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(57) ABSTRACT 

A catheter system for the introduction and implantation of a 
stent comprises a catheter (1) With an expandable portion (2) 
at its one end, elements at the opposite catheter end intended 
for communication With means for expanding the expand 
able portion, and a stent (3) made of a material to Which a 
permanent deformation is imparted When the catheter is 
expanded until the desired insertion diameter is reached, 
said stent (3) being arranged around the expandable portion 
(2) of the catheter, Where the stent (3) is adhesively con 
nected to the expandable portion (2) of the catheter With 
adhesion forces betWeen stent and support Which are less 
powerful than the shear forces With Which the expandable 
portion (2) of the catheter in?uences the adhesive connec 
tion When said portion is expanded, all of the above being 
obtainable by a method Whereby the stent (3) is arranged 
around the expandable portion (2) of the catheter, the 
catheter surface is softened, eg by heating, Whereupon the 
stent (3) is depressed into the catheter surface. 
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CATHETER WITH STENT AND METHOD FOR 
THE PRODUCTION OF A CATHETER WITH 

STENT 

[0001] The present invention relates to a catheter system 
for introducing and implanting a stent and comprising a 
catheter having at its one end an expandable portion, at its 
opposite end elements intended for communication With 
means for expanding the expandable portion, and a stent 
made of a material to Which a permanent deformation for 
maintaining an enlarged transverse dimension is imparted 
When the catheter is expanded, said stent being arranged 
around the expandable portion of the catheter and releasably 
?xed to the catheter to prevent movement of the stent during 
insertion. 

[0002] In case of partially occluded blood vessels, eg due 
to arteriosclerosis, it Was previously necessary to perform 
surgery directly at the site of occlusion to cure a patient 
suffering from this kind of disorder. Such partial occlusion 
may be dilated by introducing a catheter With an expandable 
portion into the blood vessel and expanding the expandable 
catheter portion in the partially occluded area. HoWever, this 
is not alWays sufficient since the partially occluded portion 
may be reestablished or relapse to its partially occluded 
state. In recent years it has become increasingly common to 
treat such cases by implantation of a stent (an endoprosthe 
sis) into the partially occluded portion of a blood vessel. 
FolloWing implantation, the stent in?uences the blood vessel 
to the effect that the latter stays dilated. In most instances, 
the patient Will avoid more severe consequences of such 
disorder in the future. 

[0003] Various types of catheters With expandable por 
tions are available. A ?rst type is designed With a portion 
Which, under the in?uence of pressure, is expanded by 
elastic deformation of the expandable portion. This type is 
most often designated balloon catheters. A particular 
embodiment of such catheter is disclosed in UK 156674. 
This catheter comprises a reinforcement Web in its expand 
able portion, said reinforcement Web having a rhomb pat 
tern. Expansion of the expandable portion of such catheter 
entails simultaneous reduction of the length of said portion. 

[0004] A second type of catheter is made of a substantially 
non-elastomeric material and provided With elements Which 
are, in the unexpanded state of the catheter, for instance 
rolled/folded around the remaining catheter assembly. Pres 
sure in?uences Will cause the expandable portions to unfold. 

[0005] Stents, too, are available in various embodiments. 
Distinction is made betWeen pressure-expandable stents and 
auto-expandable stents. The stent type relevant to the present 
invention is the pressure-expandable one to Which pressure 
in?uences from the catheter imparts a permanent deforma 
tion until the desired introduction diameter has been 
reached. An example of such stent is knoWn from EP 
312852. The stent disclosed therein is a stent made from a 
coherent thread. 

[0006] The implantation of such stent is effected by means 
of a catheter provided With an expandable portion onto 
Which the stent is arranged. The catheter With the stent is 
introduced eg in the groin region if the stent is to be lodged 
in a blood vessel in a leg, and it is guided under x-ray 
monitoring to the partially occluded site Whereupon means 
connected to the catheter applies a pressure to said catheter 
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and the expandable catheter portion urges the stent out 
toWards the blood vessel Wall. The pressure is subsequently 
reduced and the catheter may then be WithdraWn from the 
blood vessel Whereas the stent in its expanded state remains 
in the blood vessel portion Which requires treatment. The 
operation is relatively simple compared to the surgical 
intervention otherWise required at the partially occluded site 
and thus it is desirable in many situations. 

[0007] The use of balloon catheters to deliver various 
types of stents has become Widely used in the medical ?eld. 
Such relatively non-invasive techniques offer many advan 
tages to both patient and surgeon. NotWithstanding the 
advances made in this area, several problems still exist With 
respect to preventing the stent from unWanted movement on 
the unin?ated balloon during insertion, placement, and ?nal 
positioning of the stent prior to expansion and full deploy 
ment. Often the stent moves relative to the balloon during its 
negotiation through tortuous vessels and becomes off-cen 
tered on the in?atable balloon, such that it incompletely or 
improperly expands. In a Worst case scenario, the balloon 
may move such that its expansion and proper positioning are 
not possible. For example, EP-A-0442657 discloses a cath 
eter system of the type described above Where the stent is 
arranged around the expandable catheter portion and Where 
collars or sleeves are mounted on the catheter serving only 
to secure the stent at its end portions. 

[0008] OWing to its collars, this knoWn catheter system 
has a relatively large diameter. Moreover the catheter system 
is associated With the draWback that there is a risk of the 
stent moving aWay from the catheter surface during intro 
duction of the catheter system through the small bending 
radii of a blood vessel, thereby causing damage to the blood 
vessel. 

[0009] US. Pat. No. 4,950,227 discloses a similar system 
Wherein, hoWever, an alternative stent embodiment is used, 
viZ. the so-called “knitted stent”, Whereby the risk of the 
stent moving aWay from the catheter surface is reduced but 
not completely eliminated. Like the above-described cath 
eter system, hoWever, the catheter system knoWn from this 
US. patent is disadvantageous, too, due to the use of collars 
for mechanical securing of the stent and the ensuing 
increased outer diameter. 

[0010] Efforts to solve the unWanted movement of the 
stent during insertion have included using adhesive to bond 
the stent to the balloon. For example, U.S. Pat. No. 5,100, 
429 employs a photo-degradable adhesive to bond the 
balloon to the stent. Light is then used to degrade the 
adhesive once the stent is inserted into the body. In this 
disclosure the stent used is of the type Which is rolled around 
the catheter assembly Which means that the aggregate sys 
tem has a relatively large cross section at this point. Thereby 
the ?elds of application of the system are restricted. More 
over, practice has shoWn that there Will alWays be residues 
of adhesive left on the implanted stent, Which residue is to 
be degraded so as not to cause occlusion of the blood vessel. 
Thereby the implantation is rendered more dif?cult and the 
system presupposes particular adhesives, eg a light-degrad 
able adhesive, and means, eg a light source, in connection 
With the catheter to degrade the adhesive. 

[0011] The fact that thus the knoWn catheter systems 
Which incorporated stents have relatively large transverse 
dimensions due to their having portions Which overlap the 
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stent ends or optionally the entire stent, or due to the stent 
being rolled around the catheter assembly, the ?elds of 
application of such catheter systems are restricted. More 
over, there is a certain risk associated With the knoWn 
systems that adhesive residues adhere to the implanted stent. 

[0012] It is therefore one obj ect of the invention to provide 
a catheter system of the type Which in a simple manner 
ensures reliable securing of the stent against the catheter and 
simultaneously alloWs such catheter system to be designed 
With a substantially reduced transverse dimension compared 
to the prior art and Without the risk of adhesive residues or 
catheter materials sticking to the implanted stent. 

[0013] This is obtained With a catheter system Which is 
characteriZed in that the stent is adhesively connected to the 
expandable catheter portion With adhesive forces betWeen 
stent and support Which are less poWerful than the shear 
forces applied by the expandable portion Which in?uence the 
adhesive connection When this portion is expanded. The 
stent is releasably connected at the bondline to the expand 
able portion of the catheter by adhesion forces Which are 
Weaker than the shear forces created at the bondline When 
the expandable portion is expanded and Whereby said bond 
line adhesively fails at the stent surface, i.e. stent/adhesive 
interface, during expansion to release said stent. The term 
“adhesively fails” as used herein is meant to indicate failure 
at the interface and not in the matrix of the adhesive per se. 

[0014] Thus, the adhesive communication may be formed 
by use of a suitable adhesive or through softening of the 
catheter surface and subsequent positioning of the stent 
thereon. 

[0015] According to a particularly suitable embodiment of 
the invention, the stent is at least partially depressed into the 
catheter surface in the expandable catheter portion in its 
unexpanded state. Thereby the further advantage is obtained 
that the depression formed by depressing the stent into the 
catheter surface prevents axial displacement of the stent 
relative to the catheter and the transverse dimension of the 
catheter system is further reduced. 

[0016] The idea of using adhesives to bond the stent to the 
balloon has inherent problems With respect to adhesive 
residue Which may be left behind once the bond is broken. 
Such residue, even if biodegradable over time, may present 
problems and cause blockage in smaller vessels, as Well as 
other side effects. 

[0017] The present invention seeks to offer a solution to 
securing the stent to the in?atable portion of the catheter, 
such that a releasable bond is formed Without the risk of 
adhesive residue. In one embodiment, the bond is formed by 
the same material as the in?atable portion of the balloon. 
This can be achieved by softening the exterior Wall of the 
balloon and depressing the stent into the stent into the 
softened, in?atable Wall and alloWing the softened material 
to adhere to the stent. The formation of such a bond is, in 
effect, a hot-melt joint. This bond can be effected With a 
number of different types of stents, including Wire stents or 
cage stents, as Well as porous tubular stents. The bond joint 
may occur at each point of contact betWeen the stent and the 
balloon surface, or it may be formed at preselected, spaced 
apart contact points. 

[0018] In another embodiment, a separate adhesive mate 
rial, being the same or different from the material compris 
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ing the balloon Wall, may be employed. In this case, hoW 
ever, it is necessary that the adhesive material have a 
modulus of elasticity Which is substantially similar to the 
modulus of the balloon. This is to alloW the adhesive to 
remain stationary relative to the balloon during expansion of 
the balloon and release itself from the stent Without leaving 
residue. While it is not necessary that the moduli betWeen 
the adhesive and the in?atable portion (balloon) be exactly 
the same, it is preferred that the degree of difference betWeen 
the adhesive modulus of elasticity and the stent modulus of 
elasticity be maximiZed and the differential betWeen the 
modulus of the in?atable balloon and that of the adhesive be 
minimiZed. 

[0019] This requirement is to prevent the adhesive from 
shearing from the balloon during expansion and remaining 
on the stent once it is deployed. If the adhesive has a 
modulus of expansion Which is much closer to the modulus 
of the balloon than of the stent, the adhesive Will have a 
tendency to remain stationary With respect to the balloon but 
Will move at the bondline joint With respect to the stent. This 
can further be illustrated With respect to FIGS. 8A and 8B. 
At a given contact surface betWeen the stent and the Wall 
surface of the balloon, various contact points can be iden 
ti?ed. During expansion, all of these points begin to move 
nearly simultaneously in a shear direction. If the modulus of 
elasticity of the adhesive is such that the adhesive points do 
not move relative to the balloon, i.e., expand With the 
balloon, the shear forces Will not lift the adhesive from the 
balloon surface and the adhesive Will remain attached to the 
Wall. HoWever, at the bondline interface betWeen the stent 
and the adhesive, the points of contact are noW moving 
relative to each other and the bond Will then be overcome by 
the shear forces and be released from the stent, thereby 
freeing the stent from adhesive and permitting deployment 
of the stent into the vessel Without adhesive residue. If the 
differences betWeen the moduli of the stent and the adhesive 
are great enough, the release of the bond betWeen these 
components can easily be effectuated, since all the points of 
contact Will substantially move simultaneously. This prin 
ciple can be illustrated in simpli?ed fashion through the use 
of an adhesive bandage on the skin. If the adhesive bandage 
is removed by peeling very sloWly, it is difficult and painful 
to remove. HoWever, if the adhesive bandage is elastomeric 
and can be stretched, it can be easily removed by stretching 
its ends in opposite directions, thereby applying shear forces 
at opposite ends. In this manner, the bandage lifts very 
easily, Without pulling the skin and With a nominal amount 
of force. This is because all the points of adhesive contact 
are moving relative to the skin Which remains stationary. 

[0020] The present invention seeks to take advantage of 
such principles by providing a catheter system Which 
includes a catheter member having an in?atable portion and 
a stent member Which is capable of permanent deformation 
When expanded and Which is releasably attached to said 
in?atable portion by a bond, Whereby upon in?ation of said 
in?atable portion, the bond is released from the stent to 
permit deployment of the stent member into the body. 

[0021] In the present invention the incorporation of addi 
tional elements, eg collars, for mechanically securing the 
end portions of the stent or optionally the entire stent 
assembly is avoided and the entire catheter system may thus 
be constructed With substantially smaller transverse dimen 
sions, i.e. diameter, than the prior art, Which is of consid 
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erable importance When introduction into the patient of the 
catheter With its integral stent is effected through an intro 
ducer sheath, thereby also making it possible to subse 
quently select an introducer sheath With a smaller diameter. 
The siZe of the introducer sheath is crucial to the expediency 
of the patient’s recovery and discharge from the hospital 
folloWing treatment. As a consequence of this reduction of 
the required hospitaliZation period, the option that a nar 
roWer introducer sheath may be used both contributes to the 
Well being of the patient and rationaliZes the operation of the 
hospital. 

[0022] In one embodiment, the present invention includes 
a catheter system for introducing and implanting a stent in 
a body, said system including a catheter member having ?rst 
and second ends, said ?rst end having an in?atable portion, 
a lumen in ?uid communication With said in?atable portion 
and said second end to provide means for in?ating said 
in?atable portion; and an expandable stent member capable 
of permanent deformation When expanded, at least a portion 
of said stent member being attached to said in?atable portion 
by a bond, Whereby upon in?ation of said in?atable portion 
said bond is released from said stent member to permit 
deployment of said stent member and removal of said 
catheter member. 

[0023] The bond may comprise an adhesive Which must be 
selected from among those Which has a modulus of elasticity 
such that upon expansion of the catheter’s expandable or 
in?atable portion, the bond, i.e., adhesive connection, 
betWeen the in?atable portion (balloon) and the adhesive 
itself, is in?uenced or subjected to a Weaker force at the 
balloon/adhesive bondline than the force Which is in?uenc 
ing the stent/adhesive bondline. By selecting such an adhe 
sive for this purpose, it is ensured that the adhesive Will 
remain on the catheter surface during implantation of the 
stent. The selection of an appropriate adhesive can be made 
on the basis of the modulus of elasticity. By selecting an 
adhesive With a modulus of elasticity Which more closely 
approximates the modulus of elasticity of the in?atable 
portion of the catheter, very little shear force Will be placed 
on the balloon/adhesive bondline (interface) during balloon 
expansion. A relatively higher shear force Will be experi 
enced, hoWever, at the stent/adhesive bondline due to the 
large differences in the modulus of elasticity betWeen the 
stent and the adhesive per se. 

[0024] Although the adhesive may be selected from a 
material Which is different from that of the balloon, it is pref 
erred to form the adhesive bond using the balloon material 
per se. This accomplished by softening the balloon material, 
depressing the stent into the softened area and alloWing the 
balloon material to adhere at the points of contact. As 
previously described, this adhesive connection is essentially 
a hot-melt joint Whereby the stent releasably bonds to the 
balloon. In this instance, since no separate or additional 
adhesive is used to form the bond, there is no residue Which 
remains once the balloon expansion releases the stent. In this 
embodiment, the modulus of elasticity of the balloon and the 
adhesive are substantially identical since they are the same 
material. Their moduli are signi?cantly smaller than that of 
the stent. Thus, the differential betWeen the stent and balloon 
moduli are maximiZed to produce the desired result. 

[0025] The stent is advantageously depressed into the 
catheter surface in the expandable portion in a depth corre 
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sponding to from one tWentieth to one half of the stent 
material thickness and more advantageously from one tenth 
to one third. 

[0026] Moreover the invention relates to a method of 
producing a catheter system for the introduction and implan 
tation of a stent Which catheter system comprises a catheter 
With an expandable portion at its ?rst end and a plastically 
deformable stent arranged around the expandable catheter 
portion. 

[0027] The method includes the steps of positioning the 
stent around the expandable catheter portion, softening the 
surface of the expandable catheter and applying pressure to 
the stent to obtain at least partial depression into the catheter 
surface. 

[0028] A particularly simple Way of doing this is by 
arranging the catheter carrying the stent on the in?atable 
catheter portion in a device Which encloses the stent and 
introducing a ?uid under pressure into the catheter through 
the elements intended therefor at the opposite end of the 
catheter so as to expand the expandable catheter portion and 
urge the stent toWards the inside of the device Whereby the 
stent is depressed into the catheter surface. 

[0029] The ?uid pressure in the catheter is then subse 
quently reduced Whereby the cross section of the expandable 
catheter portion is concurrently reduced and the catheter 
bearing the depressed stent may be removed from the 
device. 

[0030] The method described above is thus both simple 
and ef?cient for the production of catheters according to the 
invention Where the stent is depressed into the catheter 
surface. 

[0031] In another embodiment, a separate adhesive is used 
to join the stent and in?atable portion. The adhesive is 
selected to form a bond Which releases only at the stent/ 
adhesive interface and not at the balloon/adhesive interface. 

[0032] The softening of the catheter surface may for 
instance be effected by application of a solvent. HoWever, it 
is particularly advantageous to soften the catheter surface by 
heating, this process being easily controllable. When the 
softened catheter surface resumes its stable state, the stent 
Will moreover adhere to the catheter material Which con 
tributes further to the securing of the stent during introduc 
tion of the catheter into a blood vessel. When an adhesive is 
applied the catheter surface may be constituted of such an 
adhesive layer. 

[0033] The invention Will noW be described in further 
detail With reference to the draWings, Wherein 

[0034] FIG. 1 is an overall vieW of the catheter system 
according to the invention. 

[0035] FIG. 2 is a more detailed vieW of the expandable 
portion of a catheter in its unexpanded state and having a 
stent secured thereto. 

[0036] FIG. 3 is a sectional vieW through a catheter in its 
longitudinal direction and at the expandable portion. 

[0037] FIG. 4 shoWs the catheter and the stent corre 
sponding to FIG. 2 Where, hoWever, the catheter is 
expanded. 
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[0038] FIG. 5 is a sectional vieW through a catheter at its 
expandable portion Where the catheter is expanded. 

[0039] FIGS. 6A and 6B are more detailed sectional 
vieWs through a section of a catheter Where a stent is 
depressed into the catheter surface and shoWn in the unex 
panded and expanded states, respectively. 

[0040] FIG. 7 is a schematical vieW of a useful device for 
bonding the in?atable portion of the catheter to the stent. 

[0041] FIGS. 8A and 8B are schematic sectional vieWs 
taken longitudinally through a catheter at its expandable 
portion shoWing the use of a separate adhesive bonding the 
stent to the balloon. 

[0042] FIG. 1 shoWs one embodiment of the catheter 
system according to the invention. The catheter system 
comprises a catheter 1 With an expandable portion 2 at its 
?rst end, a stent 3 arranged around the expandable catheter 
portion, and elements at the opposite end of the catheter 
intended for communication With means for expanding the 
expandable portion 2. 

[0043] FIG. 2 is a more detailed vieW of the stent 3. The 
stent is made of a coherent metal thread. This thread is 
curved and thus it appears as a band coiled around the 
catheter Whereby a tubular stent 3 is formed. 

[0044] FIG. 3 shoWs the construction of a catheter 1 
Which in a manner knoWn per se is provided With an 
expandable portion. Herein, the introduction end 4 of the 
catheter and an inner tubular member 5 is formed integrally. 
The introduction end 4 is open betWeen its tip and the 
tubular member 5. Hereby a guide Wire (not shoWn) may be 
used for the introduction of the catheter into a blood vessel. 
Around and at a distance from the inner tubular member 5 
an outer tubular member 6 is arranged. The outer tubular 
member is made partly of an elastically deformable material 
7, preferably a thermoplastic elastomer, partly of a non 
deformable material 8. 

[0045] When the elements at the opposite end of the 
catheter are connected to eg a ?uid pressure source, ?uid 
under pressure Will enter the space betWeen the inner and the 
outer tubular member and thereby cause the elastomeric 
material 7 to be extended and the cross section of the 
catheter to be increases as Will appear from FIG. 4. At the 
same time the stent material is deformed as the curves are 

moved aWay from each other. FIG. 5 shoWs a section 
through a catheter in the state shoWn in FIG. 4. 

[0046] FIG. 6A shoWs hoW the stent 3 is depressed into 
the surface of the elastically deformable catheter material 7 
in an unexpanded state of the catheter. Since the catheter 
material 7 is extended under the in?uence of pressure, the 
partially circular depression formed in the catheter surface 
and shoWn in FIG. 6A Will be so deformed that the contact 
face betWeen catheter and stent is reduced as indicated in 
FIG. 6B. It is outlined schematically that a point P, Which in 
an unexpanded state is situated immediately adjacent to the 
stent thread, is situated a distance from the stent threat at P‘ 
in the expanded state of the catheter. Thus, partial displace 
ment of the contact elements is effected relative to the stent 
and the catheter surface, respectively. Discontinuation of the 
pressure in?uence and the ensuing reduction of the catheter 
cross section leaves the stent in its expanded state as Will 
appear from FIG. 4. 
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[0047] FIG. 7 shoWs an end portion of a catheter Where a 
stent is arranged around an expandable catheter portion, 
While the stent is not yet depressed into the catheter surface. 
According to a preferred embodiment of the method accord 
ing to the invention the catheter 1 and the stent 3 are 
introduced into a heating device 9. The temperature in the 
heating device is maintained at from 50° C. to 250° C., 
preferably about 150° C., and after a certain period of time 
depending on the actual temperature, the catheter surface 
Will be softened. The elements at the opposite end of the 
catheter are connected to eg a ?uid pressure source and 
?uid under pressure causes the expandable portion of the 
catheter to expand and to urge the stent toWards the inner 
Wall of the device Whereby the stent is depressed into the 
catheter surface. When the pressure is reduced, the cross 
section of the catheter Will be reduced Whereupon the 
catheter and the stent may be removed from the device. 
When the catheter surface is softened and the stent subse 
quently depressed into the surface, an adhesive connection 
betWeen catheter and stent is also obtained Which contrib 
utes further to secure that the stent is ?xed relative to the 
catheter during introduction into a blood vessel. The expan 
sion occurring during mounting of the stent in the catheter 
surface is of a range Which causes only elastic deformation 
thereof. Thus, any expansion of the stent during this mount 
ing process reverses itself to the non-expanded state once the 
thus formed catheter system is removed from the ?xture. 

[0048] FIG. 8A shoWs the unexpanded balloon and FIG. 
8B shoWs the expanded balloon With the in?ation forces fI 
and shear forces shoWn With directional arroWs at the 
bondline interface betWeen the adhesive and stent. FIG. 8A 
represents an embodiment of the present invention shoWing 
the use of a separate adhesive in the form of a ?llet 10 Which 
de?nes a bondline at interface 11 betWeen stent 3 and ?llet 
10. The adhesive forms the connection betWeen stent 3 and 
the external surface of balloon 12. In this vieW, the balloon 
is in an unexpanded state, ie de?ated. The external surface 
12 and the internal surface 13 of the balloon de?ne a 
thickness t1 Which is the thickness of the in?atable balloon. 
TWo points are marked on the balloon surface as d1 and d2. 
The distance betWeen these tWo points, Which are positioned 
at the corners of the adhesive ?llet 10, is de?ned as 11 
indicating the starting length betWeen the tWo points. During 
in?ation as depicted in FIG. 8B, in?ationary force fI is 
applied to the internal surface 13 of the balloon such that 
expansion is initiated. Simultaneously, as the balloon 
stretches, shear forces fS exist at the bondlines of the adhe 
sive connection. The elastomeric adhesive forming ?llet 10 
has been chosen to have an elastic modulus such that it 
expands along With the balloon. During the expansion, the 
thickness of the balloon is diminished to t2 (less than t1) and 
the shear forces Which act throughout the adhesive connec 
tion separate at bondline 11 causing the release of the stent 
from the adhesive and leaving a gap 14 such that the balloon 
can be removed to alloW permanent ?xture of the stent 3 in 
the body. No adhesive residue remains on the stent during 
the expansion of the balloon. There is less movement 
betWeen the adhesive and the balloon interface than betWeen 
the stent and adhesive interface, thereby indicating that less 
force is required at bondline 11 to release the stent since 
adhesive 10 and stent 3 Were in movement relative to each 
other during the expansion process. 
[0049] The material from Which the expandable portion of 
the catheter is made may be chosen from a number of 
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thermoplastic elastomeric polymers Which are capable of 
being in?ated. Preferably, however, the expandable balloon 
is made from polyurethane. 

[0050] The balloon may take a number of con?gurations 
and shapes designed to perform in various Ways. Addition 
ally, reinforcement and/or expansion control ?bers may be 
provided to the balloon. Generally, these ?bers are embed 
ded in the matrix of the balloon in a helical pattern such that 
they Will prevent expansion beyond a prespeci?ed limit. 
These ?bers are generally selected from a non-elastomeric 
thermoplastic material such as polyethylene or polyethylene 
terephthalate. One example of such a reinforced balloon is 
described in UK. Patent No. 1,566,674 Whereby a rein 
forcement Web is embedded in the expandable balloon. In 
the balloon’s in?ated state, the reinforcement Web has a 
rhomb or helical con?guration Where one rhomb axis is 
substantially parallel With the catheter axis to Which the 
balloon is attached. Expansion of the expandable catheter 
portion causes the rhombs to change their axis length such 
that in the unin?ated (unloaded) state, the length of the 
second transverse axis in its fully expanded state Will be 
increased. 

[0051] This means that the length of the expandable 
catheter portion is reduced, i.e. that an axial movement 
occurs during expansion Whereby the stent length is reduced 
corresponding to the length reduction of the expandable 
catheter portion, Whereby the release of the stent from the 
catheter is further promoted. This expansion also contributes 
to the partial displacement of the contact faces as explained 
above in connection With FIGS. 6A and 6B. HoWever, other 
catheters Will also be suitable for use in connection With the 
catheter system according to the invention. Moreover, it is 
also possible to use all types of balloon-expandable stents. 

What is claimed: 
1. Acatheter system for introducing and implanting a stent 

in a body comprising: 

a catheter member having ?rst and second ends, said ?rst 
end having an in?atable portion, a lumen in ?uid 
communication With said in?atable portion and said 
second end to provide means for in?ating said in?at 
able portion; 

an expandable stent member capable of permanent defor 
mation When expanded, at least a portion of said stent 
member being attached to said in?atable portion by a 
bond, Whereby upon in?ation of said in?atable portion 
said bond is release from said stent to permit deploy 
ment of said stent member and removal of said catheter 
member. 

2. The catheter system of claim 1 Wherein said bond is an 
adhesive. 

3. The catheter system of claim 1 Wherein said bond is 
formed from said in?atable portion. 

4. The catheter system of claim 1 Wherein said bond is 
comprised of the same material as said in?atable portion. 

5. The catheter system of claim 4 Wherein said stent 
member is at least partially depressed into said in?atable 
portion to create said bond. 

6. The catheter system of claim 5 Wherein said stent 
member is depressed into said in?atable portion to a depth 
of about one tWentieth to about one half of the Wall thickness 
of said in?atable portion. 

Aug. 15, 2002 

7. The catheter system of claim 1 Wherein said stent 
member is formed of Wires or an expandable tubular mem 
ber With perforations. 

8. The catheter system of claim 1 Wherein said in?atable 
portion comprises a thermoplastic elastomer. 

9. The catheter system of claim 8 Wherein said thermo 
plastic elastomer is a polyurethane. 

10. The catheter system of claim 9 Wherein said catheter 
member is formed from a non-elastomeric thermoplastic 
material. 

11. The catheter system of claim 10 Wherein said non 
thermoplastic material is selected from the group consisting 
of polyethylene, polyethylene terephthalate and mixtures 
thereof. 

12. The catheter system of claim 10 Wherein said in?at 
able portion is formed of a non-elastomeric material 
enclosed Within an elastomeric material. 

13. The catheter system of claim 2 Wherein said adhesive 
has a modulus of elasticity Which is suf?ciently similar to the 
modulus of elasticity of said in?atable portion such that 
upon expansion of said in?atable portion said bond does not 
separate from said in?atable portion and suf?ciently less 
than the modulus of elasticity of said stent member such that 
bond Will separate from the stent member upon in?ation. 

14. The bond of claim 13 Wherein said adhesive is a 
polyurethane. 

15. A method for producing a catheter system for intro 
ducing and implanting a stent member, said method com 
prising the steps of: 

(i) positioning an expandable, permanently 5 deformable 
tubular shaped stent member around an in?atable por 
tion of a catheter member; 

(ii) softening the surface of said in?atable portion; and 

(iii) alloWing the softened surface to return to its original 
unsoftened state, thereby adhering to said stent mem 
ber. 

16. The method of claim 15 Wherein said softening is 
achieved by application of heat. 

17. The method of claim 15 Wherein said softening is 
achieved by application of a solvent. 

18. The method of claim 15 Wherein said depressing is 
achieved by inserting said catheter system into a heated 
?xture. 

19. The method of claim 17 Wherein said heated ?xture is 
maintained at betWeen about 50° C. and 250° C. 

20. The method of claim 15 Wherein said depressing 
embeds said stent member to a depth of about one tWentieth 
to about one half of the Wall thickness of said in?atable 
portion. 

21. A method for producing a catheter system for intro 
ducing and implanting a stent, said method comprising the 
steps of: 

(i) positioning an expandable, permanently deformable, 
tubular shaped stent around an in?atable portion of a 
catheter member; and 

(ii) forming an adhesive bond at at least a point of contact 
betWeen said stent and said in?atable portion, said bond 
having an elastic modulus Which is suf?ciently loWer 
than the elastic modulus of the stent and suf?ciently 
similar to the elastic modulus of said in?atable portion 
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such that upon expansion of said in?atable portion said 
bond Will be released from said stent but not from said 
in?atable portion. 

22. The method of claim 21 Wherein said forrning step 
further includes: 

softening a surface of said in?atable portion at said point 
of contact With said stent to adhere said stent to said 
in?atable portion. 

23. The method of claim 21 Wherein said forrning step 
further includes: 
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applying an adhesive to said in?ation portion at said point 
of contact With said stent. 

24. The method of claim 23 Wherein said applying step 
further includes: 

providing an adhesive having a modulus of elasticity 
Which is substantially similar to the modulus of elas 
ticity of said in?ation portion. 


