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STENT CATHETER WITH A PERMANENTLY 
AFFIXED CONDUCTOR 

BACKGROUND 

[0001] The present invention relates generally to medical 
devices and particularly to a catheter used to implant stents 
Which has a permanently af?xed conductor. 

[0002] The use of stents to treat various organs, such as the 
vascular system, colon, biliary tract, urinary tract, esopha 
gus, trachea and the like, has become common. Typically, 
stents are useful in treating blockages, occlusions, narroWing 
ailments and other similar problems that restrict flow 
through a passageWay. 

[0003] One common medical treatment in Which stents are 
used involves implanting an endovascular stent into the 
vascular system. Stents are useful for numerous medical 
treatments of various vessels throughout the vascular sys 
tem, including both coronary vessels and peripheral vessels 
(e.g., carotid, brachial, renal, iliac and femoral). HoWever, 
the use of stents in coronary vessels has draWn particular 
attention from the medical community due to the common 
ality of heart problems caused by stenosis (i.e., narroWing of 
a vessel). 

[0004] Although stenosis may occur for a variety of rea 
sons, one of the most common causes of coronary stenosis 
results from the buildup of atherosclerotic plaques along the 
lumen of the vessel. The resulting coronary stenosis restricts 
blood flow through the vessel, Which eventually can lead to 
a dangerously increased risk of heart attacks. 

[0005] The medical community has attempted to address 
coronary stenosis (along With the many other passageWay 
problems that patients suffer from) With various versions of 
percutaneous transluminal angioplasty (“PTA”). Fundamen 
tally, PTA involves inserting a balloon-tipped catheter into a 
vessel and threading the catheter to the narroWed portion to 
be treated. The balloon is then expanded at the narroWed 
portion by pumping saline through the catheter to the 
balloon. As a result, the balloon expands, contacts the inner 
vessel Wall, and forces the vessel to dilate. The balloon is 
then de?ated and retracted from the vessel. 

[0006] One problem that has been encountered With typi 
cal PTA procedures is restenosis (i.e., re-narroWing) of the 
vessel. Restenosis may occur for a variety of reasons, such 
as collapsing of the vessel Wall or groWth of cellular tissue. 
For example, restenosis may occur due to damage caused to 
the vessel lining during balloon expansion and vessel dilat 
ing. As a result of the damage caused to the intima layers of 
the vessel, the vessel attempts to groW neW intima tissue to 
repair the damage. This tendency of vessels to regroW neW 
tissue is referred to as neointimal hyperplasia. The effect of 
this response results in a re-narroWing of the vessel. HoW 
ever, restenosis is not completely predictable and may occur 
either abruptly soon after the PTA procedure due to vessel 
collapse or may occur sloWly over a longer period of time 
due to other reasons. 

[0007] One approach the medical community has tried in 
order to overcome the problems With restenosis is to use 
stents in conjunction With the above-described PTA proce 
dure. Traditionally, stents are made of metal or other syn 
thetic materials, thereby providing a tubular support struc 
ture that radially supports the inner Wall of the vessel. 
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Although other materials are possible and are sometimes 
used, the most common materials noW used in stents are 
stainless steel (e.g., 316L SS and 304 SS) and Nitinol. 
Typically, stents are designed With a pattern of openings 
formed in the support structure that permits the stent to 
radially expand from a small diameter to a larger diameter. 
Accordingly, stents are noW commonly used in conjunction 
With conventional PTA procedures by positioning the stent 
Within the portion of the vessel that has been dilated by the 
balloon and radially expanding the stent against the inner 
Wall of the vessel to permanently implant the stent. The 
expectation of this revised PTA procedure is that the support 
structure of the implanted stent Will mechanically prevent 
the vessel from collapsing back to its original narroWed 
condition. 

[0008] Although stent designs and implantation proce 
dures vary Widely, tWo categories are common. 

[0009] The ?rst of these tWo categories may be referred to 
as balloon-expandable stents. Balloon-expandable stents are 
generally made from ductile materials that plastically 
deform relatively easily. In the case of stents made from 
metal, 316L stainless steel that has been annealed is a 
common choice for this type of stent. One common proce 
dure for implanting a balloon-expandable stent involves 
mounting the stent circumferentially on the balloon prior to 
threading the balloon-tipped catheter to the narroWed vessel 
portion that is to be treated. When the balloon is positioned 
at the narroWed vessel portion and expanded, the balloon 
simultaneously dilates the vessel and also radially expands 
the stent into the dilated portion. The balloon and the 
catheter are then retracted, leaving the expanded stent per 
manently implanted at the desired location. Ductile metal 
lends itself to this type of stent since the stent may be 
compressed by plastic deformation to a small diameter When 
mounted onto the balloon. When the balloon is then 
expanded in the vessel, the stent is once again plastically 
deformed to a larger diameter to provide the desired radial 
support structure. Traditionally, balloon-expandable stents 
have been more commonly used in coronary vessels than in 
peripheral vessels due to the deformable nature of these 
stents. One reason for this is that peripheral vessels tend to 
experience frequent traumas from external sources (e.g., 
impacts to a person’s arms, legs, etc.) Which are transmitted 
through the body’s tissues to the vessel. In the case of 
peripheral vessels, there is an increased risk that an external 
trauma could cause a balloon-expandable stent to once again 
plastically deform in unexpected Ways With potentially 
severe and/or catastrophic results. In the case of coronary 
vessels, hoWever, this risk is minimal since coronary vessels 
rarely experience traumas transmitted from external sources. 

[0010] A second common category of stents is referred to 
as self-expandable stents. Self-expandable stents are gener 
ally made of shape memory materials that act like a spring. 
Typical metals used in this type of stent include Nitinol and 
304 stainless steel. A common procedure for implanting a 
self-expandable stent involves a tWo-step process. First, the 
narroWed vessel is dilated With the balloon as described 
above. Second, the stent is implanted into the dilated vessel 
portion. To accomplish the stent implantation, the stent is 
installed on the end of a catheter in a compressed, small 
diameter state and is retained in the small diameter by 
inserting the stent into the lumen of the catheter or by other 
means. The stent is then guided to the balloon-dilated 
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portion and is released from the catheter and allowed to 
radially spring outward to an expanded diameter until the 
stent contacts and presses against the vessel Wall. Tradition 
ally, self-expandable stents have been more commonly used 
in peripheral vessels than in coronary vessels due to the 
shape memory characteristic of the metals used in these 
stents. One advantage of self-expandable stents for periph 
eral vessels is that traumas from external sources do not 
permanently deform the stent. Instead, the stent may tem 
porarily deform during an unusually harsh trauma but Will 
spring back to its expanded state once the trauma is relieved. 
Self-expandable stents, hoWever, are often considered to be 
less preferred for coronary vessels as compared to balloon 
expandable stents. One reason for this is that balloon 
expandable stents can be precisely siZed to a particular 
vessel diameter and shape since the ductile metal that is used 
can be plastically deformed to a desired siZe and shape. In 
contrast, self-expandable stents are designed With a particu 
lar expansible range. Thus, after being installed self-expand 
able stents continue to exert pressure against the vessel Wall. 

[0011] HoWever, even When a stent is used in conjunction 
With conventional PTAprocedures, restenosis still remains a 
problem. As discussed above, one cause of restenosis is 
neointimal hyperplasia Which may result from damage to the 
vessel Wall. This cause of neointimal hyperplasia remains a 
problem even When a stent is used. In addition, the synthetic 
materials that are usually used in stents may also contribute 
to neointimal hyperplasia. The cause of this problem is the 
body’s tendency to groW neW living tissues around and over 
neWly implanted foreign objects. Thus, despite the mechani 
cal support structure provided by the stent, restenosis 
remains a problem. 

[0012] One approach that has been offered to address the 
problem of restenosis has been to coat stents With drugs that 
are designed to inhibit cellular groWth. Although many such 
drugs are knoWn, common examples of these types of drugs 
include Paclitaxel, Sirolimus and Everolimus. HoWever, 
despite the bene?ts of these types of drugs, numerous 
problems still exist With the current methods that are used to 
apply these and other coatings to stents. 

[0013] Typically, a stent is provided by the manufacturer 
as part of a pre-assembled package. For example, in the case 
of a balloon-expandable stent, the package may include a 
catheter, a balloon formed at the end of the catheter, and a 
drug-coated stent mounted onto the balloon. In the case of 
a self-expandable stent, the package may include a catheter, 
a mounting apparatus for retaining and releasing the stent, 
and a drug-coated stent mounted on the apparatus. 

[0014] One method that may be used to manufacture the 
above-described stent assemblies involves coating the stent 
?rst in a separate step and then mounting the coated stent 
onto the balloon or other mounting apparatus. Common 
coating processes include dipping, spraying and painting the 
drug onto the stent. HoWever, these methods suffer from 
numerous problems. One problem is the dif?culty of mount 
ing the coated stent onto the catheter Without damaging the 
coating that has been applied. In addition, many conven 
tional coating processes are dif?cult to control and apply an 
uneven coating on the stent. Moreover, When the stent is 
coated separately, it is dif?cult to avoid coating at least part 
of both the inside and outside surfaces of the stent. 

[0015] Alternatively, the stent may be coated after being 
mounted onto the catheter. HoWever, this method has not 
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been perfected. As mentioned, conventional coating pro 
cesses are difficult to control and apply uneven coatings. 
This can be an even more signi?cant problem When the 
coating is applied to a stent mounted to a catheter since the 
coating inevitably ends up coating the catheter, balloon 
and/or mounting apparatus also. 

[0016] Precisely controlling the application of coatings on 
stents is important for a number of reasons. For example, in 
the case of drug coatings in particular, it is important to 
ensure that the drug is applied as evenly as possible on the 
speci?c surfaces Where the coating is needed. This ensures 
a uniform physiological response to the drug after the stent 
is implanted. Another important reason for precisely con 
trolling the application of coatings is the high cost of many 
coatings. Typically, in the case of drug coatings, the cost of 
the drug per unit volume can be very expensive. Therefore, 
the drug should be applied as precisely as possible to the 
surfaces of the stent Where the effectiveness of the drug can 
be maximiZed. Thus, by minimiZing Waste during the coat 
ing process, the overall cost of the stent assembly may be 
reduced. 

[0017] It is apparent to the inventor that a stent assembly 
is desired in Which coatings may be applied to the stent in 
a more effective manner than is presently possible. Accord 
ingly, a solution is described more fully beloW that solves 
this and other problems. 

SUMMARY 

[0018] A stent assembly is provided With a conductor that 
is permanently af?xed to a catheter. Preferably, the conduc 
tor is applied to the exterior of the catheter using conductive 
ink. The conductor extends longitudinally along the catheter 
and contacts the stent. One advantage of the conductor is 
that the stent assembly may be coated With drugs or other 
coatings using an electrostatic coating process. During the 
electrostatic coating process, the conductor is grounded or 
connected to an opposite electrical charge, thereby provid 
ing electrical attraction betWeen charged coating particles 
and the stent. Additional details and advantages are further 
described beloW. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0019] The invention may be more fully understood by 
reading the folloWing description in conjunction With the 
draWings in Which: 

[0020] FIG. 1 is a side vieW of a catheter With a balloon 
and stent located at a distal end thereof, shoWing an elec 
trostatic coating process; and 

[0021] FIG. 2 is a close-up side vieW of a portion of the 
catheter, shoWing the balloon and the stent With a conductor 
extending along a portion thereof. 

DETAILED DESCRIPTION 

[0022] Referring noW to the ?gures, a stent assembly 10 is 
provided for use in percutaneous transluminal angioplasty 
(“PT ”) procedures. The stent assembly 10 is provided as a 
pre-assembled package With the stent 16 mounted onto a 
balloon 14 Which is formed at the end of a catheter 12. 
Although not shoWn, the principles taught herein may also 
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be adapted to a self-expandable stent assembly in Which the 
stent is mounted on a mounting apparatus that selectively 
retains and releases the stent. 

[0023] The catheter 12 includes a conductor 18 that is 
permanently af?xed to the catheter 12. As shoWn, the 
conductor 18 is af?xed to the outer surface of the catheter 12 
and extends longitudinally along a portion of the catheter 12. 
The conductor 18 may extend along the full length of the 
catheter 12, or the conductor 18 may extend as little as an 
inch or less along the catheter 12. The conductor 18 may also 
extend along a portion of the balloon 14. At one end, the 
conductor 18 contacts an inner surface of the stent 16. Since 
the stent 16 is metallic, an electrical connection is made 
betWeen the stent 16 and the conductor 18. 

[0024] In the preferred embodiment, the conductor 18 
comprises conductive ink that is applied to the exterior of the 
catheter 12 and balloon 14 as a stripe. One type of conduc 
tive ink that may be used is a silver-based epoxy ink. 
Conductive ink of this type may be obtained from Creative 
Metals Incorporated as product number CMI 119-21 and 
referred to as Printable Solvent Resistant Electrically Induc 
tive Ink. HoWever, numerous other types of conductive ink 
may also be used, such as platinum-based, gold-based and 
copper-based inks. Non-epoxy inks may also be used, such 
as urethane inks. In general, any compound Which may be 
applied in a liquid or gel form and is capable of conducting 
an electrical current after application may be considered 
conductive ink. Moreover, the conductor 18 may also com 
prise any other conductive material, such as conductive 
polymers. 

[0025] The conductive ink may be applied to the catheter 
12 and balloon 14 With a variety of printing processes, such 
as pad printing, ink jet printing, spraying, marker striping, 
painting or other like processes. HoWever, pad printing is 
preferred since it is relatively easy With this process to apply 
a consistent ink stripe on the catheter 12 and balloon 14. 

[0026] An advantage of the conductor 18 is that coatings 
24 may be applied to the stent 16 With electrostatic coating 
processes instead of conventional coating processes. As 
shoWn in FIG. 1, an electrostatic spray noZZle 20 charges the 
coating material and dispenses charged coating particles 22 
toWards and around the stent 16. Examples of electrostatic 
coating processes that may be used are described in US. Pat. 
Nos. 4,749,125; 5,165,601; 5,086,973 and 5,332,154, Which 
are all hereby incorporated by reference herein. Other elec 
trostatic coating processes may also be used, and any coating 
process that electrically charges the coating material may be 
adapted for coating the stent 16. An electrical charge is also 
applied to the conductor 18 by either grounding the con 
ductor 18 or by connecting the conductor 18 to a charge that 
is opposite to the charge of the coating particles 22. Thus, the 
charged coating particles 32 become electrically attracted to 
the stent 16. As a result, the coating particles 22 are draWn 
to the surfaces of the stent 16 and adhere to the stent 16 once 
contact is made. The coating 24 that results is considerably 
more consistent and uniform than coatings applied by con 
ventional processes. The conductor 18 may be grounded 26 
in any manner knoWn to those in the art. For example, the 
conductor 18 may be grounded 26 by the ?xture that holds 
the stent assembly 10 during the coating process. Collets or 
other knoWn arrangements may be readily adapted to serve 
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as a ground 26 for the conductor 18. LikeWise, the conductor 
18 may be connected to an opposite charge in any manner 
knoWn in the art. 

[0027] Electrostatic coating offers signi?cant improve 
ments over conventional coating processes, such as dipping, 
spraying and painting. One of the bene?ts of electrostatic 
coating is that the application of the coating 24 can be 
precisely controlled. Thus, in the case of drug coatings, a 
precise amount of the therapeutic agent can be applied 
uniformly over the stent 16 Without the inconsistencies and 
Waste of conventional processes. This is particularly helpful 
When typical anti-restenosis drugs are used since these drugs 
can be especially expensive. Other coatings 24 hoWever may 
also be applied to the stent 16, such as hydrophilic coatings, 
With similar bene?ts. 

[0028] There are also several advantages of coating the 
stent 16 after the stent 16 has been mounted to the catheter 
16 as compared to separately coating the stent 16. One 
bene?t is that damage to the coating 24 can be minimiZed 
since the manufacturer does not need to handle an already 
coated stent When mounting the stent 16 to the balloon 14. 
Another bene?t is that the coating 24 is applied only to the 
outside surface of the stent 16 instead of being applied 
partially to the inside of the stent 16 as may occur When the 
stent 16 is coated separately. In the case of anti-restenosis 
drugs, this is a more efficient result since the anti-restenosis 
drug is primarily needed on the exterior surfaces of the stent 
16 Where the stent 16 contacts the vessel Wall after implan 
tation. Although the electrically charged coating particles 22 
Will be attracted primarily to the metallic stent 16 as com 
pared to the non-metallic balloon, some of the drug coating 
24 (or any other coating used) can be expected to pass 
through the openings in the stent 16 and adhere to the 
balloon 14 instead of the stent 16. HoWever, even these 
balloon-coated portions may provide some bene?ts since 
these coated portions may contact the vessel Wall during 
balloon expansion, thereby being transferred to the vessel 
Wall. 

[0029] Afurther advantage of the conductor 18 is that it is 
permanently af?xed to the catheter 12. One alternative 
approach that could be used to electrostatically coat a stent 
16 involves positioning a loose ground Wire under or adja 
cent the stent 16 to make an electrical connection. HoWever, 
this approach is undesirable because the loose Wire may be 
inadvertently left attached to the stent assembly 10 after 
coating. This could have serious consequences if the loose 
Wire is not removed prior to a surgeon using the stent 
assembly 10 in a PTA procedure. In addition, even When the 
Wire is properly removed during manufacturing of the stent 
assembly 10, the removal step could damage the stent 
assembly 10. One possible risk is that the Wire might 
puncture the balloon 14. In addition, removal of the Wire 
may dislodge some of the coating 24. 

[0030] The conductor may also provide other advantages 
as Well. For example, the conductor 18 may improve visu 
aliZation of the catheter 12 and stent assembly 10 during 
implantation by shoWing up more distinctly in imaging 
devices. Moreover, if the conductor 18 is extended along the 
entire longitudinal length of the catheter 12, the conductor 
18 could be used during PTA or other surgical procedures to 
supply electrical current to the internal area of the body that 
is being treated. 
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[0031] It is noW apparent that there are many advantages 
of the invention provided herein. In addition to the many 
advantages that have been described, it is possible that there 
are other advantages of the invention that are not currently 
recogniZed but Which may become apparent at a later time. 

[0032] While a preferred embodiment of the invention has 
been described, it should be understood that the invention is 
not so limited, and modi?cations may be made Without 
departing from the invention. The scope of the invention is 
de?ned by the appended claims, and all devices that come 
Within the meaning of the claims, either literally or by 
equivalence, are intended to be embraced therein. 

I claim: 
1. A stent assembly, comprising: a catheter, and a stent 

mounted at a distal end of said catheter, Wherein said 
catheter comprises a conductor contacting said stent and 
extending longitudinally along at least a portion of said 
catheter, said conductor being permanently affixed to said 
catheter. 

2. The stent assembly according to claim 1, Wherein said 
conductor comprises conductive ink applied to said catheter. 

3. The stent assembly according to claim 2, Wherein said 
conductive ink is applied by pad printing. 

4. The stent assembly according to claim 1, Wherein said 
conductor is one of silver-based, platinum-based, gold-based 
and copper-based. 

5. The stent assembly according to claim 1, further 
comprising a balloon located at said distal end of said 
catheter, said stent being mounted onto said balloon. 

6. The stent assembly according to claim 5, Wherein said 
conductor extends along a portion of said balloon. 

7. The stent assembly according to claim 1, Wherein said 
stent is metallic. 

8. The stent assembly according to claim 1, Wherein said 
conductor contacts an inner surface of said stent. 

9. The stent assembly according to claim 1, Wherein said 
conductor is disposed on an outer surface of said catheter. 

10. The stent assembly according to claim 1, Wherein said 
stent is coated With an electrostatically applied coating. 

11. The stent assembly according to claim 10, Wherein 
said coating is a drug. 

12. The stent assembly according to claim 1, further 
comprising a balloon located at said distal end of said 
catheter, said stent being mounted onto said balloon; 
Wherein said conductor comprises conductive ink applied to 
said catheter; said conductor is disposed on an outer surface 
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of said catheter; said stent is metallic; and said stent is coated 
With an electrostatically applied coating. 

13. The stent assembly according to claim 12, Wherein 
said conductive ink is applied by pad printing; said conduc 
tor extends along a portion of said balloon; and said con 
ductor contacts an inner surface of said stent. 

14. The stent assembly according to claim 13, Wherein 
said conductor is one of silver-based, platinum-based, gold 
based and copper-based, and said coating is a drug. 

15. The stent assembly according to claim 1, Wherein said 
conductor comprises conductive ink applied to said catheter, 
and said conductor is disposed on an outer surface of said 
catheter. 

16. The stent assembly according to claim 1, further 
comprising a balloon located at said distal end of said 
catheter, said stent being mounted onto said balloon; 
Wherein said conductor comprises conductive ink applied to 
said catheter; said conductor is disposed on an outer surface 
of said catheter; and said conductor extends along a portion 
of said balloon. 

17. A method of coating a stent, comprising: 

permanently af?xing a conductor to a catheter, said con 
ductor extending along a longitudinal portion of said 
catheter; 

mounting a metallic stent on said catheter, Wherein said 
metallic stent contacts said conductor; 

electrically charging a coating material and dispensing 
said charged coating material in proximity to said 
metallic stent; and 

applying an electrical charge to said conductor, Wherein 
said charged coating material is attracted to said metal 
lic stent, Whereby said metallic stent is electrostatically 
coated With said coating material. 

18. The method according to claim 17, Wherein said 
conductor comprises conductive ink applied to said catheter, 
and said conductor is disposed on an outer surface of said 
catheter. 

19. The method according to claim 18, Wherein a balloon 
is located at a distal end of said catheter, said stent being 
mounted onto said balloon, and said conductor extends 
along a portion of said balloon. 

20. The method according to claim 19, Wherein said 
conductive ink is applied by pad printing, and said conductor 
contacts an inner surface of said stent. 

* * * * * 


