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INTRALURINAL STENTS

Eield of the Invention
This Invention relates to stents placeable in a lumen of the human body to
maintsin patency of the lumean.

Backaround of the Invention

The use of sfents has bacome common in connection with procedures where it is
desired {o reinforce the wall of a vessel in the human body to maintain the patency of
e lumen and reduce the rsk of constriction of the lumen or collapse of the vesse! wall.
Stents have come into commen use in connection with angioplasty procedures in which
a blood vessel in the buman bedy, having become obstructed, Is dilated to restore the
tlow area of the lumen, A stent placed in the treated region of the lumen serves ac a
scaffold to support the vessel wall that defines the lumen. Stents may be placed as pait
of a surgical procedure or, as is maore oiten the ¢ase, percutaneously, by navigating a
slender catheter, on which the stent is mounted into and through the patient's
vasculature 1o the target site. Stents alsa are used in connecfion with otier body
lurnens, such as in the urimary and biliary tracts, among others.

Mast stents are generally tubular in shape and may be classified either as self-
expanding or as balloan expandable. Self-expanding stents characteristically are in
their expandad configuration when in a free, released state. In order to advance a seff-
expanding stent ta the daplayment site in the vessel, the stent is contracted o its small
diameter (iow prafile} gimension and is mounted to the distal end of a dsiivery catheter
that maintains the stent in its low profile configurstion as the catheler is advanced 1o the
target site. The stent is deployed by freeing the stent from the catheter 1o enable the
stent to self-expand, under its mherent resilence, inta supporiive engagement with the
vessel wall. The delivery catheter then can be removed from the patient, leaving the
stent in place. In confrast, a balloon expandable stent does not rely on inherant
restilence for Ity use or operation. Rathar, a balloen expandable stent typisally is
formed as = metal tubular structurs defined by s selected paitern of interconnected
structures and links configured to snable the diameter of the stent lo be expanded

forcibly, as by a balloon, from iis Yow profile diameter 1o a larger diameter at which it can

JP 2004-500961 A 2004.1.15
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support the vesse! wall. During such expansion, the mataliic stent undergoes plastic
deformation and retains its expanded diameter. The ballenn deployment catheter then
tan be deflated and withdravm, leaving the stent in place. Ancther class of stonts
includes those formed from a shape memory allay, such as a nickel-fitanium alioy
{nitingf). The allay bas a thermal-dependent memory in that it will maintain a etabie
configuration, as in a low profile corfiguration suiteble for delivery by a cathater, but will
refturn ta its memory ‘shape (e.q. to expand to a larger, vessel-supporting diameter) in
rasponsa to a thermal event sugh a3 tnjecling warm saline into the vessel to trigger the
shape memary phanamenon ar expesing the stent to body femperature. Such alloys
aiso can be made fo exhibit superelastic properties

Among the desirable faaturas of a stent are that it should have sufficient hoop
strength o support the vessel against the siresses that the vessel can ba expacted to
impose on the deployed stent. The degres of scaffalding, a measure of the percentage
of cyiindrical area defined by the expanded stent as compared to the void spaces
batween ifs'matal siructures and iinks, shauld be selectad 1o provids the desirad
balanee between structural strength of the stent and exposure of the inner surface of
the vessei to the [umen. It is imporlant that the sient be capabla of being cotlracled to
& low profile diameter that is sufficiently small to facliitate percutaneous insertion of the
stant and navigation of the steni through the sometime tortupus vasculature, The
langitudina! flexibility of the stent also is an important characteristic, particutarly in
seftings in which the stent must be navigated through tortuous vessels in order to reach
the intended deployment site. Longitudina! flexibility also is impartant after the stent has
been expanded in order that the natural curvature of the body lumen, which typicaliy is
deformed when the ballcon is infiated, can return to its natural shape sﬂér the stent nas
been deployed and the dellvery catheter removed. Alse among the desirable
characteristics of a stent is that it should have a sufficiently large expansion ratio, that
is, the ability te expand from its low profile configuration to as large a diameter as can
reasonably be expected, in order to treat the condition at hard. A large expansien ratio
enabies the physician fo perform a procedure with an additional measure of confidence
that if the original assessment of proper stent size is smallar than what is actually
required, tha stent can be expandsd ta a stlil (argar diameter. Furiher, in many cases, i
is important thak the stent, when expanded radially, doas not contract substantially, if at
all, in length as it is deployed, Also amorg the desirabie characteristics of 2 stent,

_2-
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particularly with batioon expandable stents, is that the ekpansion of the stent
components be relalively uniformly distributad Addiﬁonfally, il is desirable that when the
stent is expanded from its low profile to its deployed diatmeter, it does not have stress
points that, upon expansion or aftar deployment, coutd laad to frasture of portions of the
stent,

itis among the general objects of the invention ta provide an impraved stant
constuction and mede of operalion by which the foregoing desirable characteristics of a
stent may be abtained.

Summary of the Invention

The inventicn is embodiad in a tubular stent in which the wall of the stent is
defined by a filigree-ke patiern defined by regions of intercannacted metal members
and epenwark. The pattern is characterized by a pluraliiiy of nodes arranged in clusters,
each cluster comprising a group of nodes. Each of the ;‘mdes includes a centrat ub
and at least three arms connected ta and cil’cumscﬁbiné, partialty, the hub, When the
stent Is fn its low profile, unexpanded state, each arm isiarranged circumterentially
about the hub of the node and lies closely adjacent fe ths next adjacent arm of the node
in a spiral-iike fashion. Each of the arms in a noda is océnnected at a transition region ta
an adjacent node by being connected to the puter end of an arm of that adjacant nade,
the canpectad arms and transition region togsther deﬁn‘[ng a fink between adfacent
nodes, When the stent is expanded, as by a balloon ca'theter, the links uncail. The
links uncoil differentfally, the degree to which a parficular link uncoils depending on the
degree to which the iink is oriented in & generally circumferential direction. A link that is
criented in & genaraky clicumferential direction may uncoil tnore fan a link that extends
in a direction that is closer to the axial direction of the stent. The nodes enable each of
the links to unfold to the extent necessary to respond to the radial and axial forces
applied to the stent during balloen expansion. The nodes are frae to shift and reorient
themselves in respanse to the applled forces of expansion.

One embodiment of the invention (FIG. 3) includes clusters that detine a pattern
of nodes arrangad generally hexagonally. In anather embodiment {FI33. 13), the nodes
may be packed more closely together and are disposed to lie generally helically atong
the stent with each nods along the helix being serally connected by & link to the nexi
adjacent nades on that helix.
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It another aspact of the inverition, the stent is forrnag by laser cutting the pattern

of the stent from a metal tube having a diameter selected to correspond to the iowest
profile that the stent is expected to have, typicafly the diameter that the stent will have
when mounted and crimped onto the balloen of a delivery catheter. In order io load the
stent onta the deflated balloon, the stent is prefiminariy expanded slightly, for example,
by advancing a tapered mandral through the stent to increase its dismeter sufficiently so
that it can be siid orto the baliaen. Gnce in position on the bailoon, the stent then is
ermpsd firmly about the palloon, with the stent returning toward its lowest profile
<configuration during the crimping process.

Itis arnang the objgcts of the invention o provide an intraluminal stent that can
be deliverac while being meintsined in a very low profile. vet in which the stent has a
high degrae of longitudinat flexibility to facllitate navigation through tortugus vessels; to
provide an intraiuminal stent that has sufficient flexibility in its expandad, deployed state
to enabla the vesse! 1o return toward its natural shape; to provide such = stent with a
desirably high degres of longitudinal flexibility that has & large expansion ratio between
its low profile and expandahle diameters; ta provids a stent that does not shorlen
adversely when it is deployed; and to provide a stent that, when it expands, maintains &
relatively unifoim disiribution of its compenents and ta provide such a stent with
suffisient racial strength to provide luminal patency.

Brief Dascription of the Drawings
The foreneing and other objacts and advantages of the Invention wiil be

appreciated mors fully from the following further deseription thereof, with reference to
the accompanying drawings in which:

FIG. 1 is an ifustration of a tubular stent Incorporating ene embodiment of the
invention in which tha nodes are arrangsd in hexagonal clustars, with the sient being in
its low profile canfiguration;

FIG. 2 is an illustration of the stent in FIG. 1 after expansian, as by a balioon
catheter;

FIG. 3 is an iliustration of the paitern of the stent of FIG. 1 shown befare
axpansion and lying in a flat plare;

FIG. 4 is ar anlarged ilustration of a group of clusters of the stent pattern
Mustrated in FIG, 3;

JP 2004-500961 A 2004.1.15
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FIG. 5 is a greatly enlarged fllustration of a single node;

FlG. & is a diagram of the repeating cell pattern defined by a single hexagonal
cluster of nodes;

FIG. 7 is a fragmented illustration of & pair of adjacent nodes aligned
clreumierantially and showing the configuration of an individual circumferaniially
ortented link connecting the nodas;

FiG. 8 is a diagrammatic lustration of a stent mourted on a catheler after having
been advanced through a sharp bend and illustrating the manner in which the leading
etge of the stent has become permanently deformed %o a “fishmouth” configuration;

FIGS. 8A-0C ilustrate an aspect of the invention in which a stent may be
maounted onto 2 balleon cathster;

FIG. 10 s a Pat plane ilustration of & stent pattern having hexagonal clusters of
nodes in which the orlentation of the clusters has been modified;

FIG: i1 is a diagram of the repaafing cell patiern defired by a single hexagonal
ciuster of nodes as show in FIG, 10;

F1G. 12 is a flat plane ilustration of the pattern of anothar embodimant of a stent
in accordance with the invention i which the nodes are packed more closely together
than with the hexagonal cluster;

FiG. 13 is A diagram of the repesting cel! paltern of the stent having the pattam
shown in FIG. 12;

FIG. 14 is an enlarged Nustration of a portion 12” of the embodiment of FIG. 12
illustrating the arrangement of a ciustar of nades;

FIG. 14A is an illustration similar to FIG. 14, showing in more delail, a slight
offset from 2 helical line of twe sequertial pairs of nodes;

FIGS. 15A-15C are disgrammatic illustrations of the cluster shown in FIG. 14
showing the manner in which the nodes and interconnecting links shift about as the
stent is forcihly expandad;

FIG. 16 is a diagrarmmatic ilustration of a stent during expansion on & balloon
showing the manner in which the end of the sient may tend o expand before the
midportion of the stent;

FIG, 17 is an illustration of an end porlion of a stent, in the fiat, showing the
configuration by which the end may be interlocked to provide increased resistance to
tha expansion of the end of the sient;
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FIG. 18 is an enlarged ilusiration of the detalls of the ktterlocking arrangement of
FIG. 1T,

Description of the [lustrative Embadiments
FIG. 1illustrates one embodiment of a stent embadying the principles of the

invention. The stent may be formed from a tube of stainkess steel (316L) or titanium
atthough other metals suitable for use in a stent may be employed, including shape
memory alloys, as will be sppreriatad by those skilled in the art. The stent may be
manufactured by any of a number of technigues known and in use in the prior ast (such
as alfching and laser abletian), although the preferred approach is to manufacture it
using lasar ablation in which & solid-walled tube is rotated and tranglated aboul s
lengitudinal axis while 8 laser beam seleclively ablates regions of the tube to farm a
filigree-like pattern. For example, the stent may be made using a neatimium-YAG laser.
The width of the laser keam may be controlled to be guita small, of the order of ahout
£.002 inchas. Such laser etching iechnigues in the manufacture of stents are known to
those stilled in the art as disclosed in, for example, U.S. patents numbers 4,762,128
5,345,057 5,356,423; 5,756,558; 5,800,526 and 5.843,117. The present invention
relates to a pattern for such a stent that is charactarfzed by a piurality of nedes where
the nades have a cehtral hub and three arms projecting from the hub, with the arms
being wrapped partly about the hub in somewhat of a spiral configuration. The nodes
are arranged In clusters that can have varying geometric palterns, one of which is
shown in FIGS. 1-6,

FIG. 3 itustrates the invention in which the cylindrical wall of tha stant s shown,
for ease of explanation, as it would appear if the cylinder was slii longitudinally and laid
out in & flat piane. In this embodiment, the arrangament can be seen to include a
plurality of nodes 10 arrangad {o define a plurality of hexagonally-shaped clusters, ane
of which is encircled n phantom at 12. Each cluster 12 in this emhodiment may be
considered as having nodes 10a, 10b, 10c, 10¢ 10e andg 10f that ara oriented with the
first node 10a {in the 12 o’clock pasition) and the fourth node 18d (in the 6 o'dlock
position) being aligned in a circurnferential diraction indicated by sirow 14. The nodes
10&-10{ in an individual cluster may be eguiangularly spacad about the center of the

-6-
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Cluster. Except for the rodes 10 at the ends of the stent, the second and third nodes
10k, 10c serve as the fifth and sixth nodes 16e, 10f of the naxt adjacent hexagonal
ciuster. It also may be noted that each node may be considered to be in any one of
three positions {10A-10F) bacauss each node may be constdered as being shared by
three clusters that incorporate and surround that node. Thus, for example, in FIG. 4
one nede may be designated as 10C, E, A, an adjacent nods may be designated as
10B, Dy, F. It will be appreciated that sach pair of adjacent clusters shares a pair of
three-arm nodes. The open region defined within sach cluster 12 may be considered as
defining an open celi 16. In the hexagonal configuration Hlustrated in FIGS. 1 and 3,
sach cell 16 is characterized by an open ceniral portion and six open curled fingers 18
radiating outwardiy from the central portion of e cell as shown in FiG 6. In 8 laser-cut
device, the minimurn width of the apen curled fingers 16 may he determined by the
width of the laser culting beam which may be of the arder of G.002 inch wide.

" The nades 10 may be configured so that the arms 20 wrap clasely ahout the hub
of the node in arder to maximize the extent to which the arms gan unwind from their low
profile to thelr axpanded configuration. FIG, 4 illustrates, in further anlargement, the
refatiunship between the nodes of an hexaganal cluster and of an adjacent hexagonal
cluster, in which two of the nodes are comimon to both dusters. As shown in FIGS. 4
and 8, each node 10 may be considered 1o have three &'ms 20a, 20b ang 20¢, joined,
respaciively, al roots 22a, 226, 22c, to the cantral hub 24 of the node, Each of the arms
20 extends from its reat 22 and circumseribes its associated hub 24. Each of the arms
20a also circumscribes a portion of the next adjacent arm in the node. Thus, arm 20a
dircumscribes and lias ciosely adjacent a partion of arm 20e which, in lurn,
cireumscribes and lies closely adjacent & portion of the arm 20b that, Jn turm,
cireumscribes and lies closely adiacent a porion of the arm 20a. The arms 20a, 20b
and 20c may be considered as being arangad in a ganerally spirai pattern. A stent
having modes in which the ams dafine a larger aro between its roat and its transition will
tend to exhibil @ greater expansions ratio from the campacled diamster ta its maximum
expanded diameter. FIG. 14A {described in further detail pelow) fllustrates a stent
configuration in which the nodes have aims that defing an arc A extending batwean fhe
raat of an arm along the outer edge of the arm to the transition region 26 of that link.
Also, as shown In FIG. 14A, the angie A extends over an arc of nearly 270°, with an
angle of 254° being shown. Each of the arms 20a, 20b, Z0c also may be considered as

-7-
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being jeined to the outer region af an arm 20 of an adjacent nade, the two arms being
connected at a transition region 26. Each pair of connected arms 20 may be
considered as a link 28 (FIG. 7) that extends from the root 22 of an arm 20 of one node
to the root 22 of an amn 20 of an adjacent node, thus defining a connection betwesn
sach pair of adjacent nodes 10. Each of the links 28 may be considered ic define an S-
shaped configuration in which the pair of arms 20 that defines a iink 28 curve in
opposite directions on either side of the transiion region 26. Alink 28 may be
considerad as extending along a direction that Includes the roots 22 and transition
regian 26 of that fink. Adjacent nades 10 are connected to each othar by ane link 28,

' Int the hexagonal cluster configuration descrihad above, the tubuiar stent may be
considered as having & plurality of langitudinally spaced radial planes 304, 308 (FIG. 4}
that alfemate lengthwise of the sient. The stert also may be considared as having a
plurality of pairs of circumferentially adjacent nodes (10d, e and 10c, a), each pair of
nodes being disposed in one or the other of the radial planes 3DA, 30B. Inthe
llustrative ambodiment, the cirumferentially adjacent nodes 10 ave connecled bya
circumferentially oriented Iink 28 in which the hubs and, preferably, the roots 22 and
fransition region 26 of that link are disposed substantially along the radial plane 30A or
30B of the pair of nodes connected by that link 28 (FICS. 4 and 8). When the steni is
expanded, as by a balloon, the radially outward directed force of the balloon will
franslate fo a cinsumferential force an the tubular stent that causes the circumferentially
alignad pairs of nodes to separate, in & direction genarally circumferential of the sfent.
That expanston tends to straighlen the circumferentially ariented links. As an adjacent
pair of circumferentially sligned nodes is urged apart, the circumfarential link connecting
those nodes will tend 1o become stralghtened while the hubs of the adjacent nodes are
free to shift, as necessary, in order to accormnmodate the straightening of the
circumferential link.

The stent embodiment described above aiso may be considered as defining pairs
of longitudinally extending rows 32A, 328 that are circurfarentially spaced about the
stent. The arrangament of nodes with respect o the longitudinal rows 32A, 328 is one
in which the nodes of gach pair of adjacent nodes in an individual cluster lie along an
alternate one of rows 324, 328. Consequently, adjacent nodes ars not alignad along a
Inngitudinal row but, instead, are aligned in a generally helical orientation or '

JP 2004-500961 A 2004.1.15
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circumferential orientation, as indicated by the helical rows 34A, 34B and circuraferential
rows 304, SUB.

When the foregoing pattern is embodied in 2 balleon axpandable stent, the
circumferentially arianted links 28 wilt be the most deformed from their 8-shaped
configuration, because the princinal direstion of axpansion is radial The links 28 that
extend in a generally helical direction (along the helical axes 34A, 34R) ara free fo
sxpand differentially to be self-accommadating to tha farces and strains imposed on the
stent as it is expanded. Those links 28 that are not circumferentially oriented wihi
expand to a lesser degrse than circumferentially oriented links, This is ilustrated
diagraitimatically in FIGS. 15A-15G in connection with another embodiment, described
in further detail below, FIGS. 15A-15C which shows, diagrammatically, a portion of ths
stent during and after expansion, where the circumfersntially oriented links have been
expanded and straightened more than the nor-circumferentially oriented links., The
extent to which the stent is expanded will be defermined as a function of the geometry
of the stent, the axpandad diameter of the relatively inglastic balloon of the delivery
catheter and the analomy of tha bady lumen info which the stent is to be placed.

The invention may be used with egual facility in short stants as wsll as in long
stants, the length of the stent heing selected to comespond fo the anatomy inte which
the stent is to be placed. The high degres of flexibility achievable with stents made in
accordance with the invention enables relatively long stents {e.g. of the order of 100
mim, as might be used in a bile duct) to be made and be deliverable, even where the
path leading in the deployment site is tortuous. The wall thickness of the tibe from
which the stent is made prefera’ble is of the order of 0.007 inches. The width of the finks
28 preferably is Jess than the dimsnsion of the wall thickness and may be of the order of
about half of the wall thickness (e.g., about .0035 inches), By maintaining the width of
the links 28 ralatively narrow, the nodes can be made to be disposed closer to sach
other to facilitate formation of & relatively compact, dense array. After the stent pattern
has been cut in the fube the stent then may be electropotished to put a stight radius on
the edges of the stent membars that remain after the laser sutling has heen completed,
in a stent having the hexagonal patiern shown in FIGS. 3 and 4, the stant may be cut
fram a tube having a diameter of the order of 0.080 inches that can be expanded ta a
digmeter of abaut 7 mm, presenting an expaﬁsinn ratio of approximately 3:1. Other
smbodiments, déscribed hatow, can be configured with tha nodes more closely packad

_g-
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{s08, for example, the pattern shown in FIG. 12) in whieh a stent formed from a tuae
having a diameter of the order of 0.095 inches is expandable to a diamester of about 10
men, providing an expansion ratio of ahout 5:4.

Also ameng the advantages of the present invention is ther-ability of the stent to
maintain & high degree of flexibility beth in iis low profile configuration s well as aftar it
has been expandad and desloved at the interded target site in the body lumen. The
flexibility of the stentin its low profile configuration is importart dering the navigation of
the delivery catheter to the deployment site, particuiarly when sharply curved, tortuous
or other hon-linear or imagular pathway to the depioyment site (s presented. When a
baifoon oathetenj is operaled to expand the stent at the intandad deployment sile, the
relatively inefastic balfoon will assume its characteristic sfongate, straight shape under
the Influence of the pressure of the inflation fuid. That, in tum, tends to straightan the
partion of the vesse! in which it is located. The flexibility of the stent, when expanded, s
desirable in order that, after the delivery calheter has been ramoved, the stent can flex
with the vassel as ihe vesssl tands to return to is natural shape. A high degree of
expanded stent flexibility thus will provide relatively tow resistance to the vessel as it
fends to return to its natural shape. This characterization of the invention is echieved
while maintaining a high level of hoop strength for the stent,

The excellent longitudinal flexibility of the stent, particularly whenin its low prafile
configuration, is considerad to be the result of the use of the node construction
described above in which the nodes also display an abllity to flex or deform somewhat
in a radial direction. The ability io flex in a radial dirsction (that is, in a direstion
perpandicuiar to the twibular wall and toward and away from the longitudinal axis of the
stent), is the result of the spiral-like configuration of the arms about the hub of each
node. The arms in each node can flex radially, thus enabling the hub o flex slightly, but
sufficiently, toward or away from the stent lengitudinal axis. The ability of the hubs to flax
radially is belfleved to resuli in a progressive and gradual flexure along the length of tha
stent with & reduced tendency to develop sharp kinks, and contributes to the high
longitudinal flexibility of the invention.

Also amang the advantages of the invention is that it tends to avaid formation of
2 "fishmouth” condition at an end of a stent that is advenced, while mounted on the
delivary catheter, through tortuous anatomy. As shown in FIG. 8, it is not uncommon for
& stent, alits leading snd 36, to develop an asyromelrical flare, somewhat like an cpen
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fishmouth, in which a portion of the leading end of the stent deforms 1o 3 fared shape
and remaine separated from the surface of the delivery catheter. The presence of such
a flare 38 can present an obstacle (o further advancement of the catheter ang stent. 1t
may cause damags fo the interfor surface of the lumen of the vesss! and may hecome
caught ina manner that may cause the stent to shift its longitudinal posision on the
dellvery catheter bafore the stent hes been agvanced to ihe intended deployrnent site.
Among the advantages of the present invention is that it displays reducad tendency for
such flaring and, consequently, tends to avoid such difficulfies.

In arder that a stent can achieve its maximum rangs of expansion, it s desirable
to mount the stent on the defivery cathater in a profile that is as Jow as can be achisved
with the particular stent configuration and geometry. Ta that end, the stent preferably is
fabricated in ils intended iowest profile configuration corresponding to what would
nermally be the diameter to which the sfert is crimpec onta the balloon of tha delivery
catheter. In the centext of the stent described abave, therefare, the stent is formed from
a tube of metal with the nodes being cut out and lacated in as slose proximity to each
other as can be achieved for the particular stent pattern. When a stent, so formed, is to
be mounted on a balloon catheter 40, the balioon 42 will have been wrapped tightly
about ifself and ihe catheler shaft 44 (FIG. BA). In order to maunt the stent on the
halioon, the stent is preliminarlly expanded slighily to “size” the stent to the bafioon,
Such stent sizing may be achieved by inflating a small diameter balloon within the stent
or by passing a mandrel 46 ihrough tha stent in which the mandrel has a tapered
leadling enid 48 and a slightly enlarged trailing end 50 (FI. 9B}. Tha stent Is expanded
just slightly, enough to slip it onto the ballcon of the catheter {FIG. 9C). Recause the
stent was expanded from its low profils configuration in which it was fabricated, the
stent then can be crimpad down tightly about the balloon, causing the sfent to be
seeured to the balloon while also compacting the stent back toward or, if penmitted by
the laser-cut dimensions, slightly beyond its originally formed profite. By Initially
fabwicating the stent in its low profile diameter and then expanding it sfightly to place it
on the halloon, it is assured that when crimped back toward its fabricated diameter, the
nodes will not cellide or otherwise interfere with eéch other.

FIG. 10 illusirates a modified embodiment of the invention in which the
hexagonal clustsrs 12 are oriented so that adjacant pairs of nodes {e.g., 19a, 10s and
10c, 10d) are aligned subsiantially parallel to the longitudinat axis of the stani such that

-11-
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e link 28 connagting the nodes In each of those pairs extends longitudinally of the
stent. In this embogiment, the transition region 26 of ihe connecting links 28' and their
hubs 22 lie along lines 48 that paralle! the longitudinal axis of the stent. Those adlacent
pairs of nodes that are not longliudinally aligned are disposed aleng rows 50, 52 that
are generally helficaliy disposed about the stent, In this embodiment, nana of the
afjacent pairs of nodes extends in a purely Gireumferential direction. FIG. 10 Hustrates
the configuration of a charactetistic call 16 of the sterit paitern of FIG. 10.

" FIG. 12 iustrates 3 modified embodiment of the invention in which the nodas are
mare closely compacted than with the hexagonal cluster configurations desaribed
above. In this embodimant the nodes 10 may be considered ae being genrerally aligned
along helically extending rows 524, 528, 52C, with adjgcent nodes aleng each helical
row being serially connecled to each other by an individual link 23". Thus for each node
10 twa of the threa arms 20 form links 28° to adjacent nodes along the same row. Each
node also includes an arm 20° thaf forms a perlion of a thirg ink 267 that is connectsd to
& node n an adiacent helically orfented row. The third links of the nodes alternata from
one node 10 the next aleng & given helical raw. Thus, considering helical row 528 as a
first row, ang node in that row wilt includs a link 28 that connects to & nede in a second
adiacent helical row 524 while the next succeeding node In the first row has a third link
that connects to a node on the adjacent helical row 52C on the ofher side. It should be
noted that, it may be desirable in this embodiment, In order to avoid interference
between the nodes, to shil successive pairs of nodes that lis aloag a halical row to &
pesition that is slightly offset fror a precise halical ling, Thus, although nodes 10m,
@n, 10p. 10q, 10r, 10s are all dispased geherally along the helical row 524, it may be
necessary for adjacent pairs {e.g., 10p, 10q) in the helical rows to he shifted vary
slightly faterally with respect to the immediately preceding pair (10m, 10n). Thus, node
pair 10m, 10n may be considered as defining & line that fies along the helical row 52a
while the notle pair 10p, 10y may define a line that paraflels helical line 52a but is
displaced slightly {a few thousandths of an inch) to one side of tine 52a. The slight
displacement is fliustraied in FIG 14A from which it may be seen that hetical line 52a’ is
displaced slightly o one side of line 52a. For ease of description, the setles of nodes
10m-10s nonetheless may be considered as lying gensrally along a helical row. it
shouid be noted that those nodes that lie along a row that oxtends Jongitudinally of the
stent or along the plane that extends transversely of the fubular steit can be aligned

-12-
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without displacement such that all of the ortheginally refated nodes may be cansidered
&s being more precisely in alignment along the longitudina! direction and along radial
planes than the less precizsely alignad nodes that extend along the halical raws.

FIGS. 14 and 15A-C illusrate in diagrammatic fashion, the manner in which a
stent patterned 83 shown In FIG, 12 may expand under the infiuence of an expanding
balloon. The dluster is shown, in enlarged detail, and includes six nodes 10g, 10b, 10i,
10}, 10k, 101. As the cluster is subjecied to the forces of radie axpansion of the balloon
indicated by arrows 54, the cluster tends to rotate in a olockwise direction as iilustrated
by arrows 53in FIGS. 14 and 15A-15C. During such cluster rotation the finks 28 in the
clusier will tand to expand, although at a relatively slow rate, until the cluster has rotated
ta a more cireemferantial orientation (FIG, 18B). As the cluster approaches a mare
circurferential orientation, the rate at which the links bagin to expand increases.
Thereafter, confinued radial expansion of the balloon gauses the circumfarantially
oriented links {28gh, 28hi, 285k, 28KI) to expand toward their ful expandable lengihs
{FIG. 15C).

As shawn in FIGS. 15A-15C, as the cluster rotates clociwise during the initial
portion of the balleon expansion, the links 28lg and 28ij that connect the endimost pairs
(10g, 101 ‘and 101, 10)) of ihe clusier will baceme reoriented to extend generally aleng
fines that are mare parallsf to the longitudinal axis of the stent than when the stent is in
its low profile comfiguration. Ag those links rotate inta a more longitudinal erientation,
they bacome positioned 1o resist longiudinal comprassian of the stent. Consegquently,
the reorientafion of those links results in an increasa in the resistance to shortening of
the stent as the steni is expanded radialfy.

The ends of the stent may be finished, for exampls, as indicated in FIG. 4, in
which an arm of zach of the nodes In the endmost radiaf plans 30E‘x's connscted fo
anotier arm of another node in that plane. One such arrangement is ilustrated in FXG.
4 from which it can be soen that links x, y, aach of which exiends from a node in the
endimost radial plane 304, Is connected, as by a connecting link z. The sonnecing link
and the ends of the links x and y are joined at a junction that may be considered as
defining a partial, two-armed node in which the arms have portions that parallel each
alher in a generally spiral configuration. i should be understoad, howaver, that other
arrangermenis for connecting the nodes in the endmost raciat planes of the stent may be
employed.

-132-
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In ancther aspect of the invention, the ends of the stent may be configured to
present a greater resistance o radial expansion than the portions of the stent
intermediate the ends. FIG. 18 ilusirates, diagrammatically, a phenomenon associsted
with balivon expandable stents in which the ends 56 of the stent 8 tend to begin to
expand before the mid-portion 58 of the stent. As a result, the ends of the balloen, in
tha early stages of expansion, may flare so thal the balioon and stent assume a “dog
bone” configuration In which the end regiona 60 of the balloon 42 are expanded fo a
greater diameier inan the mid-poriien of the balloon. The expansion of the ends before
the middle of the stent tends to develop a compressive end loading, indicated at arrow
62, baing placed on the end regions of the stent. The cormprassive loading o the and
regions may tend to shorten the end regions untif the mid-portion of the bailoon has
expanded, at which time cortinusd balloon expansion will be more uniform along iis
langth. It is desirable to minimize the extent of stant shortzning during expansion
because such shortening can result in the stent being deployed in a position shifted
from that which was intended. Additionally, shortening of the efent during expansion
may result in the deployed stent having Insufficient length to support the entire length of
lumen intended.

FIGS, 17 and 18 illustrate anather embadiment of an arrangement for increasing
the resislance to expansion &t the ends of the stent, discussed above, sufficienty to
raduce, and possibly to eliminate, tha longitudinal shoitening at the end regions of the
stent during the early part of the bailoon expansion. The arrangement includes a saries
of interlocked elaments at the end of the atent that vesist expansion, at least during the
early porticn of ballaon expansion. The interlocked components are forned from
exiensions of arms of nodes in the endmost radial plane 30E and may be considsred o
include an L-shaped member §2 and an L-shaped socket 64 receptive to the member
82. The member 2 and the socket 64 are formed by extensicns of arms of adjacent
nodes at the and of the glent. The arm of one node is extended to define a saries of
serpentine legs 82z, 62h, 82c, 62d that define the L-shaped member. The axtensgion
confinues fo include a pair of seguential legs Gda, B4b that paraliel aach other and are
joined at a halrpin bend 64d. Legs 64a and 64l thus define a double thickness sockel
that captures an L-shaped member. The portion of the L-shaped member, inaluding
legs 62¢ and 62¢ define & second socket 86 that receives the hairpin bend 64d of the
socket legs 64a, 64b. It should be understood that in the llusiratians, the spacs
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between the legs that make up the L-shaped member 52 and L-shaped socket 64 are
spaced apart sufficiently for clarity of Hlusiration. As discussed above, the space
between adjacent paralieling somponents (such as 84a, 64b) of the stent may be as
smail ae the width of the iaser beam by which the pattern is cut, for sxample. about
0.002 Inch. Thus, the distal ends of the stent preferabiy are provided with a
configuration that differs from the spiral configuration of the nodes and which includes
interlocking membars that will present resistarce to stent expanslon as the balloon is
infiated. The spaces between the interlocking cormponents, howaver, should be
sufficient so that at a desired point in the expansion of the batlaen, the interiociing
components witl have deformed sufficiently 1o release, thereby enabling tha end of the
stent to continue expansion together with the midportions of the stent.

From the foregoing, it may be appreciated that the invention providas a stent
eonstruction that may be used to achieve a high degree of stent flaxibility both when in &
low prefile corfiguration as well as when in an expanded configuration. The invention
enables a stent to be configured In a low profile while belng expandable through a
substaniial rangs of larger diamaters. The atent may be configured in a manner thai
lessens the degree of stent shortening as the stent i deployed and provides addifional
benefits discussed above.

It should be understood however, that the foragoing descrintion of the invention
is intended merely fo be illustrative thereof and that other modificatians, embodiments
and equivaients may be apparent to those whe are skilled in the art without departing
from its apirit. Having thus described the invention what } desire to claim and secure by
letters patent is.
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Claims
1. A radially expandable intraluminal stent in the form of a generally fubular
wall having open regions that define wall structura comprising:

a plurality of nodes, each noge having a central hub and three arms
extending from the hub, each arm circumscribing the hub and a segment of the next
adjacent arm of that node;

each am belng cennected, at a transition region, to an arm of an adjacent
nade, the conriected amms of the adjacent nodes defining a link between those nodes.

2. A stent as defined in claim 1 wharein the arms in said links of adjacent
nades curve in opposite directions.

3. A stent as defined in claim 1§ wherein the links are S-shaped.

4. A stent as defined in claim 1 where a plurality of nodes are armnged in a
hexagonal cluster.

5. A stent as defined in claim 4 whersin the hexagonal dusters sre orientad
S0 that nore of the adjacent pairs of nodes is aligned in a direction that parallels the
longitudinal axis of the stent.

6. A stent as defined in claim 4 whersin the hexagonal clusters are oriented
s0 that none of the adjacent pairs of nodes is aligned in a circumferential direction.

7. A stent as defined in claim 1 wherein the arms of the nodes are arranged
generally to define a spiral

B. A sient as defined in claim 7 wherein the gap befween adjacent arms of a
spiral is of substantlally constant width up fo the transition region.

_16-
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9. A stent as defined in elahn 1 wherein each of the arme of & node is
connected at & root to the hub of the node and where the roots are equiangularly
spaced about the hub.

12 A stent as defined in claim 1 whersir each arm of each nade is connected
1o & diffarent ohe of the adjacent nodes.

1. Astent as defined in claim 1 further comprising:
the nedes being arranged so that a piurality of adjacent pairs of nodes lig
along radially extending planes, the planes being spaced along the tength of the stent.

12, Astent as defined in claim 11 wharein the links between the nodes of said
pairs thereof lie along the radial planes and exlend in a circurnferential direction.

13, Aslent as defined in claim 12 further comprising additionat pairs of
adjacent nodes extending along a row that extends generally helically along the stent.

4. A stent as defined in claim 1 further comprising.
the nodes being arangad so that a plurelity of atjasent pairs of nades fie
along a row extending longitudinally of ihe stent,

15. A stent as defined in claim 14 wherein the nndes are arranged 1o define a
piuralily of said longitudinally exiending rows. ’

16. A stent as dofined in claim 1 whereain the transition region is disposed at
the midportion of the link.

17. A stent as defined in claim 1 formed from 2 metal having sufficient ductility

to plagtically deform in rasponse to application of a radially outward expansion force
applied io the stent.

-17-
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18. A slent as defined i ciaim 1 formed from a material having sufficient
inherent resilence 1o cause the stent to iself expand from a low profile diameter to an
expanded diameter. ’

19, A steni as defined in clalm 1 formed from a metal having shape memary
charactaristics adaptad i enabie the stent to expand in response fo a thermal event.

20. A stent as defthed in claim 1 having low profite and expanded diameters
and being dimensionad ta enable the stent to be delivered into and deployed within a
hiuman biliary dct,

21, Astentas deflned in claim 1 having low proflia and expanded diameters to
enabie the stent to be delivered into and deployed within a bloag vessel,

22 A stent as defined in claim 1 having low profile and expanded dismeters
and being dimensioned ta enahble the stent to be delivered into and deplayed within &
urological passage.

23.  In a radially expandable tubliar intralurninal stent defined by and having a
plurality of interconnected members deformable te a larger diamatsr tubular
cenfiguration, the improvement comprising & plurality of nodes, each defined by a
central hub and three arms, each of the arms in each of the nodes having a poriion that
circumseribes the hub and a segment of an adjacent arm of that node.

24, Astent as defined in claim 23 wherein the three-armed nodes are
arranged in general alignment along a plurality of helically extending rows, two of the
arms of each link being cannected seriglly to adiacent nodes along ite associated helical
row, the third arm of the node being connected to a node that iies along the next

adjacent helical row.

25. A stent as defined in claim 24 wherein the third link of succeeding nodes
iving along a hedical row are cannectad to nodes in sltemately adjacent helical sows.

- 38 -
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26.  Astent as defined in claim 16 further in which the arms define & generally
spiral configuration.

27, Astent-as defined in claim 25 wherein the nodes are arranged in clusters
of six nodas aach.

28 Astentae defined In claim 26 wherein the nodes are aranged along a
plurality of helical rows, the nodes in each row being serigly connected o each other by
& link, each of the nodes in each helical row also being connected, by a link, to a node
in gach adjacent helical row.

29. A stent as defined in claim 16 wherein the parallsling relation extends over
a substantial arc.

30. A radially expandable intraluminal stent i the form of a gsnerally tubular
wall having cut aut regions that define wall structure comprising:

a mlurality of interconnected links deformatle to enabie the stent to expand
from a small diameter to a larger diameter in response io expansion of an expanding
member within the stent;

the links disposed at the opposite ends of the stent being interconnected
to provide greafer resistanse {o radial expansicn of the end regions of the stent than at
the intermediate region of the stent.

31. A stent as defined in claim 30 wherein said interconnaction further

GOMPrises:

2 plurality of nodes extending circurnferentially abeut an end of the stent
and gefining the end most vadial ptane of nodes,

an arm of each of a pair of adjacent nodes in the radial plane each having
extensichs thereof that are connacted to each other at a iransition region, one of the
extensions baing fonmed to define & maie contour and the olher of the extensions being
formed fo define a female contour receptive to member having said male shaped

contour.

-19-
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32, Aslent as defined in claim 21 further comprising a portion of the male
member defining a sockst receptive to a portion of the am defining the famale socket.

33, Asfent as defined in claim 32 wherein the male and female members are
L-shaped.

34, A radialiy expandable intraluminal stent in the form of a. generally tubular
wall having cut-out regions that define wall structure comprising:

a pluratity of interconnected links deformable to enable the stent to expand
from & smait diameter to » large diameter in response to expansion of an expanding
member within the stent; ’

means at the ends of the stent for previding greater resistance to radially
expansion of the ends region of the stent than at the intermadiate region of tie sient, at
ieasl durthg the initial portion of said expansion,

35.  Aradially expandable intraluminal stent in the form of a generally tubular
wali having cut out regians that define wall structure comprising:
a plurality of nodes, each node heing sonnected to adjacent nodes by an
individual generally S-shaped link;
the links and nodes being arrangesd so that when the steni is expanded
from its Initial diametsr io an expanded dismeter, the circumnferentially orienied links will
elongate to a greater degrae than the links oriented in a 1ess circumferential direction,

36, In s radialty sxpandable tubutar stent having a wall defined by and having
a plurality of intarconnected links deformable from a low profite diameter fo an
expanded diameter, the improvemsnt comprising a piurality of nodes, gach node having
a pemtral hub and three arms extending frem and circumscribing tha hub and a segment
of the next adiacent arm of that node, the arms being of sufficient length to flex to permit
the central hub to bs displaced {ransversety with respect to those regions of the stent
wall that surround the radially displaced node.

37. A slent as defined in claim 1 wherein each cluster is formed from six

nodes.
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38. A stent as defined in claim 4 further comprising the nades being arranged
in clusters of & in which iwo arme of each node are connectad to nodes of that cluster
and one ann of each of the notes in that cluster is connecled o a node of anothar
cluster.

38. A stent as defined in claim 38 wherein each of the nodes in the stent is
shared by three adjacent clusters.

40. A mathod for making a balloon expandable tubuiar stent adapied to be
placed on a balioon and then crimpéd about 2 balioon to a low profile for delivary
comprising:

initially forming & fubular stent in a diameter equal to that of the desired
low profile after the stent iz crimped onto the balloon;

whareby the diameter of the stent can be increasad to enabie insartion of
the balloon of a batlonn dedivery davica inte tha slightly axpanded stent and

then crimped 1o return the stent to its original low profile configuration on
the balloon.

41, Amethod as defined n claim 40 wherein the tubutar sient is made from an
inftizlly solid walled tube.

42, A method for assembiing a tubdlar stent on a balloon comprising:
providing & balloon cathater with a defined low proflle about which the
stent can be crimped;
forming a stent with an unstressed diameter equal to the crimped
diameter;
expanding slightly the stent;
inserting the balloon into the slightly expanded stent, and
crimping the stent onto the batloon to reduce it to its low profile.

43. A method as defined in claim 42 wherein the expansion of the stent is lo a
deqgree that is a smal fraction of tha fully expandable diamster of the stent.

-21-
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1. Claims: 1-22,23-29, 36-39

A stent comprising a plurality of nodes having a central hub
and three arms extending from the hub and each arm
circumscribes the hub

2. Clsims: 30-33,34

A stent comprising a plurality of interconnected Tinks
whereby the links dispesed at the ends of the stent provide
greater resistance ta radial expansiaon than at the
intermedtate region af the stent

3. Ciatm @ 35
A stent comprising a plurality of nodes which are cennected
to each other by a 'S'-shape 1ink wherein the
circumferentially ariented links will elongate to & greater
degree than the Tinks oriented in a less circumferentia
direction

4, Claims: 40-41,42-43

A methad of crimping 2 stent onto a balloon catheter
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