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ABSTRACT

A stent héving a lattice and defining a substantially cylindrical configuration
has a first open end and a second open end. The lattice has a collapsed configuration
and an expanded configuration and a plurality of adjacent hoops. Each hoop has a
plurality of adjacent loops and a plurality of bridges connect adjacent hoops. A

plurality of extensions are provided on the lattice. And, each of the hoops, bridges

and extensions define a cell.
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STENT WITH NESTED FINGERS FOR ENHANCED VESSEL COVERAGE
~ FIELD OF THE INVENTION

- The present invention relates, in general, to intraluminal medical devices,
and, more particularly, to a new and useful stent having one or more extensions or

fingers for enhancing vessel coverage and preventing plaque or tissue prolapse. o

Backeround Art

A stent is commonly used as a tubular structure left inside the lumen of a duct

to relieve an obstruction. Commonly, stents are inserted into the lumen in a non-

expanded form and are then expanded autonomously (or with the aid of a second

device) in situ. When used in coronary artery procedures for rehevmg stenOSIS stents
are placed percutaneously throueh the femoral artery. In this type of procedure stents
are dehivered on a catheter and are either self-—expandmg or, in the majority of cases,.‘
expanded by a balloon. Self-expanding stents do not need a balloon to be deployed.
Rather the stents are constructed using metals with spring-like cr sﬁperelasﬁc

properties (i.e., Nitinol), which inhereptly exhibit constant radial support. Self-

expanding stents are also often used in vessels close to the skin (i.e., carotid arteries) or
vessels that can experience a lot of movement (i.e., popliteal artery). Due to a natural

elastic recotl, self-expanding stents withstand pressure or shifting and maintain their' .

shape.

As mentioned above, the typical method of expansion for ballocn eXpanded

stents occurs through the use of a catheter mounted angloplasty balloon w}uch 1S

inflated within the stenosed vessel or body passageway, in order to shear and dlsrupt

the obstructions associated with the wall components of the vessel and to obtain a.n

“enlarged lumen.

Balloon-expandable stents involve crimping the device 'onto an angiOpl'asty

~ balloon. The stent takes shape as the balloon is inflated and remains in place when the

. balloon and delivery system are deflated and removed
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In'addition, balloon-expandable stents are available either pre-mounied or -
unmounted. A pre-mounted system has the stent already crimped on a balloon, while
an unmounted system gives the physician the option as to what combination of devices
(catheters and stents) to use. Accordingly, for these types of prpcedures, the stent is
first iritroduced into the blood vessel on a balloon catheter. Then, the balloon 1s
inﬂated causing the stent to expand and press against the vessel wall. Afier expanding
the stent, the bélloon 1s deflated and withdrawn from the vessel togeﬁler 'with the
catheter. Once the balloon 1s wnhdrawn the stent stays 1n place permanently, holdmg

the vessel open and 1mprovmg the ﬂow of blood

In the absence of a stent, restenosis may occur as a result of elastic reéoil of
the stenotic lesion. This problem 1s not eliminated with a stent since the prolapse of
plaque or tissue within the stent itself will occur in the unsilpported areas called
“célls” All stents have cells and they generally fall into two grbupS" open-cell or
closed-cell de31gns or architectures which facxhtau, plaque or tissue prolapse to
varying degrees. Closed-cell refers to the fact that each opening or cell is isolated
from any other by a full- connected metal penmeter An open-cell design has

openings or cells that can communicate wuh other cells around the circumference

since they are not fully surrounded by a metal penmeter (there are gaps or “open”

passages that lead to other cells). Although a number of stent designs have been

reported, these designs have suffered from prolapse and a number of other

limitations.

Additionaliy, the flexibility of the stent 1s important_ for 'nianeuvering the

stent through a vessel and less flexible stents are a drawback. The general

‘construction or design of the stent, 1.e. the open-cell or closed-cell design, is

“indicative of the ultimate flexibility or stiffness of the stent (open cell stents are

more ﬂemble) Another consxderatmn i1s the cell size/shape as it pertams to
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accessing vessel suic branches (“side 'branch access™). Asis known ili the field, side
branch access is obtamned by p]acmg a balloon within one of the cells and expandxng
the structure or framework defining the cell with the balloon by lnﬂatmg the bal]oon |
at a high pressure wherein the expanded cell 1s dilated to a larger srze than the

original expanded size e.f the cell. If the dilated cell size is too small, th_e less the

' - ability to provide side-‘branch' access when the stent is expended or deployed. If the

cell deforms too much when balloened, uniform coverage around the side branch

will not be maintained and cause additional prolapse.

Accordingly,' to date, there have not been any stent designs, that speciﬁcally
address these drawbacks in an efficient and cost-effecnve manner. The mventlon

described here 1S almed at allowmg small cell size with great ﬂex1b111ty wuhout

Increasing prolapse.

Brief Su.rnma[x of the Invention

The present invention relates to an apparatus for stenting a vessel which isa

new and useful stent havmg a lattice of 1 mterconnectmg elements deﬁmng a

substantially cylindrical configuration. The lat‘uce has a first open end and a second

open end wherein the lattice is moveable between a crimped state and an expanded

' or deployed state.

The stent further compnses a plurality of bndges connecnng the

mterconnectmg elements wherein each bridge has at ]east one extensron or ﬁnger

thereon. In some embod1ments, each extension or finger of each bndge 1S 1n .

juxtaposition with or 1s adjacent to, in a nested fashion with, an extension or 'ﬁnger

“of an adjacent bridge when the stent is in the c‘rimped state. In these embodiments,
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“each extension or finger of adjacent bridges we sepaiated from e ach other and from

an adj acent brid ge when the stent is deployed or expanded to its expanded state.

The stent according to the present invention has nterconnecting elements .
comprisihg a plurality of adjacent -seo_tions wherein each section comprises hoops.
Each hoop comprises aplurality of loops and each hoop comprises at le_ast one strut.
In accordaﬁce with the present inv'entioﬁ, the extensions or fingers are located on

one or more of the interconnecting elements of the lattice. For example, the

extensions may be located on a bridge, or anywhere on a hoop, for instance, on one

or more of the loops, one or more of the struts, or any oombination of these
1nterconnectm g elements. In accordance with the presem Invention, the extensmns
are de31gned to occupy locations within the cells of the stent in a marnmner that

decreases or limits the maximum circular diameter within the cell upon expanswn or

deployment of the stent.

In accordance with the present mventlon the closed-cell de31gn embodlment .

and the open-cell design embodiments comprise a plurahty of cells having a

~ maximum cell diameter ranging from about 0.76 mm to about 1.22 mm when the

stent is 1n the deployed or expanded state after the stent 1s expanded to an overall
diameter of appfoximately 3.0 mm as measured along its longitudinal axis.."
P;eferab]y, (when a side branch access proceduremaybe desi.red), the cell has a.
maximum cell diameter haVing a size which ranges from about 0.91 mm to about -
1.12 mm when the stent 1S deployed such that the stent has an overall diamet.er of
approximately 3.0 mm as measured along its longitudinal axis, Preterably, (W1th no )
side branches present), the stent 1S expanded such that the plurahty of cells have a

mammum cell diameter ranging from about 0.76 mm 10 about 1.02 rnm when the

stent 18 expanded to an overall diameter of approxxmately 3.0 mm (as measured

along the longitudinal axis of the stent)
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Additionally, when providi.ng side branch access, the stent 1n accordance
with the present invention, for those stents having a closed-cell design, the cell has a |
maximum cell diameter greater than 1.5 mm when the cell of the s;ent is dilated

from the cell dilation procedure. Preferably, the stent has a cell having a maximum

“cell diameter ranging from about 1.5 mm to about 3.0 mm after after dilation of the

cell as part of a cell dilation procedure. More preferably, the stent has a cell having

a maximum cell diameter size of about or approximately 3.0 mm after dilation of the

~cell as part of a cell dilation procedure. Mos't‘ preferably,' after the deployment of the

stent, the cell is dilated such that it has a maximum cell diameter ranging from about

3.0 mm tb about 3.5 mm.

In accordance with the present invention, for those stents having an open-cell
design, the cell has a maximum cell diameter size that 1s greater than 3.0 mm when

the cell is dilated, for instance, as part of a side branch access procedure. Preferably,

embodiments of open-cell design stents in accordance with the present invention

comprise a cell having a maximum cell diameter ranging from about 3.0 mm to

about 3.5 mm after dilating the cell.

In accordance with the present invention, the bridges have various

configurations. In one preferred embodiment in accordance with the present

- Invention, the bridges have a sinusoidal or sinusoid-shape configuration. Thus, each

bridge has one or more apex thereon. In another preferred embodiment, there_aré R

two apex thereon. A pocket is on the underside of each apex which issized in a -

~ sufficient manner and shaped to receive an extension or finger of an adjacent bridgé_

when the stent is in its cimped state In these embodiments, each éxtens_ion or finger

1s designed in a manner to fit within the pocket of an adjacent bridge and nest with

- another extension or finger of the adjacent bridge when the stent is in its cimped
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state. Accordingly, the extensions or fingers may take various alternative forms such as:

linear, radial, arc-like, hoop-like, undulating patterns, dove-tail patterns or the like.

More particularly, in one aspect the invention provides a stent comprising: a lattice
defining a substantially cylindncal configuration having a longitudinal axis, a first open
end and a second open end, the lattice having a crimped state and an expanded
configuration and a plurality of extensions on the lattice; wherein the lattice comprises: a
plurality of adjacent hoops, each hoop having a plurality of adjacent loops; and a plurality
of bridges connecting adjacent hoops; in which each of the hoops, bridges and extensions
defines a cell and wherein in the expanded configuration, when expanded to an overall
stent diameter of 3.0 mm measured along the longitudinal axis, the plurality of extensions
extend into the cell defining a maximum circular cell diameter, which is the diameter of the
largest circle that can fit within the area defined by the cell, and wherein the stent in the

expanded configuration has a maximum circular cell diameter ranging from 0.76 mm to

1.22 mm.
BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth with particularity in the appended

claims. The invention itself, however, both as to organization and methods of operation,

together with further objects and advantages thereof, may be best understood by reference

to the following description, taken in conjunction with the accompanying drawings n
which:
Fig. 1A is a perspective view of a prior art stent of a closed cell design in a crimped

state,
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Fig. 1B is a partial side view of a section of the prior art stent of Fig. 1A 1n a

configuration conducive for a polishing manufacturing step;

Fig. 1C is a partial side view of a section of the prior art stent of Fig.1A 1n the

crimped state;

Fig. 1D is a partial side view of a section of the prior art stent of Fig. 1A 1n an

expanded state defining a closed-cell having a maximum circular cell diameter;

Fig. 2A is a partial side view of a prior art stent of an open-cell design in a

configuration conducive for a polishing manufacturing step;
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Fig. 2B is a partial side view of tic prior art sient of Fig. 2A in a rimped

state;

Flg 2C is a partlal side view of the prior art stent of Fig. 2A In an expanded

state defining an open cell havmg a maximum mrcular cell diameter;

Fig. 3A is a perspective view of a stent having a closed-cell design and one ‘

or more extensions in accordance with the present invention;

Fig. 3B is a partial side view of the stent of Fig. 3A in a'conﬁgﬁration -
conducive for a polishing manufacturing step in accordance with the present

invention;

Fig. 3C is a partial side view of the stent of Fig. 3A in a crimped state in

accordance with the present invention;
Fig. 3D 1s a partial side view of the stent of Fig. 3A in an expanded state and
having a cell with a maximum circular cell diameter in accordance with the present

invention;

Fig. 4A is a partial side view of a stent having an open-cell design with one -

or more extensions in accordance with the present invention;

Flg 4B 1s a partial side view of the stent of Fig. 4A in a cnmped state m

‘accordance with the present mventlon

Fig. 4C is a partial side view of the stent of Fig. 4A in an expanded stent in

- accordance with the present invention; and
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Fig. 4D is a partial side view of an alternative embodiment of an open-cell
design stent in the expanded state in accordance with the present iInvention having = -
one or more extensions extending from the struts and bridges in accordance with the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

- As known in the art and best illustrated in Figs. 1A-1D and 2A-2C, a stent
100,1 00a respectively is an expandable prosthesis for a body passageway. It should ,
be understood that the terms “stent” and “prosthesis” are interchangeably used to |
Sbm_e extent 1n describing the preSent invenﬁon, inéofar as the method, apparatlis,
and structures ofthe present invention may be utilized not only in comnection with

an expandable intraluminal vascular graft for expanding partially occluded segments’

of a blood vessel, duct or body passageways, such aswi.thi'n an organ, but may so be

utilized ~'for'many other purposes as an expandable prosthesis for many othe_r types of
body passageways. For example, eﬁcpandable prostheses may also be used for s\uch'
purposes as: (1) supportive graft placement within blocked arteries opened by
transluminal récénalization, but which are likely to collapse in the absence of
internal support; (2) stmilar use following catheter passage through mediastinal and
c')th'er veins occluded by inoperable cancers; (3) reinforcement of caiheter created
intrahepatic communiCétiOns, between portal and hepatic veins in patients SUffering . |
from portal hypertension; (4) supponive graft plécement of narrowing of the

esophagus, the intestine, the ureters, the uretha, etc.; (5) intraluminally bypassinga

defect such as an aneurysm or blockage within a vessel or organ; and (6) supportive

graft reinforcement of reopened and previously obstructed bile ducts. Accordingly,

use of the term “prothesis”” encompasses the foregoing usages within various types
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~ of body pussageways, and the use of the term 1ntralum1nal graft” encompasses use

for e)cpandmg the lumen of a body passageway Further in this regard, the term
“body passageway encompasses any lumen or duct within the human body, such as

those previously descnbed as well as any vein, artery, or blood vessel WIthm the

human vascular system.

The stent 100 (F1 gs. lA-lD) and 100a (Figs. 2A-2D) compnses an
eXpandable lattice structure made of any suitable matenal which i1s compatlble with
the human body and the bodlly fluids (not shown) with whlch _the stent 100 and 100a -

may come into contact. The lattice structure is an arrangement of interconnecting

elements made of a material which has the requisite strength and elasticity

characteristics to permit the tubular shaped stent 100 and 100a to be expanded from
the crimped state shown in Figs. 1A and 1C and Fig. 2B respectively to the deployed |
or eXpanded state as shown in Fig. 1D and Fig. 2C respectwely and further to permlt
the stent 100 and 100a to retain its expanded state at an enlarged diameter. Suitable
materials for-_ the fabrication of the stent 100 an‘jd 100a include silver, tantalum,
stainless steel, gold, titanium or any suitable plastic material hay’ing the—teduisite |

characteristics previously described.

The stent 100 and 100a may also comprise a superelastic alloy such as nickel

titanium (NiTj, e. B-» Nitinol). For stents 100 and 100a made of superelastic

matenal the superelastic deszgn of the stent 100 and 100a make it crush recoverable

and thus sultable as a stent or frame for any number of vascular devices for dlfferent

appheanons.

The stent 100 and 100a comprises a tubular confi guration formed by a lattice

of interconnecting elements defiming a substantially cylindrical cqnﬁguratioh and

; having froht and back open ends 102, 104 and defining a longitudinal axis 103



10

15

20

25

CA 02457619 2004-02-10

10

o extendino therebetween (Fig. 1A}.. The stent 100 (Figs. 1A-1D) 1s xnownand has a |

closed-cell 120 (cl osed cell design) and the stent 100a (Figs. 2A-2C) 1s known and
has an open-cell 120a (open cell desi gn) Characterlstlcs of open and closed cell -
designs will be addressed in greater detail later 1n this disclosure. In its closed
crimpéd state, .t-'he stent 100 and 100a has a first, sm&Her outer diameter fdr insertion
Into a patient and navigation throu\gh the vessels and, in its eXpénded (deployed)
state, a second, largér outer diameter for deployment into the target areé. of a vessel
with the .second diameter béing gre_ater.in size than the first diameter. The stent 100
and 100a comprisés a plurality of adjacent hdopé 106(a)4(d) extending between the
front and back ends 102, 104. The hobps 106(a)-(d) include a p]urélity of
longitudinally arranged struts 108 and a plﬁrality of loops 110 bonnecting adjaéent |
struts 108. Adjacent struts 108 are connected at opposite ends so as to form any
desued pattern such as a substantlally S or Z shape pattern. The plurahty of loops

110 have a substantially semi-circular confi guration and are substantially symmetric

about their centers.

The stent 100 and 100a further comprises a plurality of flexible links or

bridges 114 and 114a respectively. The bridges 114 and 114a connect adjacent

hoops 106(a)-(d). The details of the bridges 114 and 114a are mofe fully described
below. The term “flexible link” or “bridges™ have the same meaning and can be. |
used interchangeably. There are many types or forms for the flexible links or
bndges 114. For example, the bndges 114 and 114a may be an S-Link (havmg an
S-Shape or bemg smusmdal shape), a J-Link (havmg alJ- Shape) and N-Link
(having an N-shape), M-Link (M-Shaped) or W-Link (W-Shaped), wherein each of ‘

these configurations can also be inverted.

- In general, bridges 114 and 1 14(a) respectively are used to ¢0nn.ect adjacent

hoops 106(a) — 106(d). Each bridge comprises two ends wherein one end of the
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bricze 1s attached to a ﬁrst hoop for example 106(a), and the ctiier end oi thc bndge -
is attached to a'second, adj acent hoop, for example 106(b), as shown in Flg 1A.
The attachment points for the bndgc can be at any location on the hoops 106(a) —
106(d)~, for instance, connection points at or directly on loops 110 or struts 108.- .
Thus, bridges that conoect at every'loop 110 of ad; acent hoops 106(a) — 106(d),

define a closed-cell as shown 1n Figs. 1A-1D. Moreover, bridges that connect

N adjacent hoops 106(a) — 106(d) at only a select number of loops 110 €.g. a set

number of 100ps 110 wnhout mterconnectmg bridges, define an open-cell such as
1llustrated n Flgs 2A-2C. '

The above-described geometry distributes strain throughout the stent
100 and 100a, prevents metal to metal contact where"the_' ste'nt 100 and 1005 1S bcnt,
and minir‘nizesthe- opening between the features of the stent 100 and 100a; namely,
struts 108, loops 110 and br_i‘dges 114 114a respectively. The number of and nature

of the design of the struts, loops and Brﬁdges are important dcsign factors when

determining the working propertles and fatigue hfe properties of the stent 100 and

IOOa It was previously thought that in order to improve the ngldlty of the stent,
struts should be large, and thus there should be fewer struts 108 per hoop 106(a)-
106(d). However it is now known that stents 100 having smaller struts 108 and
more struts 108 per hoop 106(a)-106(d) improve the construction of the stent 100
and prov1dc greater rigidity. Preferably, each hoop 106(a)-106(d) has between
twenty-four (24) to thirty-six (36) or more struts 108. It has been determmed that a

stent having a ratio of number of struts per hoop to strut length which is greattsr than : |

four hundred has increased ngidity over other known stents Wthh typlcally have a

 ratio of under two hundred. The length of a strut is measured in its compressed or

cnmped state parallel to the longitudinal axis 103 of the stent 100 as illustrated m
Fig. 1A. '
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- Fig.1D and Fig. 2C 1llus’ rate the stent 100 and 100a in 1ts dep]oyed or

- expanded state. As may. be seen from a comparison between the stent configurations

1llustrated 1n Fi 1g. 1C and‘ F1g. 2B respectively and the stent confi guratl_on 1llustrated
in Fig. 1D and Fig. 2C reSpecti've]y, the geometry of the stent 100 and I'OOa

changes quite 51szn1ﬁcant]y as 1t 1s deployed from 1ts cnmped state 1o its eXpanded
or deployed state . As the stent undergoes diametric change, the strut angle and
strain levels in the loops 110 and bridges 114 and 114a are affected Preferably, all
of the stent features will strainin a predlctable manner so that the stent 100 IS

rellable and uniform in strength In addition, it is preferable to mlmmlz.e the

" maximum strain experienced by the struts 108 loops 110 and bndges 114 and 114a

since Nitinol properties are more general]y limited by strain rather than by stress.

W]th respect to stent designs In general, there are regular coﬁn’ections which ‘
refer. to bndges 114 and 114a that include connections to every inflection pomnt around
the circumference of a structural member, i...e.' the le0ps 110 of adjacent hoops 106(a)-;
106(d). ' |

Addmionally, for stents haa/ing an Open-cell. deaign, e.g. 1005, there are periodic:
connections for ihe stent bndges 114a that include connections to ‘a subset of the
inﬂection points (loops 110) around the circumference of the structural members
(lattice). ‘With respect to ihese period connecﬁons,l the connected inflection pomts -
(llo'of)s 110) alternate with unconnected inflection points (loops 110) 1n some deﬁned -

pattern.

- Moreover, in general bndges can Jom the adjacent structural members at _-

dlfferen‘t pomts For examp]e In a peak-peak” connection, the bndges 114 and 114a

join the adjacent structural members or loops 110 by joining the outer radii formed by

adjacent loops 110. Alternatively, the bridges 114 and 114a can form “peak-valley”



10

15

20

25

CA 02457619 2004-02-10

13
connections wherein the bnidsss 114 ana 114a join the outer radii of one inflection |
point (of a structural member) to the inner radii of the inflection point of an adj'acent

structural member.

'Funhermbre the bridges 114 and 114a between adjacent s'tmcmml members,

1.€. hoops 106, define cell patterns as briefly mentloned above. For example bndges

114 may define a “closed-cell” formed where all of the internal inflection points, e.g.

loops 110 are connected by bn.dgcs 114 as shown in Figs. 1A-1D.

Furthermofe, 1t 1S common for bridges' 114 to form a “c']o'éed-_Cell” which is in' '
essence a sequential ring construction wherein all internal inﬂeétion points of the ‘
structural members are connected by bridges 114. Such a condition is only possible
with regular peak-to-peak cdnnecti(jns. The closed-cells peﬁnit' for'plastic deformation -
of the stent 100 durning bending thereby allowing adjacent striwturzﬁ membefs t.oh

separate or nest together in order to more easily accommodate changes in shape of the

stent 100. The primaxy advantages of a closed-cell stent design is that it provides '

optimal scaffolding and a uniform surface regardless of the degree of b‘énding of the
stent. Depending on the specific features of a closed-cell design, the stent 100 may be..

less ﬂexxble than a stent with an open-cell desxgn

For those known stents 100 having a closed-cell design, as best represented by

‘example in Figs. 1A-1D, the stent 100 has a plurahty of cells 120 whose size can be o

defined by a maximum cucular diameter 130. The maxmmum 01rcular dlameter 130 1S
determmed by the largest circle that can fit within the area defined by the cell 120. For -

" a closed-cell de&gn stent 100, the cell 120 has a max1mum mrcular dlameter130 that

tends to have a mze which 1s approximately greater than 1.22 mm when the stent 100 1S

deployed to an expanded or deployed state, i.e. expanded to an overall stent dla.meter o

of approx:mately 3.0 mm (as measured along longlmdmal ax1s 103) and some
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measurements have shown ths cell 120 to have maximum aireular oeli diameter 130 as

~ hugh as 1.32 mm when the stent 100 1s deployed to the expanded state, ie. stent 100

expanded to an overall stent diameter of approxhnately 3.0 mm along its longitudinal

axis 103, as show_n’in Fig. 1D.

As shown in_Figs. 2A - 2C, the cell design of an open-cell stent 100a (shoWn
having peak-to-peak connections) has innumerable hybnd combinati(ins of connection

points. As1s knowh-, n open-cell desi gns, such as with the stent 100a, the uncohnected'

structural elements contribute to longitudinal flexibility of the stent 100a. Additional:_l'y,-

the open-cell stent 100a of Figs;_ZA — 2C has a cell 120a with a maxunum -cifcillai‘ cell
diameter 130a having a size that is approximately greater than 1.32 mm when the stent
100a 1s deployed to its expanded state at an overall stent ,diarneter- of ,a"bout. or
approximately 3.0 mm, i.e. 3.0 mm diameter along the stent longitudinal axis 103 after
deployinent. ' - '

One mteresung aspect relatmg to the closed-cell design for stents is that the

smaller the cell size (such as the maximum c1rcu1ar cell dlameter) the less ﬂex:b]e is

the stent. Thus, smaller cell size for closed-cell stents results in low bend ratios and

increased stiffness overall for the stent. Thus, stents having relatlvely small cell smes‘
(In a c]osed-cell design) tend to be more dxfﬁcult to maneuver through vessels
espemally tortuous vessels. One example of one of these type of stents havmg a very
small cell size and extremely low ﬂex1b111ty (mcreased stiffness) is the NIR"']MI stent

(sold by Boston Scwntlﬁc Corporanon) For example this stent has a cell havmg an

estimated maximum circular cell diameter of approxunately 0.99 mm when the stent 15 '

deployed (dep]oyed/eXpanded to an overall stent dla.meter of approxxmately 3.0 rnm)

and is known to be very stiff and have low ﬂemblhty
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~Turming now to the piesent 1nvent10n the same reference numerals wﬂl be usea.
to designate like or similar features for a stent 100b (hgs 3A-3D), 100c (Figs. 4A- 4C)
and 100d (Flg 4D) 1n accordance with the present invention as best 1llustrated in these
figures. One novel stent 100b in accord ance with the present mventxon is a closed-cell
design stent as best 1llustrated In Flgs. 3A -3D. By way of example, the stent 100b
utilizes bridges 114b that connect every loop 110 of adjacent hoops. By way of
example, the bndge 1 14b is shown as a sinusoidal-shaped bridge, however, the bndge
114b can comprise any panicu_lar shape or configuration such as the shapes addr'essed-.

above.

Each bridge 114b has a ﬁnger or extension 118 integrally formed therewith'and
contiguous with  the bridge 114b. In accordance with the pres_ent' invenﬁon, the
extension 118 is a finger or‘ﬁnger-'like projection‘from the bndge 1 14b. Each bridge ‘
114b can include more t_han ene extension 118 extending therefrom. For instance, the
sinusoidal-shape bridge 114b includes one or more apex 116 'and a pocket 115.,~ which
is a space directly beneath or underlying the apex 116 as shown m Figs. 3B -3D.
Although the extensioné 118 aie shown as bemng linear in configuration, the extensions
118 can take any desired form, shape or conﬁguratlon In this example, the extensions
118 are linear and extend into the pocket 115 of an adjacent bridge 114b such that the -
extensions 118 nest with each other as best shown in Flg. 3C. A]though the extensions ‘
or ﬁhgei's 118 are depicted in a substantially linear conﬁguration' or shape, the

extensmn 118 may take the form of any desired shape, for mstance lmear radlal arc-

hke, hoop-hke undulatmg patterns dove-tail pattens or the like, etc. For ef’ﬁmency ‘* |

purposes such as ensuring cornpactness and low ploﬁ]e for cnmpmg the stent 100b -

~ onto its delivery device or catheter, it is 1mportant that the extensions 118 of ad) acent, '

bridges 114b he 1in juxtaposition with an adjacent extension 118 of an adjacent bndge

114b. Thus, adjacem bndges 114b wﬂl have ad_lacent extensions 118 that nest with

‘each other when the stent 100b is in the crimped state as shown in Flg. 3C. The side-
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by—-side alignment of adjacem e;;t:-.:;s“zons 118 of adjacent biidges 114b 1s facilitated by
the shape of the bridges 114a (in this example a linear shape embodlment) whereby at
the underside of each apex 116 remdes a bridge pocket 115 of sufficient size and
configuration in order to receive and aecommodate an adjacent extensmn (finger) 118
of an adjaeent bridge 114a as shown i Figs. BB_and 3C. At'a min'imum,. the
extensions 118 will fit with_in the pocket 115 of adjacent bridges 114a 1n the crimped

state.

'As shown in Fig. 3D, the stent 100b in accordance with the present invention is |

a closed-cell desi on stent deﬁmng a plurahty of cells 120b wherein each cell 120b has a
mammurn circular cell dxamelerlBOb directly affected by the extensions 118 extendmg-
mto and positioned within the cell 120b. Accordmgly, when the stent IOOb 1S deployed

to 1ts e:«panded state such that the overal] diameter for the stent 100b 1s approximately

3.0 mm (stent diameter of apprommately 3.0 mm along the longmldmal axis 103), the

cell 120b has a maximum circular cell diameter130b havmg a size which ranges from
about 0. 76 mm to about 1.22 mrn as best shoWn m F1g. 3D. And, preferably, especially
if a side branch access procedure may be desired, the cell 120b has a maximum circular
~cell diameter 130b having a size which ranges from about 0.91 mm to about 1.12 mm
when the stent 100b is deployed toits expanded state, i.e. such that the stent lOOb has
an overall diameter of approximately 3.0 mm after its deployment (3.0 mm overall
d;mneter for the stent 100b along its longitudinal axis 103). Preferably, when no side i.
branches are present, the cell 120b has a maximum circular diameter ranging from

approximately 0.76 mm'to approximately 1.02 mm upon expansion of_the stent 100b to
about 3.0 mm diameter eSpecially when no side branch access procedures is desired' or

needed.

After the stent 100b is expanded? it may be desirable to conduct a cell 'dilation'

procedure, for example, a side branch access procedure. Accordingly, the cell 1 20b
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- itself is required to be dilated. Thus, when the ceii 1.:(b of ike stent 100b is dilated

through a cell dilation procedure, for ,example, a side branch access procedure; the cell
120b is dilated to ‘amaXimum circular cell diameter 130b having a size approximatcfly
greater than 1.5 mm. And, preferably, cell 120b is dilated to a maxunum circular cell

diameter 130b ,having a size Wh]Ch ranges from about 1.5mm to about 3.0 mm when

“the cell 120b is dilated (e.g. as part of a side branch acce’s's procedure). And, more

preferably, the cell 120b has a maximum circular that is approximately 3.0 mm. And,
most preferably, the cell 120b..- is dilated to a maximum circular cell diameter 130b

having a size which is dilated to a size ranging‘ from about or approximately 3.0 mm to |

“approximately 3.5 mm.

Additidnally, the extensions 118 can also be located on either the lodps 110,

and struts 108 as well as the bridges 114b or in any combination t_heredf. |

In accordance with the present invention, the stent .I'OOb (Fi gs.3A-3D),
stent 100c (Figs.' 4A - 4C) and stent 100d (Fig. 4D), have extensions 118, 118a,

118b and 118¢ respectively located on one or more of the following components of

" the stent lattice: the bridges 114b and 114c re'sf)ectively, the hoops 106(a) — 106(d),

the loops 110, and/or the struts 108. Moreover, the components of the stent 'latti.ce .

and the extensions 118, 118a, 118b and 118c respectively have drug 'coatings or drug

and polymer coating combinations that are used to deliver the drug, i.e. thera_peutic

and/or pharmaceutical agénts including: an‘tiprolliferatiV'e/antimitotic agents
inc]uding natural products such as vinca alkaloids (i.e. vinblastine, vincristine, and
vinorelbine), paclitaxel, epidipddophyllotoxins (i'.e,.- etopoSide, t'eniposide),‘ '
aritibiblics (dactinomycin (acti-nomycin D) daunorubi_c_in', ,doxcirubiéin and
idambicin), anthracyclines, ' mitoxantrone, bleomycins, plicamycin (mithramycin)

and mitomycin, enzymes (L-asparaginase which systemically metabolizes L-

asparagine and deprives cells which do not have the capacity to synthesize their own '
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~ asparagine); antiplatciet agents such as G(GP)ll,l11, inhibitors and vitronectin -

~ receptor antagonists; antiproliferative/antimitotic alkylating agents such as nitrogen

mustards (mech]orethamine, cyclophosphamide and analogs, melpha]an, '
chlorambucil), ethylemimines and methylmelamines (hexamethylmelamine and
thiotepa), alkyl sulfonates-busulfan, nirtosoureas (carmustine (BCNU) and analogs,‘

streptozocin), trazenes — dacarbazinine (DTIC); antiproliferative/antimitotic

“antimetabolites such as folic acid analogs (methotrexate), pyrimidine analogs

(fluorouracil, floxuridine, and 'cytar'abine), purine analogs and related inhibitors

" (mercaptopurine, thioguanine, pentostatin and 2-ch10rodeoxyadenosine -

{cladnibine}); platimim coordination complex'es (cisplatin,carbof)latin),
pfocarbazine, hydroxyurea, mitotane, amindglutethimide; hormones (1.e. estrogen);
anticoagulants (heparin, synthetic heparin salts and other inhibitors of ‘throm:bin);
ﬁbrinolytic' agents (such as tissue pla'smihogen activator, streptok-inas_e and
urokinase), aspirin, dipyridamole, ticlopidine, clopidogrel, abciximab;.l ‘

antimi gTatory;' antfisecrelory '(breveldin); antiinﬂarnmmory: such as adrenocortical
Steroids (cortisol, conisone; fludrocortisone, .predni_sone, prednisolone, 6at- '
methylpredni-Solone, triamcinolone, betamethasone, and dexame,‘thasone),' non-
steroidal agents (Salicylic acid derivatives 1i.e. aspirin; para-aminophenol del'ivatives
1.e. acetominophen; indole and indene acetic acids (indomethacin, sulindac, and
etodalac), heteroaryl acetic acids (tolmetin, diclofenac, and ketorolac), .arylpropionic
acids'(ibuprofen and derivatives), anthranjlic acids (mefenamic aCid, and
méélofenmnic acid), enolic acids (piroxicam, tenoxicam,- phenylbu't‘azone, and
oxyphenthatrazoné), nabumetone, gold compoimds (auranoﬁn;.aurothiog]uccjse,
gold sodium thiomalate); immvnosuppressives: (cyclosporne, tacfolimué (FK}SOG), :
sirolimus (rap'arhycin), azathioprine, mycophenolate mofetil);angi-ogenic agents:
vascullar endothelial grthh factor (VEGF),‘ﬁbrobIast growth factor (FGF) platelet

derived growth factor (PDGF), erythropoetin,; angiotensin receptor blocker; nitric

‘oxide donors; anti-sense oligionucleotides and combinations thereof; cell cycle
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inhibitors, mTOK iunibilw s, and growth factor s gnal transduction kinase inhibitors.
It is important to note that one or more of the lattice components (€.g. hoops, loops,
struts, bridges and extensions) are coated with one or more of the drug coatings or

drug and polymer coating combinations.

Additionally, the extensions 118, 118a, 118b and 118c respec_tively provide

' uniformity-for the stent 100b, 100c and 100d in accordance with the present

invention, however, do not chanae the stress for strain on the stent 100b, 100c and
100d respectwely As illustrated in Fi gs 3A - 3D, 4A - 4C and 4D, the extensmns
118a, 118b and 118c have a free end (not connected to the stent lattlce) when the
stent is deployed to its eXpanded Oor deployed state. ]n accordance. with the present
invention, the extension 1 18a,118b and 118c can compnse a dlfferent matenal from
the remainder of the components used for the stent lattice (for instance the hoops,

Joops, struts and bridges) especially if a different stiffness 1s desired.

As shown in Figs. 4A — 4C, the stent 100c in accordance With the present :
invention is an open-cell design stent having a plurality of cells 120c (Figs. 4A and
4C) and having extensions 118a (connected at loops 110 according to a specific
sequence of loops 110) and extensions 118b connected at the inn'er most portidn of
the loops 110 (for example 1n the middle of each hoop which e‘xtend into the cell

120c¢ and help define a maximum cxrcular diameter 1300) As shown n Flg 4C

| when the stent 1000 1S deployed to its eXpanded state, 1.€. at about or appr0x1mately

3.0mm for the overall stent diameter in one embodiment (approximately 3. 0 mm

overall diameter along the longltud_mal ax1s 103), the cell 120c has a mammum.

circular cell diameter 130c having a size which ranges from about 0.76 mm to about

1.22 mm. Preferab’ly, the cell 120c has a maximum circular diameter 11300 which

ranges from about 0. 91 mm to about 1.12 mm after deployment (in its expanded

state), e.g. expanded to an overall stent dzameter of apprommately 3.0mm along
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longitudinal axis 103. Alternatively or additionally, we ceil 120c has a maximum
circular diameter 130c ranging from about 0.76 mm to about 1.02 mm after

deployment to its expanded state (expanded to an overall stent di'ameter of about 3.0

mm as measured along its longitudinal axis)

After deployment to its expanded state, it may also be desirable to dilate the
cell 120c through a cell dilation procedure, for example, a side branch access
procedure. Thus, when the cell 120c of stent 100c 1s dilated (through a side access
proce‘dur'e), after the stent 100c 1s deployed, the:cell 120(: will haVe a maximum
circular cell diameter 130c having a s1ze that 1s greater than 3.0 mm after dilation of
the cell 120c. Preferably, the cell 120c i.s.'di]_a'ted to a maximum circular cell

diameter 130c that is about or approximately 3.0 mm after dilation of the cell 120c

as part of 2 sidebranch access procedure. More preferably, the cell 120c is dilated

to a maximum circular cell diameter 130c ranging from approximately 3.0 mm to

about or approximately 3.5 mm when the cell 120c is dilat_ed. A gain, In general, the--

'maximum circular diameter 130c 1s defined'.by the components of the stent lattice

such as the struts 108, loops 110 and the extensions 118a and 118b as shown..

As 1llustrated in Fig. 4B, when the stent 100c is in its cnmped state, 1.e.
crimped onto a stent delivery device such as a catheter, the extensions 118a
connected to loops 110 will nest and/or lie in juxtaposition with or adjacent to each

other.

~ In accordance with the present invention, the stent 100d is.'an alternative e
embodiment of an open-cell design wherein extensions 118c are located on the struts

108 and extend into open-cell 120d and along with extensions 11 8a connected to

bridges 114c, define a maximum circular cell diameter 130d. A gain, similar to the

previously described embodiments for the stent in accordance with the present'
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invention, after the stent 100d has been deployed/eXpanded 1or examnple to aix

| overall stent diameter of about or approxrmatelv 3.0 mm, the cell 120b has a

maximum cm:ular diameter 130d havmg a size Wthh ranges from about 0.76 mm to
about 1.22 mm (when the stent 100d is deploved to 118 eXpanded state at an overall
stent diameter of about or approxrmately 3.0 mm. i.e. approxunately 3.0mm

diameter along longitudma] axis 103), and preferably, (if a 81de branch access '

procedure may be desired), the maximum circular cell diameter 130d has a s1ze

which ranges from about O 91 mm to about 1.12 mm when the stent 100d 1s

deployed to its expanded state at an overall stent drameter of about or approxrmately -

3.0 mm as measured along longitudinal axis 103.

Preferably, when no side branches are present the stent lOOd has cells 120d
comprising a maximum circular diameter ranging from about Q. 76 mm to about 1.02
mm when the stent 100d is expanded to 1ts deployed state at an overall stent

diameter of about 3.0 mm (as measured around the longlrudlnal axis of the stent)

Additionally, after deployment of the stent 100d (in this exarnplc toan
overall stent diameter of approximately 3.0 mm as measured along lorlgitudinal axl-s _ '
103), it rhay also be desirable to conduct a cell dilation procedure, for example a .
side branch access procedure on the cell 120b. And, since the stent 100d has an open
cell 120d as shown 1n Fig. 4D, when the cell 120d is dllated the cell 120d w1ll be

dllated such that it has a maximum circular cell dlameter 130d havmg asize thatis

greater than 3.0 mm. And allematively or additionally, the cell 120d IS dilated such

that the cell 120d has a maximum circular cell diameter 130d having asize that'is at

about or approximately 3.0 mm when the cell 120d is drlated Preferably, when the

cell 120d 1s dilated, the cell l20d has a maximum cwcular cell dlameter 130d

ranging from about 3.0 mm to about 3.5 mm.
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In the CXampie of the present invention shown In Figs. 3A- 3D each bndge

~ 114b has two apexes 116 on one side and two apexes 116 onan opposne side

- thereof. Moreover, an extcnsmn 1181s integrally formed with and protrudes from -

the bridge 114b at each of these apexes 118 on both sides of the bridge 114b as
shown. It is important to note that the present invention should not be limited by the
specific design illustrated in Figs. 3A-3D or specific designs shown in Figs. 4A =
4D. It 1s within fhe intention and scope of the present invention to also include
bridge designs for both open-cell (Fi os. 4A — 4D) and closed-cell stents (Figs. 3A -
3D) havin.g alternative configurations with oné or more ex'tensions' 118, '118a,- 118b,
and/or 118c respectively thereon which may or may not have the ability to nest'or.be
posmonable thh or alignable with such that they are juxtaposition and adjacent

extensions 118, 118a, 118b, and/or 118c¢ respecuvelv of adjacent bndges 114b, 114a
and 114d respectlvely

Nested extensions or fingers 118a, 118b, 118¢ and 118d of the stent 100b, 100c
and 100d respectively i accordance wiih the 'present- Invention have several

advantages over the prior art stents 100 and 100a. For instance, the nested extensions

~ not only reduce the interior space within the cells (either open-cell or closedécell) due

to the projection of the extensions 118 therein, but also, enhance the overall surface

area of the stent. The increased surface area within the space or area defined by the

stent lattice including the e_xtension;s,’- provides a sl grliﬁgant advantage of preventiﬂg-the |
pfolapse of plaque or tissﬁe Into the cell and ultimately into the lumen of the stent |
when deployed within a vessel, i.e. at the site of a ]esmn wnhm the vessel.
Accordingly, the extensions or fingers 118a, 118b, 118¢ and 1 18d respectively 1 In
accordance with the presem invention inhibit this prolapse phénomena theréby' '

prowdmg a barrier against restenosis of the vessel at the lesion site. As mentioned

above, the interior space of the cells (enher closed cell 120b or open cell 120c and; o

120dc respectively) is decreased in a substantial manner. For instance, the extensions
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or fingers 118a, 118b, 118c and 118d resuit in a maximum circular ccil diameter
size130c and 130d respectively having a decrease ranging as high as 34% of a
maximum circular cell diameter size for a stent without extensions or fingers such as

the pnior art stents Shown n Fi'gs._‘l"A _ 1D and 2A —2C.

Additionally, due to the nested alignment of the extensions or fingers 118a,
118b, \ 118c and 118d respective]y in accordance with the p'rese'nt\ inventi_on,. the
ext'ensions— or fingers do not make up a continuous element that requires ii to plastiCally o .
deform duﬁng ex'pansiori of the stent 100b, 100c and 100d respebtively in that :there' is o
no stress or strain that 1s transmitt?:d by the éxtensio_ns 6r ﬁngéfs when the stent is
deployed or expanded to its expanded state due to the free brunconnected end of the
extensions. AS IS known in the art, continuous 'eléments .-t'h_at' interact with stént
co‘mponem's in géneral, tend to stretch during deployment res.u]t_ing'i'n' strain and stress
from the expanéion of the radial nngs ‘(strain-s'tress from the expansion‘ of the radial
rngs are transmitted into the _'ﬂex connéctor). .' The free or unC'bnnected end of the
extensions 118a, 118b, 118c and 118d respectivdy preveht thiS‘strain and stress from

occurring.

Furthermore, another advantage of thé exténsion 118a, 118b, 1:180"' and 1¥18d‘
respectively (due to its finger-like projection désign) in acéordahCe wnh the stent of the
present inventiOn; 1s that the nesting or jux_tapo'sitioh_or adjacent a'_lignment'o'f these
prbjections Or extensions may prevent flex connector longitudinal 'coll'ap-se which 1s

commonly seen at the ends 102 .and 104 of knoWn stéhts 100 and 1003.‘ as they,expand.' - ~' ;

“In accordance with the present invention, the extensions or ﬁngers 118a, 118b, .
118c and 1184 respectively may also take the form of shapes such ‘as those patterns
mentioned above for providing a nesting or juxtaposition arrangement between

.adjacent bridges 114a.
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Additionally, the stent 1-00b 100c and 100d m accordance with the present

| _1nvennon may be made from various matenals such as those referred to above For -

exa.mple the stent 100b, 100c and 100d is made of an al]oy such as stainless steel.
Moreover, the stent 100b, 100c and 100d 1s alternatively made of a crush-recoverable
material such as a superelastic material or soperelastic alloy. In particular, the stent
100b, 100c and 100d is made of mckel titamium (Ni1T1) thereby prowdmg it with

superelasnc and cmsh recoverable propemes as a self-expandmg stent

Another major adVantage of the eXtensions 118a, 118b, 118c and* 1184
reepectlvely, Is that the extensrons provide enhanced and/or addmonal coverage and
support at the ostium of a vesse] side branch when either the closed cell 120b or the
open cell 120c and 120d respectively undergo a dilation of the cell 120b, 120¢ and
120d respectively as part of a side-branch access procedure such as. the one described
above. Thus, upon dilation of the respeetive\cell, the _extensi_ons 118a, 1 18b, 118c and
118d respective]y are cleared from flow p'aasage at the vessel side branch due to

balloon expansion, and the extensions 118a, 118b, 118c and 118d respeetively are

-moved into a support position (by the balloon expan-sion) for direetl'yfsupporting the

side branch vessel thereby forming a stable graft at the main vessel and side branch

vessel junction.

Another major advantage of the present invention 1s to rmnmnze the number of
flexible links (connectlons between adjacent hoops) for a stent while minimizing the:

max1mum circular cell diameter of the cells.

While preferred embodiments of the present invention have been shown and |
described herein, it will be obvious to those skilled in the art that such embodiments

are provided by \vay of example only. Numerous vaﬁations, changes, and
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substitutions wili now occur to those skilled in the art without departing from the -
invention. Accordingly, it is intended that the invention be limited only by the spirit

and scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A stent comprising:

a lattice defining a substantially cylindrical configuration having a longitudinal axis, a
first open end and a second open end, the lattice having a crimped state and an expanded

configuration and a plurality of extensions on the lattice; wherein the lattice comprises:

a plurality of adjacent hoops, each hoop having a plurality of adjacent loops;
and a plurality of bridges connecting adjacent hoops;

in which each of the hoops, bridges and extensions defines a cell and wherein in the
expanded configuration, when expanded to an overall stent diameter of 3.0 mm measured
along the longitudinal axis, the plurality of extensions extend into the cell defining a
maximum circular cell diameter, which 1s the diameter of the largest circle that can fit within
the area deﬁned by the cell, and wherein the stent 1n the expanded configuration has a

maximum circular cell diameter ranging from 0.76 mm to 1.22 mm.

2. The stent according to Claim 1, wherein the stent in the expanded configuration has a

maximum circular cell diameter of at least 0.91 mm.

3. The stent according to Claim 1, wherein the stent in the expanded configuration has a

maximum circular cell diameter of less than 1.02 mm.

4, The stent according to Claim 1, wherein the stent has a maximum circular cell

diameter greater than 1.5 mm when the cell 1s dilated.

5. The stent according to Claim 1, wherein the stent has a maximum circular cell

diameter of not more than 3.0 mm when the cell is dilated.

0. The stent according to Claim 1, wherein the stent has a maximum circular cell

diameter of at least 3.0 mm when the cell 1s dilated.

7. The stent according to Claim 1, wherein the stent has a maximum circular cell

diameter of not more than 3.5 mm when the cell 1s dilated.
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8. The stent according to Claim 1, wherein the stent has a maximum circular cell

diameter of approximately 3.0 mm when the cell 1s dilated.

9. The stent according to Claim 1, wherein each hoop comprises a plurality of struts.
10.  The stent according to Claim 1, wherein the stent has a closed cell design.

11.  The stent according to Claim 1, wherein the stent has an open cell design.

12,  The stent according to Claim 1, wherein the extensions are located on at least one of

the bridges, the hoops, the loops and the struts.

13, The stent according to Claim 1, which has a drug on one or more portions of the

lattice.

14.  The stent according to Claim 1, which has a drug and polymer combination on one or

more portions of the lattice.

15.  The stent according to Claim 13 or Claim 14, wherein the drug comprises rapamycin

or paclitaxel.
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