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(57) ABSTRACT 

Treating a site Within the body by, e.g., placing an endopros 
thesis into the body, With a catheter having a proximal 
portion remaining outside the body and a shaft for position 
ing inside the body. The shaft includes in a distal portion a 
selectively expandable member Which can be expanded 
from a small cross-sectional pro?le for receiving said 
endoprosthesis about said expandable member in a compact 
con?guration and a large, expanded cross-sectional pro?le 
for expanding said prosthesis during placement into the 
body, and an elastic strip Wrapped in helical fashion about 
said expandable member such that the strip is stretched 
When said expandable member is expanded to said large 
cross-sectional pro?le. 
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EXPANDABLE CATHETER 

[0001] This invention relates to a catheter including an 
expandable member, such as a balloon, for dilatation or 
delivery of an endoprosthesis. 

BACKGROUND 

[0002] Catheters With an expandable member, such as a 
balloon, are used to treat body lumens that have been 
occluded or Weakened by disease. In angioplasty, for 
example, a catheter is threaded through the vasculature to 
locate the balloon at the site of an occlusion Where the 
balloon is in?ated to dilate the lumen. To maintain the lumen 
in a dilated condition, a tubular endovascular prosthesis may 
be provided at the site. The prosthesis is placed over the 
balloon such that, When the balloon is in?ated, the prosthesis 
is expanded into contact With the Wall to hold the lumen 
open. To treat aneurysms, a graft may be provided over the 
balloon. The ends of the graft are attached to healthy 
portions of the lumen on either side of the aneurysm so that 
the body of the graft bridges the Weakened area. 

SUMMARY OF THE INVENTION 

[0003] In an aspect, the invention features treating a 
stricture site inside the body of a patient. The site is treated 
by providing a system including a catheter having a proxi 
mal portion remaining outside the body and a ?exible shaft 
that can be positioned inside the body. The shaft includes in 
a distal portion a selectively expandable member Which can 
be expanded from a loW pro?le for delivery to the site to an 
expanded pro?le for treating the site. The system also 
includes a strip Wrapped in a helical fashion about the 
expandable member such that the strip is stretched When the 
expandable member is expanded to the expanded pro?le. 
The catheter is delivered to the site and the expandable 
member expanded to treat the site. 

[0004] In another aspect, the invention features a system 
for placing an endoprosthesis at an implantation site in the 
body of a patient. The system includes a catheter having a 
proximal portion remaining outside the body and a ?exible 
shaft that can be positioned inside the body. The shaft 
includes in a distal portion a selectively expandable member 
Which can be expanded from a loW pro?le for receiving the 
endoprosthesis in a compact con?guration for delivery to the 
site and an expanded pro?le for implanting the prosthesis at 
the site. The system also includes a strip Wrapped in a helical 
fashion about the expandable member such that the strip is 
stretched When the expandable member is expanded to the 
expanded pro?le. 
[0005] In another aspect, the invention features a system 
for placing an endoprosthesis at an implantation site in the 
body of a patient. The system includes a catheter having a 
proximal portion remaining outside the body and a shaft for 
positioning inside the body. The shaft includes in a distal 
portion a selectively expandable in?atable balloon Which 
can be expanded from a small cross-sectional pro?le for 
receiving the endoprosthesis in a compact con?guration for 
delivery to the site and an expanded cross-sectional pro?le 
for implanting the prosthesis at the site. The system also 
includes an elastic strip attached to the catheter at opposite 
ends of the balloon and Wrapped in a series of overlapping 
turns about the balloon such that the strip is elastically 
stretched When the balloon is expanded and elastically 
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recovers When the expandable member is collapsed after 
implantation of the prosthesis. 

[0006] Embodiments may also include one or more of the 
folloWing. The strip provides greater resistance to expansion 
in one part of the expandable member than another part of 
the expandable member such that the parts expand sequen 
tially as expansion force is increased. The central portion of 
the expandable member expands prior to end portions proxi 
mal and distal thereof. The distal end portion expands prior 
to portions proximal thereof. The strip is Wrapped in a 
manner that the Wrap angle of the helical turns varies at 
locations corresponding to different parts of the expandable 
member. The Wrap angle is greater at a location correspond 
ing to a ?rst part of the expandable member than at a location 
corresponds to a second part of the expandable member to 
permit in?ation of the ?rst part prior the second part as 
expansion force is increased. The Wrap angle is greater in a 
central portion than in portions proximal and distal thereof. 
The Wrap angle betWeen helical turns is greater in a distal 
portion than in proximal portions. 

[0007] Embodiments may also include one or more of the 
folloWing. The strip is Wrapped in a manner that the tension 
of the strip varies at locations corresponding to different 
parts of the expandable member. The geometry of the strip 
varies at locations corresponding to different parts of the 
expandable member. The strip is Wider at a location corre 
sponding to one portion then at a location corresponding to 
another portion. The strip is thicker at a location correspond 
ing to one portion then at a location corresponding to another 
portion. The strip is attached to the catheter shaft at a 
location proximal and distal of the expandable member. The 
strip has a relatively loW friction surface facing the pros 
thesis and a relatively high friction surface facing the 
balloon. The expandable member is a ?uid-in?atable bal 
loon. The balloon is formed of a nondistendible polymer. 
The prosthesis is formed of polymeric material. The pros 
thesis includes polymeric material With metal stents at its 
ends. The catheter is delivered and WithdraWn through an 
endoscope. The system further includes members extending 
over the ends of the prosthesis When the ends are in a 
compact pro?le condition and the members are slidable from 
the ends When the ends are expanded to the expandable 
pro?le. 
[0008] Embodiments may include one or more of the 
folloWing advantages. The helically Wrapped strip can be 
used to vary the sequence of in?ation of different portions of 
an expandable member, such as a balloon and an overlying 
prothesis, by varying the nature of the Wrap about the 
corresponding portions to effect differing resistance to 
expansion force. In particular cases, the strip is Wrapped in 
a manner that a central portion in?ates prior to distal and 
proximal portions or in a manner that a distal portion in?ates 
prior to more proximal portions. These in?ation sequences 
may have particular advantages When using the system to 
expand a prosthesis including a highly malleable material 
such as PTFE or other polymer. By expansion of the central 
or distal portion ?rst, the malleable graft Will not be pushed 
off the end of the catheter, as might be the case if the 
proximal portion is in?ated ?rst. Nor Will the prosthesis be 
axially compressed, as might occur if both the proximal and 
distal portions are in?ated prior to the central portion. 

[0009] In addition, the Wrap may have a slippery surface 
compared to conventional balloon materials, such as PET, so 
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that a polymer prosthesis is readily released from the balloon 
after it is expanded. (The stickiness betWeen PET and PTFE 
is believed to be caused by surface tension interaction 
betWeen these tWo smooth-surface materials or due to local 
iZed vacuum effects caused by the porous nature of the 
PTFE.) Further, in cases Where the Wrap exhibits elasticity, 
it may reduce the pro?le of the balloon upon de?ation by 
aiding balloon refolding. 

[0010] Still further features, aspects, and advantages fol 
loW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is an assembly draWing including a side 
vieW of a catheter including an expandable member With a 
helically Wrapped strip and in cross-section, a prosthesis, 
Which can be positioned over the Wrapped expandable 
member, While FIG. 1A is a cross sectional vieW along the 
line 1A1A of FIG. 1: 

[0012] FIG. 2 is a side vieW of the distal portion of the 
system in FIG. 1 With the expandable member and pros 
thesis in an initial stage of expansion, While FIG. 2A is a 
cross-sectional vieW along the line 2A2A in FIG. 2; 

[0013] FIG. 3 is a side vieW, in partial cross-section, of the 
distal portion of the catheter in FIG. 2 With the expandable 
portion and prosthesis fully expanded, While FIG. 3A is a 
greatly expanded cross-sectional vieW of the area in circle 
3A in FIG. 3; 

[0014] FIG. 4 is a side vieW of the catheter in FIG. 3 after 
the expandable member has been collapsed, While FIG. 4A 
is a cross-sectional vieW along line 4A4A in FIG. 4; 

[0015] FIG. 5 is a vieW of an elastic strip prior to 
Wrapping, While FIG. 5A is a schematic illustrating helical 
Wrapping of the strip about an expandable member; 

[0016] FIG. 6 is a vieW of another strip Which can be 
helically Wrapped about an expandable member; 

[0017] FIG. 7 is another strip Which can be helically 
Wrapped about an expandable member; 

[0018] FIG. 8 is a side vieW of a catheter including the 
strip in FIG. 7 helically Wrapped about expandable member 
and in an initial stage of expansion; 

[0019] FIG. 9 is a vieW similar to FIG. 9 With the 
expandable member fully expanded; 

[0020] FIG. 10 is a vieW of another strip Which can be 
helically Wrapped about an expandable member; 

[0021] FIG. 11 is a side vieW of another catheter including 
an expandable member and a helically Wrapped strip, While 

[0022] FIG. 11A is a greatly expanded vieW of the region 
in circle 11A in FIG. 11; 

[0023] FIG. 12 is a side vieW similar to FIG. 11 With the 
expandable member in a state of initial expansion; 

[0024] FIG. 13 is a side vieW similar to FIG. 12 With the 
expandable member fully expanded. 

STRUCTURE AND OPERATION 

[0025] Referring to FIGS. 1-4A, a system 10 for placing a 
prosthesis 26 into the body includes a catheter 12 that has a 
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?exible shaft 14 With an expandable portion 16 near its distal 
end. The expandable portion 16 includes an in?atable bal 
loon 28 and a strip 13 that has been helically Wrapped about 
the balloon. The prosthesis 26, Which may be an expandable 
PTFE graft, is in a small diameter form and positioned over 
the helically Wrapped strip for delivery into the body. 

[0026] The strip is Wrapped In a manner such that adjacent 
turns 30, 32, of the strip overlap (FIG. 3A). The Wrap angle 
of the helical turns (and hence, the distance, or pitch length, 
betWeen turns and the amount of overlap betWeen adjacent 
turns) varies in different portions along the length of the 
balloon. In proximal portion 20 and distal portion 22 the 
Wrap angle 61, is greater than the Wrap angle 02 in the central 
portion 24. As discussed in more detail beloW, by decreasing 
the Wrap angle of the helical pattern, greater material overlap 
occurs and, consequently greater resistance to radial in?a 
tion force, Which permits expansion of the central portion 
before expansion of the distal and proximal portions as 
in?ation pressure is increased. 

[0027] Referring particularly to FIGS. 1 and 1A, prior to 
delivery into the body, the balloon 23 is in a loW pro?le, 
de?ated condition. Typically, the balloon is Wrapped 10 
around the catheter body in a series of overlapping Wings or 
folds (FIG. 1A). The strip is formed of an elastic material, 
is helically Wrapped to closely conform to and lightly 
compress the folded balloon. The prosthesis 26, in a small 
cross-sectional pro?le condition, can be slipped over the 
helically Wrapped strip. To retain the prosthesis during 
delivery into the body, the balloon may be partially in?ated 
to securely grip the prosthesis or the strip may have a 
roughened, high friction outer surface. Alternatively, a 
retractable sheath can be placed over the prosthesis. The 
catheter 12 also includes a proximal portion remaining 
outside the body that includes a hub 15 With a port 17 for 
introduction of in?ation ?uid to an internal lumen commu 
nicating With the interior of the balloon and a port 19 
communicating With an interior lumen in a manner to permit 
delivery of the device over a guide Wire. 

[0028] Referring particularly to FIGS. 2 and 2A, after the 
catheter is threaded into the body to locate the prosthesis at 
a desired implantation site (not shoWn), the balloon is 
in?ated to an initial in?ation pressure Which is suf?cient to 
overcome the resistance of the helically Wrapped strip in the 
central portion 24. The strip stretches elastically as the 
balloon unfolds and expands, causing the corresponding 
central portion of the prosthesis 26 to be expanded into 
contact With the Wall of a body lumen at an implantation site. 
HoWever, the proximal and distal portions 20, 22, Where the 
strip is Wrapped to provide greater radial resistance, remain 
substantially unexpanded. The proximal and distal portions 
include the taper regions of the balloon, Which are not 
beneath the prosthesis, to keep the taper portions from 
expanding against the body lumen and to give the expanded 
central portion a more uniform cylindrical shape. 

[0029] Referring to FIG. 3, upon in?ation to higher pres 
sures, the resistance to expansion at the proximal 20 and 
distal portions 22 is overcome, alloWing those portions to 
expand and causing the corresponding portions of the pros 
thesis to be expanded into contact With the body lumen Wall. 

[0030] Referring to FIGS. 4 and 4A, after the prosthesis 
has been fully expanded, the pressure in the balloon is 
released. The helically Wrapped strip elastically recovers 
and the catheter is removed from the body While leaving the 
prosthesis at the implantation site. 
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[0031] The elastic strip may also help retold the balloon 
about the catheter. During in?ation the Wrap is subject to 
non-uniform strain as the balloon rotates as it unfolds. The 
effect of this non-uniform strain is remembered by the Wrap. 
Upon de?ation, the helically Wrapped strip recovers from 
these nonuniform forces by tWisting slightly around the 
shaft. In addition, the helical turns may rotate someWhat 
relative to each other during in?ation in response to the local 
underlying forces and then rotate back during de?ation, 
Which also has the effect of aiding balloon refolding. 

[0032] The helically Wrapped strip delivery system may 
provide particular advantages in delivering polymeric grafts, 
such as those including PTFE. Arranging the system to 
expand the central portion prior to the end portions avoids 
compression of a prothesis made of relatively malleable 
polymer materials that may occur if the end portions Were 
expanded prior to central portion. These advantages may be 
of particular importance When using a graft in Which the 
central portion is formed of polymer, e.g., PTFE, that is not 
supported by a metal stent. For example, the graft may be a 
continuous tube of polymer of a tube including metal 
anchoring stents at the proximal and distal ends. In addition, 
the strip may be formed of a material that is less tacky and 
does not adhere to the prosthesis as much as a glassy, 
crystalline balloon polymers such as PET, Which permits the 
prosthesis to be more easily released from the catheter after 
expansion. 

[0033] Manufacture 

[0034] Referring to FIGS. 5-5B, strip 18 is helically 
Wrapped by bonding an end 29 to the catheter shaft at a 
location that is adjacent and distal of the balloon (FIG. 5A). 
The ends of the strip are trimmed to a point prior to Wrapping 
to avoid excess at the leading and trailing edges. The strip is 
then placed in light tension as it is rotated about the catheter 
(arroW 41) in a manner that each turn of the helix overlaps 
the previous turn, Which keeps the previous turn from 
unWrapping. After the entire length of balloon has been 
Wrapped, the opposite end of the strip is bonded to the 
catheter at a location that is proximal to the balloon. 

[0035] The strip may be made of an elastic material With 
an elongation of about 550-800 percent or more. Examples 
include urethanes, silastics and latex. In a particular embodi 
ment, the strip is made of an elastic urethane (available as 
HT-7 from Apex Corp, CA) and is cut to a length of about 
8-10 cm (depending on balloon length), a Width of about 12 
mm, and a thickness of about 0.002“. The catheter is a nylon 
angioplasty catheter including a Wing-folded PET balloon 
With a length of about 2-10 cm and an in?ation diameter of 
about 6-10 mm Which is available as the Ultrathin ST-UT 
Balloon Catheter from Boston Scienti?c Corporation, Nat 
ick, Mass. This catheter includes a balloon With relatively 
short taper regions, 5-8 mm (depending on in?ation diam 
eter), Which reduces the length of balloon beyond the 
prosthesis that must be Wrapped With the strip. In the 
Wrapping step, the strip is typically stretched less than 200% 
to avoid cold ?oW effects during storage, particularly When 
latex is used. Greater resistance to expansion force can be 
effected by increasing the number of turns over a portion of 
the balloon, Which increases the overlap of adjacent turns, 
and can be achieved by increasing the Wrap angle, 0. In the 
particular case, the Wrap angle may be about 50-60° over a 
length of about 2-3 cm in proximal and distal portions and 
the Wrap angle may be about 4-25 cm (depending upon 
balloon length) in the central portion. At a Wrap angle of 
about 45°, the balloon typically in?ates at a minimum 
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pressure of about 1.5 to 3 atm. At a Wrap angle of about 50 
to 60° the balloon in?ates at about 4 to 5 atm. The prosthesis 
is formed of a polymeric material, such as expanded, and 
expandable, PTFE. Suitable prostheses of this type are 
taught in Colone, U.S. Ser. No. 08/239,239 ?led May 6, 
1994, and US. Ser. No. 08/265,794 ?led Jun. 27, 1994 and 
a PCT application entitled “Radially Expandable Polytet 
ra?uoroethylene and Expandable Endovascular Stents 
Formed ThereWith” ?led on Jun. 7, 1995, the entire contents 
of Which is incorporated herein by reference. The PTFE 
prosthesis may include metal stent anchors Which may be 
formed of thermal effect shape memory nitinol as taught in 
Simon et al. US. Pat. No. 5,354,308 the contents of Which 
is incorporated herein by reference. In embodiments, the 
prosthesis may include a metal stent along its entire length. 
The stent may also be balloon expandable materials such as 
stainless steel or tantalum. The stent may extend the full 
length of PTFE graft. The stent may be attached to the 
polymer, e.g., With suture or positioned Within the polymer 
Without attachment. 

[0036] Other Embodiments 

[0037] An elastic strip may be stretched beyond its elastic 
limit such that it only partially recovers. This operational 
mode may be used With larger balloons, e.g., 12-14 mm 
in?ated diameter. The strip may also be formed of a non 
elastic but malleable material, e. g., Te?on. In such cases, the 
strip can control expansion sequence by varying Wrap 
parameters or strip construction along its length and plasti 
cally stretching, but the strip does not recover elastically 
upon de?ation. 

[0038] The strip may be tacky on one side, for example, 
the side in contact With the balloon, and slippery on the other 
side, Which is exposed to the interior of the prosthesis to aid 
release of the prosthesis after expansion. This effect may be 
achieved by roughening the inner surface of the strip, e.g., 
forming the strip by dipping using a mandrel With a rough 
ened surface. The strip may also be provided With a loW 
friction coating, such as Te?on or a hydrogel. AloW friction 
material may be provided by coextrusion of multiple layers 
on the strip. 

[0039] The Wrap may also be imbibed With a drug, such as 
heparin, Which is squeeZed out of the polymer When Wrap is 
stretched during expansion. The drug may be imbibed 
during manufacture of the strip. Alternatively, the drug may 
be absorbed in the strip by dipping into a drug solution just 
prior to use. For example, the balloon could be in?ated, 
dipped into a drug solution, de?ated While in the solution to 
draW drug into polymer and then removed from the drug 
solution. 

[0040] Refer to FIG. 6, the Wrap angle can be varied by 
constructing the strip to include preselected angular transi 
tions. Astrip 30, for example, includes portions 31, 32, to be 
Wrapped around the ends of the balloon, that transition at 
angles With respect to a portion 33 that is Wrapped about the 
central portion of the balloon. The transition angles avoid 
additional compression at the helical turn Where the Wrap 
angle changes. 

[0041] Referring to FIGS. 7-9, a strip 40 includes a 
relatively Wide distal portion 42, Width, W1, and a relatively 
narroW proximal portion 44 Width, W2 (FIG. 7). As the 
Width of the strip increases, the resistance decreases for a 
strip Wrapped of constant angle and tension. At an initial 
in?ation pressure, the distal portion of the balloon, corre 
sponding to the location of the distal portion of the strip 42, 



US 2001/0008970 A1 

expands Which causes expansion of the corresponding distal 
portion of a prosthesis 46 (FIG. 3). Upon in?ation to higher 
pressures, the proximal portion expands, corresponding to 
the proximal portion 44 of the strip, permitting the sore 
proximal portions of the prosthesis 46 to be expanded (FIG. 
9). By arranging the system to expand the distal portion prior 
to more proximal portions, the likelihood that the prothesis 
Will be pushed or extruded off the end of the catheter is 
minimized, particularly in the case of polymer grafts. 

[0042] Resistance to expansion force can be varied by 
varying other parameters of the strip. For example, the 
tension of the strip can be varied during Wrapping to the 
effect that greater tension causes an increase in resistance to 
expansion force. The thickness of the strip may be varied 
along its length. The composition of the strip may also be 
varied along its length. In embodiments, the adjacent turns 
of the Wrap need not overlap. For example, the adjacent 
turns may overlap only in the end portions corresponding to 
the balloon tapers to keep the Wrap from slipping or bunch 
ing in the taper portions When the central portion is 
expanded. Multiple, concentrically Wrapped strips can also 
be used. The strip may also be a composite or laminate of 
different materials to achieve effects as described above. 
Combinations of parameters can be used to vary the resis 
tance. For example, the resistance can be varied by varying 
both the Wrap angle and the Wrap tension in the different 
portions. The strip may be Wrapped for greater resistance at 
proximal and distal portions that correspond only to the 
taper portions of the balloon and do not extend beneath the 
prosthesis. The strip may also be Wrapped to provide a 
constant resistance to expansion force along the entire length 
of the balloon to permit in?ation of the entire balloon 
simultaneously. 

[0043] Referring to FIG. 10, another strip 34 provides for 
double Wrapping an expandable member. The strip includes 
and end portion 35, bifurcated central portions 36, 37 and 
second end portions 38, 39. The bifurcated central and 
second portions may be formed of the same or different 
materials, attached, e.g., by melt or adhesive bonding or 
coextrusion. The strip 34 is Wrapped by ?rst helically 
Wrapping end portion 35, central portion 36 and end portion 
38. The central portion 37 and end portion 39 are Wrapped 
over portions 36, 38. The second Wrapping may be provided 
With different Wrap characteristics then the ?rst Wrapping. 

[0044] The balloon catheter nay be a conventional dilata 
tion catheter With a dilatation balloon formed of PET, nylon, 
PE, or other suitable material. The prosthesis can be 
expanded simultaneously With dilatation of the a lumen or 
subsequently, after a separate dilatation procedure. In typical 
vascular applications, the balloon has a length betWeen 
about 2-10 cm and an in?ated diameter of about 5-8 mm. As 
discussed above, longer balloons can also be used. Larger 
diameter balloons may also be used, for example, balloons 
in the 10-14 mm diameter range. The balloon may not be 
Wing folded but rather compressed uniformly about the 
catheter shaft. 

[0045] Referring to FIGS. 11-13, in embodiments, a cath 
eter 50 may be provided With members 52, 54 (shoWn in 
cross-section) Which hold the ends of the prosthesis station 
ary While the central portion is expanded but slide axially as 
the ends are expanded. Referring particularly to FIG. 11A, 
the members 52, 54 include a proximal portion 56 With a 
small inner diameter siZed to ?t closely over a catheter body 
60 and a large end 62 With inner diameter siZed to ?t over 
the helically Wrapped balloon 64 and prosthesis 66. 
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[0046] The large diameter end includes an elastic exten 
sion 68 Which grips the exterior of the prosthesis. The 
prosthesis 68 includes metal anchoring stents 75, 75‘ at its 
ends. The stents are made, e.g., of self-expanding thermal 
effect shape memory material that expands to larger diam 
eter upon increase in temperature. 

[0047] Referring particularly to FIG. 11, on initial in?a 
tion, the central portion of the balloon and prosthesis are 
expanded While the end portions remain substantially unex 
panded. The members 52, 54 keep the stent from moving 
axially. 

[0048] Referring to FIG. 11, upon in?ation to higher 
pressure, the end portions expand, causing the members 
52,54 to slide axially (arroWs 70, 72) and permit full 
in?ation. (The distal portion of the catheter includes a 
protrusion 74 to keep the member 54 from sliding off the 
end.) 
[0049] In a particular embodiment, the members 52, 56 are 
formed of PEP (per?uorolethylene copolymer) With tubular 
extensions 52 made of silastic. The members can be con 
structed to keep the taper portions of the balloon from 
in?ating before the central portion is in?ated by providing 
suf?cient resistance, in combination With the helical Wrap, to 
shape the balloon in?ation and avoid expansion of the taper 
regions. The members 52, 56 can also be used to keep the 
end portions from in?ating in a system Without a helical 
Wrap. The members may also prevent self-expanding metal 
stents at the end of the prosthesis from expanding prior to 
balloon in?ation. A slidable member is also discussed in 
Roberts, U.S. Ser. No. 08/269,064, ?led Jun. 30, 1994, the 
entire contents of Which are incorporated herein by refer 
ence. In other embodiments, an elastic sleeve can be pro 
vided over the ends of the prosthesis. A sleeve is taught in 
Savin, U.S. Pat. No. 4,950,227, the entire contents of Which 
is incorporated herein by reference. 

[0050] In embodiments, the prosthesis may be made a 
polymer, such as PTFE, over a metal stent extending the full 
length of the prosthesis. In embodiments the prosthesis may 
be made entirely of a polymer such as PTFE, Without any 
metal stent structure. The prosthesis may also be a metal 
stent Without a polymer element. In embodiments, the metal 
stent may be a balloon expandable metal or a self-expanding 
material, such as a highly elastic nitinol material or thermal 
effect shape memory material, that is implanted With balloon 
assist. The system may also provide particular advantages 
for delivering relatively long prosthesis, e.g. 15-20 cm in 
length, since the Wrap can assist refolding of long balloons 
made of stiff, nondistendible polymers, such as PET. 

[0051] The system can be used in and adapted for proce 
dures such as dilatation or vascular stenting in, for example, 
the coronary or peripheral arteries. The system can also be 
constructed and arranged for placement of a graft for treat 
ing an aneurysm, e.g., in the aorta. The system may also be 
constructed and arranged for use in non-vascular body 
lumens and other body locations to treat occlusions or to 
treat other diseases. For example, the system can be used in 
endoscopic applications in Which the catheter and balloon 
are introduced through and removed from the narroW Work 
ing channel of an endoscope. Examples include treating 
esophageal and pyloric strictures, in Which the system must 
pass through on endoscopic channel With an inner diameter 
of about 2.8 mm or treating colonic or anastomonic stric 
tures in Which the system must pass through a Working 
channel of about 3.2 mm or treating biliary strictures, in 
Which the system passes through a Working channel about 
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2.8 to 4.2 mm in diameter. The system can also be used in 
dilation operations Without delivering a prosthesis. 

[0052] Further embodiments are in the following claims. 

What is claimed is: 
1. A system for placing an endoprosthesis at an implan 

tation site in the body of a patient, comprising: 

a catheter having a proximal portion remaining outside 
the body and a ?exible shaft that can be positioned 
inside the body, said shaft including in a distal portion 
a selectively expandable member Which can be 
expanded from a loW pro?le for receiving said 
endoprosthesis in a compact con?guration for delivery 
to said site and an expanded pro?le for implanting said 
prosthesis at said site, and a strip Wrapped in a helical 
fashion about said expandable member such that said 
strip is stretched When said expandable member is 
expanded to said expanded pro?le. 

2. The system of claim 1 Wherein said strip provides 
greater resistance to expansion in one part of said expand 
able member than another part of said expandable member 
such that said parts expand sequentially as expansion force 
is increased. 

3. The system of claim 2 Wherein a central portion of said 
expandable member expands prior to end portions proximal 
and distal thereof. 

4. The system of claim 2 Wherein a distal end portion 
expands prior to portions proximal thereof. 

5. The system of claim 2 Wherein said strip is Wrapped in 
a manner that the Wrap angle of the helical turns varies at 
locations corresponding to different parts of said expandable 
member. 

6. The system of claim 5 Wherein said Wrap angle is 
greater at a location corresponding to a ?rst part of said 
expandable member than at a location corresponds to a 
second part of said expandable member to permit in?ation of 
said ?rst part prior said second part as expansion force is 
increased. 

7. The system of claim 6 Wherein said Wrap angle is 
greater in a central portion than in portions proximal and 
distal thereof. 

8. The system of claim 6 Wherein said Wrap angle betWeen 
helical turns is greater in a distal portion than in proximal 
portions. 

9. The system of claim 2 Wherein said strip is Wrapped in 
a manner that the tension of said strip varies at locations 
corresponding to different parts of said expandable member. 

10. The system of claim 2 Wherein the geometry of said 
strip varies at locations corresponding to different parts of 
said expandable member. 

11. The system of claim 10 Wherein said strip is Wider at 
a location corresponding to one portion then at a location 
corresponding to another portion. 

12. The system of claim 10 Wherein said strip is thicker at 
a location corresponding to one portion then at a location 
corresponding to another portion. 

13. The system of claim 1 Wherein said strip is attached 
to said catheter shaft at a location proximal and distal of said 
expandable member. 

14. The system of claim 1 Wherein said strip is elastically 
stretched When said expendable member is expended and 
elastically recovers When said expendable member is col 
lapsed after expansion. 
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15. The system of claim 1 Wherein the strip has a 
relatively loW friction surface facing said prosthesis and a 
relatively high friction surface facing said balloon. 

16. The system of claim 1 Wherein expandable member is 
a ?uid-in?atable balloon. 

17. The system of claim 1 Wherein said balloon is formed 
of a nondistendible polymer. 

18. The system of claim 1 Wherein said prosthesis is 
formed of polymeric material. 

19. The system of claim 1 Wherein said prosthesis 
includes a polymeric material With metal stent anchors at its 
ends. 

20. The system of claim 1 further including members, 
extending over the ends of said prosthesis When said ends 
are in a compact pro?le condition and said members being 
slidable from said ends When said ends are expanded to said 
expandable pro?le. 

21. A system for placing an endoprosthesis at an implan 
tation site in the body of a patient, comprising: 

a catheter having a proximal portion remaining outside 
the body and a shaft for positioning inside the body, 
said shaft including in a distal portion a selectively 
expandable in?atable balloon Which can be expanded 
from a small cross-sectional pro?le for receiving said 
endoprosthesis in a compact con?guration for delivery 
to said site and a large, expandable cross-sectional 
pro?le for implanting said prosthesis at said site, and an 
elastic strip attached to said catheter at opposite ends of 
said balloon and Wrapped in a series of overlapping 
turns about said balloon such that said strip is elasti 
cally stretched When said balloon is expanded and 
elastically recovers When said expandable member is 
collapsed after implantation of said prosthesis. 

22. The system of claim 19 Wherein the Wrap angle is 
greater at a location corresponding to a central portion of 
said balloon than at a location corresponds to portions of 
said balloon proximal and distal thereof to permit in?ation 
of said central portion prior said end portion as in?ation 
force is increased. 

23. The system of claim 19 Wherein said prosthesis 
includes a polymeric material. 

24. A method for treating a stricture site inside the body 
of a patient, comprising: 

providing a system including a catheter having a proximal 
portion remaining outside the body and a ?exible shaft 
that can be positioned inside the body, said shaft 
including in a distal portion a selectively expandable 
member Which can be expanded from a loW pro?le for 
delivery to said site and an expanded pro?le for treating 
said site, and a strip Wrapped in a helical fashion about 
said expandable member such that said strip is 
stretched When said expandable member is expanded to 
said expanded pro?le. delivering said catheter to said 
site, and expanding said expandable member to treat 
said site. 

25. The method of claim 22 Wherein said strip is elasti 
cally stretched When said expendable member is expended 
and elastically recovers When said expendable member is 
collapsed after expansion. 

26. The method of claim 22 comprising delivery and 
WithdraWal of said catheter through an endoscope. 

* * * * * 


