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DEFORMABLE MEDICAL DEVICE WITHOUT
MATERIAL DEFORMATION

BACKGROUND OF TH!

INVENTLON

L4J

The present invention deals with medical

5 devices. More specifically, the present invention

deals with medical devices, such as stents, that can

be deployed without undergoing material deformation.

Stents are well known for use in opening

and reinforcing the interior wall of blood wvegsels

10 and other body conduits. Stents are generally

F
-

tubular, radially expandable and may be of a self-

expanding type or can be expandable with an outwardly

directed pressure applied to the stent, typically by

I

expansion o an 1nteriorly positioned balloon.

!

F

15 Stents are conventionally made of wvarious materials

such as plastic or metal.

F

Conventional gtents guffer from a number of

F

disadvantages. One of the problems associated with

conventional stents is that current stent designs are

20 limited in the amount of diameter change which can be

obtained with the atent as it moves from an

unexpanded, insertion position, to an expanded,

deployed position. The relative change 1in diameter

g

the stent 1s limited by the characteristics of the

B

O

!

-y

25 . material used to make the gstent. The combination of

o
p—

materials used to make the stent, and the design of

the stent, must be such that the gtent can withstand

che crimping and expansion thereof, without
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surpassing its material limits.

F

tvpe of materials

that can be used.

PCT/US2004/025462

Thig restric

-g  the

Recently, work has been done in coating the
outside of stents with polymer or ceramic. However,
these coatings are prone to cracking as an affect of
the crimping and expansion strains when a stent is
crimped or expanded.

Other medical devices must also bear strains
without deleterious affects. For i1nstance, some
medical devices for use in a body cavity, such as
integrated electronics or drug containers, can be
completely destroyed by large strains.

SUMMARY OF THE INVENTLON
- Another problem associated with
conventional stents involves  magnetic resonance
imaging (MRI) visualization. MRI wvisualization 1s

being explored as

used when implanting stents. However,

designs are incompatible with MRI

to the permanent magnetic disturbance as a result oI

the magnetic susceptibility of

as well as the dynamic

fields and

radio frequency (RF)

fields 1in MRI

magnetic

g

field due to Faraday’s law as a result o

exlg!

visualiza

disturbance of the ms

#

the metallic cage construction of stents.

the s

switched gradient

cing stent

a visualization technigque to be

tion due

I

the metals being used

gnetic

C1rong

systems in combination with

The stent

distorts the MRI visualization in an area closely
proximate the stent in the anatomy in which it 1is
being implanted. Therefore, some technigues are
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being explored which involve con

magnetic susceptibility materials

PCT/US2004/025462

hbining relatively low

with lLow

susceptibility metals such as titanium or tantalum to

create a stent which is more compatible with MRI

visualization  techniques. Secondly,

electrical

isolating materials are integrated into metal stent

Lo

degsigns in such a pattern that there are no

undesirable electrically conducting loops 1in the

can be used to fulfill the role of

structure. Ceramics and polymers are materials which

the i1solator

material. However, using a material, such as

ceramic, can present its own challenges.

Ceramics are more biocompatible, stronger

and more durable than polymers, but are less
flexible. Thus, ceramics have a disadvantage i1n that
they perform very poorly in tensile situations.

Also, due to their elongation properties, which are

virtually non-existent, it is nearly impossible to

the sgtent

Vo

bend a ceramic. Therefore, 1!

gp—
—o

18 "c;fmed by

—

replacing small parts of the metal structure oL the

stent by a similar geometry part made out of ceramlic

(or a gimilar material), it 1s deslrable that the

ceramics be placed in the lowest stress

the stent structure.

d

These types of 1integra

— -

also suffer from another disadvantage.

I

metal sections out of a finished stent

locations in

~ed material stents

To remove

and then to

glue ceramic pieces, similar 1in geometry, into the

place where the metal i1is removed

is qguite a




CA 02532065 2006-01-10
WO 2005/018500 PCT/US2004/025462

_4 -

Il

cumbersome task. It is very difficult to position an

extremely small ceramic piece within the complex

a2 stent during a bonding

I

metal atructure O

operation. Similarly, due to the relatively high

-

5 npumber of processing steps needed to produce stents

(such as laser cutting, polishing, etc.) tolerance

F
p—

buildup yields wvariation in the cross-section size o1

=

rhe sgtruts of the stent, which makes it wvirtually

impossible to create exactly matching ceramic pileces.

10 Therefore, using this technique to create a more MRIL

compatible stent has economic drawbacks, particularly

b 4 p— gu—

if the process must be repeated up to 10-30 times for

every stent.

One embodiment of the present invention

15 thus provides a medical device, such as a stent, made

of a relatively inflexible material yet which can

still be moved from the crimped or radially
contracted insertion position to the radially
expanded deployed position. In one embodirgnen':.“,
20 portions of the stent are made out ot relatively

inflexible material and are connected together with a

hinge connection. Thig allows the stent  to

incorporate materials having relatively low ultimate

strain values, such as ceramics, without subjecting

25 thege materials to high strain or stress values.

F
——r

Thig also allows the stent to be assembled on top O:

a deployment balloon, completely  avoiding the

crimping process.
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In another embodiment, the hinge includes a

fixation member tha

(1

fixes the hinge in a desired
deployment position.

In yet another embodiment, the stent 1is

5 provided with sliding elements that allow the sten

—
S—

to expand and contract without stressing the stent

material. Thus, the stent can be made of a sheet oI

-y T p—
-

rolled material that overlaps itself, and the sliding

elements interact so the stent can be expanded to a

10 desired diameter.

ITn still another embodiment, the sheet of

p—
— ‘wile—

rolled material is provided with a mechanical locking

mechanism that allows the stent to expand, Dbut

precludes it from slipping into a conformation with a

15 amaller radial diameter.

In a further embodiment, the sliding

elements are deployed on stent struts such that the

struts can be transported relative to one another in

a longitudinal direction, along a longitudinal axis

20 of the stent.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a conventional stent.

FIG. 2 d1llustrates a portion of a strut

)

with hinges in accordance with one embodiment of the

25 present invention.

FIG. 3 illustrates a stent employing the

atruts chown 1n FIG. 2.
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FIGS. 4A-4D illustrate various hinge

embodiments which can be used 1n accordance wlith

different embodiments of the present invention.

FIGS. 5A-5B 1llustrate a locking

5 arrangement in which the hinges can be locked in a

desired position.

FIGS. 6A-6D illustrate sliding elements

disposed within a stent 1n accordance with one

embodiment of the present invention.

10 FIG. 7 illustrates a mechanical locking

arrangement for locking the stent shown in FIG. 6A in

an expanded position;

FIGS. 8A-8C illustrate another embohdimen':

of sliding elements on stent struts.

15 | FIGS. oA-9D illustrate a connector that

connects stent struts in a longitudinal transportable

way .

MBODIMENTS

(<]

ILLUSTRATIVH

L4

DETAILED DESCRIPTION OF TH!

y—
—

FIG. 1 is a schematic drawing of a

20 segmented stent 10 in accordance with a conventional

design. Stent 10 dis illustrated as a closed cell

design in which a plurality of closed cell stent

[ -

segments or  struts 12 are  interconnected by

connectors 14. Stent 10, in the past, has been
25 formed as a self-expandable type of stent made of
self-expanding material, such as Nitinol. Such

atents are cut or etched from tubular stock or rolled

or cut or etched from flat sheetg of Nitinol or other

shape memory metals, which do not themselves exhibit
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expanding stent design tends
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15

20

25

unconstrained or expanded conforma
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enerad,

"

the gself-

to return to 1ts

tion.

Alternatively, stent 10 has been formed as

an expandable stent, which 1s expandable under an

externally applied pressure that 1is applied to the

stent in a radially outward dire

ction.

Such stents

are typically crimped around an expansion balloon and

inserted to a desired position

The balloon is then inflated to drive expansion of

the stent.

B

Both types of prior

()

typically been formed oI

relatively high magnetic suscep

'

significant distortion of the

magnetic resonance imaging (MRI)

proximate the stent. Furthermo

F
—

conductive electrical loops aroun

as the circumference of the

el
ha—

additional distortion of the MRI

material

full metal design of these stents,

in the wvasculature.

tibility

that |has a

y—
—y

stent designs have

causing - a

visualization under

in the area closely

re, beca

uee of the

d

stent,

with highly

the cells as well

there 1S

image due to radio

frequency (RF) artifacts caused by both the RF field

and gradient magnetic fields in the MRI magnet.

FIG. 2 illustrates a stent strut 16 formed

gy

in accordance with one embodiment of the present

inventlion. Stent strut 16 includes strut

| -

~hat are connected to one another

hinges 20 allow stent segments

18 to zrotate about

elements 1 8

by hinges 20. The
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hinge points 22, relative to one another, in the

direction indicated by arrows 24.

)

FIG. 3 ghows a stent 26 formed of a

plurality of struts 16, each with hinges 20

connecting the elements 18. The struts are connected

p— —

to one another by a plurality of connectors 28. It

.

be seen that, when elements 18 rotate about

can thus

g

the hinge points 22 of hinges 20 in the direction

indicated by arrows 24, the stent radially expands 1in

the direction indicated by arrow 30. However, when

the elements 18 rotate in the opposite direction to

that shown by arrows 24, then the stent 26 moves to a

radially contracted position, in a direction opposite

that shown by arrow 30.

gy
—lt

Hinges 20 are illustratively made of any

suitable material. Such materials can 1nclude, Dby

P

way of example only, ceramic, polymer, metal or

pr— p—
—t

composite, and different parts of the hinges can be

made of different materials. For instance, materials

can be used to induce a desired friction such as by

using ceramic -and polymer on male and female

1

portions, respectively, of the hinge. The hinges can

also be made of metal with struts and connectors made

gy

of ceramic or polymer to avoid electrical loops.

g
ha—

Similarly, all parts of the stent can be made of

metals, provided with isolating coatings to prevent

electrical loops. For example, Teflon or ceramic

coatings can be used. Hinges 20 can be made using

materials such as ceramic or polymer to a very high
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precision. Such hinges 20 are illustratively formed

using an injection molding process (such as ceramlic

injection molding-CIM) .

Ceramic materials contain many desirable

characteristics for producing hinges 20. CeramlicC

materials are highly durable, have excellent wear

resistance, and processes for forming hinges 20 using

ceramics are controllable with high precision on the

microscopic level. Therefore, several different

v

hinge designs can be readily manufactured.

FIGS. ADN-4B 111lustrate three different

types of hinge design. FIG. 4A illustrates a ball

and socket hinge 32 which connects elements 18. In

one embodiment, the hinge 32 is rotatable about a

central pivot point in hinge 32 as is a conventional

ball and socket joint. " This is indicated by arrow
32. In another embodiment, elements 18 are also
rotatable about a longitudinal axis of the elements
18. This is indicated by arrows 36.

po—

FTG. 4B illustrates a leaf hinge 38 which

includes leaves 40 connected to one another at a

hinge point by a hinge pin 42. The leaves are
rotatable about hinge pin 42 in the directions
indicated by arrows 44. Leaves 40 are illustratively
formed  integrally  with, or separate from but

connected to, elements 18 of struts 16.

FIG. 4C illustrates an elbow hinge 46 1n

¥

which the hinge point 1s formed by frictionally

snapping an outer sheath attached to a first element
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18 over an inner pivot pin 50 that is attached to a

second element 18. Of course, the attachments

between each of items 48 and 50 and the corresponding

elements 18 can be by forming them integrally with

one another or by mechanically attaching them to omne

another. In hinge 46, elements 18 can pivot relative

to one another about the pivot point defined by end

46 in the direction indicated by arrows 52.

]

FIG. 4D i1llustrateg another embodiment o1

o
p—

hinge 20 in which the hinge is .formed as a knife

hinge 54. In knife hinge 54, elements 18 are

connected to  one another in a side-by-side

arrangement and pivot about the pivot point 56 formed

by hinge 54 in the direction indicated by arrows 58.

F

Of course, a wide variety of additional hinges can be

formed in accordance with the present invention as

well.

By providing hinges 20 in stent 26, wherein

the hinges are formed of a relatively low magnetic

—

susceptibility material, and of electrical isolating

material, electrically conductive loops eilither about

the periphery of stent 26 or about individual cells

formed in stent 26, are avoided, as 1is the permanent

magnetic disturbance caused by materials with higher .

magnetic susceptibility. This significantly reduces

the distortion to MRI visualization in the region

proximate stent 26. Similarly, by providing hinges

F

20, the stent material (which may be ceramic, for
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instance) undergoes low

insertion and deployment of

bending

the stent.

PCT/US2004/025462

stregsses during

In addition, because plastic deformation is

no longer needed in order to move the stent structure

vice versa, substantially no por

from a crimped position to an expanded position, or

~1ons of the gtent 26

undergo high bending or tensional stresses. The
radial contraction and expansion movement of the
stent i1s entirely provided for by hinges 20.

r

Therefore, the entire stent

26 can be

relatively low strain materials.

formed of the

Thus, the entire

stent 26 can be made of ceramics or ceramic-polymer

integrated -structures. This can be desirable since

ceramics are generally

recognized

biocompatible than many metals

ceramics have a magnetic susce

ZSEeX0.

et

and

as belng more

also because

ptibility'which 18 near

The arrangement of the stent shown 1n FIG.

3 also provides additional advantag

desirable in some applica

coating to metal stent struts.

coatings are prone to cracking

coating to follow the same plsz

0
:
O
I_l
he?
5
A
3
®
J
]_l
o
Q

rotating them about hinges 20, a

element 18 doeg not need

es. It may be

tions to provide a ceramic

the stents, because it 1is di:

stent. Since stent 26 underc

gr——
—

~he elements

during expansion of

18

CeXxce

However, the ceramic

r-I
p—t

ficult for the ceramic

stic deformation that

the metal struts undergo during deployment of the

oes radial expansion

p—
pa—

0! struts 16,

mic coating on

to undergo strains induced
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following plastic deformation of a metal stent.

Thus, ceramic coatings can be used on structural

metal elements as well.

di

F

g

ferent a

ITn order to assemble hinge 26, a number oI

pm—
p—

ssembly technigques can be used. For

instance, stent 26 can be assembled by using elements

18

hingé por
male and
connected to one another. Alternatively, s

can be

~ions at

that are connected to opposing male and female

Lo

~he end of those elements. The

female hinge portions can be mechanically

[ -

“ruts 16

fully formed and stent 26 can be assembled by

simply using separate connectors 28 to assemble the

struts

CQOI]

of

COIl

of

16 together. Connecting the hinges 20 or

nectors 28 allows assembling individual portions

the stent into the overall desired stent

formation. Thus, the stent can be formed on top

a deflated balloon such that hinges 20 are in the

collapsed,

comple

shown in F.

—

delivery.

coated stent that includes four dai:

Also

d

F
OL

drugs

1.1lustrative

[G. 3 provides additional benefits for drug

radially contracted ©position. This

~ely avoids the crimping process.

In addition, the configuration of stent 26

— )

For example, assume stent 26 1s a drug-

P
p—

ferent sgtruts 16.

assume that struts 16 are provided with

ferent levels of drug coating thereon, such that

they can be selected for assembly based on the level

coated on the atruts 16. In one

embodiments, the assembler pre-selects

p—
—

g

the individual struts 16 out of a large set oL struts
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such that the combined weight

near an ideal weight

must have

Assume that

welght of 8

assembler must

assembled s

coating weight of 20mg.

coating, or

radially
deployment,

during insertion,

techniques is 1llustra

By way oOrC

finished stent 26.

prey
—

a drug load of 100mg

three of the strw

(or desired drug

example,

F

e

assume
of
-g 16 hsa

PCT/US2004/025462

of the drug coating 1is

dosage) for the

that stent 26

a gilven drug.

ve a combined

Omg of drug coating applied to them. The

tent 26 another strut 16 that

pr——

to the assembled stent

with dif

In order

éxpanded

or 1n the rac

in one embodiment,

another sgsuch that

mating suxr

coupled to

the friction be

threadably

i)

faceg O

provided 1in tight

force to rotate the

F
il

.

CO

the mating

simply assemble

additional stru

maintalin

deployed

it reguires a C

hinges.

the

hinge

frictional engac

hing

ferent drug coatinc
stent

posl’

tively employed.

P

cgired amount of

onto the partially

has a drug

The assembler can then add
s with no drug

a thereon.

26 1in the

C1on, after

ially contracted position

one of a wide variety of different

For instance,

e gsurfaceg are

ement with one

r-
puedr

In one embodiment, the

are

simply tightly

one another and are textured

engaged to one another such

In another embodiment,

tight fitting bore.

g

mating hinge segments =&

the mating

of the hinge i1is similar to

rotating a

In another

re Coal

hinc

to 1ncreage

~ween the two during hinge rotation.

e portions are

that rotation

gcrew 1n  a

embodiment, the

ch

—ed wi

cLll

hegilve to

ad
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increase the force required to rotate the hinge

elements.

FIGS. b5A and 5B 1llustrate vet another

embodiment of a hinge in which the hinge elements can

5 Dbe maintained in a predetermined orientation relative

Co one another. FIG. 5A shows hinge 60 that includes

a male portion 62 and a female portion 64. Male and

female portions 62 and 64 are each connected to stent

elements 18, respectively. Male portion 62 has a

10 cavity 66 defined therein with a lug 68 biased in the

outward direction contained in cavity 66. The inner

gr—
—

bearing race of female portion 64 holds lug 68 within

cavity 66 in male portion 62.

However, female portion 64 also has a

15 cavity 70 defined therein. Therefore, as shown in

FIG. 5B, when female hinge portion 64 is rotated to a

position relative to male hinge portion 62 such that

cavity 70 1s aligned with cavity 66, the lug 68 exits

—

cavity 66 and is received within cavity 70. This

20 locks the two hinge portions in place relative to one

another. The bias force on lug 68 can be provide

through any suiltable means, such as by using a

spring, or such as by deforming lug 68 within cavity

66 and allowing it to assume its relaxed conformation

25 when 1t is aligned with cavity 70, etc.

FIGS. 6A and 6B illustrate yvet another

embodiment of a stent in accordance with the present

invention. FIG. 6A shows a stent 80 that i1 formed

g—,
—a

by rolling a sheet 82 of stent material over on
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smaller
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1tself such that it
84 . By rolling sheet 82
increasing the lenc
stent assumes a
5

10

15

20

25

radial

th of overlapping

overlaps in an overle

region 84,

pping

further upon itself

dimension.

gr—
A
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region
and

the

By

unrolling sheet 82 and making overlapping region 84

smaller,

unrolling of

therein.

which overla

]

Shee-

S

D5

L.

82 also has
the

tabs which extend

down into slots or c

FIGS. 6B-6D illus
detail. ©Por example, FIG. 6
87 of sheet 82 that contains
shaped c

tent 80 u

first portion 87 with

slo

|

LS

first por:

rooves 86.

The tabs or rails that extend

88 oL

and

fit

res

extend

overlapping

ore

1ts

ety

sheet

L a

obon itsel:

Or grooves

stent 80 assumes a larger rs

7

86

dial dimension.
In order to provide accurate rolling and

sheet 82 has a

formed

a second portion 88,

—ion,

e

from the overlap:

82 1nclude a tab 94 and

and has rails or

this

tab 94 are sized just small enoua

01ng

B showg that

roove gection 950 and a channel sec

por

in

ball 96.
h to slidably

g

—ion 88

rea

Cer

the portion
grooves 86 has a ball
cion 92.
from the second portion

Ball 96

within ball ’shaped opening 90 and channel 92,

pectively.

into

another,

diameter

Therefore

slot

Y&

to one another

LS

Turther onto itsel]

portions of

t11]

36,

p—
L

7

because ball 96 and tab 94

the

engaa

ementc

holds

the

sheet 82 closely proximate to

such that

.|

Tor

=
—

4

allows

S

tent

them

80

can be

to slide relative

rolled

or unrolled in order to i1ncrease

deployment.

F1

G.

6D

better
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11lustrates that tab 94

received within slot

FIG. 7 i1llus

that holds stent

deployed position.

7, the portions of

opposing teeth 100.

~-16

86.

PCT/US2004/025462

and ball 956 are slidably

~rateg a fixation mechanism

80 1in the radially expanded,
In the embodiment shown 1i1in FIG.
sheet 82 that face one anther in

the overlapping section 84 are each provided with

The opposing teeth are arranged

such that the two. facing portions of sheet 82 can be

unfolded relative to one another to a larger diameter

in the direction indicated by arrow 102, but they

cannot then be glid relative to one another 1in the

direction indicated by arrow 104, to a smaller radial

dimension. Thus, during

80 1n 1ts radially expa

without -allowing it to

diameter. It should be noted that fixation element

" -

deployment, this locks stent

nded, de

A

ployed position,

slip back to a smaller

82 can be disposed at a plurality of different

locations along the

can simply be applied at

intermittently there

facing

regions of sheet 82 that

face one another in the overlapping region 84, or it

cach end of stent 80, or

along or continuously there

along other than where channels 86 and the associated

mating tabs are disposed.

FIG. 6A illustrates vet another embodiment

for deploying stent
a rolled sheet 82,

80 . Be

cause the stent 1s made of

in order to radially expand  and

deploy stent 80, pressure simply needs to be applied

at any point along

~he 1n

cerior periphery of stent
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80. Therefore, a non-spherical balloon 106 can be

used to expand stent 80. For example, FIG. 6A shows

5

10

15

2 0

25

that non-spherical balloon 106 i1s elliptical in

shape. This allows the balloon 106 to expand the

stent without £filling the entire interior of the

-

stent as it i1is being expanded.

Thus, cavities are

provided on either side of balloon 106 within stent

80. This allows blood to flow through stent 80, as

it is being deploved, as indicated by arrows 108.

FIGS. 8A-8C 1llustrate vet another

—
p—

embodiment of forming slidable elements relative

—r

one another in order to implement a stent design.

O

In

the embodiment shown 1in FIGS. B8A-8C, individual

elements 18 (such as from struts 16 in stent 26 shown

in FIG. 3) have, connected  thereto, slidab

connection members 110 and 112. Connection memb

110 has a slot 114 defined therein and connectl

P
—

member 112 has a plurality of tabs 116 and 1

le
er

OIl

18

protruding therefrom. ~In one illustrative

embodiment, tabs 116 and 118 are sized Jjust sma

enough to be slidably received within slot 114.

11
Of

course, tabs 116 and 118 and slot 114 can be formed

such ag that shown in FIGS. 6B and 6C, or 1in any

other suitable configuration. FIG. 8A also shows

that elements 18 are connected to elements 110 and

112, vzrespectively, using any suitable connecti

-

mechanism, such as adhesive or by forming th

integrally with one another, etc.

OIl

eIl



CA 02532065 2006-01-10
WO 2005/018500 PCT/US2004/025462

~18-

FIG. 3R showsg interaction between

connection elements 110 and 112, with elements 18

removed therefrom, simply for the sake of clarity.

Tt can be seen that tab 116 has been inserted within

5 alot 114. Because tab 116 is glidable within slot

114, element 112 can be sglid relative to element 110

in the directions indicated by arrows 120 and 122.

-

be geen that slot 114 has a bent region

Tt can also

124. Thus, as sliding movement 1s continued between

10 elements 112 and 114, tab 116 passes through bent

portion 124 in slot 114. This causes element 112 €tO

turn in the direction shown by arrow 124 in FIG. 8C.

This causes the corresponding elements 118 to Dbe

moved from a position in which they are generally

15 aligned with one another to a position in which they

are unfolded to the configuration shown, for example,

FIG. 3.

Tt will, of course, also be understood that

elements 18 can, themselves, be formed with slots 114

20 and tabs 116 and 118. Alternatively, they can be
formed separately and connected to one another as

shown in FIGS. 8A-8C. In any case, this readily

allows the stent to go from a radially contracted

position to a radially expanded position simply by

25 gliding the elements relative to one another and

locking them in place as shown 1in the figures.

FIGS. OA-9D illustrate yvet another

pr—
b

embodiment of a stent in accordance with the present

invention. FIGC. 9A shows two sgtent struts 130 and
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132 1in a radially contracted position. Stent struts

130 and 132 are connected by a connector 134. oStruts

F

130 and 132 are each formed of rolled sheets of stent

material which have, at their facing edges, a

5 plurality of zrails 136 and 138, respectively.

Connector 134 has a plurality of extending pins 140

and 142, respectively.

FIG. 9B illustrates the rails 136 and 138

and pins 140 and 142 in greater detail. FIG. OB

10 shows that rail 138 has a Dbent region  146.

Therefore, when pins 140 and 142 are positioned all

P
—

the way at the end of strut 130, the strut assumes a

radially contracted position. However, as connector

134 1is advanced in the direction indicated by arrow

15 148, pins 140 and 142 ride along the rails 136 and

138 respectively. This causes pin 142 to force the

stent open to a radially enlarged position as it

advances through bent portion 146 of rail 138.

FIG. 9C shows the connector 134 advanced in

20 the direction indicated by arrow 148 past bent region

146 of rail .138. Tt can be sgeen that strut 130, in

that embodiment, has now assumed a radially expanded

conformation. The same configuration is formed with

respect to strut 132.

25 FIG. oD 1l]lustrates strut 130 - with

connector 134 advanced all the way to the distal end

)

of strut 130. Thus, strut 130 i1s expanded to the

radially expanded position, but the opening thereln

pr—

has been closed by a portion of connector 134. FIG.
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9D also shows that the connector has been advanced

all the way to the distal end oIf strut 132.

Therefore, struts 130 and 132 are adjacent one

another in a radially expanded position.

—
-

5 This  provides a number  of di:

'

ferent

advantages. First, it allows transportation of stent

greiey

struts along the longitudinal axis of the stent.

This allows connectors 134 to be made of a relatively

flexible material and therefore the stent will be

10 highly flexible when it is 1in 1ts radially

contracted, insertion position such as that shown 1in

FIG. 9A. This is because the struts are less densely

packed along the longitudinal axis of the stent when

they are separated by connector 134. This also

FI-

15 zresults in higher flexibility during insertion of the

stent.

However, when the connectors 134 are

advanced within the struts 130 and 132, such that the

stent is in its radially expanded deployed position

20 shown in FIG. 9D, it 1g less flexible. The stent

struts 130 and 132 are positioned closély adjacent

one another.

The gtent embodiment illustrated 1in FIGS.

6A-9D can illustratively be formed with metal

grr—
pr—

25 injection molding (MIM) processes. This type of

process allows for very fine precision on a Vvery

|

rodiments can also

small gcale. In addition, these emn

be formed using ceramic injection molding (CIM) which

can be used to produce the detailed small-scale
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ceramic components. Thermoset components can be made

using polymer injection methods.

It can thus be seen that the present

invention provides for a stent which can be moved

5 Dbetween its retracted and expanded positions without

'

requiring plastic or permanent deformation of the

stent material. Similarly, the movement between the

two positions can be accomplished without imparting a

great deal of stress on the stent material, ox
10 without requiring any elongation of the stent
material.

Thug, the stent can be made otf material

which does not plastically deform well, such as

e

ceramic. This provides for a high degree oOL

15 biocompatibility and excellent durability, while

enhancing the visualization available through MRI

techniques.

Although the present invention has been

described with reference to preferred embodiments,

20 workers skilled in the art will recognize that

changes may be made 1in form and detail without

departing from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. A stent compriging:

a structure forming a generally tubular

conformation, the structure formed at least

it

partially of ceramic material and beling

movable between a contracted position and

p—
—

an expanded position without deformation of

the ceramic material.

{1

2 . The sten: of c¢claim 1 wherein the structure

comprises:

ay

at least one strut that includes a plurality of

elements, the elements Dbeing pivotally

connected to one another by a hinge formed

gt

of a hinge material.

3. The gstent of claim 2 wherein the tubular

structure moves between the contracted and expanded

positions by pivoting the elements about the hinge.

4 . The stent of claim 2 wherein the hinge material

comprises ceramic.

5. The stent of claim 2 wherein the strut 18 formed

of ceramic material.

p—n

6. The stent of claim 2 wherein the hinge includes

a fixation assembly fixing the elements in a position

relative to one another.
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7. The stent of claim 2 wherein the structure

comprises a plurality of struts with pivotally

e d
p—

connected elements, the plurality of struts being

connected by connectors.

8 . The stent of claim 1 wherein the material
comprises a sheet rolled wupon itself to Iform an
overlapping reglion.

9. The sgstent of claim 8 wherein the overlapping

region includes portions of the sheet that face one

another.

10. The stent of claim 9 wherein a first of the facilng

portions define a groove and a second of the facing

portions includes an extension slidably received within

the groove.

11. The stent of claim 10 wherein the structure moves

between the contracted and expanded positions as the

extension slides within the groove.

12. The stent of claim 11 and further comprising:

2 fixation assembly in the overlapping region

fixing the facing portions in a position

relative to one another.
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of claim 12 wherein the fixation

assembly comprises opposing teeth that inhibit movement

direction that reduces a radial dimension of

of the facing

—

portions in the overlapping region 1in a

the gtent.

14. The gstent of claim 1 wherein the structure
includes at least one strut formed of connected
elements.

15. The stent of claim 14 wherein the first of the
elements includes a groove and a second of the elements
includes an extension slidably recelved 1n the groove.
16. The stent of claim 15 wherein the groove has a

| —

first groove portion and a second groove portion non-

aligned with the first groove portion and communicably

connected to the

Byt

first groove portion.

Stentr?

“he medical

gty
p—

coatings of

a degired

17. A method of implanting a medical device,
comprising: |
providing a plurality of segments of
device, the segments having drug
different amounts;
mechanically connecting selected segments into the
medica. device to obtain
aggregated drug dosage on the selected

segments; and

implanting the medical device at a treatment site.
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18 . The method of claim 17 wherein the medical device

comprises a stent and wherein providing a plurality of

segments comprises:

|

~able to

providing a plurality of elements connec

form a stent strut.

19. The method of claim 18 wherein the elements each

nically

include a hinge section and wherein meche

connecting comprises:

pr—
—

mechanically connecting the hinge sections o=

elements go the elements are pivotable

relative to one another about the connected

hinge sections.

20. The method of claim 17 wherein the medical device

comprises a stent and wherein providing a plurality or

segments comprises:

providing a plurality of struts connectable to

form the gtent.

thod of claim 20 wherein mechanically

Wty

21. The me

connecting comprlises:

te to form the

mechanically connecting the stru

stent coated with the desired aggregate drug

dosage.

of claim 17 wherein providing a

22. The method

plurality of segments comprises:
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p—
——rd

providing the plurality of segments coated with

different drugs in varylng amounts.

23. A stent comprising:

—

a generally tubular structure formed of material

and having a longitudinal axis, the

generally'tubular structure being movable

between a radially contracted position and a

radially expanded position and a

longitudinally contracted position and

longitudinally expanded position without

deformation of the material.

24 . The stent of claim 23 wherein the generally

tubular structure comprises:

a plurality of struts connected by connectors.

275 . The stent of claim 24 wherein at least one strut

has an opening sized to slidably recelve a connector

therein.

26  The stent of claim 25 wherein each of the stents

b

has an opening sized to slidably receive a connector

therein.

27. The stent of claim 26 whereiln the connectors are

more flexible than the struts.
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C comprises

28 _. The stent of claim 25 wherein each stru

a rolled sheet having facing ends.

Clines

29 . The stent of claim 28 wherein each strut de:

the facing ends thereof.

grooves proximate

[

30. The stent of claim 29 wherein the connectors
From and slidably received

include tabs extending there:

within the grooves.

(

- claim 30 wherein the groves de:

31. The stent ot
figuration whereby advancement of the tabs along the

COTL:
rooves drives radial expansion of the strut.

“ine a

)

S

0

32. The stent of the
- the

roves to drive radial expansion of
- the stent.

claim 31 wherein advancement or

tabs along the ¢

-udinal contraction o

strut drives longil
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