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(57) ABSTRACT 

The present invention includes: an expandable, tubular 
shaped prosthesis having ?rst and second ends and a Wall 
surface disposed betWeen the ?rst and second ends, the Wall 
surface being formed by a plurality of intersecting elongate 
members; and a catheter, having an expandable, in?atable 
portion associated thereWith and including means or mount 
ing and retaining the expandable tubular shaped prosthesis 
on the expandable, in?atable portion, Whereby upon in?a 
tion of the expandable, in?atable portion of the catheter, the 
prosthesis is formed radially outwardly into contact With the 
body passageway. The articulation in the form of a rounded 
Wire frame loop connects similar stent bodies. Also, rounded 
open connectors and shortened cells in the stent alloW for 
greater ?exibility. 
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ARTICULATED EXPANDABLE INTRALUMINAL 
STENT 

FIELD OF THE INVENTION 

[0001] The invention relates to an expandable intraluminal 
stent for use Within a body passageway or duct and, more 
particularly, improved, ?exible, expandable intraluminal 
vascular stents Which are particularly useful for repairing 
blood vessels narroWed or occluded by disease; and a 
method and apparatus for implanting expandable intralumi 
nal stents. 

BACKGROUND OF THE INVENTION 

[0002] Intraluminal endovascular grafting (“stenting”) has 
been demonstrated by experimentation to present a possible 
alternative to convention vascular surgery. Intraluminal 
endovascular grafting involves the percutaneous insertion 
into a blood vessel of a tubular Prosthetic graft and its 
delivery via a catheter to the desired location Within the 
vascular system. Advantages of this method over conven 
tional vascular surgery include obviating the need for sur 
gically exposing, incising, removing, replacing, or bypass 
ing the defective blood vessel. 

[0003] Structures Which have previously been used as 
intraluminal vascular stents have included coiled stainless 
steel springs; helically Would coil springs manufactured 
from an expandable heat-sensitive material; and expanding 
stainless steel stents formed of stainless steel Wire in a 
Zig-Zag pattern. In general, the foregoing structures have one 
major disadvantage in common. Insofar as these structures 
must be delivered to the desired location Within a given body 
passageWay in a collapsed state, in order to pass through the 
body passageWay, there is no effective control over the ?nal, 
expanded con?guration of each structure. For example, the 
expansion of a particular coiled spring-type graft or “stent” 
is predetermined by the spring constant and modulus of 
elasticity of the particular material utiliZed to manufacture 
the coiled spring structure. These same factors predetermine 
the amount of expansion of collapsed stents formed of 
stainless steel Wire in a Zig-Zag pattern. In the case of 
intraluminal grafts, or prostheses, formed of a heat sensitive 
material Which expand upon heating, the amount of expan 
sion is likeWise predetermined by the heat expansion char 
acteristics of the particular alloy utiliZed in the manufacture 
of the intraluminal grafts. 

[0004] Thus, once the foregoing types of intraluminal 
“stents” are expanded at the desired location Within a body 
passageWay, such as Within an artery or vein, the expanded 
siZe of the stent cannot be changed. If the diameter of the 
desired body passageWay has been miscalculated, an under 
siZed stent might not expand enough to contact the interior 
surface of the body passageWay, so as to be. secured thereto. 
It may then migrate aWay from the desired location Within 
the body passageWay. 

[0005] Another alternative to conventional vascular sur 
gery has been percutaneous balloon dilation of elastic vas 
cular stenoses, or blockages, through use of a catheter 
mounted angioplasty balloon. In this procedure, the angio 
plasty balloon is in?ated Within the stenosed vessel, or body 
passageWay, in order to shear and disrupt the Wall compo 
nents of the vessel to obtain an enlarged lumen. With respect 
to arterial atherosclerotic lesions, the relatively incompress 
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ible plaque remains unaltered, While the more elastic medial 
and adventitial layers of the body passageWay stretch around 
the plaque. This process is produces dissection, or a splitting 
and tearing, of the body passageWay Wall layers, Wherein the 
intima, or internal surface of the artery or body passageWay, 
suffers ?ssuring. This dissection forms a “?ap” of underly 
ing tissue Which may reduce the blood ?oW through the 
lumen, or block the lumen. Typically, the distending intralu 
minal pressure Within the body passageWay can hold the 
disrupted layer or ?ap, in place. If the intimal ?ap created by 
the balloon dilation procedure is not maintained in place 
against the expanded intima, the intimal ?ap can fold doWn 
into the lumen and close off the lumen, or may even become 
detached and enter the body passageWay. When the intimal 
?ap closes off the body passageWay, immediate surgery is 
necessary to correct this problem. 

[0006] Although the balloon dilation procedure is typi 
cally conducted in the catheteriZation lab of a hospital, 
because of the foregoing problem, it is alWays necessary to 
have a surgeon on call should the intimal ?ap block the 
blood vessel or body passageWay. Further, because of the 
possibility of the intimal ?ap tearing aWay from the blood 
vessel and blocking the lumen, balloon dilations cannot be 
performed upon certain critical body passageWays, such as 
the left main coronary artery, Which leads into the heart. If 
an intimal ?ap formed by a balloon dilation procedure 
abruptly comes doWn and closes off a critical body passage 
Way, such as the left main coronary artery, the patient could 
die before any surgical procedures could be performed. 

[0007] Additional disadvantages associated With balloon 
dilation of elastic vascular stenoses is that many fail because 
of elastic recoil of the stenotic lesion. This usually occurs 
due to a high ?brocollagenous content in the lesion and is 
sometimes due to certain mechanical characteristics of the 
area to be dilated. Thus, although the body passageWay may 
initially be successfully expanded by a balloon dilation 
procedure, subsequent, early restenosis can occur due to the 
recoil of the body passageWay Wall Which decreases the siZe 
of the previously expanded lumen of the body passageWay. 
For example, stenoses of the renal artery at the ostium are 
knoWn to be refractory to balloon dilation because the 
dilating forces are applied to the aortic Wall rather than to the 
renal artery itself. Vascular stenoses caused by neointimal 
?brosis, such as those seen in dialysis-access ?stulas, have 
proved to be dif?cult to dilate, requiring high dilating 
pressures and larger balloon diameters. Similar dif?culties 
have been observed in angioplasties of graft-artery anasto 
motic strictures and postendarterectomy recurrent stenoses. 
Percutaneous angioplasty of Takayasu arteritis and neuro? 
bromatosis arterial stenoses may shoW poor initial response 
and recurrence Which is believed due to the ?brotic nature of 
these lesions. 

[0008] This invention relates to intraluminal stent 
implants for maintaining patency of a body lumen in humans 
and animals and especially to such implants for use in blood 
vessels. The present invention comprises an improvement to 
balloon expandable stents Which are generally cylindrical in 
shape and have a plurality of metal elements joined to permit 
?exing of the cylindrical body along the longitudinal axis of 
the body, Whereby the stent can conform to a curved body 
lumen. One such stent has metal elements made up of Wire 
loops in a Wound structure Which alloWs individual loops to 
move With respect to one another. When a stent With this 
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structure is expanded in a body lumen, the Winding can 
folloW curves in the body lumen. Typical of the articulation 
used to join stents are the stents disclosed in Us. Pat. Nos. 
4,733,665 and 4,776,337 issued to PalmaZ Which are incor 
porated herein by reference. 

[0009] Another such stent is a Wiktor-type (Medtronic, 
Inc.) stent improved by having metal elements made up of 
individual stent segments joined together by ?exible mem 
bers such that the members Will alloW the stent segments to 
adapt to curved body lumen. Such stents can be deployed in 
a body lumen by means appropriate to their design. For 
example, in the case of the Wiktor-type stent, it can be ?tted 
over the in?atable element of a balloon catheter and 
expanded by the balloon to force the stent into contact With 
the body lumen. Or, for example, in the case of the PalmaZ 
and PalmaZ-SchatZ (Johnson & Johnson Interventional Sys 
tems) stents, can be mounted onto a catheter Which holds the 
stent as it is delivered through the body lumen and then 
releases the stent and alloWs it to expand into contact With 
the body lumen. This deployment is effected after the stent 
has been introduced percutaneously, transported translumi 
nally and positioned at a desired location by means of the 
catheter. 

[0010] An important use of these stents is found in situ 
ations Where part of the vessel Wall or stenotic plaque blocks 
or occludes blood ?oW in the vessel. Dilation of the blood 
vessel is usually undertaken to correct a blood vessel occlu 
sion i.e., a balloon catheter is utiliZed in a PTCA procedure 
to enlarge the occluded portion of the blood vessel. HoW 
ever, the dilation of the occlusion can form ?aps, ?ssures 
and dissections Which threaten re-closure of the dilated 
vessel or even perforations in the vessel Wall. Implantation 
of a metal stent can provide support for such ?aps and 
dissections and thereby prevent reclosure of the vessel or 
provide a patch repair for a perforated vessel Wall until 
corrective surgery can be performed. Moreover, such metal 
stents With good longitudinal ?exibility can conform readily 
to vessels having curves and irregularities. HoWever, such 
stents have limited ability to provide effective catching of 
perforated vessels due to the spacing betWeen metal ele 
ments. Also, such metal stents also have limited ability to 
carry and deliver drugs, such as anti-restenois drugs or 
anti-coagulant drugs, to the site of an intravascular injury. 

[0011] Accordingly, prior to the development of the actual 
stents such as those cited above, there has been no expand 
able intraluminal vascular stent, and method and apparatus 
for expanding the lumen of a body passageWay, Which: 
prevents recurrence of stenoses in the body passageWay; can 
be ?exibly utiliZed for critical body passageWays, such as 
the left main coronary artery of a patient’s heart; prevents 
recoil of the body passageWay Wall; and alloWs the intralu 
minal graft to be expanded to a variable siZe to prevent 
migration of the graft aWay from the desired location; and to 
prevent rupturing of the body passageWay by the expanded 
graft. Therefore, the art has sought an expandable intralu 
minal vascular graft, and method and apparatus for expand 
ing the lumen of a body passageWay Which: prevents recur 
rence of stenoses in the body passageWay; is believed to be 
able to be utiliZed in critical body passageWays, such as the 
left main coronary artery of the heart; prevents recoil of the 
body passageWay; and can be expanded to a variable siZe 
Within the body passageWay to prevent migration of the graft 
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aWay from the desired location; and to prevent rupturing of 
the body passageWay by the expanded graft. 

SUMMARY OF THE INVENTION 

[0012] In accordance With the invention the foregoing 
advantages have been achieved through the present expand 
able intraluminal vascular stent. The present invention 
includes tubular shaped members having ?rst and second 
ends and a Wall surface disposed betWeen the ?rst and 
second ends, the Wall surface being formed by a plurality of 
intersecting elongate members, at least some of the elongate 
members intersecting With one another intermediate the ?rst 
and second ends of the tubular shaped member; the tubular 
shaped member having a ?rst diameter Which permits 
intraluminal delivery of the tubular shaped member into a 
body passageWay having a lumen; and the tubular shaped 
member having a second, expanded diameter, upon the 
application from the interior of the tubular shaped member 
of a radially, outWardly extending force, Which second 
diameter is variable and dependent upon the amount of force 
applied to the tubular shaped member, Whereby the tubular 
shaped member may be expanded to expand the lumen of the 
body passageWay. 

[0013] The scents are connected by (1) a spiral loop 
structure; or (2) a semi-detached sinusoidal connector that is 
generally perpendicular to the longitudinal axis of the stent 
Which alloWs greater ?exibility in the body lumen, in either 
event causing the stent to be particularly adapted to articu 
late in the body. 

[0014] In accordance With the invention, the foregoing 
advantages have also been achieved through the present 
method for expanding the lumen of a body passageWay. The 
method of the present invention comprises the steps of: 
inserting an intraluminal graft, disposed upon a catheter, into 
the body passageWay until it is disposed adjacent a desired 
location Within the body passageWay; and expanding is a 
portion of the catheter to cause the intraluminal graft to 
radially expand outWardly into contact With the body pas 
sageWay until the lumen of the body passageWay at the 
desired location of the body passageWay has been expanded, 
Whereby the intraluminal graft prevents the body passage 
Way from collapsing and decreasing the siZe of the expanded 
lumen. 

[0015] In accordance With the invention, the foregoing 
advantages have also been achieved through the present 
apparatus for intraluminally reinforcing a body passageWay. 
The present invention includes: an expandable, tubular 
shaped prosthesis having ?rst and second ends and a Wall 
surface disposed betWeen the ?rst and second ends, the Wall 
surface being formed by a plurality of intersecting elongate 
members; and can be used in combination With a catheter, 
having an expandable, in?atable portion associated there 
With and including means for mounting and retaining the 
expandable tubular shaped prosthesis on the expandable, 
in?atable portion, Whereby upon in?ation of the expandable, 
in?atable portion of the catheter, the prosthesis is formed 
radially outWardly into contact With the body passageWay. 
The articulation in the form of a rounded Wire frame loop or 
a semi-detached sinusoidal connector that is generally per 
pendicular to the longitudinal axis of the stent connects 
similar stent bodies. Also, rounded connectors and shortened 
cells in the stent alloW for greater ?exibility. 
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[0016] The expandable intraluminal vascular stent, 
method for expanding the lumen of a body passageway, and 
apparatus for intraluminally reinforcing a body passageWay 
of the present invention, When compared With previously 
proposed prior art intraluminal stents, methods for implant 
ing them, and balloon dilation techniques have the advan 
tage of: preventing recurrence of stenoses; is believed to 
permit implantation of stents in critical body passageWays, 
such as in the left main coronary artery of the heart; prevents 
recoil of the body passageWay; and permits expansion of the 
graft to a variable siZe dependent upon conditions Within the 
body passageWay, and dependent on the location of articu 
lation of the stent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a plan vieW of a stent of this invention; 

[0018] FIG. 2 is a schematic vieW of an alternate embodi 
ment stent of this invention; 

[0019] FIG. 3 is a schematic vieW of a second alternate 
embodiment stent of this invention; 

[0020] FIG. 4 is a perspective vieW of the stent of FIG. 1; 

[0021] FIG. 5 is a schematic vieW of, the stent of FIG. 2; 
and 

[0022] FIG. 6 is a stent of the invention loaded on a 
catheter. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] In FIGS. 1-6 stents, that is expandable prostheses 
for a body passageWay, are illustrated. It should be under 
stood that the terms “stents” and prostheses” are inter 
changeably used to some extent in describing the present 
invention, insofar as he method, apparatus, and structures of 
the present invention may be utiliZed not only in connect-on 
With an expandable intraluminal vascular graft for expand 
ing partially occluded segments of a blood vessel, or body 
passageWays, but may also be utiliZed for many other 
purposes as an expandable prosthesis for many other type of 
body passageWays. For example, expandable prostheses 
may also be used for such purposes as: (1) supportive graft 
placement Within blocked arteries opened by transluminal 
recanaliZation, but Which are likely to collapse in the 
absence of an internal support; (2) similar use folloWing 
catheter passage through mediastinal and other veins 
occluded by inoperable cancers; (3) reinforcement of cath 
eter created intrahepatic communications betWeen portal 
and hepatic veins in patients suffering from portal hyper 
tension; (4) supportive graft placement of narroWing of the 
esophagus, the intestine, the ureters, the urethra; and (5) 
supportive graft reinforcement of reopened and previously 
obstructed bile ducts. Accordingly, use and the term “pros 
thesis” encompasses the foregoing usage’s Within various 
types of body passageWays, and the use of the term “intralu 
minal graft” encompasses use for expanding the lumen of a 
body passageWay. Further, in this regard, the term “body 
passageWay” encompasses and duct Within the human body, 
such as those previously described, as Well as any vein, 
artery, or blood vessel Within the human vascular system. 

[0024] With reference to FIGS. 1 and 4, the expandable 
intraluminal vascular graft, or prosthesis, 0 is shoWn to 
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generally comprise a tubular shaped member 71 having ?rst 
and second ends 72, 73 and a Wall surface 74 disposed 
betWeen the ?rst and second end 72, 73. Preferably, the Wall 
surface 74 is formed by a plurality of intersecting elongate 
members 75, 76 With at least some of the elongate members 
75, 76 intersecting With one another intermediate the ?rst 
and second ends 72, 73 of the tubular shaped member 71, 
such as shoWn at intersection points 77. Tubular shaped 
member 71 has a ?rst diameter, d, Which to be hereinafter 
described in greater detail, permits intraluminal delivery of 
the tubular shaped member 71 into a body passageWay 70 
having a lumen already Well knoWn in the art. Upon the 
application from the interior of the tubular shaped member 
71 of a radially, outWardly extending force, to be hereinafter 
described in greater detail tubular shaped member 71 has a 
second, expanded diameter, d‘, Which second diameter d‘ is 
variable in siZe and dependent upon the amount of force 
applied to the tubular shaped member 71. 

[0025] Elongate members 75, 76, Which form Wall surface 
74 of tubular shaped member 71, may be any suitable 
material Which is compatible With the human body and the 
bodily ?uids (not shoWn) With Which the vascular graft, or 
prosthesis, 70 may come into contact. Elongate members 75, 
76 must also be made of a material Which has the requisite 
strength and elasticity characteristics to permit the tubular 
shaped member 71 to be expanded from the con?guration 
shoWn in FIG. 1 to the expanded con?guration and further 
to permit the tubular shaped member 71 to retain its 
expanded con?guration With an enlarged diameter d‘. Suit 
able materials for the fabrication of tubular shaped member 
71 Would include silver, tantalum, stainless steel, gold, 
titanium or any suitable plastic material having the requisite 
characteristics previously described. Preferably, elongate 
members 75, 76 are fabricated from 316L stainless steel. 
Preferably, the elongate members 75, 76 illustrated are small 
diameter stainless steel Wires having a cylindrical cross 
section. It should of course be understood that each elongate 
member 75, 76 could have other cross-sectional con?gura 
tions, such as triangular, square, rectangular, hexagonal, etc. 
Further, it is preferable that the plurality of elongate mem 
bers 75, 76 are ?xedly secure to one another Where the 
elongate members 75, 76 intersect With one another, such as 
at the intersection points 77. Elongate members 75, 76 could 
be ?xedly secured to one another in any conventional 
manner, such as by Welding, soldering, or gluing, such as 
With a suitable epoxy glue; hoWever, it is preferred that the 
intersection points 77 are one continuous piece. By ?xedly 
securing the elongate members 75, 76, to one another, 
tubular member 71 is provided With a relatively high resis 
tance to radial collapse, and the tubular shaped member 71 
has the ability to retain its enlarged diameter, d‘. Preferably, 
tubular shaped member 71 is made of continuous, stainless 
steel Wire Woven in a criss-crossed tubular pattern to form 
What can be generally described as a Wire mesh tube. 

[0026] When fabricating tubular shaped member, or Wire 
mesh tube, 71, it can be initially fabricated in the con?gu 
ration shoWn in FIG. 1 With diameter, d. Alternatively, it can 
be fabricated With a diameter Which is larger than initial 
diameter d and after fabrication, tubular shaped member 71 
could be carefully collapsed to have diameter d shoWn in 
FIG. 1. During the collapsing of tubular shaped member, or 
Wire mesh tube, 71, care must be taken to insure that 
overlapping of adjacent elongate member 75, 76 is avoided. 
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[0027] Strategically placed about the circumference of the 
prosthesis 70 are curved connectors 77a, Which, intact, for 
the predominate parts of the stent 70. These connectors 
shorten the length of the “rectangles”77, 75, 76, 77, and thus 
enhance the ?exibility of the stent 70. This occurs because 
the closed “rectangles”77, 75, 76, 77 can be as small as one 
cell length (c) along the length of the slots, as compared With 
the tWo cell length (2c) seen in certain open “rectangles”77, 
75, 76, 77a. The ratio of the open to closed rectangles can 
be as loW as just greater than 1:1 to as high as 5:1 depending 
on ?exibility desired. Most desirably, it has been found that 
one is able to use a ?exibility ratio from about 1.5 to about 
3.0. That is, an “open” cell length is anyWhere 11/2 and 3 
times any “closed” cell length. The slots (c) themselves are 
found to be useful at no larger than 1.5 cm length. Moreover, 
the neW “rectangles” have an open side, creating even 
greater ?exibility. The entire length of a stent can range from 
about 3 cm for a coronary stent to about 18 cm for an aortic 
stent, With a Wall thickness betWeen 0.0025“ and 0.008“. 

[0028] It has been found that it is useful to have the open 
cells spaced longitudinally as Well as radially along the stent. 
Yet, it has further been found that these connectors do not 
have to be symmetrically spaced. In fact, it is believed in 
order to better induce bending in a certain given direction, 
it Would be useful to have certain open areas concentrated on 
one side of the stent. These open areas Will alloW bending in 
the direction of the open areas. This bending Will thereafter 
be more likely in that given direction. 

[0029] With reference noW to FIGS. 2 and 5, other 
embodiments of expandable intraluminal vascular graft, or 
prosthesis, 170, 170‘ are analogiZed. The intraluminal vas 
cular graft, or prosthesis, 170 of FIGS. 2 and 5 Will have a 
plurality of elongate members 75, 76 formed by a plurality 
of thin bars 78, 79 Which are preferably ?xedly secured to 
one another Where the bars 78, 79 intersect With one another. 
Similar to the stent of FIGS. 1 and 4. Further, there are 
contained a plurality of curved connectors 77a Which help 
form openings 182 all along the stent. These bars preferably 
have a thin, rectangular cross-sectional con?guration, and 
may be joined to one another in any conventional manner, 
such as by Welding, braising, soldering, or may be formed 
integral With one another from polymers, conventional metal 
such as steel, or memory metals e.g. nitinol), although 
preferentially, the stent 170 is formed from one piece. Most 
preferably, tubular shaped member 171 is initially a thin 
Walled stainless steel tube, and the openings 182 betWeen the 
intersecting bars and are formed by a conventional etching 
process, such as electromechanical or laser etching, Whereby 
the resultant structure is a tubular shaped member 171 
having a plurality of intersecting elongate members 75, 76. 
The embodiment of graft, or prosthesis, 170 of FIG. 2, 
likeWise can assume an expanded con?guration as previ 
ously described in connection With FIG. 1, upon the appli 
cation from the interior of the tubular shaped member 171 of 
a radially, outWardly extending force. It should be further 
understood that the embodiment of vascular graft, or pros 
thesis, 170 of FIG. 2, could also be generally described as 
a Wire mesh tube. 

[0030] In FIG. 2, it is seen that the length of openings 182 
are 3 times the length of openings 182! In FIG. 5, the 
openings 182 are equal to the length of the openings 182‘. 
Yet, With ?exible connectors 77a, the stent 170‘ of FIG. 5 
Will also be ?exible, like the stent 170 of FIG. 2. 
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[0031] The stent 270 of the third particular embodiment 
(FIGS. 3) contains a spiral connector “S” betWeen a series 
of cell type stents 271, 272. These spiral connectors are able 
to be formed such that they may be either linear or Wave-like 
in shape. The ?nal shape of this connector Will depend 
primarily upon the desire of the user to have greater or lesser 
?exibility in the area of the articulation betWeen the stents as 
the spiral connector. 

[0032] The methods and apparatus of the present invention 
Will be described in greater detail. Once again, it should be 
understood that the methods and apparatus of the present 
invention are useful not only for expanding the lumen of a 
body passageWay, such as an artery, vein, or blood vessel of 
the human vascular system, but are also useful to perform 
the previously described procedures to intraluminally rein 
force other body passageWays or ducts, as previously 
described. As seen in FIG. 6, an expandable intraluminal 
vascular graft, or prosthesis, Which may be of the type 
previously described in connection With FIGS. 1, 2, or 3 is 
disposed or mounted upon a catheter 183. Catheter 183 has 
an expandable, in?atable portion 184 associated thereWith. 
Catheter 183 includes means for mounting and retaining 185 
the expandable intraluminal vascular graft, of prosthesis, 
170 on the expandable, in?atable portion 184 of catheter 
183. Preferably, the mounting and retaining means 185 
comprises retainer ring members 186 disposed on the cath 
eter 183 adjacent the expandable in?atable portion 184 of 
catheter 183; and a retainer ring member 186 is disposed 
adjacent each end 172, 173 of the expandable intraluminal 
vascular graft, or prosthesis, 170. 

[0033] As seen in FIG. 6, While retainer ring members are 
formed integral With catheter 183, and the retainer ring 
member 186 adjacent the leading tip 187 of catheter 183 
slopes upWardly and aWay from catheter tip 187 in order to 
protect and retain graft or prosthesis, 170 as it is inserted into 
the lumen 181 of body passageWay 180, as to be hereinafter 
described in greater detail. The remaining retainer ring 
member 186 as shoWn in FIG. 7, slopes doWnWardly aWay 
from tip 187 of catheter 183, to insure easy removal of 
catheter 183 from body passageWay 180. After expandable 
Intraluminal graft, or prosthesis, 170 has been disposed upon 
catheter 183, in the manner previously described, the graft, 
or prosthesis, 170 and catheter 183 are inserted Within a 
body passageWay 180 by catheriZation of the body passage 
Way 180 in a conventional manner. 

[0034] In a conventional manner, the catheter 183 and 
graft, or prosthesis, 170 are delivered to the desired location 
Within the body passageWay 180, Whereat it is desired to 
expand the lumen 181 of body passageWay 180 via intralu 
minal graft 170, or Where it is desired to implant prosthesis 
170. Fluoroscopy, and/or other conventional techniques may 
be utiliZed to insure that the catheter 183 and graft, or 
prosthesis, 170 are delivered to the desired location Within 
the body passageWay. Prosthesis,, or graft, 170 are then 
expanded by expanding the expandable, in?atable portion 
184 of catheter 183, Whereby the prosthesis, or graft, 170 is 
forced radially, outWardly into contact With the body pas 
sageWay 180. in this regard, the expandable, in?atable 
portion of catheter 183 may be a conventional angioplasty 
balloon 188. After the desired expansion of prosthesis, or 
graft, 170 has been accomplished, angioplasty balloon 188 
may be removed in a conventional manner from body 
passageWay 180. If desired, catheter 183, may be removed 
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in a conventional manner from body passageway 180. If 
desired, catheter 183, having graft or prosthesis, 170 dis 
posed thereon, may be initially encased in a convention 
Te?onTM sheath 189, Which is pulled aWay from prosthesis, 
or graft, 170, prior to expansion of the prosthesis, or graft, 
170. 

[0035] It should be noted that the tubular shaped member 
171 of prosthesis, or graft, 170 initially has the ?rst prede 
termined, collapsed diameter d as described in connection 
With FIGS. 1 in order to permit the insertion of the Wire 
mesh tube, or tubular shaped member, 171 into the body 
passageWay 180 as previously described. When it is desired 
to implant prosthesis 170 Within a body passageWay 180 for 
the purposes previously described, the Wire mesh tube, or 
prosthesis 170, is expanded to the second diameter d‘ and the 
second, expanded diameter d‘ is variable and determined by 
the internal diameter of the body passageWay 180. Accord 
ingly, the expanded prosthesis 170, upon de?ation of angio 
plasty balloon 188 Will not be able to migrate from the 
desired location Within the body passageWay 180, nor Will 
the expansion of the prosthesis 170 be likely to cause a 
rupture of the body PassageWay 180. 

[0036] When it is desired to use expandable intraluminal 
graft 170 to expand the lumen 181 of a body passageWay 
180 having an area of stenosis, the expansion of intraluminal 
vascular graft 170 by angioplasty balloon 188, alloWs con 
trolled dilation of the stenotic area and, at the same time 
controlled expansion of the vascular graft 170, Whereby 
vascular graft 170 prevents the body passageWay 180 from 
collapsing and decreasing the siZe of the expanded diameter 
d‘ of intraluminal vascular graft 170, as shoWn in FIG. 4, is 
variable and determined by the desired expanded internal 
diameter of body passageWay 180. Thus, the expandable 
intraluminal graft 170 Will not migrate aWay from the 
desired location Within the body passageWay 180 upon 
de?ation of angioplasty balloon 188, nor Will the expansion 
of intraluminal graft 170 likely cause a rupture of body 
passageWay 180. 

[0037] Because it is only necessary to in?ate angioplasty 
balloon 188 one time in order to expand graft 170, it is 
believed that a greater amount of endothelium, or inner layer 
of the intima, or inner surface of the body passageWay, Will 
be preserved, insofar as the extent of endothelial denudation 
during transluminal angioplasty is proportional to the bal 
loon in?ation time. It is further believed that intact patches 
of endothelium betWeen the elongate members of stent 170 
may result in a rapid, multicentric endotheliaiiZation pattern 
as shoWn by experimental studies. 

[0038] The stents of this invention are able to be made of 
polymeric or metallic materials, Which in any event are 
expandable beyond their elastic limit. Furthermore, they can 
be made of shape memory materials such as nitinol and may 
have a certain shape memory imparted upon them also, as is 
disclosed in the art. 

[0039] Stent 70, 170, 270 of the type previously described 
in connection With FIGS. 1, 2, and 3 are shoWn, and the 
tubular shaped members 71 of grafts, or prostheses, 170 
have a biologically inert coating placed upon Wall surfaces 
74 of tubular shaped members 71. Examples of a suitable 
biologically inert coating Would be porous polyurethane, 
Te?onTM, or other conventional biologically inert plastic 
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materials. The coating should be thin and highly elastic so as 
not to interfere With the desired expansion of the stent. 

[0040] It is to be understood that the invention is not 
limited to the exact details of construction, operation, exact 
materials or embodiment shoWn and described, as obviously 
modi?cations and equivalents Will be apparent to one skilled 
in the art. For example, the means for expanding the 
prosthesis or graft Would be a plurality or hydraulically 
actuated rigid members disposed on a catheter, or a plurality 
of angioplasty balloons could be utiliZed by expand the 
prosthesis or graft. Accordingly, the invention is therefore to 
be limited only by the scope of the appended claims. 

In the claims: 
1. A tubular stent comprising a generally slotted tube 

Wherein a plurality of slots are spaced around the circum 
ference of a cylindrical member, forming a mesh like 
con?guration around said cylindrical member, and Wherein 
said slots are variable in length. 

2. A generally tubular stent having a longitudinal axis and 
containing a plurality of struts arranged circumferentially 
around a cylinder, and only a predetermined number but less 
than all of the adjacent ones of said struts connected by 
connecting members placed at angles generally perpendicu 
lar to the longitudinal axis of said cylindrical member to 
form slots therein and Wherein certain slots formed by said 
struts are not closed. 

3. A cylindrical stent having a plurality of elongate struts 
connected by a plurality of circumferentially arranged mem 
bers, and said circumferentially arranged members generally 
forming a rectangular shaped con?gurations about said 
stent, and Wherein a predetermined number certain of said 
rectangular shaped con?gurations but less than all of said 
con?gurations are completely closed so that the remainder 
of the rectangular shaped con?gurations have openings 
therein. 

4. A stent containing a plurality of open cells and a 
plurality of closed cells, said open cells formed by adjacent 
elongate connectors connected at one end by a connecting 
member and not connected at a second end, and a closed cell 
formed by an elongate connecting member adjacent to 
second elongate connecting member and said ?rst and 
second elongated connecting members connected by ?rst 
and second connecting members. 

5. The stent of claim 4 Wherein a plurality of open 
connecting is concentrated, on one side of the stent to 
encourage bending in a predetermined direction. 

6. A pair of stents connected by a connecting member, 
said connecting member forming a spiral such that said 
spiral can be expanded both radially and circumferentially. 

7. The stent of claim 6 Wherein said spiral is Wave form. 
8. The connector of stent of claim 7 Wherein said spiral is 

generally linear in shape. 
9. The stent of claim 1 Wherein at least one slot is about 

1% to 3 times the length of another slot. 
10. The stent of claim 2 Wherein at least one slot is about 

1% to 3 times the length of another slot. 
11. The stent of claim 3 Wherein at least one slot is about 

1% to 3 times the length of another slot. 
12. The stent of claim 4 Wherein at least one slot is about 

1% to 3 times the length of another slot. 

* * * * * 


