing supplemental and/or
enhanced lubricity), and/or increasing dry-out times. The amount of non-polar liquid
incorporated into the hydrophilic coating may vary depending on the application. The amount
of tocopherol is greater than about 3.5 weight percent or greater than about 5.0 weight
percent. The non-polar liquid may be between about 3.5 weight percent and about 80 weight
percent of the hydrophilic coating.

[0013] In one embodiment, the non-polar liquid may induce chromism wherein the hydrophilic
coating changes in visual appearance depending on its environment. For example, the non-
polar liquid may produce hydrochromic, thermochromic, photochromic, and/or solvatochromic
responses. In one embodiment, the hydrophilic coating having a non-polar liquid may be
hydrochromic in that the coating will change in visual appearance in response to being
hydrated. In one embodiment, the hydrophilic coating may be transparent in the dry state and
may be opaque or translucent in a hydrated state. For example, a hydrophilic coating may
include between 3.5 weight percent and 80 weight percent of tocopherol, which may be alpha-
tocopherol. As shown in Fig. 1, the dry hydrophilic coating of the catheter may have a
transparent or colorless visual appearance. As shown in Fig. 2, when hydrated, the visual
appearance of the hydrophilic coating changes to a more opaque or white appearance.
Furthermore, the level of opaqueness may depend on the hydration amount of the hydrophilic
coating and the change in appearance may take place gradually. Also, the change of the visual
appearance may be reversible in that the visual appearance of the hydrophilic coating may
change back upon drying.

[0014] One of the issues of incorporating a non-polar liquid into a hydrophilic material or
coating is that the non-polar substances and hydrophilic material of the coating, in general, do
not mix well. Because the substances do not mix well, it has been difficult to incorporate non-
polar substances into hydrophilic coatings. When the hydrophilic coating formulations include
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water, it can be very difficult to incorporate an effective amount of oil into the coating. The non-
polar liquid may be in an amount greater than about 3.5 weight percent or greater than about
5.0 weight percent. In one embodiment, a urinary catheter having a hydrophilic coating may
include between about 0.02 grams and 0.15 grams of tocopherol.

[0015] One embodiment of making a medical device having a hydrophilic coating includes
infusing tocopherol into the coating. The method may include applying a solution of tocopherol
and an alcohol to the hydrophilic coating of the medical device. The tocopherol of the solution
may be in amount between about 1 weight percent to about 20 weight percent of the solution.
For example, the tocopherol may be in an amount of about 5 weight percent, 10 weight
percent or 20 weight percent. The solution may be applied to the hydrophilic coating by dipping
(immersion), spraying, bushing or any other means. The application or infusion period may be
any suitable period. For example, when applied by dipping, the application or infusion period
may be seconds or tens of seconds. After the solution is applied and infused into the coating,
the alcohol is then evaporated or dried off from the coating, and optionally, the hydrophilic
coating may be washed. The drying may take place under ambient conditions or may take
place in an oven.

[0016] In one embodiment, a urinary catheter having a hydrophilic coating is dipped
(immersed) into a solution of tocopherol and ethanol. The tocopherol may be alpha-tocopherol,
and the tocopherol may be in an amount of between about 0.1 weight percent and about 20
weight percent of the solution. After the solution has been infused into the coating, the ethanol
is then dried off from the hydrophilic coating and, optionally, the hydrophilic coating may be
washed with water. The resulting hydrophilic catheter may include a hydrophilic coating that
includes about 0.35 weight percent to about 80 weight percent of the infused tocopherol. In
one embodiment, the hydrophilic coating may include between about 0.02 grams and 0.15
grams of tocopherol.

Examples

Example |

[0017] Samples of hydrophilically coated intermittent urinary catheters (sized 14 CH) were
immersed in a 100% ethanol or alpha-tocopherol/ethanol solutions of varying concentrations of
alpha tocopherol. The hydrophilic coatings of the catheters were formed from
polyvinylpyrrolidone. Each of the samples was immersed in one of the solutions for a period of
10 to 60 seconds. The coating infused with the solution was washed by quickly dipping the
catheter into a vessel containing pure ethanol to remove traces of infused alpha-tocopherol
that may reside on the coatings surface. The treated catheters were then placed on mandrels
to dry under gentle airflow at ambient temperature to remove the ethanol.
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[0018] After ethanol removal, the catheters were immersed in water for four minutes to hydrate
the hydrophilic coating. Initial coefficient of friction (CoF), abraded CoF and ten minute dry-out
CoF were measured for each of the samples. The CoFs were measured using a Harland
Friction Tester Model FTS6000. During the CoF measurement, the proximal end portion of the
catheter is cut (40 mm from the tip end of the catheter) and a mandrel was inserted into the
remaining section of the coated catheter tube. The tube was then clamped between two pieces
of silicone rubber at 100g applied load wherein the silicone rubber had a Shore hardness of
60A. The clamp force being 200g (two times the 100g applied load). The tube with the mandrel
inserted therein was pulled through the two pieces of silicone rubber at a speed of 10 mm/s.
The force required to pull about 80 mm of the tube through the two pieces of silicone rubber
was measured and recorded using a universal tensile tester equipped with a 200 N load cell.
The CoF value was calculated from the ratio of recorded to applied loads (i.e., the recorded

load divided by 2 times the applied load or 200g) when steady state was reached.

CoF = Average State Stage Force Recorded load
Clamp Force

[0019] The initial CoF was measured immediately after the hydrophilic coating was hydrated.
For the abraded CoF measurements, the hydrated catheters were placed in a water bath and
abraded 50 times by passing the catheter tubes back and forth 25 times through 4.14 mm
diameter hole in a 1 mm thick silicone pad with Shore hardness of 60A. The abrading took
place while the catheter was immersed in the water bath. This test is designed to remove any
portions of the coating that are not well adhered to the catheter. After abrading, the CoF of the
abraded catheters were measured in the above-described manner.

[0020] The CoF was also measured after a time minute dry out. For the dry-out CoF
measurement, after the hydrophilic coating of the catheter was hydrated, it was placed in a
controlled atmosphere with a constant relative humidity of 50%RH and a constant temperature
of 23°C for 10 minutes prior to measuring the CoF.

[0021] The CoF of the samples are listed below in Table 1.

Table 1

Concentration (% wi/v) A-Tocopherol in {CoF Initial { CoF CoF 10 min Dry
Ethanol Abraded Out
0 0.013 0.009 0.016
0 0.013 0.012 0.018
0 0.013 0.008 0.016
0 0.014 0.009 0.019
0 0.013 0.008 0.014
0 0.010 0.008 0.017
1 0.013 0.008 0.019
1 0.013 0.011 0.017
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Concentration (% wi/v) A-Tocopherol in {CoF Initial { CoF CoF 10 min Dry
Ethanol Abraded Out

1 0.014 0.007 0.022
1 0.017 0.011 0.018
1 0.017 0.008 0.021
1 0.016 0.010 0.022
5 0.025 0.014 0.024
5 0.022 0.013 0.031
5 0.017 0.011 0.025
5 0.043 0.012 0.059
5 0.018 0.010 0.024
5 0.018 0.011 0.024

[0022] The mean for CoF for the above samples is listed in Table 2.

Table 2

Concentration (% wi/v) A- Mean CoF Mean CoF Mean CoF 10 min
Tocopherol in Ethanol Initial Abraded Dry Out

0% 0.012 0.009 0.017

1% 0.015 0.009 0.020

5% 0.024 0.012 0.031

Example Il

[0023] In this Example, samples of hydrophilically coated intermittent urinary catheters (sized
14 CH/40 cm) were immersed in a 100% ethanol or alpha-tocopherol/ethanol solutions of
varying concentrations of alpha-tocopherol. The hydrophilic coatings of the catheters were
formed from polyvinylpyrrolidone. Each of the samples was immersed in one of the solutions
for a period of 60 seconds. The treated catheters were then placed on mandrels to dry under
gentle airflow at ambient temperature to remove the ethanol. After ethanol removal, the weight
of each catheter was then measured and recorded. The catheter was then immersed in water
for four minutes to hydrate the hydrophilic coating. The catheter was then weighed and the
difference in weight between the dry catheter and hydrated catheter was calculated to
determine the amount of water retained in the hydrated catheter. Table 3 shows the results.
Table 3

Concentration (% wi/v) A- {Weight (g) Hydrated {Weight (g) Dried Water
Tocopherol in Ethanol Catheter Catheter Capacity (g)

0 3.90 3.33 0.58
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Concentration (% wi/v) A- {Weight (g) Hydrated {Weight (g) Dried Water
Tocopherol in Ethanol Catheter Catheter Capacity (g)
0 3.95 3.37 0.59
0 3.92 3.36 0.56
0 4.02 3.35 0.67
0 3.92 3.35 0.57
0 3.94 3.31 0.63

1 3.88 3.39 0.50

1 4.00 3.42 0.58

1 4.02 3.43 0.60

1 3.93 3.37 0.55

1 3.97 3.35 0.62

1 4.03 3.41 0.62
5 3.81 3.36 0.45
5 3.80 3.38 0.42
5 3.77 3.34 0.43
5 3.80 3.36 0.44
5 3.85 3.35 0.50
5 3.76 3.38 0.38

[0024] The mean amount of water retained for the above samples is listed in Table 4.
Table 4

Concentration (% w/v) A-Tocopherol in Ethanol Mean Water Capacity (g)
0% A-T 0.60

1% A-T 0.58

5% A-T 0.43

Example Il

[0025] In this Example, samples of hydrophilically coated intermittent urinary catheters (sized
14 CH/40 cm) were weighed and the weight was recorded. The hydrophilic coatings of the
catheters were formed from polyvinylpyrrolidone. The hydrophilic coatings of the catheters
were immersed for one minute in alpha-tocopherol/ethanol solutions of varying concentrations
of alpha-tocopherol. The thus treated catheters were then placed on mandrels to dry under
gentle airflow at ambient temperature to remove the ethanol. After ethanol removal, the weight
of each catheter was then measured and the difference in weight between the catheter prior to



DK/EP 3870247 T3

immersion in the solution and after the immersion and drying was calculated to determine the
amount of alpha-tocopherol retained in the catheter. The results are shown in Tables 5-8

below.
Table 5
Sample W1 Before W2 After Solution Difference
# Dipping (9) Dipping (g) iconcentration % w/w jAmount (g)
in Ethanol
1 5.6756 5.7096{1% 0.0340
2 5.6548 5.687{1% 0.0322
3 5.6728 5.7053{1% 0.0325
4 5.6483 5.6688{1% 0.0205
5 5.6730 5.7052{1% 0.0322
6 5.6755 5.7083{1% 0.0328
7 5.6584 5.7029{1% 0.0445
8 5.6578 5.6938{1% 0.0360
9 5.6593 5.6946{1% 0.0353
10 5.6977 5.7291{1% 0.0314
11 5.6707 5.7026{1% 0.0319
12 5.6630 57037 {1% 0.0407
Mean 0.0337
point
Table 6
Sample # W1 Before W2 After Solution Difference
Dipping (9) Dipping (g) iconcentration % Amount (g)
w/w in Ethanol
1 5.6656 5.6976i{5% 0.0320
2 5.6335 5.689i{5% 0.0555
3 5.6216 5.6707 5% 0.0491
4 5.6537 5.7152:5% 0.0615
5 5.6023 5.6497 {5% 0.0474
6 5.6351 5.681i5% 0.0459
7 5.6747 5.7223i5% 0.0476
8 5.6543 5.7048:5% 0.0505
9 5.6892 5.7416i5% 0.0524
10 5.6503 5.7015i{5% 0.0512
11 5.6634 5.7148:5% 0.0514
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Sample # W1 Before W2 After Solution Difference
Dipping (9) Dipping (g) iconcentration % Amount (g)
w/w in Ethanol
Mean 0.0495
Difference
Table 7
Sample # W1 Before W2 After Solution Difference
Dipping (9) Dipping (g) iconcentration % Amount (g)
w/w in Ethanol
1 5.6620 5.7146i10% 0.0526
2 5.7117 5.7637i10% 0.0520
3 5.6729 5.7388i10% 0.0659
4 5.6891 5.7400{10% 0.0509
5 5.7007 5.7683i{10% 0.0676
6 5.7418 5.7964i10% 0.0546
7 5.7260 5.7936i10% 0.0676
8 5.6821 5.7548:10% 0.0727
9 5.6898 5.7652:10% 0.0754
10 5.6496 5.7226{10% 0.0730
11 5.7052 5.7916i10% 0.0864
12 5.7464 5.8299i{10% 0.0835
Mean 0.0669
Difference
Table 8
Sample # W1 Before W2 After Solution Difference
Dipping (9) Dipping (g) iconcentration % Amount (g)
w/w in Ethanol
1 5.6930 5.8046{20% 0.1116
2 5.7222 5.8332i20% 0.1110
3 5.7087 5.8371i20% 0.1284
4 5.7236 5.8473:20% 0.1237
5 5.7486 5.8739i{20% 0.1253
6 5.7124 5.8486:i20% 0.1362
7 5.7061 5.8226{20% 0.1165
8 5.7488 5.851:20% 0.1022
9 5.6767 5.7965i20% 0.1198
10 5.6784 5.8108i20% 0.1324
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Sample # W1 Before W2 After Solution Difference
Dipping (9) Dipping (g) iconcentration % Amount (g)
w/w in Ethanol
11 5.7028 5.844720% 0.1419
12 5.6763 5.8186i20% 0.1423
Mean 0.1243
Difference

[0026] It will be understood that the embodiments described above are illustrative of some of
the applications of the principles of the present subject matter. Numerous modifications may be
made by those skilled in the art without departing from the spirit and scope of the claimed
subject matter, including those combinations of features that are individually disclosed or
claimed herein. For these reasons, the scope hereof is not limited to the above description but
is as set forth in the following claims, and it is understood that claims may be directed to the
features hereof, including as combinations of features that are individually disclosed or claimed

herein.
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PATENTKRAV

1. Urinkateter, der omfatter:

en hydrofil belegning anbragt pa en ydre overflade af urinkateteret, hvor den hydrofile
belegning omfatter tocopherol i en mangde pa mere end 3,5 vagtprocent af den hydrofile
belegning, hvor

den hydrofile belegning har et fgrste synligt udseende 1 ikke-hydreret tilstand, og som skifter
til et andet synligt udseende i hydreret tilstand.

2. Urinkateter ifglge krav 1, hvor den hydrofile beleegning omfatter tocopherol i en maengde pa
mellem 3,5 vagtprocent og 80 vaegtprocent af den hydrofile belegning.

3. Urinkateter ifglge krav 1 eller 2, hvor tocopherol er en mangde pa ca. 0,02 gram og 0,15

gram.

4. Urinkateter ifglge et hvilket som helst af kravene 1 til 3, hvor overgangen fra det fgrste
synlige udseende til det andet synlige udseende er en gradvis overgang, der athanger af

mangden af hydreringsfluid absorberet i den hydrofile belegning.

5. Urinkateter ifglge et hvilket som helst af kravene 1-4, hvor den hydrofile belegnings

gennemsigtighed varierer mellem det fgrste synlige udseende og det andet synlige udseende.

6. Urinkateter ifglge krav 5, hvor det fgrste synlige udseende er gennemsigtigt, og det andet

synlige udseende er uigennemsigtigt eller gennemskinneligt.

7. Urinkateter ifglge et hvilket som helst af kravene 1-3, hvor en farve pa den hydrofile

belegning varierer mellem det fgrste synlige udseende og det andet synlige udseende.

8. Urinkateter ifglge krav 7, hvor det fgrste synlige udseende er en fgrste farve, og det andet

synlige udseende er en anden farve, der er forskellig fra den fgrste farve.
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DRAWINGS
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