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(57) ABSTRACT 
Various methods for optimizing coating of medical devices, 
Such as balloon catheters are disclosed. One method config 
ures catheter balloon folds based on balloon diameter and 
Volume. Other methods include using a specifically-sized 
protective sheath, using a vacuum, using pressure, pulling the 
balloon through a coating Solution, using at least one spacer 
or a wick between at least one fold for metering a therapeutic 
coating into the folds of the balloon, placing an intermediate 
layer between the balloon and the therapeutic coating, placing 
a soluble film having a therapeutic agent around the catheter 
balloon or inside the folds, and any combination thereof. 
Balloon catheters and catheter balloons having a specific 
folding configuration, a specifically-sized protective sheath, 
an intermediate layer, or a soluble film are also disclosed. 
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CATHETER BALLOON DRUGADHERENCE 
TECHNIQUES AND METHODS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. The present application claims priority to U.S. Pro 
visional Patent Application No. 61/049,448 filed on May 1, 
2008. 

FIELD OF THE DISCLOSURE 

0002 Embodiments of the present disclosure generally 
relate to coated medical devices and methods for coating 
medical devices. More particularly, embodiments of the 
present disclosure relate to percutaneous transluminal angio 
plasty balloon catheters coated with a therapeutic agent and 
methods for coating percutaneous transluminal angioplasty 
catheterballoons. 

BACKGROUND 

0003. The following background information is provided 
to assist the reader to understand embodiments disclosed 
below and the environment in which they may be used. The 
terms used herein are not intended to be limited to any par 
ticular narrow interpretation unless clearly stated otherwise, 
either expressly or impliedly, in this document. 
0004 Medical devices, such as percutaneous transluminal 
angioplasty (PTA) balloon catheters, are often coated with 
Various agents, including for example therapeutic agents, 
radiopaque materials, lubricious materials, hydrophilic mate 
rials, and biocompatible materials. PTA is a medical proce 
dure that is used to reduce or eliminate blockages within the 
vascular system in order to relieve clinical symptoms associ 
ated with reduced blood flow to an organ or region of the 
body. PTA works by placing a non-elastomeric balloon within 
a blockage or narrowing and inflating it with Sufficient force 
to restore blood flow to the distal anatomy. The balloon both 
compresses and expands the atherosclerotic plaque to effec 
tively enlarge a previously constricted lumen. This procedure 
has become a primary therapy for treatment of occlusive 
vascular disease. 
0005. Unfortunately, PTA has a very high incidence of 
restenosis, sometimes exceeding 50%. In some circumst 
naces, a bare metal stent (BMS) or a drug eluting stent (DES) 
is placed at the site of the plaque after PTA to prevent rest 
enosis. A BMS reduces the incidence of restenosis to approxi 
mately 20% and although DES's are not currently approved 
for the peripheral arteries, a DES can reduce restenosis to less 
than 5% in the coronary arteries. While a DES is the preferred 
method of treatment of occlusive vascular disease (OVD) in 
the coronary arteries currently, problems related to late rest 
enosis and late in-stent thrombosis have been noted with 
DES. In addition, the patient must remain on antiplatelet and 
anticoagulant therapy for an extended period of time after the 
procedure. Therefore, there is a need for alternate or 
improved therapies for the treatment of OVD. Recent thera 
pies involve the use of drug coated PTA catheter balloons, 
with or without a bare metal stent, for the delivery of the drug 
at the lesion site to prevent restenosis. 
0006 Standard methods for coating PTA catheter bal 
loons, such as dip coating, have several drawbacks. For 
example, the coating is inconsistent, non-uniform, and shreds 
away during handling. In addition, the process is very labor 
intensive, lengthy, and environmentally unfriendly. Thus, 
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there is a continued need for improved PTA catheterballoons 
and methods of coating catheter balloons providing uniform 
and consistent delivery of effective dosages of therapeutic 
agents to target locations with reduced systemic dosages as 
well as reduced manufacturing costs. 

SUMMARY 

0007. In general, various embodiments of the present dis 
closure are directed to methods for optimizing coating of 
medical devices, such as balloon catheters, including metered 
and consistent concentrations of therapeutic agents. Various 
embodiments of the present disclosure are also directed to 
catheter balloons and PTA catheters with optimized coating 
features. 

0008. In one embodiment, a method of folding a catheter 
balloon for optimizing coating of the balloon is disclosed. 
The number of folds is configured for a specific balloon 
diameter and a Volume of coating composition necessary to 
achieve a target concentration, Such as a therapeutic agent 
target concentration. A balloon catheter and a folded catheter 
balloon with a specific number of folds based on the balloon 
diameter and Volume are also disclosed. 
0009. In another embodiment, a substantially specifically 
sized protective sheath for a given balloon diameter with 
optional spiral slits is disclosed. The specifically-sized pro 
tective sheath may be placed over the balloon before or after 
coating of the balloon. The specifically-sized protective 
sheath aids in metered methods of coating catheter balloons 
as well as coating distribution and protection. 
0010 Various embodiments related to optimizing coating 
of catheterballoons include using a vacuum, pressure, pulling 
the balloon through a coating solution, optimization of the 
concentration of a therapeutic coating Solution, using at least 
one spacer or a wick within at least one fold for metering the 
coating solution into the folds of the balloon, placing an 
intermediate layer between the balloon and the coating, plac 
ing a soluble film comprising a therapeutic agent around the 
catheter balloon or inside the folds, and any combination 
thereof. In additional embodiments, balloon catheters and 
catheter balloons having an intermediate layer or a soluble 
film are disclosed. 
0011 Those and other details, objects, and advantages of 
the present disclosure will become better understood or 
apparent from the following description and drawings show 
ing embodiments thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The accompanying drawings illustrate examples of 
embodiments of the disclosure. In Such drawings: 
0013 FIG. 1 is a general schematic diagram of a PTA 
balloon catheter; 
0014 FIG. 2 depicts an injection method for coating the 
outside surface of a catheter balloon; 
0015 FIG.3 depicts an injection method for coating inside 
a catheter balloon fold; 
0016 
0017 FIG. 5 is a cross-sectional view of a folded catheter 
balloon enclosed by a specifically-sized protective sheath; 
(0018 FIG. 6A and FIG. 6B depict a slotted protective 
sheath (FIG. 6A) and a non-slotted protective sheath (FIG. 
6B) enclosing a catheter balloon using a ratcheting mecha 
nism and securing with closing bands; 

FIG. 4 is a cross-sectional view of a folded balloon; 
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0019 FIG. 7A and FIG. 7B depict a balloon catheter in a 
pressurized chamber for pressurized dip coating (FIG. 7A) 
and a cross-sectional view of the folded balloon in the pres 
surized chamber at position 7A-7A (FIG. 7B); 
0020 FIG.8 is a cross-sectional view of a catheterballoon 
being coated by rotation in a coating solution in a direction 
that slightly opens the balloon folds while substantially 
simultaneously being pulled length-wise; 
0021 FIG. 9 is a schematic diagram of aluminum rod 
spacers used to hold the folds of a catheter balloon open 
during coating: 
0022 FIG. 10 is a cross-sectional view of a catheterbal 
loon with a wick inserted into the folds of the balloon for 
drawing a coating solution into the folds; 
0023 FIG. 11 is a schematic diagram of a catheterballoon 
with an intermediate layer between the balloon and a coating: 
0024 FIG. 12A-FIG. 12I are schematic diagrams of a 
catheterballoon coated with a soluble film with FIG.12A and 
FIG.12B depicting soluble film applied post pleating prior to 
folding of the balloon, FIG. 12C depicting soluble film 
applied post folding of the balloon in the folds, FIG. 12D 
depicting soluble film applied around the outside, FIG. 12E 
depicting a combination, and FIG. 12F through FIG. 12I 
depicting soluble film applied in various configurations prior 
to pleating and folding the balloon; and 
0025 FIG. 13 is a graph depicting efficacy results from a 
coating specification study. 

DESCRIPTION 

0026. In all of its embodiments and related aspects, the 
present disclosure may be used with medical devices, includ 
ing, for example, PTA balloon catheters. Other examples of 
medical devices include, without limitation, drainage cath 
eters, replacement or artificial venous values, aortic valves, 
replacement valves, Ventricular catheters, Ventriculostomy 
balloons, balloon expandable stents, and coronary balloons. 
0027 Medical devices are routinely coated with compo 
sitions including, for example and without limitation, thera 
peutic agents, radiopaque materials, radioactive materials, 
polymeric materials, Sugars, waxes, fats, and lubricious mate 
rials. As used herein, “therapeutic agent' includes, but is not 
limited to, any therapeutic, for example drugs, genetic mate 
rial, and biological material. Genetic material includes for 
example, without limitation, DNA or RNA, viral vectors and 
non-viral vectors. Biological material includes for example, 
without limitation, cells, bacteria, proteins such as growth 
factors, peptides, lipids, and hormones. Drugs include, with 
out limitation, anti-thrombogenic agents, anti-proliferative 
agents, anti-inflammatory agents, without limitation, anti 
thrombogenic agents, anti-proliferative agents, anti-inflam 
matory agents, anti-neoplastic agents such as epotilone and 
its derivatives, antimiotic agents, antioxidants, anti-coagu 
lants, immunosuppressants such as sirolimus and its deriva 
tives, vascular cell growth promoters, vascular cell growth 
inhibitors, antibiotic agents, angiogenic Substances, resteno 
sis-inhibiting agents, and drugs for heart failure. The “thera 
peutic agent may include a combination of one or more 
therapeutics. Particular embodiments include restenosis-in 
hibiting agents such as Taxol, paclitaxel, paclitaxel ana 
logues, derivatives, and mixtures thereof. The coatings can be 
in Solid, liquid, orgas forms depending on the method used to 
coat the device. In an example, carriers may be used with the 
therapeutic, such as, for example and without limitation, bio 
absorbable agents, microspheres, microtubes, and physi 
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ologically compatible non-reactive drug transfer or radio 
opaque agents. Such as urea, iopromide, cremophore EL. 
vitamin E, Tocopheryl Polyethylene Glycol Succinate 
(TPGS), etc. 
0028. Various embodiments described herein pertain to a 
PTA catheter balloon that has a specialized coating contain 
ingatherapeutic agent. The PTA catheterballoon both dilates 
a stenotic lesion and simultaneously impregnates a therapeu 
tic agent into the vascular wall during inflation. In another 
embodiment, the present disclosure is particularly useful in 
treatment of peripheral vascular disease in vessels with long, 
diffuse lesions, such as iliac, femoropopliteral, and tibial/ 
below the knee arteries. 
0029 Peripheral vascular disease has several distinguish 
ing characteristics from its coronary counterpart even though 
the underlying atherosclerotic process is similar. First, the 
peripheral vasculature can range in diameter from 12 mm for 
iliac to less than 2 mm fortibial arteries compared to coronary 
which can range from 1.5-4 mm. For most peripheral vascular 
disease, the lesions are longer and more diffuse whereas for 
coronary artery disease, they are shorter and more focal. Also, 
the location of the target arteries is more variable, resulting in 
different length catheters. In addition, Stents are particularly 
problematic in peripheral casculaturedue to stent fractures 
and low long term patency rates. Other applicable vascula 
tures include renal, which has a diameter of about 4-7 mm and 
a length of about 15-40 mm, and intracranial, which has a 
diameter of about 1-3 mm and a length of about 5-30 mm. 
0030 Embodiments of the present disclosure pertain to 
both over-the-wire and rapid exchange PTA catheters. FIG. 1 
is a general schematic of a PTA catheter including, without 
limitation, an inflation lumen 10, a guidewire lumen 12, a 
shaft 14, and a balloon 16. Various embodiments of the 
present disclosure relate to methods for applying and adher 
ing a coating containing a therapeutic agent to catheterbal 
loons 16 used generally in all angioplasty procedures, includ 
ing balloon expandable stents. 
0031. The embodiments herein are not designed to be 
limiting but could be combined with other adherence tech 
niques including, for example and without limitation, elec 
trodepositing, pad printing, microspheres, nanotubes, dip 
ping, spraying, brushing, powdering, dusting, Vaporization, 
dripping, injecting, electrical activation of drug release, 
plasma treating, etc. The embodiments described herein can 
include coating compositions in a liquid, Solid, gas, gel. 
slurry, etc. state as appropriate. Further, the embodiments 
described herein may be utilized at any appropriate state of 
balloon 16 manufacturing including, for example, extrusion, 
blow-molding, pleating, folding, after folding, and before or 
after placement of a protective sheath. 
0032 Various embodiments of the present disclosure per 
tain to an adherent coating containing a therapeutic agent on 
the balloon 16 for inhibiting restenosis after angioplasty. As 
an example, the coating is a blend ofiopromide and paclitaxel 
dissolved in solvents with minimal to no amounts of water to 
form a solution which is then applied to the balloon 16. 
Solvents include, for example and without limitation, metha 
nol, ethanol, acetone, isopropano, methyl ethyl ketone, ethyl 
acetate, butyl acetate, butyl chloride, cholorform, diethyl 
ether, dimethyl sulfoxide, dimethyl formamide, tetrahydro 
furan, glyderin, essential oils, water, mixtures thereof, etc. 
For example, the target concentration average drug range for 
paclitaxel is about 0.5-10.5 micrograms/mm of total balloon 
16 surface area, more preferably about 2-6 micrograms/mm. 
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and more preferably about 3+10% micrograms/mm. The 
coating is dynamically released upon inflation of the balloon 
16 and transferred to the arterial wall. After deftion, the drug 
remains impregnated in arterial tissue to inhibit restenosis. 
0033 Dip coating may be used to coat catheter balloons 
16. Dip coated balloon catheters have a coating on the Surface 
of the balloon 16 applied by immersing the balloon 16 into a 
coating Solution containing at least one solvent and a thera 
peutic, Such as for example, Paclitaxel and a transfer agent, 
such as Ultravist 370(R) contrast media as manufactured by 
Bayer Schering Pharma. The external surface of the balloon 
16 and the internal surfaces of the folds of the balloon 16 are 
exposed to the coating solution, filling the interstitial spaces 
of the folds under the action of surface tension and gravity and 
coating the outside Surfaces under the action of Surface ten 
sion. The balloon 16 is then removed from the solution and 
excess solution allowed to drain, after which the solution is 
allowed to dry on the balloon 16 surfaces. In general, this 
process is not capable of applying a uniform and quantita 
tively reproducible coating on the balloon 16 surface and 
multiple dippings may be required to increase the therapeutic 
concentration to its desired level. 

0034) To address these issues, embodiments of the present 
disclosure or combinations thereof provide for metering a 
specific amount of a therapeutic agent into the folds and/or 
onto the surface of the balloon 16. As an example, the 
embodiments disclosed herein with or without modification 
of the coating Solution may enhance the standard dipping 
method to allow a single step process. 
0035 Embodiments of the present disclosure include a 
metered injection processing which a predetermined amount 
of coating solution is applied to a folded balloon 16 at one 
time, after which a protective sheath is placed over the coated 
balloon 16. In one embodiment, an injection device. Such as, 
for example and without limitation, a precision glass syringe 
18, a pipette, a nozzle, etc., is filled with the exact amount of 
coating solution required to achieve the desired concentration 
of a therapeutic on the balloon 16. If necessary, the injection 
device could be refilled from a reservoir and additional coat 
ing solution added. In an alternative, the concentration of the 
therapeutic in the coating solution is optimized. For examples 
using a syringe, see FIG. 2 and FIG. 3. The needle 20 of the 
syringe 18 is placed in close proximity to the balloon 16 
Surface and the coating solution is applied to the balloons 16 
by depressing a plunger and moving the needle 20 over the 
surface of the balloon 16 to be coated. Once all required 
coating solution is applied to the balloon 16, the balloon 16 is 
rotated for a short period of time to obtain an uniform distri 
bution of coating Solution over the coated Surfaces and to 
allow the Surface coating to partially dry. A protective sheath 
(not shown in FIG. 2 and FIG. 3) may be placed over the 
balloon 16 and the remaining liquid solution is distributed in 
the folds and the solution allowed to dry over time. 
0036. In further examples, two metered injection tech 
niques for applying Solution to folded balloons 16 to produce 
different coating distributions on the balloon 16 are disclosed. 
In the first technique, outside surfaces of a balloon 16 are 
coated uniformly by holding a syringe needle 20, for 
example, horizontally with the tip just slightly above but not 
touching the balloon 16 as shown in FIG. 2. The balloon 16 is 
rotated continuously while solution is applied to the balloon 
16 and the syringe needle 20 moved axially along the balloon 
16 length. Surface tension wicks the coating solution from the 
syringe needle 20 onto the balloon 16. In the second tech 
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nique, internal surfaces of balloon folds 22 are coated by 
holding a syringe needle 20 vertically with its tip at the 
entrance to the fold 22 as shown in FIG.3. Coating solution is 
applied into the folds 22 while the syringe needle 20 is moved 
axially along the entrance to the fold 22. For balloons 16 with 
multiple folds 22, the balloon 16 is then indexed to the next 
fold 22 and the process repeated until all folds 22 have been 
filled. As an alternative, multiple injection devices may be 
used to fill all the folds 22 at one time. At the completion of 
either technique, the balloon 16 is rotated for a short period of 
time to ensure uniform distribution of the coating solution in 
the folds 22 and/or partial drying f the surface coating. These 
two techniques can be combined to produce a coating distri 
bution over both internal and external surfaces of a folded 
balloon 16. These methods, used separately or in combina 
tion, provide the ability to control both the amount of coating 
Solution, i.e. therapeutic, and the location on a folded balloon 
16. 

0037 Embodiments of the present disclosure can utilize 
technology to meter nanoliter droplets onto the Surface of a 
balloon 16 in a predefined pattern. The technology works by 
using piezoelectric pressure pulses to force liquid through a 
Small, precision orifice to create tiny droplets that are 
expelled onto a surface. By controlling the magnitude of the 
pressure pulse, the size of a fluid droplet can be controlled 
very accurately. In this embodiment, coating solution fills a 
Small chamber and an electrical signal is sent to a piezoelec 
tric crystal, which generates a pressure pulse to inject tiny 
droplets onto the surface of a balloon 16. A nozzle is moved 
in a fixed pattern over the surface of the balloon 16 to coat it 
uniformly with droplets. The liquid droplets are allowed to 
dry on the surface of the balloon 16 leaving behind a residual 
pattern of dots that, in total, contain the required quantity of 
therapeutic agent to meet the target concentration. 
0038. By selectively coating only a portion of the balloon 
16 Surface, larger Volume droplets may be placed on the 
balloon 16 surface that then dry into a white powdery struc 
ture, which may be considered clinically desirable. Coating 
Solution development has shown that thicker layers of coating 
may produce a more desirable coating structure. By placing 
Small droplets in close proximity to one another, the unifor 
mity of the coating from a clinical perspective is likely not 
compromised because the drug diffuses over short distances 
in a coronary artery. By having a pulse that injects the droplet 
onto the balloon 16, the need to provide precise containers for 
distribution of the coating solution may be eliminated. In 
addition, because the droplets are so Small, complete drying 
of the coating generally occurs in minutes rather than hours. 
0039. One embodiment of the present disclosure involves 
the configuration of catheter balloon 16 folds 22 to optimize 
the application, distribution, containment, and drying of a 
coating Solution to obtain a predetermined or metered con 
centration of a therapeutic agent within the folds 22. The 
desired results may be accomplished using commercially 
available folding equipment and a custom conditioning pro 
cess. The outcome is folds 22 with a pre-determined volume 
and shape specific for every balloon 16 diameter required for 
the final device and specific coating composition. This allows 
for an exact Volume of a coating Solution to be administered 
to the folds 22. The solution is then optionally dried, sterilized 
and sent to the end user within the folds 22. 

0040. Historically, balloons 16 for catheters have been 
folded to lower their profile and facilitate entry into the vas 
cular system for placement at the target site for revascular 
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ization. Thus, minimizing the overall folded diameter is a 
consideration in optimizing the folding process. However, for 
coated balloons 16 this dynamic is reversed because the folds 
22 act as containers for the coating solution. Therefore, the 
containers should be large enough to hold a dilute coating 
solution to achieve the desired therapeutic concentration but 
Small enough to distribute the coating uniformly. A folded 
balloon 16 with three folds is shown in FIG. 4. As can be seen 
from the figure, a folded balloon 16 consists of pleats 24 that 
are pressed together and then wrapped Substantially uni 
formly around the inner shaft 14 of the balloon catheter. A 
closed space is formed by the inner surface 26 of the pleat 24 
to the outside surface 28 and the portion of the balloon 16 
adjacent to the inner shaft 14. The fold 22 is characterized by 
a depth defined as the distance from the entrance 30 to the 
container to the fold 22 to its bottom 32, a width defined as the 
distance from the inside surface 34 of the fold 22 to its outside 
surface 36, and a length defined as the axial distance from the 
most distal point of the fold 22 to its most proximal point (not 
shown). Each of these dimensions can be modified by the 
balloon 16 folding process itself and optimized to maintain 
the concentration of the therapeutic agent during delivery to 
the treatment site. 

0041. Of the three dimensions, fold 22 depth may have the 
most impact on coating. Fold 22 depth considerations may be 
important for filling, retaining, distributing and drying the 
coating solution on the balloon 16. The ideal depth may be a 
trade off between a shallow depth, which allows for easy 
penetration and filling of the fold 22 with reduced ability to 
retain the fluid, against a deeper depth which is more difficult 
to fill but retains the coating Solution more securely. This is a 
result of the interplay between the material, the surface ten 
Sion, and Viscosity of the Solution. In general, higher Surface 
tension and solution viscosity may make penetration of the 
folds 22 more difficult but allow for better retention. As a 
general rule, more concentrated coating Solutions will have 
both higher Surface tension and higher viscosity. In an 
example, a fold 22 depth of approximately 1.5 millime 
ters+50% may be, in one embodiment, an acceptable trade off 
between ease of filling and retention of coating solution. 
0042. A determinant in fold 22 depth is the number of 
folds 22 for a given balloon 16 size. More folds 22 result in 
shallower fold 22 depths. The standard folding process uses 
three folds 22 for all balloon 16 sizes. As can be seen in Table 
1 the fold 22 depth varies from 0.16 mm for a 2.0 mm balloon 
16 to 3.92 mm for a 10 mm balloon 16. This change in fold 22 
depth has resulted in coating variability when using a dipping 
process. Smaller diameter balloons 16 are generally easier to 
fill while larger diameters are generally more difficult. During 
validation studies of the automated drip coating system, it 
was difficult to obtain adequate distribution of coating in the 
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folds 22, especially on larger balloons 16. To eliminate this 
non-uniformity in coating distribution, the number offolds 22 
is changed with each balloon 16 diameter and coating com 
position to better optimize the fold 22 depth. In an example, 
Table 1 shows the number of folds 22 for each balloon 16 
diameter using a fold 22 depth of approximately 1.5 millime 
ters. 

0043. In conjunction with the fold 22 depth, the fold 22 
width may be controlled to obtain the proper sized container 
to hold the volume of coating solution required to obtain the 
desired therapeutic concentration on the balloon 16. For 
example, in conjunction with the above fold 22 depths, a fold 
22 width of approximately 0.11 mmit 100% provides a fold 22 
container that will allow enough solution with a higher con 
centration of therapeutic agent, for example a 150 mg/ml 
Solution, to be applied to a balloon 16 in one application 
session. In this example, the fold 22 could be completely 
closed or have a fold 22 width of 0.22 mm, which would allow 
easier application and increased drug load. 

TABLE 1 

Fold Depths 

Balloon 
Shaft Dia Depth Depth 
Dia (mm) # Folds (mm) # Folds (mm) 

4 Fr 2.0 3 O16 2 O.29 
4.0 3 1.18 3 1.18 
5.0 3 1.71 4. 1.25 
6.O 3 2.23 5 1.30 

5 Fr 4.0 3 1.OO 3 1.OO 
S.O 3 1.52 3 1.52 
6.O 3 2.05 4 1.51 
7.0 3 2.55 5 1.49 
8.O 3 3.07 6 148 

6 Fr 9.0 3 3.39 7 1.39 
1O.O 3 3.92 8 140 

During the coating process, the exact amount of coating solu 
tion required for a give n fold 22 may be determined. For 
example, Table 2 shows the Volume of coating Solution 
required for different configurations and different solution 
concentrations. The Volume ranges from 21 microliters for a 
2.0x20 mm balloon 16 up to 670 microliters for a 10.0x150 
mm balloon 16 while using a low therapeutic concentration 
Solution, for example a 30 mg/ml drug coating Solution. The 
balloon 16 fold 22 for each balloon 16 size may then be 
tailored to match this fluid volume. This process involves 
developing the balloon 16 folding process to yield the depth 
and width that are required for the specific coating Solution 
formulation being used. Alternatively, the concentration of 
coating solution can be varied to match the fold 22 volume. 

TABLE 2 

Solution Requirements 

Balloon 
Dia 

(mm) 

2.0 
3.0 
4.0 
S.O 

30 mg/ml Solution (ul) 
Balloon length (nm Balloon length (mn Balloon length (Inn 

21 
34 
40 
52 

90 mg/ml Solution (ul) 180 mg/ml Solution (ul) 

8O 150 2O 8O 150 2O 8O 150 

71 130 7 24 43 4 14 26 
110 198 11 37 66 7 22 40 
141 258 13 47 86 8 28 52 
178 325 17 59 108 10 36 65 
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TABLE 2-continued 
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Solution Requirements 

Balloon 30 mg/ml Solution (ul) 90 mg/ml Solution (ul) 
Dia Balloon length (nn Balloon length (nn 

(mm) 2O 8O 150 2O 8O 150 2O 

6.O 65 266 392 22 89 131 13 
7.0 79 314 460 26 105 153 16 
8.0 94 295 529 31 98 176 19 
9.0 109 336 599 36 112 2OO 22 
1O.O 126 377 670 42 126 223 25 

0044) The placement of coating solution only in the folds 
22 of balloons 16 allows for the ability to place a protective 
sheath over the balloon 16 while the solution is still liquid 
without damaging or removing coating Solution from the 
balloon 16. In addition, the placement of the protective sheath 
also provides a mechanism for maintaining the desired fold 
width that in turn may allow for uniform distribution along 
the length of the fold 22. Also, protection of the dry coating 
during Subsequent steps of manufacturing and preparation for 
clinical usage may beachieved. The folds 22 act as a mechani 
cal protector against abrasion during clinical preparation and 
also for introduction through an introducer and travel through 
the vascular system to the target revascularization site. This 
allows for delivery of a desired therapeutic concentration at 
the delivery site. For balloons 16 that have a significant per 
centage of the coating on the outside surfaces, the placement 
and removal of the protective sheath as well as the mechanical 
abrasion associated with entry though a vascular introducer 
affords an opportunity for loss of coating from the balloon 16 
Surfaces. Having the correct container size may allow for the 
exact amount of coating Solution to be applied to the balloon 
16 in one application session. Filling the container so that it is 
completely full may automatically distribute the coating Solu 
tion within the balloon 16 folds 22 which, when the coating 
Solution dries, may give a more uniform distribution of the 
residual solid material; thereby providing more uniform 
application of the therapeutic to the application site. Since the 
balloon 16 folds 22 are accurately sized and a metered amount 
of therapeutic coating Solution is applied, the concentration of 
therapeutic is more consistent from balloon 16 to balloon 16. 
0045. The folding configurations described above and 
embodied in the present disclosure may be used with any 
application of a coating, including for example a therapeutic 
agent, onto a catheterballoon 16. Such as, without limitation, 
metered or dip coated applications. 
0046. A further embodiment of the present disclosure 
includes the use of a specifically-sized protective sheath 42 to 
distribute the coating, including for example a therapeutic 
agent, on a catheter balloon 16. The specifically-sized pro 
tective sheath 42 may be substantially specifically-sized for a 
given balloon 16 diameter. See FIG. 5. This embodiment may 
be easily applied and may be effective when used in conjunc 
tion with a metered application method, but can also be used 
with any application method, including for example the dip 
coating method for application of a therapeutic agent on a 
catheterballoon 16. For example, if a coating Solution is only 
injected into the folds 22, the specifically-sized protective 
sheath 42 may be applied immediately after coating. If the 
coating solution is applied either partially or exclusively to 
the outside surfaces of the balloon 16, then a short air drying 

53 
63 
59 
67 
75 

180 mg/ml Solution (ul) 
Balloon length (nn 

150 

78 
92 
106 
120 
134 

step may be necessary to allow the Surface of the coating to 
harden to the point where placement of the specifically-sized 
protective sheath 42 does not abrade the coating from the 
balloon 16. Because external surfaces dry more rapidly than 
internal surfaces of the folds 22, placement of the specifi 
cally-sized protective sheath 42 may redistribute the liquid 
coating solution in the folds 22 more uniformly. Other tech 
niques, such as plasma treating for example, may help facili 
tate this process. 
0047 Optionally, the specifically-sized protective sheath 
42 has spiral slits 44 around the circumference allowing for 
both uniform distribution and faster drying time. See FIG. 
6A. FIG. 6B shows a non-slotted specifically-sized protective 
sheath 42. One the balloon 16 (not shown) is in place, the ends 
of the specifically-sized protective sheath 42 are twisted with 
opposing force using a ratcheting mechanism to constrict the 
tubing, causing slight pressure on the balloon 16 Surface. See 
FIG. 6A. The pressure may reduce relaxing of the balloon 16 
during sterilization, shipping, and storage. The specifically 
sized protective sheath 42 is held in place with at least one 
closing band 46 at each end using a hooking mechanism 48. 
The specifically-sized protective sheath 42 is installed over a 
drug coated balloon 16, minimizing the damage to the thera 
peutic coating. The therapeutic coatings are not damaged by 
installation and removal of the specifically-sized protective 
sheath 42. The specifically-sized protective sheath 42 also 
provides standard protection during processing and treat 
ment. Furthermore, the specifically-sized protective sheath 
42 is breathable, particularly with slits 44, allowing for drying 
of the coating while in a protected State. 
0048 Because the coating solution is in contact with the 
balloon 16 surface for a longer period of time, under the 
influence of the specifically-sized protective sheath 42 better 
adhesion may be obtained between the balloon 16 and the 
dried coating. The specifically-sized protective sheath 42 
placed over the balloon 16 shortly after the application of the 
coating solution allows the balloons 16 to be handled sooner 
compared to a multiple dip process, thereby increasing pro 
duction and decreasing costs. Because the coating solutions is 
still liquid, the balloon 16 profile may be made smaller and 
more uniform to mitigate the effects of distortion caused by 
solvent interaction with the balloon 16 material. 

0049. In another embodiment, a specifically-sized protec 
tive sheath 42 is placed over the catheter balloon 16 first and 
then the coating applied inside the folds 22. For example, 
metered injection could be performed using a syringe, can 
nula, or tube covering the end of the device. The specifically 
sized protective sheath 42 may be specifically-sized such that 
the folds are not completely closed. In an example, the spe 
cifically-sized protective sheath 42 has a diameter about 1-12 
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thousandths of an inch larger than the diameter of the balloon 
16. In addition, the specifically-sized protective sheath 42 
may be substantially sized to obtain a desired concentration 
of a therapeutic agent on the catheter balloon 16 with one 
application of a coating having a given composition and 
therapeutic agent. The coating is then forced into the specifi 
cally-sized protective sheath 42 and thus into all the folds 22. 
The volume necessary to fill the folds 22 may be calculated or 
visually determined. Drying may occur over time, for 
example within 24 hours in ambient air, or optionally in an 
oven at 50+20 degrees Celsius for 2-4 hours. 
0050. Other embodiments enhance the dipping process. A 
vacuum or a pressure or a combination thereofmay be used to 
force the coating into the folds 22 either before or after the 
specifically-sized protective sheath 42 is placed over the bal 
loon 16, i.e. pressurized dip coating. For example, a balloon 
catheter is placed into a coating solution 50 in a pressure 
chamber 52, a pressure is applied forcing the coating into the 
folds 22 of the balloon 16, and after the pressure is removed 
the catheters are removed to dry. See FIG. 7A and FIG.7B. In 
an alternate method, the balloon 16 is rotated in the coating 
solution 50 in a direction that causes the folds 22 to open 
slightly for coating deeper into the folds 22. See FIG. 8. 
Optionally, the balloon 16 is pulled through the coating solu 
tion 50 length-wise as it is rotated to provide a more uniform 
coating. Also, optionally, the balloon 16 is slightly inflated 
prior to placing in the coating Solution 50 to maximize and to 
improve the uniformity of the coating. These embodiments in 
particular, alone or in combination, may enhance the dipping 
method to a single step. 
0051. A further embodiment for applying the coating 
inside the folds 22 comprises the use of at least one spacer 54 
or a wick 56 to draw a coating solution 50 into at last one fold 
22. See FIG.9 and FIG. 10. The spacers 54 may be any hard, 
inert material, for example plastics such as Teflon R or Del 
ran R or metal Such as aluminum, which opens the folds at 
least partially. In an example, the spacers 54 are aluminum 
rods. See FIG. 9. The spacers 54 are positioned at the proxi 
mal and/or distal end of the balloon 16 and placed into the 
folds 22 during the folding process or after the balloon 16 is 
folded with or without a protective sheath. In one embodi 
ment, the spacers 54 are substantially long enough to hold the 
folds 22 at least partially open and may be the length of the 
balloon 16. The width of the spacers 54 is wide enough to hold 
the folds 22 at least partially open and may be as wide as the 
width of the fold 22. In an example for a 4.0x20 mm balloon, 
the spacers may be 1.1 mm wide and 20 mm long. Spacers 54 
may be used with any coating application method, including 
with methods that require the folds 22 to be slightly open, 
Such as the dipping method. After coating, the spacers 54 may 
be removed by hand or by a mechanical means. IF using a 
method requiring a bath, the spacers 54 may be removed in 
the bath. In the example of aluminum rod spacers 54 inside 
the folds used with the dipping method, the spacers 54 may be 
slipped out of the folds 22 during or directly after dipping, 
thus allowing the coating solution to fill the void, but may be 
left in place long enough to hold the folds 22 open. 
0052. The wick 56 may be, for example and without limi 

tation, any plastic-based rope-like Substance, a nylon mate 
rial, a cotton material, an organic material, any synthetic 
materials, or a combination thereof. The wick 56 may be 
placed into the folds 22 during folding on the distal end of the 
balloon 16. See FIG. 10. Wicks 56 may be used with any 
coating application. The wick 56 draws the coating Solution 
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into the folds 22 by capillary action, so that the folds 22 are 
filled. The wick 56 may be removed either in a bath solution 
if one is used or out of a bath solution and either by hand or by 
mechanical means. The wick 56 is optionally removed after 
coating but before air-drying, or as an alternative the wick is 
left in to promote faster drying as air is blown across (FIG. 
10). Use of spacers 54 or a wick 56 promotes metered appli 
cation of a specific amount of coating, Such as a therapeutic 
agent. 
0053 Another embodiment for applying the coating 
inside the folds 22 pertains to a balloon 16 conditioning 
process whereby the balloon 16 partially opens when sub 
mersed in a bath of at least one solvent. Such as, for example 
and without limitation, ethanol, methanol, isopropanol, 
acetone, diethyl ether, diisopropyl ether, and chloroform 
before application of the coating. The opening of the balloon 
folds 22 may also be promoted by using one or more of Such 
Solvents in the formulation of coating Solution. In an alternate 
embodiment, the Solvent(s) may be sprayed on to partially 
open the folds 22. The solvent(s) may be applied in one steps 
or multiple steps. In an example of a two-step process, the 
balloon 16 is first dipped into one solvent, Such as acetone, 
and Subsequently dipped into a second solvent, such as etha 
nol. The therapeutic coating may be applied by any method. If 
desired, the balloon 16 may be refolded after coating by the 
application of the specifically-sized protective sheath 42. 
0054 Additional embodiments of the present disclosure 
pertain to techniques for allowing optimization of balloon 16 
performance, coating structure, and coating adherence inde 
pendently by providing an intermediate material layer 58 on 
the balloon 16 to act as a bridge between the balloon 16 and 
therapeutic coating 60. See FIG. 11. The intermediate layer 
58 adheres to the balloon 16 material on one side and provides 
for adherence of the therapeutic coating 60 on the other side. 
This may be useful for hydrophilic drugs, such as Doxorubi 
cin, and others that have a tendency to be lost during the 
balloon 16 insertion process. Other examples of hydrophilic 
drugs include, without limitation, caffeine, nicotine, netilmi 
cin, dopamine, Sugar, Sugar alcohols, other organic neutral 
Substances, lipophilic amino acids, salts of organic and anor 
ganic acids and bases, contrast mediums or dyes commonly 
used in medicine, coagulation inhibitors such as heparin, 
platelet aggregation inhibitors such as acetylsalicylic acid, 
and Salicylic acid. Balloon 16 performance characteristics 
Such as compliance and burst strength may be optimized 
independently from therapeutic coating 60 characteristics 
Such as structure and adherence. 

0055. Several different methods may be used to obtain the 
intermediate layer 58. In an example, a thin, second layer of 
material is extruded onto the balloon 16 tubing before the 
balloon 16 is formed. In another example, the two materials 
are extruded independently and are adhesively bonded 
together after balloon 16 forming but before folding and heat 
setting. In another example, material is evaporated and depos 
ited onto the balloon 16 surface via an electronic excitation 
process. This process may allow for plasma deposition to be 
controlled by choice parameters. Examples of materials that 
may require Such treatment include without limitation 
Teflons, Polyethylene terephthalate (PET), Urethanes, and 
Polypropylene (PP). In an example, a Pebax Nylon is depos 
ited as a thin layer over a PET based balloon 16 resulting in a 
stiff solid balloon 16 with substantially similar release char 
acteristics as the standard balloon 16. Another example is to 
plasma treat the balloon 16 surface before or after folding 
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with a nonpolymer forming plasma. In this technique, the 
balloon 16 surface is activated via formation of new func 
tional groups or creation of micro roughness on the Surface, 
which may aid adhesion of the therapeutic coating 60 to the 
balloon 16 surface. 

0056. A balloon 16 material may be chosen to meet per 
formance criteria Such as burst pressure and compliance and 
the therapeutic coating 60 may be designed to meet compo 
sitional and morphological criteria. As a result, therapeutic 
coating 60 adherence to a balloon 16 surface is a by-product 
of the optimization of balloon 16 material and therapeutic 
coating 60 characteristics. However, adherence may be clini 
cally important for delivery of the therapeutic to the target site 
for revascularization. From a design perspective, it may be 
desirable to optimize balloon 16 performance, therapeutic 
coating 60 structures, and therapeutic coating 60 adherence 
independently. As an example, if the current balloon 16 mate 
rial were changed, development of a new therapeutic coating 
60 may be required to maintain the same clinical effectiveness 
of the therapeutic coating 60 as with the current material. This 
embodiment allows balloons 16 with much different struc 
tural properties than current balloons 16, i.e., balloons which 
are more compliant but have the same burst pressure, to be 
tailored to match that of the current material by the addition of 
an intermediate layer 58. The intermediate layer 58 may allow 
the use of the therapeutic coating 60 and process for applying 
a therapeutic coating 60 to the balloon 16 providing an 
improved delivery platform, such as better release character 
istics, and a clinically more effective therapeutic coating 60. 
0057. Further embodiments comprise the addition of a 
priming layer to the catheter balloon 16 to increase drug 
adherence or enhance device properties. Examples of priming 
layers include, without limitation, iopromide or radiopaque 
materials, adhesive, hydrogel, polymeric materials, biode 
gradable layers, biocompatible layers, hydrophilic materials, 
lubricious materials, epoxies, etc. In an example, the catheter 
balloon 16 is first coated withiopromide, then coated with the 
therapeutic agent, and finally coated with a second layer of 
iopromide. In another example, the catheterballoon 16 is first 
coated with a hydrogel or adhesive and then coated with the 
therapeutic agent. In an alternative example, the therapeutic 
agent is mixed with the hydrogel or adhesive before coating. 
In another example, the therapeutic agent is mixed with 
iopromide or Ultravist(R) contract media. 
0.058. In one embodiment, a catheter balloon 16 is coated 
with a soluble film 62 comprising a therapeutic agent, such as 
paclitaxel. See FIG. 12. Example materials used to make the 
soluble film 62 include, without limitation, porcine, bovine, 
aquatic vertebra (fish), avian, and Ovo based gelatin, such as 
pork skin derivatives and Gelfoam, gelatinized starch, cellu 
lose, fruit/vegetable base, for example cooked apples or agar, 
and any other organic polymer. In an example, the materials 
are in powdered form and mixed with water or other solvents 
to produce the soluble film 62. In another example, the solu 
tion is mixed with 30 mg/ml of Paclitaxel, 100 ml of purified 
water, 2 ml of Ultravist(R) contrast media and 0.25oz. of gela 
tin. The solution is placed into molds in which the base 
solidifies and forms the strips or tubes, which are inserted into 
the folds 22 or applied over the folded balloon 16. The dimen 
sions of the strips may have a thickness of about 0.05 mm to 
about 1 mm, width of about 0.05 mm to about 4 mm and a 
length that covers the length of the balloon 16 intended to 
coat. The dimensions of the tubes may have a thickness of 
about 0.05 mm to about 1 mm, a diameter of about 1 mm to 
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about 1 cm, and a length that covers the length of the balloon 
16. The amounts shown above may be adjusted using more or 
less paclitaxel, more or less Ultravist(R) contrast media or 
more or less gelatin. In yet another example, fruit and/or 
Vegetables are reduced down to produce a thick puree base. 
The base containing 100 ml of reduction may be mixed with 
50 mg/ml of Paclitaxel and 3 ml of Ultravist(R) contrast media, 
which is placed in molds for strips or tubes. The molds may be 
dried in an oven at 140 degrees F. for 3-12 hours and/or a 
dehydrator. The soluble film 62 may then be applied to the 
balloon 16. In an alternate embodiment, the balloon 16 is 
dipped into the base before drying. The balloon 16 may be 
dried and have a soluble film 62 over the surface. In another 
embodiment, the base is sprayed on the balloon 16. 
0059. The soluble film 62 may be applied over the formed 
balloon 16 and/or folded along with the balloon 16. The 
soluble film 62 may be applied post pleating prior to folding. 
See FIG. 12A and FIG. 12B. The soluble film 62 may be 
applied in the folds 22 (FIG. 12C), over the folded balloon 16 
(FIG. 12D), or a combination (FIG. 12E) before the optional 
protective sheath. The soluble film 62 may be in the form of 
strips wrapped around the balloon 16 vertically or axially 
(FIG. 12F-FIG. 12H) or can coat the entire balloon 16 (FIG. 
12I). The strips of soluble film 62 may be in at least one fold 
of the folded catheter balloon 16. The strips may be placed in 
at least one fold 22 of the catheter balloon 16 by sliding the 
strips between the folds 22 or in an alternative example the 
soluble film 62 strips may be folded into the folds 22 during 
the folding process, for example through placement of 
soluble film 62 strips on the folding heads. In another 
example, Soluble film is applied during the extrusion process 
of the baseballoon 16 material. As the extrusion media (tub 
ing) exits the extruder a separate process step may be in place 
where the soluble film 62 tube is slid over the nylon or other 
material balloon 16 tubing. Alternatively, the soluble film 62 
may be applied by any combination of methods. 
0060. In one embodiment, the thickness of the soluble film 
62 is within the folding range such that the overall catheter 
profile does not increase. The soluble film 62 may be wetted 
by the user prior to use or the blood in the vessel may be 
sufficient to dissolve the soluble film 62 at the target location. 
The soluble film 62 may attach to the vessel wall and dissolve 
over time or may remain attached to the catheter and leach the 
therapeutic agent out at the target location. In an example 
using Paclitaxel and Ultravist(R) contrast media, the 
Ultravist(R) contrast media acts as the carrier or excipient to 
allow for the Paclitaxel uptake into the vessel wall. The time 
frame may at a minimum about 30 sec to 2-3 min. In this 
example, since the soluble film 62 could be sticky, it may be 
deposited against the wall like a gel or thick film. Depending 
on the thickness of the soluble film 62, it could dissolve over 
30 sec up to 24 hours. In another example, the soluble film 62 
remains in place for months as the soluble film 62 becomes 
part of the vessel with therapeutic release over 30 days, simi 
lar to a stent. By way of any of these variations or combina 
tions thereof, the metered concentration of the therapeutic 
agent remains consistently within the dosing range. 
0061 Embodiments of the present disclosure provide the 
combined ability to control both the amount of therapeutic 
agent and its distribution on a folded catheter balloon 16 or 
other medical device. The ability to control these two aspects 
of a coating is non-existent in the current dipping process. In 
an example, a target therapeutic concentration can be placed 
on the balloon 16 within 0.1 micrograms per square millime 



US 2014/0288497 A1 

ter. As a result, only the required amount of therapeutic nec 
essary to achieve the desired therapeutic effect is applied to 
the balloon 16. This optimizes the treatment process for the 
patient. The control of therapeutic location allows for opti 
mization of therapeutic distribution to obtain the desired 
clinical effect while also maximizing the ability to deliver the 
therapeutic to the target site for revascularization. By placing 
more therapeutic in the folds 22 of a catheter balloon 16, a 
natural protection is afforded for, for example, the loss of the 
dried coating from abrasion during manufacturing, clinical 
preparation and introduction of the catheter into the vascular 
system through a homeostasis valve introducer. In another 
example, by reducing the application process to a single 
injecting, manufacturing times can be reduced and the 
amount of toxic waste and its handling can be minimized, all 
of which reduces manufacturing costs. These methods can 
use any solution chemistry with only minor modification to 
the application system. These features may provide a high 
degree of flexibility to tailor the solution chemistry to 
enhance the effectiveness of the dried coating. 

EXAMPLES 

Metered Injection 

0062. The following discussion illustrates non-limiting 
examples of embodiments of the present disclosure. Tech 
niques for metering an exact Volume of coating solution onto 
catheter balloons can use, for example, precision glass 
Syringes, such as those manufactured by Hamilton Company. 
The Syringe consists of a glass barrel with a precision bore, 
mating plunger with an accurately machines Teflon(R) Sealand 
a distal fluid connector with either a luer taper, fixed needle or 
removable needle. The Hamilton Series 700 syringes are 
available in volumes ranging from 5 to 500 uland the Series 
1000 syringes ranging from 1 to 100 ml. 
0063. To hold and rotate the balloon, a custom mounting 
fixture was designed containing the following elements: 

0064 Touhy Borst Gasket to hold the shaft of the bal 
loon catheter near the proximal balloon blood; 

3.5 x 20 

Exp 4 
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Exp 2 
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Paclitaxel (ig/mm) Without Stent 
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0065. Guidewaire Holder to support the distal end of the 
guidwire used to sitffen the balloon section of the cath 
eter; 

(0.066 Catheter Drive Pulley to interface with the motor 
to rotate the balloon; 

0067 DC Motor to rotate the balloon; 
0068 Motor Drive Pulley and Belt to interface with the 
Catheter Drive Pulley and rotate the balloon at 60 rpm. 

The fixture was designed for use in conjunction with a stere 
omicroscope. 
0069. A metering system may be a manual syringe appli 
cation method to dispense coating Solution onto a balloon. 
This method requires refilling of a Syringe after every appli 
cation of Solution. Additionally, the refilling process exposes 
coating solution to air, causing evaporation of lower boiling 
point solvents and Subsequent destabilization of the coating 
Solution. To enhance accuracy and promote solution stability, 
an application system was developed using a syringe pump, 
precision Syringe, three-way valve and a solution reservoir. 
This system enhanced the metering process by using a 
Syringe pump that can repeatedly move the plunger a fixed 
distance to precisely dispense a predetermined Volume of 
solution onto the balloon. At the center of the system is a 
microliter dispensing pump that uses a Hamilton precision 
glass syringe as described above. The distal end of the preci 
sion Syringe interfaces with a three-way valve that can select 
a fluid reservoir for refilling or fluid tubing for delivery of 
Solution. At the other end, the plungerinterfaces with a sliding 
mechanism on the Syringe pump which is used to push the 
plunger an accurate distance during dispensing. Using a cus 
tom-designed linear screw driven by a stepper motor and a 
precision glass syringe, Solution injection volume variability 
was reduced to less than tS percent. 
(0070 Approximately 30 catheters of different balloon 
dimensions and Solution compositions were made for testing 
in a first study. For each lot of catheters, high performance 
liquid chromatography (HPLC) testing was done on 5 bal 
loons with stents and 5 balloons without stents to determine 
the concentration of paclitaxel and iopromide on each bal 
loon. The testing was done using the same protocols used 
historically on dip coated balloons. The results are Summa 
rized in Tables 3 and 4. 

TABLE 3 

Preclinical Study Paclitaxel Concentration 

Paclitaxel (ig/mm) With Stent 

Avg Min Max Var Avg Min Max Var LOSS 

4.52 4.23 4.78 6.1% 4.31 3.85 4.61 8.8% S90 

4.54 4.39 4.70 3.4% 4.43 4.38 4-45 O.8%. 3% 
4.54 4.34 4.77 4.7% 4.21 3.99 4.65 7.8% 7% 

S.11 4.64 541 7.5% 4.69 4.43 4.91 S.1% 8% 
2.24 1.59 2.90 29.2% 

4.69 4.6O 4.77 1.8% 4.52 4.12 4.76 7.1% 4% 
4.74 4.71 4.79 O.8% 4.6O 4.47 4.70 2.5%. 3% 

4.87 4.77 S.10 3.4% 4.26 3.6O 453 10.9%. 12% 
6.40 6.OS 7.01 7.59% 5.36 4.39 S-89 14.0%. 16% 

2.18 1.68 2.52 19.3% 
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TABLE 4 

Pre-clinical Study PI Ratio 

PIRatio 
Without Stent 

PIRatio 
With Stent 

Avg Min Max Var Avg Min Max Var 

3.5 x 20 

Exp 4 1.68 1.63 1.79 4.7% 1.68 1.64 1.76 3.4% 
Exp 3 1.65 1.64 1.65 0.3% 1.68 1.66 1.69 O.7% 
Exp 2 1.62 1.57 1.64 2.2% 1.62 1.61 1.64 O.7% 
Exp 1 1.69 1.64 1.70 1.6% 1.69 1.64 1.78 4.1% 

3.0 x 20 

Exp 4 1.64 1.62 1.65 0.9% 1.64 1.61 1.65 1.4% 
Exp 3 1.66 1.62 1.65 0.9% 1.67 1.67 1.7O 1.1% 
Exp 2 1.63 1.61 1.64 0.7% 1.64 1.61 1.68 2.0% 
Exp 1 1.70 1.68 1.68 0.2% 1.74 1.66 180 4.2% 

0071. Excluding the control, the results for unstented bal 
loons show an increase in drug content and reduced intralot 
variability compared to dip coating. Pooling results for 
experiments 1 thru 4 and both balloon sizes gives an average 
paclitaxel content of 4.6 ug/mm with a variation of +9.4% 
compared to 2.2 ug/mm with a variation of +30%. The P/I 
ratio, which is the ration between paclitaxelandiopromide on 
the balloon, averaged 1.65 with a variation of +6.6%. The P/I 
ratio for dip coating was 2.0 with variation of +25% so the 
average are not comparable. These examples were made as 
six mixings of three different coating solutions over three 
days; thus demonstrating the repeatability of the process. 
0072 Forstented balloons, the average paclitaxel concen 
tration was 4.4 ug/mm with a slightly higher variation of 
+13.5%. This represents a drug loss of approximately 5.7%. 
The P/I ration was unchanged between stented and unstented 
balloons. 
0073. A coating specification study corresponding to the 
above study was also done. For this study, rapid exchange 
PTCA catheters with 3.5x20 mm and 3.0x20 mm balloons 

were coated with solutions. The total solution volume applied 
to the balloons was determined using 5 g/mm drug concen 
tration which provided a margin of safety above the minimum 
acceptable value of 2.0 Sg/mm. Solutions were injected into 
the folds and applied to the balloon Surface using the Syringe 
pump technique described above. Table 5 gives the solution 
specifications for each balloon diameter and solution con 
figuration. For configuration 1, approximately two-thirds of 

CONFIGURATION THEORY AVG 

Configuration 1 
Configuration 2 
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the solution was placed in the folds and one-third on the outer 
Surface. For configuration 2, the Solution was placed only in 
the folds with some solution reaching the outer Surfaces natu 
rally. 
0074. A total of 60 catheters with 3.5x20mm balloons and 
40 catheters with 3.0x20mm balloons were coated. After the 
coating dries, stents were crimped onto the coated balloons 
and the catheters were processed through final assembly, 
packaging and sterilization using standard manufacturing 
procedures. At the completion of manufacturing, chemical 
analysis was done on both unstented and stented balloons. 

TABLE 5 

Coating Specifications 

TOTAL PER OUT 
SOLUTION FOLD SIDE OUTSIDE 

CONFIGURATION (IL) (L) (IL) APPLICATIONS 

3.5 x 20 MM-30 UNITS 

Configuration 2 1O.S 3.5 NA NA 
Configuration 1 17.5 4.0 5.5 1 

3.0 x 20 MM-2O UNITS 

Configuration 2 8.4 2.8 NA NA 
Configuration 1 14.0 3.0 S.O 1 

0075. During coating, the feasibility of two concepts of a 
semi-automated coating system was confirmed: air-free 
exchange process for mechanically refilling the glass syringe 
and use of a precision screw coupled to a stepper motor to 
precisely move the plunger of a glass syringe. 
0076. In the first study, solution instability was encoun 
tered which was attributed to the constant exposure of solu 
tion to air during manual refill of the metering Syringe after 
each fold. During the coating specifications study, a closed 
loop system was used with a larger plastic syringe acting as a 
reservoir for filling the Smallerglass syringe. The only contact 
with air was the initial filling of both syringes. Subsequent 
fillings were done via a 3-way valve and withdrawal from the 
reservoir. No visible precipitations or coating segregation 
was observed during coating. 
0077. During the coating specifications study, glass slides 
were made after each group of five balloons. 45 ul drops of 
Solution were metered onto the slide and the net weight gain 
measured after the solution dried. A total of 13 slides for each 
configuration were completed and the results shown in Table 
6. 

TABLE 6 

Configuration Variability Analysis 

WEIGHT (1g) WEIGHT (1g) 

ACCURACY MIN MAX RANGE 

6.6 6.8 2.9% 6.7 7.1 

10.9 11.1 1.4% 10.7 11.5 

2.7% 

3.5% 
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0078. The results indicate a mixing error of less than 3% 
and repeatability over two hours and 60 balloons of +3.5%. If 
the accuracy and repeatability are combined, the cumulative 
accuracy is +5% which is within the target tolerance of 25.0% 
for the entire coating process. 
007.9 For each lot of catheters, high pressure liquid chro 
matography (HPLC) was performed on 5 balloons with stents 
and 5 balloons without stents to determine the concentration 
of paclitaxel and iopromide on each balloon. Testing was 
performed using the same protocols as the dip coated bal 
loons. The results are summarized in Tables 7 and 8 and 
shown graphically in FIG. 13. 

TABLE 7 
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different balloon composed of different materials, thus indi 
cating the metered injection method is useful for various 
balloon materials and types. 

Spacers 

I0083 Hard, inert spacers may be used to enhance coating 
of the folds of a catheter balloon. In an example, DeIrinR) 
spacers having a width of 0.11 mm were used. The spacers 
were inserted at the distal end of the catheter balloon folds 
during the folding process. The balloon catheters were sub 
sequently dip coated with a single dip in a standard paclitaxel 

Coating Specification Study-Paclitaxel Concentration 

Paclitaxel (IgMM)Without Stent - Paclitaxel (IgMM)With Stent 

Avg Min Max Var Avg Min Max Var 

3.5 x 20 

Configuration 2 4.60 4.48 4.73 2.7% 3.45 2.81 3.83 14.8% 
Configuration 1 4.97 4.78 S.13 3.5% 4.64 4.53 4.76 2.5% 

3.0 x 20 

Configuration 2 4.88 4.82 4.94 1.2% 3.31 2.82. 3.87 15.9% 
Configuration 1 4.96 4.89 S.O.3 1.4% 4.11 3.94 4.28 4.1% 

LOSS 

25% 
79% 

32% 
1796 

Coating Specification Study-P1 Ratio 

PIRatio PIRatio 
Without Stent With Stent 

Avg Min Max Var Avg Min Max Var 

3.5 x 20 

Configuration 2 1.67 1.66 1.68 0.5% 1.61 1.57 1.65 2.5% 
Configuration 1 1.62 1.60 1.64 1.1% 1.62 1.60 1.63 1.2% 

3.0 x 20 

Configuration 2 1.67 1.63 1.68 1.6% 1.65 1.60 1.71 3.4% 
Configuration 1 1.63 1.61 1.67 2.0% 1.58 1.55 1.64 3.0% 

0080 the results for unstented balloons show an increase 
in drug content and reduced intralot variability compared to 
dip coated balloons and somewhat better than the first set of 
experiments. The pooled results for both diameters and solu 
tion configurations gave an average paclitaxel content of 4.9 
ug/mm with a variation of 35 6.2% compared to 4.6 g/mm. 
with a variation of +9.6% for first set of experiments balloons 
and 2.2 g/mm with a variation fo +30% for dip coated 
balloons. The P/I ratio average 1.65 with a variation of s2.4% 
compared to the same value but a variation of 6.6% for the 
first set of experiments. 
0081 For stented balloons, the pooled paclitaxel concen 
tration was 3.88 ug/mm with a variation of s25.2%. This 
represents an average drug loss of approximately 20%, higher 
than the first study. This change is essentially in Configura 
tion 2 data. If only Configuration 1 data are included, then the 
numbers are 4.38 ug/mm with a variation of +6.0% which 
represents a loss of 11.6% from stenting. 
0082. As shown, results were similar for both studies. 
Similar results were obtained from studies performed using a 

coating Solution bath. After during, HPLC analysis was per 
formed to determine the drug concentration on the devices. 
The goal of this study was to have a mean paclitaxel value of 
1.5ug/mm and a P/I ration of 2.0. 

TABLE 9 

Spacer Study Results 

Paclitaxel Iopromid 
Igpiece Lig?piece Paclitaxel/Iopromid 

Mean Value 1.57 793 1.99 
Standard 10.89 9.25 O.09 
Deviation 

0084. The results, as summarized in Table 9, indicate a 
mean value of 1.57 ug/mm of paclitaxel and an overall P/I 
ration of 1.99. These results demonstrate that the use of spac 
ers provides a means to maintain fold width to enhance coat 
ing and produce desired coating results, including drug con 
centration. In addition, the use of spacers can decrease 
manufacturing time and costs by decreasing the number of 
dips required by the dip coating method to a single dip. 
I0085. The present disclosure has been described with ref 
erence to specific details of particular embodiments thereof. It 
is not intended that Such details be regarded as limitations 
upon the scope of the disclosure except insofar as and to the 
extent that they are included in the accompanying claims. 

1-46. (canceled) 
47. A catheter balloon comprising an intermediate layer 

between said catheterballoon and a therapeutic coating. 
48. The catheterballoon of claim 47, wherein the interme 

diate layer is selected from the group consisting of Teflon, 
PET, PP, Pebax, Urethane, and Nylon. 

49. A method of coating a catheter balloon with a thera 
peutic agent, said method comprising placing an intermediate 
layer between said balloon and said therapeutic agent. 
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50. The method of claim 49, wherein the step of placing 
comprises extruding a thin, second layer of material onto a 
balloon tubing before said catheter balloon is formed. 

51. The method of claim 49, wherein the step of placing 
comprises adhesively bonding said intermediate layer to said 
catheter balloon after extrusion of said catheter balloon but 
before folding and heat setting of said catheter balloon. 

52. The method of claim 49, wherein the step of placing 
comprises plasma depositing said intermediate layer. 

53. The method of claim of claim 49, wherein the interme 
diate layer is selected from the group consisting of Teflon, 
PET, PP, Pebax, Urethane, and Nylon. 

54-69. (canceled) 
70. The catheter balloon of claim 47, wherein said thera 

peutic agent is a restenosis-inhibiting agent. 
71. The catheter balloon of claim 70, wherein said thera 

peutic agent is paclitaxel. 
72. The catheter balloon of claim 47 which is a folded 

balloon. 
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73. The catheter balloon of claim 47, wherein the folded 
catheterballoon has a specific diameter, wherein said catheter 
balloon has a specific number of folds with a predetermined 
Volume and shape. 

74. The catheter balloon of claim 73, wherein said prede 
termined volume and shape are determined by a fold depth 
and a fold width. 

75. The catheter balloon of claim 74, wherein said fold 
depth is about 1.5 millimeters +50%. 

76. The catheter balloon of claim 74, wherein said fold 
width is about 0.11 millimeters 100%. 

77. The method of coating a catheter balloon of claim 49, 
wherein said therapeutic agent is a restenosis-inhibiting 
agent. 

78. The method of coating a catheter balloon of claim 77, 
wherein said therapeutic agent is paclitaxel. 

79. The method of coating a catheter balloon of claim 49, 
wherein the catether balloon is a folded balloon. 

k k k k k 


