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A stent formed of a metallic material having a tWo-Way 
memory adapted to be retrieved or repositioned after deliv 
ery includes an elongated tubular body and at least one 
croWn connected to a respective longitudinal end of said 
body, the croWn including a plurality of unconnected leaves, 
each leaf having a longitudinally extending frame connected 
at one end to said end of said body. A method of manufac 
turing the stent so that the croWn has a greater tWo-Way 
memory effect than the body is disclosed. 
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TEMPORARY, REPOSITIONABLE OR 
RETRIEVABLE INTRALUMINAL DEVICES 

PRIOR APPLICATIONS 

[0001] Priority is claimed from provisional application 
Serial No. 60/337,060 ?led Dec. 3, 2001 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to advanced 
medical endoluminal devices for, and methods of, minimally 
invasive treatment of blockages of the blood vessels and 
other tubular organs. More particularly, the present inven 
tion relates to self-expanding stents for internal reinforcing 
of diseased tubular structure and/or for local delivery of 
pharmacological or radioactive agents having a bene?cial 
advantage of repositioning or retrieval. 

BACKGROUND OF THE INVENTION 

[0003] A stent is a generally longitudinal cylindrical 
device formed of biocompatible material, such as a metal or 
plastic, Which is used in the treatment of stenosis, strictures, 
or aneurysms in body blood vessels and other tubular body 
structures, such as the esophagus, bile ducts, urinary tract, 
intestines or tracheo-bronchial tree. References hereafter to 
“blood vessels” and “vessels” Will be understood to refer to 
all such tubular body structures. A stent is held in a reduced 
diameter state during its passage through a loW pro?le 
catheter until delivered to the desired location in the blood 
vessel, Whereupon the stent radially expands to an expanded 
diameter state in the larger diameter vessel to hold the vessel 
open. As discussed beloW, radial expansion of the stent may 
be accomplished by an in?atable balloon attached to a 
catheter, or the stent may be of the self-expanding type that 
Will radially expand once deployed from the end portion of 
a delivery catheter. 

[0004] Stented vessels have a tendency to develop aggres 
sive intimal hyperplasia. Intimal hyperplasia is part of the 
endothelialiZation process by Which the stent becomes incor 
porated into the vessel Wall as a result of the vessel’s 
reaction to a foreign body, and is characteriZed by deposition 
of cell layers covering the stent. It eventually results in 
formation of a neointima, Which coats the stent and buries it 
completely in the vessel Wall. 

[0005] EndothelialiZation generally improves patency 
rates and the more complete the apposition of the stent to the 
vessel Wall, the more uniform and optimal is the degree of 
endothelialiZation. Of course, a fundamental concern is that 
the stent be deployed in the correct desired location in the 
vessel as precisely as possible in the ?rst place. This is 
important When delivering radiation or medication to a 
particular location using the stent. 

[0006] Stents fall into one of tWo categories based on their 
mechanism of deployment and radial expansion, namely, 
balloon-expandable stents and self-expanding stents. 

[0007] Balloon-expandable stents (BES) are mounted in 
their reduced diameter state on nylon or polyethylene bal 
loons, usually by manual crimping, While others are avail 
able pre-mounted. One example of a BES is shoWn in US. 
Pat. No. 4,733,665 to PalmaZ. BES rely solely on balloon 
dilation to attain the desired expanded con?guration or state. 
This enables BES to be deployed in a relatively controlled 
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gradual manner. BES in general have more strength than 
self-expanding stents and initially resist deformation as Well 
as recoil. BES behave elastically but eventually yield and 
become irreversibly, i.e. plastically, deformed under external 
force. Most BES are less ?exible than self-expanding stents 
and are therefore less capable of being delivered through 
tortuous vessels and, When a BES is deployed in a tortuous 
vessel, it often straightens the vessel, forcing the vessel to 
conform to the shape of the stent rather than vice versa. This 
generally results in portions of the stent not being com 
pletely apposed to the vessel Wall Which in turn affects 
endothelialiZation and overall patency rate. 

[0008] On the other hand, BES can generally be deployed 
in a relatively precise manner at the correct desired location 
in the vessel since they can be deployed in a controlled 
gradual manner by gradually controlling the in?ation of the 
balloon. This ability to gradually control the expansion of 
the stent, along With the fact that BES rarely change their 
position on the balloon during in?ation, enable ?ne adjust 
ments to be made by the operator in the position of the stent 
Within the vessel prior to stent deployment. 

[0009] Self-expanding stents (SES) are formed of braided 
stainless steel Wire or shape-memory alloy such as nitinol 
and are generally delivered to desired locations in the body 
in a reduced diameter state in a loW pro?le catheter While 
covered by an outer sheath Which partially insulates the SES 
from body temperature and mechanically restrains them. 

[0010] Nitinol is an alloy comprised of approximately 
50% nickel and 50% titanium. Nitinol has properties of 
superelasticity and shape memory. Superelasticity refers to 
the enhanced ability of material to be deformed Without 
irreversible change in shape. Shape memory is the ability of 
a material to regain its shape after deformation at a loWer 
temperature. These physical properties of nitinol alloW com 
plex device con?gurations and high expansion ratios 
enabling percutaneous delivery through loW pro?le access 
systems. 

[0011] Superelasticity and shape memory are based on 
nitinol’s ability to exist in tWo distinctly different, reversible 
crystal phases in its solid state at clinically useful tempera 
tures. The alignment of crystals at the higher temperature is 
called the austenite (A) phase; the alignment of crystals at 
the loWer temperature is called the martensite (M) phase. In 
betWeen is a temperature interval of gradual transition 
betWeen the A and M phases. 

[0012] Under external force, the shape of a nitinol device 
can be greatly deformed Without irreversible damage. 
Depending on the temperature at Which this external force is 
applied, superelastic or shape memory effects prevail. In 
close vicinity to or above the temperature de?ning transition 
into the full A state, superelasticity results: as soon as the 
deforming force is released, the device immediately assumes 
it original shape. When nitinol is deformed at or beloW the 
loWer temperature of the complete M transition, the shape 
memory effect can be exploited. The device retains its 
deformed shape even after the external force is removed as 
long as the temperature of the environment stays beloW the 
temperature of transition into A phase. Only during heating 
does the device resume its original shape. 

[0013] While the shape memory effect is essentially a 
one-Way type phenomena in Which shape recovery occurs 
























