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(57) ABSTRACT 

An intraluminal grafting system having a delivery catheter 
comprising a ?exible elongate tubular member having proxi 
mal and distal extremities and a capsule mounted on the 
distal extremity of the tubular member and including a graft 
disposed Within the capsule. The graft is comprised of a 
tubular body con?gured to be secured to a blood vessel by 
a self expanding attachment system. The attachment system 
comprises a generally sinusoidal Wire frame having apices 
Which extend longitudinally outWard from the end of the 
tubular body apices Which are secured Within the tubular 
body. Both the protruding apices and the base apices are 
formed With helices Which bias the attachment system 
radially outWard. The attachment system further includes a 
plurality of lumen piercing members that are oriented in a 
responsive relationship to the radially outWard bias of the 
attachment system. Furthermore, the graft may be con?g 
ured With a plurality of synthetic ?ber tufts secured to the 
outer surface of the tubular body to facilitate sealing the 
graft Within the vessel. The graft may also include a plurality 
of crimps formed in the tubular body of the graft. 
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INTRALUMINAL GRAFTING SYSTEM 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 109,162 ?led Aug. 19, 1993, Which is a 
divisional ofapplication Ser. No. 553,530 ?led Jul. 13, 1990, 
noW U.S. Pat. No. 5,275,622, Which is a continuation-in-part 
of application Ser. No. 166,093 ?led on Mar. 9, 1988, noW 
U.S. Pat. No. 5,104,399, Which is a continuation-in-part of 
application Ser. No. 940,907 ?led on Dec. 10, 1986, noW 
U.S. Pat. No. 4,787,899, Which is a continuation of appli 
cation Ser. No. 559,935 ?led on Dec. 9, 1983, noW aban 
doned. The contents of each of these applications are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] This application relates to endovascular grafting 
apparatus, system and method and devices for use thereWith. 

[0003] The state of the art is described in the background 
of the invention in Us. Pat. No. 4,787,899. 

SUMMARY OF THE INVENTION 

[0004] In general, it is an object of the present invention 
to provide an endovascular grafting apparatus, system and 
method and devices for use thereWith Which overcome the 
disadvantages of the prior art apparatus, systems and 
devices. 

[0005] Another object of the invention is to provide an 
apparatus and system of the above character Which utilizes 
a pusher rod assembly Which is constrained so that relatively 
great forces can be applied by the pusher rod assembly. 

[0006] Another object of the invention is to provide an 
apparatus and system of the above character in Which the 
capsule is ?exible so that it can negotiate bends in the 
vessels of a patient. 

[0007] Another object of the invention is to provide a 
grafting apparatus and system Which utiliZes a ?exible 
capsule Which can contain a graft With hook-like elements 
Without any danger of the hook-like elements penetrating the 
capsule. 
[0008] Another object of the invention is to provide an 
apparatus and system of the above character in Which the 
graft automatically springs into an open or expanded posi 
tion When it is released from the capsule. 

[0009] Another object of the invention is to provide an 
apparatus, system and method of the above character in 
Which a pushing force is applied to the distal extremity of the 
balloon for advancing a graft out of the capsule. 

[0010] Another object of the invention is to provide an 
apparatus and system of the above character in Which a ?xed 
Wire or an over-the-Wire guide Wire system can be used. 

[0011] Another object of the invention is to provide an 
apparatus and system of the above character in Which the 
graft can be compressed to a very small siZe in a ?exible 
capsule. 
[0012] Additional objects and features of the invention 
Will appear in the folloWing description in conjunction With 
the accompanying draWings. 

[0013] Another feature of the present invention is a novel 
attachment system that comprises a sinusoidal Wire frame 
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and V-shaped lumen piercing members. The sinusoidal 
frame has tWo ends and alternating base apices and protrud 
ing apices. The protruding apices protrude outWard and are 
mounted onto the graft to extend outWard past the end of the 
graft. The base apices are oriented inside the lumen of the 
graft and points inWard from the end of the graft. The portion 
of the Wire frame connecting the protruding apices to the 
base apices are struts. 

[0014] In one embodiment, the tWo ends of the Wire frame 
are Welded together to obtain circular continuity of the Wire 
frame. In another embodiment, the Wire frame has one 
additional protruding apex and the ends of the Wire frame 
terminate in helices generally aligned With the base helices. 
The frame is mounted by overlapping the tWo ends of the 
Wire including a pair of protruding apices adjacent the end. 
The Wire frame is seWn to the body of the graft at various 
points over the entire Wire frame. The lengths of the struts 
may be adjusted to stagger the apices so that the pro?le of 
the Wire frame and the graft can be minimiZed to ?t into a 
smaller delivery capsule. 

[0015] In addition to the Wire frame, the attachment sys 
tem further includes a plurality of lumen piercing members 
a?ixed to the struts. The lumen piercing members are 
con?gured to protrude radially outWard from the attachment 
system to engage the lumen Wall of a blood vessel and 
secure the graft in place to prevent migration of the graft 
along the blood vessel. The lumen piercing member of one 
embodiment includes a Wire arm that has an outWardly 
protruding hook constructed of stainless steel Wire. The 
hooks are aligned With and Welded to the struts of the Wire 
frame. 

[0016] Another embodiment of the lumen piercing mem 
bers eliminates the need for Welds to secure the lumen 
piercing members to the graft. Each lumen piercing member 
is bent into a V-shape and each have an apex and tWo arms 
that extend in a direction parallel to the struts of the Wire 
frame. The arms terminate in radially outWard protruding 
hooks that are con?gured to engage the Wall of the vessel. 
The lumen piercing member is secured to the graft in close 
proximity to the Wire frame and is responsive to the outWard 
bias of the Wire frame. 

[0017] Another embodiment of the attachment system of 
the present invention con?gured for use in the iliac arteries 
in a bifurcated graft includes tWo sinusoidal Wire frames that 
have alternating base apices and protruding apices. Each of 
the iliac Wire frames have tWo end arms that extend longi 
tudinally outWard to engage the iliac artery Wall. The Wire 
arms are con?gured as lumen piercing members Which 
extend as struts from the end base apices. The tWo Wire 
frames are joined together by overlying the end base apex of 
one of the Wire frames With the end base apex from the other 
Wire frame such that each of the Wire arms extend parallel 
to an adjacent strut. The end arms are tWisted around the 
adjacent struts and bent behind the protruding strut that is 
integrally connected to the adjacent strut. The ends of the 
lumen piercing member is hook-like to securely engage the 
vessel Wall. The hooks are secured to the vessel Wall When 
an additional radially outWard force presses the vessel into 
the lumen Wall, such as from a deployment balloon. 

[0018] Another feature of the present invention includes a 
device to substantially eliminate leaks around the perimeter 
of the graft at the ends Where the attachment system engages 
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the lumen Wall. The outside of the graft is textured With a 
plurality of ?laments or ?bers that are spun, Woven, knotted, 
pressed or otherwise loosely associated to form a pulfed 
textured ?ller or tuft that is seWn to or af?xed to the outside 
of the graft proximal to the end of the graft. The ends of the 
?bers may be frayed to increase the surface area of the tuft. 
Alternatively, strands of loosely spun synthetic yarn are 
cross-stitched around the perimeter of the graft proximate 
the attachment system. 

[0019] Another feature of the present invention includes a 
graft that is crimped radially along at least a portion of the 
length of the graft. The crimps form a generally corrugated 
tubular surface de?ning a plurality of radially outWardly 
protruding ribs that are separated longitudinally by altemat 
ing inWardly directed folds or pleats. The crimping occurs 
along the length of the graft betWeen the tWo attachment 
systems. The crimping may be con?gured over the entire 
length or over only a portion of the graft. 

[0020] Other features and advantages of the present inven 
tion Will become apparent from the folloWing detailed 
description, taken in conjunction With the accompanying 
draWings, Which illustrate, by Way of example, the prin 
ciples of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is an isometric vieW of an endovascular 
grafting apparatus and system incorporating the present 
invention. 

[0022] FIG. 2 is a side elevational vieW partially in cross 
section of a capable catheter incorporating the present 
invention. 

[0023] FIG. 3 is a side elevational vieW partially in cross 
section shoWing a balloon catheter assembly incorporating 
the present invention. 

[0024] FIG. 4 is a partial side elevational vieW in cross 
section of a portion of an alternative balloon catheter assem 
bly incorporating the present invention shoWing the use of a 
movable pusher button capsule of sliding over a limited 
range. 

[0025] FIG. 5 is a side elevational vieW partially in cross 
section of another alternative embodiment of a balloon 
catheter assembly incorporating the present invention shoW 
ing the use of a movable guide Wire. 

[0026] FIG. 6 is a cross sectional vieW taken along the line 
6-6 of FIG. 5. 

[0027] FIG. 7 is a side elevational vieW partially in cross 
section of a pusher rod assembly incorporating the present 
invention. 

[0028] FIG. 8 is a side elevational vieW partially in cross 
section of another embodiment of a pusher rod assembly 
incorporating the present invention. FIG. 9 is a cross sec 
tional vieW partially in cross section shoWing in combination 
a balloon catheter and a pusher rod assembly and a movable 
guide Wire. 

[0029] FIG. 10 is a side elevational vieW of a graft 
incorporating the present invention. 

[0030] FIG. 11 is an enlarged isometric vieW shoWing one 
of the spring attachment means utiliZed on the graft. 
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[0031] FIG. 12 is a partial enlarged vieW of an alternative 
hook-like element utiliZed in the spring attachment means of 
FIG. 11. 

[0032] FIG. 13 is an enlarged vieW shoWing another 
embodiment of a hook-like element used in the spring 
attachment means of FIG. 11. 

[0033] FIG. 14 is a side elevational vieW partially in cross 
section shoWing the manner in Which the graft is held in the 
capsule after ejection of the proximal extremity of the graft 
from the capsule. 

[0034] FIG. 15 is a vieW similar to FIG. 14 but shoWing 
the proximal and distal extremities of the graft outside of the 
capsule With the balloon retracted so that it is Within the graft 
and in?ated to force the distal attachment means into the 
vessel Wall. 

[0035] FIG. 16 is an enlarged side elevational vieW of one 
strut and lumen engaging member of FIG. 30. 

[0036] FIG. 17 is a graph shoWing the compression and 
tension forces on the strut of FIG. 16. 

[0037] FIG. 18 is an isometric vieW of an endovascular 
graft incorporating the attachment system of FIG. 30, further 
shoWing the tufts and stitching on the outside and inside of 
the graft. 

[0038] FIG. 19 is a plan vieW of the inside of an endo 
vascular graft cut longitudinally, shoWing the Wire frame, 
separate lumen engaging members and stitching of the 
attachment system. 

[0039] FIG. 20 is a plan vieW of the outside of an 
endovascular graft cut longitudinally, shoWing in partial 
hidden vieW the Wire frame and the separate lumen engaging 
members of the attachment system and further shoWing the 
tufts attached to the outside of the graft. 

[0040] FIG. 21 is a plan vieW of the inside of an endo 
vascular graft cut longitudinally, shoWing the Wire frame, 
lumen engaging members and stitching of the attachment 
system. 

[0041] FIG. 22 is a top plan vieW of an endovascular graft 
having an attachment system as shoWn in FIG. 20, shoWing 
the pleats and tufts of the graft secured Within the vessel 
lumen. 

[0042] FIG. 23 is an enlarged top plan vieW of the area 
shoWn along curve 23 of FIG. 22. 

[0043] FIG. 24 is a side elevational vieW of an iliac 
attachment system, Wherein the base apices are seWn to the 
end edge of a leg of a bifurcated graft. 

[0044] FIG. 25 is a side elevational vieW of an iliac 
attachment system, Wherein the base apices are seWn Within 
a leg of a bifurcated graft and beloW the end edge of the leg. 

[0045] FIG. 26 is a plan vieW of the graft and attachment 
system of FIG. 24 cut longitudinally, shoWing the Wire 
frame of the iliac attachment system having lumen engaging 
members. 

[0046] FIG. 27 is a partial cross-sectional vieW ofa leg of 
a bifurcated graft and an iliac attachment system secured 
Within a vessel having an enlarged vessel Wall and con 
stricted lumen. 
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[0047] FIG. 28 is a partial cross-sectional vieW of a leg of 
a bifurcated graft and an iliac attachment system secured 
Within a vessel having a bulge in the vessel Wall. 

[0048] FIG. 29 is a side elevational vieW of an endovas 
cular graft incorporating an attachment system of the present 
invention. 

[0049] FIG. 30 is an enlarged isometric vieW shoWing one 
of the spring attachment systems shoWn in the graft of FIG. 
29. 

[0050] FIG. 31 is an enlarged perspective vieW of a 
duck-billed con?gured hook of a lumen engaging member. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0051] In general, the endovascular grafting system is 
comprised of a capsule catheter having a ?exible elongate 
tubular member With proximal and distal extremities and a 
capsule mounted on the distal extremity of the tubular 
member. The capsule is generally cylindrical in shape and is 
formed of a helical Wraps of a metal ribbon. Means is 
provided for bonding said Wraps into a unitary capsule While 
permitting bending of said unitary capsule. A graft is dis 
posed Within the capsule. The graft is comprised of a tubular 
member having proximal and distal ends. Hook-like attach 
ment means is secured to the proximal and distal ends of the 
tubular member and face in a direction outWardly toWards 
the inner Wall of the capsule. Push rod means is disposed 
Within the capsule catheter and engages the graft Whereby 
upon relative movement betWeen the push rod means and 
the capsule catheter, the graft can be forced out of the 
capsule. 

[0052] More in particular, the endovascular grafting appa 
ratus and system 11 and the devices for use therein are 
shoWn in FIGS. 1-10. This apparatus and system 11 includes 
a capsule catheter 12 (see FIG. 2) Which consists of a ?exible 
elongate tubular member 16 formed of a suitable plastic 
material such as Nylon of a suitable length as, for example, 
40 to 100 centimeters and preferably approximately 43 
centimeters for the abdominal aortic artery and approxi 
mately 70 centimeters for the thoracic aortic artery. The 
tubular member 16 can have a suitable siZe such as an 
outside diameter of 0.187 inches and an inside diameter of 
0.125 inches. The tubular member 16 can be produced in a 
certain color such as blue. In order to make it radiopaque 
under x-rays, the ?exible tubular member 16 is loaded With 
a suitable radiopaque material such as bismuth subcarbonate 
or barium sulfate. By Way of example, the ?exible elongate 
member 16 can be compounded With approximately 20% of 
the radiopaque material by Weight. 

[0053] An inner liner 17 is provided Which is mounted 
Within the tubular member 16. The liner 17 is siZed so that 
it Will ?t Within the tubular member 16. The liner is 
preferably formed of a lubricous material such as TefZel 
(ethylene tetra?uoroethylene) or Te?on FEP (?uorinated 
ethylene polypropylene). It can have an inside diameter of 
0.085 inches and an outside diameter of 0.125 inches and a 
length as, for example, 41 centimeters Which is slightly less 
than that of the tubular member 16. If desired, the inside 
diameter of the liner 17 can be in the range of 0.075 to 0.120 
inches. The liner 17 is provided With a lumen 18 Which 
extends the length thereof. The liner 17 reduces the inside 
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diameter of the lumen 18 for a purpose hereinafter 
described. The liner 17 is made of a radiation stable material 
so that the catheter can be radiation steriliZed. TefZel, or 
Te?on FEP, Which is a polymer is such a radiation steriliZ 
able material. The inner liner 17 also serves to provide 
additional columnar strength to the catheter 12. 

[0054] A Wye adapter 21 is secured to the proximal 
extremity of the ?exible tubular member 16. The side arm 22 
of the adapter 21 has a stop cock 23 mounted therein Which 
is movable betWeen open and closed positions. The stop 
cock 23 is provided With a Luer ?tting 24 Which is adapted 
to be secured to a syringe Which can be utiliZed for injecting 
a dye, or medications such as a vasodilator. 

[0055] The central arm 26 of the adapter 21 is connected 
to a Touhy Borst adapter 27 and includes a female part 28 
that carries an 0-ring 29 Which is adapted to be engaged by 
a protrusion 31 forming a part of the male part 32. 

[0056] The capsule catheter 12 has a capsule 36 incorpo 
rating the present invention mounted on the distal extremity 
of the ?exible elongate tubular member 16. The capsule 36 
When used in humans has a diameter ranging from 4 to 8 
millimeters. The ?exible elongate tubular member 16 Which 
also serves as a shaft for advancing the capsule 36 as 
hereinafter described and should have a diameter Which is 
less than that of the capsule and therefore has an outside 
diameter ranging from 3 to 7 millimeters. 

[0057] The capsule 36 is a composite structure and is 
formed of an inner layer 37 and an outer layer 38. The inner 
layer 37 is formed of a stainless steel ribbon 39 With the 
ribbon having a Width of 0.150 inches and a thickness 
ranging from 0.002 to 0.004 inches and preferably approxi 
mately 0.003 inches. The ribbon is spiral Wound on a 
mandrel (not shoWn) so that each Wrap of the ribbon 
overlaps the preceding Wrap by approximately 30 to 50% of 
the Width of the ribbon. vieWing the capsule 36 from the left 
hand end, the ribbon is Wrapped in a clockWise or counter 
clockWise direction so that the edges 41 face distally or in 
the direction Which is toWard the right as shoWn in FIG. 2 
for a purpose hereinafter described. By Winding the ribbon 
37 at high tension, it is possible to deform it over the 
adjacent Wrap Which contributes to the ?exibility of the 
capsule and also at the same time makes it possible to 
provide a capsule having a loW pro?le. The stainless steel for 
the ribbon 39 can be of any suitable type, hoWever, it has 
been found that it is desirable to select a stainless steel Which 
can be heat treated. This enables one to Wind the capsule 
With a ribbon in a ductile state and heat treat the capsule after 
Winding to obtain a spring-like temper. One such stainless 
steel is 17-7 PH supplied by BroWn Metals Company of 
Santa Fe Springs, Calif. 

[0058] In order to prevent elongation of the capsule 36 and 
also to prevent one Wrap separating from another of the inner 
layer 37, a plurality of elongate ?exible strands 43 are 
provided Which extend from one end to the other of the 
capsule. It has been found that the use of four strands has 
been su?icient With the strands being spaced apart circum 
ferentially by 90°. The strands 43 can be formed of a suitable 
material such as a Kevlar aramid ?ber, 195 denier. These 
four strands 43 are bonded to the proximal and distal 
extremities of the capsule by a suitable adhesive such as a 
cyanoacrylate ester at points 44. The outer layer 38 Which 
overlies the strands 43 and the Wrapped ribbon inner layer 37 
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is in the form of a jacket formed of a suitable material such 
as heat shrinkable polyethylene. This jacket can have a Wall 
thickness ranging from 0.001 to 0.006 inches and preferably 
a thickness of approximately 0.004 inches. The polyethylene 
jacket Which forms the outer layer 38 serves to contain the 
Kevlar strands 43 in close proximity to the inner layers 37 
and also serves to prevent elongation of the capsule 36 While 
permitting the capsule to bend during use as hereinafter 
described. The outer layer or jacket 38 serves also to provide 
a smooth surface for the exterior of the capsule 36 by 
enclosing the edges 41 of the Wraps of ribbon 39. In 
addition, the proximal and distal extremities of the capsule 
36 are bonded together by a solder in the regions 46 as 
indicated in FIG. 2. The solder can be of a suitable type, such 
as a tin silver solder comprised of 95% tin and 5% silver. 
When constructed in this manner, the capsule 36 can have an 
inside diameter of 0.175 inches to 0.300 inches With a 
nominal Wall thickness of 0.0012 inches. 

[0059] The capsule 36 is secured to the distal extremity of 
the. ?exible elongate tubular member 16 by a capsule 
adapter 51 of a suitable material such as a polycarbonate. 
The capsule adapter 51 is secured in the proximal extremity 
of the capsule 36 by suitable means, as a press ?t or 
alternatively, in addition, by the use of a suitable adhesive 
such as a cyanoacrylate ester. The other extremity of the 
capsule adapter 51 is also mounted in a suitable manner such 
as by a cyanoacrylate ester adhesive to the distal extremity 
of the ?exible elongate tubular member 16. The capsule 
adapter 51 is provided With a hole 52 of a suitable diameter 
such as 1/16th of an inch. 

[0060] The capsule 36 made in accordance With the 
present invention has a number of desirable features. It is 
particularly desirable because it is ?exible and can be bent 
through an angle of 70 to 1200 in a length of 8-20 centi 
meters. In order to prevent hangups on the inside edges 41 
of the ribbon, the inside edges are rounded and polished, 
preventing damage to capsule contents during ejection as 
hereinafter described. The Kevlar strands 43, Which are also 
contained by the outer jacket or layer 38, serve to maintain 
the Wrap, prevent stretching or elongation and prevent 
discontinuities from being formed in the capsule during use 
of the same. In addition, the Kevlar strands prevent the 
capsule from being ?exed beyond a predetermined angle, as, 
for example, 120°. 

[0061] Thus, it can be seen that a capsule 36 has been 
provided Which is very ?exible, yet is still very hard and has 
great strength Which inhibits crushing or collapsing While 
being bent or ?exed. In other Words, it is kink resistant. It is 
also puncture proof due to the use of the metal ribbon 37. 
The capsule 36 is semi-radiopaque and is radiation steriliz 
able. 

[0062] The endovascular grafting apparatus also includes 
a balloon catheter assembly 61 Which consists of a shaft in 
the form of a ?exible elongate element 62 formed of a 
suitable material such as irradiated polyethylene tubing 
extruded to a larger diameter of 0.160 inches outside diam 
eter and 0.090 inches inside diameter and then reduced in 
siZe by heating and elongating the same to provide an inside 
diameter of 0.020 inches and an outside diameter of 0.050 
inches. HoWever, the inside diameter can range from 0.015 
to 0.025 inches and the outside diameter can range from 
0.035 to 0.065 inches for a single lumen balloon catheter 
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assembly. The single balloon in?ation lumen 63 extends the 
length of the catheter. The catheter can have a suitable length 
as, for example, 50 to 130 centimeters. The lumen 63 can 
also serve as an injectate lumen and a pusher Wire lumen as 
hereinafter described. 

[0063] A separate balloon 64 formed of suitable material 
such as polyethylene is secured to the distal extremity of the 
?exible elongate member 62 in a manner hereinafter 
described. A pusher button 66 is provided Which is formed 
of a suitable material such as 300 series stainless steel. The 
pusher button 66 can have a diameter ranging from 0.120 
inches to 0.200 inches and preferably an outside diameter of 
approximately 0.140 inches. Stainless steel is utiliZed to 
achieve radiopacity. 

[0064] The pusher button 66 is mounted on a ?xed posi 
tion on the catheter shaft 62 and is spaced a predetermined 
distance from the proximal extremity of the balloon 64 as, 
for example, a distance of 2 to 3 centimeters. The pusher 
button 66 is retained in this position longitudinally of the 
shaft 62 by annular bulbs 67 and 68 Which are formed by 
localiZed heating in those areas of the shaft 62 Which causes 
it to expand radially in an attempt to achieve its original siZe 
to trap the pusher button 66 in that position to the shaft 62. 
Thus, it can be seen that the pusher button 66 can be 
mechanically trapped in place Without the use of an adhesive 
and Without changing the siZe of the lumen 63 Which extends 
therethrough. 
[0065] An alternative embodiment in Which the pusher 
button 66 is movable betWeen the proximal extremity of the 
balloon 64 and a single bulb 67 is shoWn in FIG. 4. 

[0066] A small stainless steel tube 69 is disposed Within 
the balloon 64 and has its proximal extremity seated Within 
the distal extremity of the shaft or ?exible elongate member 
62. The tube 69 has a suitable inside diameter such as 0.022 
inches, an outside diameter of 0.032 inches and a suitable 
length as, for example, 7.5 centimeters. As can be seen from 
FIG. 3, the tube 69 extends through the balloon 64 and 
terminates in the distal extremity of the balloon. The proxi 
mal extremity of the tube 69 is ?ared slightly so that it is 
?rmly retained Within the shaft 62 When the proximal 
extremity of the balloon is fused to the shaft 62 by the use 
of heat. The tube 69 serves to provide sti?fness to the balloon 
64 of the balloon catheter assembly 61 and is provided With 
a lumen 71 extending therethrough through Which a ?uid 
such as a gas or liquid can be introduced from the lumen 63 
into the lumen 71 to in?ate the balloon and to thereafter 
de?ate the balloon 64 by WithdraWing the gas or liquid. The 
balloon 64 can vary in diameter from 12 to 35 millimeters 
in diameter and can have a Wall thickness ranging from 
0.001 and 0.005 inches. The polyethylene utiliZed for the 
balloon is irradiated to achieve an appropriate balloon siZe. 
One balloon made in accordance With the present invention 
had an outside diameter of 16 millimeters and had a Wall 
thickness of approximately 0.003 inches. In addition, the 
balloon When de?ated is tWisted into a helix and heated so 
as to provide it With a memory Which facilitates its intro 
duction into a vessel of a patient as hereinafter described. 

[0067] Avery ?exible guide Wire 74 is secured to the distal 
extremity of the balloon 64. The guide Wire can have a 
suitable diameter such as 0.052 inches in outside diameter 
and can have a suitable length, as for example, 7 centime 
ters. The guide Wire 74 can be a spring formed from Wire 
























