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STENT FABRICATION METHOD X
Jacob Richter and Ira Yaron ;
FIELD OF THE INVENTION

The presenc inventién relates generally to mechods of
fabricating stencs.

BACKGROUND OF THE INVENTION

Scents are known in the art. They are typically formed
of a cylindrical metal mesh which can expand when pressure is
internally applied. Alternatively, chey can pe formed of wire
wrapped into a cylindrical shape.

As described in U.S5. 4,776,337 to Palmaz, the
cylindrical mecal mesh shape is produced by laser cucting a chin
walled metal tube. The laser cuts away all but the lines and
curves of the mesh.

The method of U.S. '337 is applicable for relatively I
large mesh shapes and for mashes whose lines arxe relatively wide.

However, for more delicate and/or intricate shapes, the spot size

" of che laser is too large.
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and/or intricate shapes, the spot 5| ze
realatively incricacre and/or delicace designs.

Atternatlvel y,

The method involves f£irxst creating a flat version of
the desired stent patcern from a piece of thin sheet metal. The
flat pattern can be produced through any suitable technique, such
ags etching the design into cthe sheet metal, or by cucting with a
very fine laser, should one become commercially available or by
any ocher technique.

Once the sheet metal has been cut, it is deformed so as
to cause its edges to meet. To creace a cylindrical stent from a
flaz, roughly rectangular mecal pactern, the flac mecal is rolled
uncil che edges meet. The locations where edges meect are joined
togecher, such as by spbc welding. Afrerwards, che stent is

polished, eicher mechanically or electrochemically.
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The present invention will be mmderstood and
appreciated more fully from the foilowing detailed description : S
taken in conjunction with the drawings in which:

Fig. 1 is a flow charc illustration of the stent i
fabricacion method of the present invention:; I

Figs. 2A, 2B and 2C are illustrations of chree
alternacive stent patterns to be etched, in accordance wich the
method of Fig. 1, into a flat sheet of metal;

Fig. 3 is an isometric illustration of a stent being
deformed, useful in underscanding the method of Fig. 1;

Fig. 4 is an isometric illustration of a sctent formed
from the method of Fig. 1:

Figs. S5A and SB are side and teop view illusctrations,
respeccively, of one connection location of che stent of Fig. 4;

Fig. 6 is a side view illustration of one connectian
location of the stent of Fig. 4 which is connected in a nail-like
manner;

Fig. 7 shows a piece of sheet metal with a pluralicy of
patterns made in accordance with the invention;

Fig. 8 shows a decailed view of one of the patterns
_shown in Fig. 7;

) Fig. 9 shows a detailed view of a pair of engagement
troughs shown in fFig. 8;
Fig. 10 shows a detailed view of a pair of engaging

protrusions shown in Fig. 8:
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| aser, shoul d one becgnme commercial | y;available or by any ot her techni+que.
Qice the sheet netai- has been cut, it-is deformed so as to cause its edges
te neet. To credg:aldykhedsi che srgagerensrEaoughat and IEHoLmMEBEL angul ar”
metal pattern, the flat netal is ro/led wuntil the ed es neet. The

| ocat |%¥%tm5e&§e§iﬁ‘éet 9aPR) B rlje'ﬂ_tl’teoﬁé‘ﬁﬁg? %‘Eﬁ:‘h Ry spot wel di ng.
Afterwards, the (Stent i 008! L sheth g 8 p08eLaDLEA | Yadiordance

el ect rochem call'y
with the invention;

Fig. 13 is a decailed view cf the welding rxrun shown in
) Fig. 12;
Fig. 14 is a detailed view of a cell of a stent made in i
accordance with this invention;
Fig. 15 is a decailed view of a cell made in accordances
wich this invention:
Fig. 16 shows a cell of a stent made in accoxdance wich
this invention;
Fig. 17 is an enlarged view of the cell shown in Fig.
16;
Fig. 18 is a cross-sectional view of a longitudinal
member of a stent constructed in accordance with this inveacion;
Fig. 12 is a cross-seccional view of a stcenz
conscructed in accordance with this invencion;
Fig. 20 is a perspective view of a .scent construcced in
accordance wich this invencion;
Fig. 21 is a ;rcss-sec:ional front view of an
unexpanded stent made in accordance wich the invention:
Fig. 22 is a cross-secticnal front view of the stent \
shown in Fig. 21 after it has been expanded; . '
Fig. 23 is a crxoss-sectional front view of an

unexpanded stenc made by cutting a pattern in a tube; and
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2, 2B, 2C, 3 and 4 which are useful in underscanding the method

@

of Fig. 1.

In che stent fabrication method of che present
invention, a stent designer firsc prepares a drawing of the
desired stent pattern in a f£lat format (step 10).

Figs. 2A, 28 and 2C illustrate three exemplary sten:
pattern designs. The pattern of Fig. 2A has two types af
seccions 20 and 22. Each section 20 has cwo opposing periodic
ratterns and each seccion 22 has a plurality of conneccing lines
24. The pattern of Fig. 2A can be formed of any size; a
preferable size is to have each section 20 be becween 1 and émm
wide and each section 22 have connecting lines 24 of 1 - &6mm
long. At such sizes, che pattern of Fig. 2A cannoc be cut using
a laser cutcing system.

The pactern of Fig. 2B is similar co chat of Fig. 2A in
that it also has sections 20 of oppesing periodic patterns. The
pattern of Fig. 2B also has connecting sections, labeled 30,
which have a Z shape.

The pattern of Fig. 2C has no connecting sections.
Instead, it has a series of alternating patterns, labeled 32 and _
34.

The patterms of Figs. 2A, 2B and 2C optionmally also

have a plurality of small protrusions 38 which are useful in
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shows & detailed view of a pair of engagement troughs showwin Fig. 8;

Fig. 10 shows a detail ed view.of a pair of engagin rotrusions shown in
ﬁig. §grming¢thQAS:en:,-as+describeqphereinbelcgggﬁ ? P e Ak

WELTp
Recurning -to Fig. 1, in step 12, the stent patctexn'is
cut into a flat piece of metal ("sheet metal"}. The metal can be.
any type of biccompatible material, such as stainless sceel, or a
material which is plated withh a biocompatible material. The !
cutting operacion can be implemented in any of a number of ways,
such as by etching, or by cucting with a fine cutting tool, or by ,
cutting with a very fine laser, should one become commercially
available.
IEf step 12 is implemented with etching, then, the
process is5 designed to cut through che sheet metal. This process
is known; however, for the purposes of compleceness, it will be
briefly described hereinbelow.
The drawing of che pattern is reduced and princed onto
a transparentc film. Since it is desired to cut completely
through the metal, the drawing is printed onto two films which
are joined together in a few places along their edges. The sheec
mecal is coverad, on both sides, with a layer of photoresist and
pPlaced between the two transparent, printed £ilms. The structure
ig illuminated on boch sides which cauges the porcions of che
photoresist which z2ceive the light (which are 211 ths empty
spaces in the pattern, such as spaces 26 of Fig. 2A) to change
propercies. 5
The sheet metal is placed into acid which eats away
those portions of the phocoresist which changes properties. The

sheet mecal is then placed into an stching solution which etches

This Sheet Has Been Replaced

T




Ft sheyes:ihase enens3ztqesuHvE & f’ ofr 954886 @17 9
b sharon shcrengegeso e 08 SYEUBYTON ol e e

practi ¢ced in accordance with t he I nvention; Fig. 13 is a .= :
detail ed view of the welding run shown in, Fig. 12; Fig. 14 is a’
det ai Iaedyvabw ohter tal | omiwt i ertrangde ho pramwaiamerwnbb #Ri 5 1 nvention;
Fig. 15 is a detailed view of a cell nmade in accordance wth this

i nvengpdption which remyyps rhespbasoneetst. cﬁ34¥¥ﬂBEﬁﬁenadéalnhﬂbbmgdance

Wi th the desired stent pattern. ’ i

In step l4, che metal pattern is deformed so as to

cause its long sides (labeled 28 in Figs. 2A, 2B and 2C) tgo meet

I each other. Fig. 3 illustrates the deformation process. For
cylindrical stents, the deformation process is a rolling process,
as shown.

If the protrusions 38 have been produced, after
deformation of the mectal pactern, the protrusions 38 procrude
over the edge 28 to which they are not atcached. This is
1llustrated in Fig. 52,

In step 1§, the e~dges 28 are joined together by any
suitable process, such as spot welding. If the protrusions 38
were made, the protrusions 38 are joined to the opposite edge 28,
eicher by welding, adhesive or, as illustrated in Fig. 6, wich a
nail-like elemenc 40, Fig. SB iliuscrates cthe connection of che i
protrusion to the opposice edge 28. Since protrusion 318 is
typically designed co extend the widch of one loop 39, che
patcern in approximately preserved. This is seen in Fig. 5B. '

Alternatively, the edges 28 can be brought together and

_ joined”in 'the appropriate places. !

Fig. 4 dllustrates a stenc 31 formed by the process of
steps 10 - 16 for the pactern of Fig. 2A. It is noted that such
2 stent has connection points 32 formed by the joining of the

poincs 30.
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“menber’ of a stent constructed in accordance mmth this inventi:on;

Fig. 19 is a cross-sectional view of a stent v constructed iA ‘accor dance
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the i f¥eYd18¥hing . can -be performed.mechanlc;%iy, by rubbing a - : |
polishing scick having diamond dust on its outside inside che

stent 31. Alcternatively, an electropeolishing unit can be

} utilized.

Fig. 7 shows an alternative embodiment of the inventiorn

in which a pluralicy of patterns 120 are etched and cut into the
sheet metal 121 as previously discussed. Fig. 8 is an enlarged :
view of one of the pluralicy of patterns 120 shewn in Fig. 7.

Fig. 9 is an enlarged view of one pair 127 of the plurality
of engagement troughs 128 and 129 shown in Fig. 8. Fig. 10 is an
enlarged view of one pair 130 of the pluralicy of engagement
protrugions 131 and 132 shown in Fig. 8. The sheetr mecal 121 and
each of cthe patterns 120 is provided wich a plurality of
alignment apercures 122 and 122’ adapted to receive sprockets |
(not shown) for precisely moving and maintaining the precise
alignment of the sheet metal 121 and the patterns 120 during the
various stages of manufaccuring. Each pattern 120 has a firstc

long side 123 and a second long side 124, a first short side 125,

and a seconc short side 12¢. The firsc long side 123 is provided ;

with a plurality of pairs 127, 127’ and 127" of engagement :
'crOughs 128 and 129 (shown in greater detail. in Fig. 9). Each

pair 127, 127 and 127" of engagement troughs has a first |

sngagement trough 128 and a second engagement trough 129. The

second long side 124 is provided with a pluralicy of pairs 130, i
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in Fig. .10}~ “iEach pair 130, 130’:and,ISQﬂﬁqfugngagement-:
protrusions is provided with a firsc enéagemen: protrusion 131 : 5
and a second engagement protrusion 132. The pairxs of engagement ;
protrusions 130, 130’ and 130" are disposed subscantially
. opposite the pairxs of engagement troughs 127, 127 and 127".
The engagement troughs 128 and 129 are disposed and i
adapted to receive and engage the engagemsnt protrusions 131 and
132 so that the alignment of the stent is maintained when the
pattern 120 is deformed and the flacr sheet metal is rolled so
chat the first long side 123 and the second long side 124 meet
each ocher to form a tube as shown in Figs. 19 and 20.
A bridge 133 of material is disposed between each pair
127, 127' and 127" of engagemenc crxoughs 128 and 129. This
bridge 133 imparts addicional stability and facilicates alignment
during manufacturing and imparcs additional strengch co the welds
of che finished stenc as discussed below.
Afcer the sheet has been rolled into a ctubular stent
and the engagement troughs 128 and 129 have received the
engagement protrusions 131 and 132,.means (not shown) are
utilized to maintain che alignment and the bridge 133 is cut to
leave:two substantially equal parts. The bridge 133 may be cut
in a variety of ways well known to those skilled in the arc,
however, in a praferred embodiment, a laser is utilized. -
Engagement trough 128 is welded co-engagement protrusion 131 and

engagement trough 129 is welded to engagement protrusion 132 as

10
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preferred ‘embodiment a plurality of spoc welds are utilized. In. l
an especially preferred embodimenc, about five spot welds are
used in each weld run as shown in Figs. 12 and 13. The heat

J produced by the welding melts rthe cut bridge 133 material and the
material is drawn towards the engagement trxough 128 or 129 ¢co i
which the macerial is accached and is drawn inteo the welded area
between the engagement trough and cthe engagement protrusion where
che addicional bridge material bscomes part of and impar:cs
addicional scrength to the weld. ' The stent may then be finished
as previously discussed.

Fig. 13 is an enlarged view of the welded area shown in
Fig. 12. In a preferred embodimenc, the weld run is offset from
the point where the engagement trough and the engagement
procrusion contact each other. 1In an especially preferred
embodiment, che weld run is offsec about .01 mm. '
Fig. 14 is a detailed view of the pattern shown in Fig.

8. As shown in Figs. 14 and 20, Applicants’ .invencion can also
be described as an expandable scent defining a longitudinal %
apercure 80 having a longictudinal axis or axtension 79 ard a
circumferencial axis or extension 105, -including a pluralicy of
flexible connected cells 50 with each of the flexible cells 50
having a first longitudinal end 77 and az second 1ongicudinaﬁ end
78. Each cell S50-also is provided with a first longitudinal apex

100 disposed -at the first longicudinal end 77 and a second
11
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Fig.-2A has two types of sections 20 and 22. Each section 20 has t wo i
opposin erjodic atterns and each-section 22 has a plurality, of
c’onnect’gﬁgmf"%"rf&l" Fx 1P1e HEPPEFA ¥F Higy SeSRTCanBEL FOHRRE- LY si ze; a
prefe €.511Z6A4 S 4t h_sectl % ebhe 1.and 6mm w de and
each g%%%i%%%%%}vlg%cgﬁ\égg ?%galfg“eéspgnf%%fcg S-Q ér&nsngg?o%g. At such si zes, |
the pabhitudindl GompdneARNahvhEg CAllf USth@ndashasgd SUbéddid et &M, .

The pattern of Fig. 2B is simlar to that of Fig. 2Ain that it also has
sect i ange@nd fmagdeasiSg hpeingdacl peagiwrdisialThemponent having a fixsc
end 55 and a second end 56; a third membexr 57 having a
longitudinal component having a first end 58 and a second end 59;
and a fourth member 60 having a longicudinal component having a
first end 61 and a second end 62. The stenc also includes a
first loop 63 defining a first angle 64 disposed becween the
first end 52 of the first member 31 and the first end 55 of the
second member 54. A second locp 65 defining a second angle 66 is
disposed becween the second end 59 of the third member 57 and the
second end 62 of the fourth member 60 and is disposed generally
opposicte to che first loop 63. A first flexible compensating
member or flexible link 67 having a first end 68 and a second end i
§9 is disposed becween the first member 51 and the third member
57 with the firsc end 68 of the fixst flexible compensating
member or flexible link 67 communicating with the second end S3
of che first member 51 and the second end 69 of the firstc
flexible compensating member or flexible link 67 communicating E
with cthe first end 58 of the third member 57. The first end 68
and the second end 69 are disposed a variable longitudinal
distance 70 from each ocher. A second flexible compensating
member 71 having a firsc end 72 and a second end 73 is disﬁosed
bectween the second member 54 and the fourth member §0. The firsc

end 72 of the serond flexible compensating member or flexible

12
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‘Instead, it has a series of alternating patterns, |abeled 32 and 34.

The patterns of Figs. 2A, 2B and 2C optional 'y also have a plurality of

§na||l*nhn?%ﬁqqﬂﬂpqygamﬁscHigpe:gge$g$cq¢,end;5§.cf the second merder

5¢ and the second end 73 of the second, flexible compensaring
membex~or flexible link’ 71 ccmmuniéates with the first end 61 of .
the fourth member 60. The firsc end 72 and the second end 7] are
disposed a variable longictudinal digcance 74 from each octher. In
a preferred embodiment, the first and second flexible
compensating member or flexible links 67 and 71 are arcuate. The
first and second flexible compensating member or f£lexible links
67 and 71 are differentially extendable or caompressible when the
scent is bent in a cuxved direction away from the longitudinal
axis 79 of che apercure BQ. (Shown in Fig. 20.) The firsc member
S$1, second member 54, third member 57, and fourth member 60 and
the firsc loop 63 and the second loop 65 and the first flexible
compensating member or flexible link 67 and the second flexible
compensacing membexr or flexible link 71 are dispecsed so that as
tha stent is expanded the distcance between the first flexible
compensacing member ox flexible link 67 and the second flexible
compensacing member or flexible link 71 increases and the
longitudinal component of the first member 51, second member 54,
third member 57 and fourth member 60 decreases while the first
loop 63 and the sezond loop 65 remain generally opposite to one
another, the ends 68 and 62 of cthe first flexible compensating
member or flexible link 67 and the ends 72 and 73 ¢f the second
flexible compensating member or flexible link 71 open so ag TQ
increase the variable longitudinal distance 70 between che first

end 68 and che second end 69 of the firsc flexible compensating

13
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link 71. This compensaces for che decreasing of che longitudinal
component of the firsc member 5., second member 54, third member

) 57, and fourth member 60 and substancially lessens the
foreshortening of the stent upon its expansion. Upon expansion,
the first flexible compensating member §7 and cthe second flexible
compensatcing member 71 impart support to the lumen being creaced.

Fig. 15 shows the dimensions of an especially preferrad
embodiment of this invention. The deflection peoints, i.e., the
Eirst and second loops €3 and 65 and the first and second
compensating members 67 and 7., are made wider than the first.
second, third, and fourth members 51, 54, 57 and 60 so that the
force of the deflection is distribuced over a wider area upon the
expansion of the stent. The deflection points can be made wider
than the firsc, second, third and fourch members in differing
amounts so that the deflection will occur inm the narrower areas
first due to the decreased resistance. In a preferred
embodiment, the firsc and second compensating members are widex
than che'firsc, second, third and fourth membexrs and che first
and second loops are wider than the first and second compensating
members. One of the advantages of sizing the first and second
loops so that they are wider than the firsc and secand |
compensating members is that the stenc will substantially

compensate for foreshortening as the stent is expanded. In the

14
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pritnt.ed onto a transparent film Since it is desired to cut tompl etely

thr oughayllenBRE abnodhes o NG d S Rk Bt 2de ONEOAWD, fid iR WRkiGRouBER | OI Ned
together in a few places along their edges. The sheet netal is covered, on
bot h sietberswelh 54 ) ayeramf quhofaceesi sidehdof palenad deat ween the two
transparent, printed films. The structure is illum nated on both sides

whi ch fda§seandhsepond i trp 63t f&d gRoharesd stidii «if mdowitye - Lthemiti ght
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with a thickened portion 75 and 76 having a width of about 0.12 i

mm. Thus, in this especially preferred embodiment, the firsc and i
second loops have a width that is about 40% greater and the first
and second compensating members have a width that is about 20%
greater than the width of the first, second, cthird and fourth
menbers.

Figs. 16 through 20 show details of a stent construcced i
in accordance with this invention.

Yet anocher advantage of Applicant’s invention is shown
in Figs. 21 to 24. For che sake of clarity, the dimensions and
the degree of displacement of cthne components of the scents shown !
in Figs. 21 to 24 has been intencionally exaggerated.

Fig. 21 is a cross-sectional front view caken along
line A-A of che unexpanded stent made in accordance with !
applicants invention shown in Fig. 20. The unexpanded stenc 200
of Fig. 21 is shown disposed in the lumen 202 of a blood vessel
201 prior to expansion. As previously discussed, this stent is |
made by first cutting the stent pattern-into a flac piece of.
sheet metal and then rolling the sheet metal into a tube to form
;he tubular stent. As shown in Fig. 21 after rolling, the'first
and second flexible compensating members 67 and 71 of the )

unexpanded stent tend to "flare out” in a direction away from the

is
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met'als i's then placed into an etching solution which etches

REPLACEMENT SHEET ' - 8 - away al

ndit er | EpnghEucHiter Erdime oxs lnoephof ores i stenteno¥PHg. St ufiaxibllei ch renoves

the Phol S Stdating Shnids 15 TRh%) "GNL SLe dgslned. 2l pattern
larger cthan the outer diameters defined by the remaining porticns
of the stent. Fig. 22 shows the stent of Fig. 21 after it has
been expanded in the lumen and againsc the internal wall of the

;) blood vessel. As shown in Fig. 22, upon expansion of the
unexpanded stent toward the wall of cthe blood vessels, the walls
of the blood vessel imparts a mechanical force to the first and
second flexible compensating members 67 and 71 and che
compensating members move toward the longitudinal axis or lumer
of the stent until they are substantially in regiscry with the
remaining portion of the stent. Thus, the lumen of the expanded
stent is substantially circular when viewed in cross seccion with
substancially no portion of the expanded stent projecting into
the lumen or towards che longicudinal axis of che expanded stent.
Fig. 23 is similar to Fig. 21 except that the pactern
has been cucr into a tubular member using conventional mechods of
making stents. As shown in Fig. 23, che flexible compensating
members do not flare out away from the longitudinal axis of the
unexpanded scent 203. Upon the expansion of the stent shown in
Fig. 23 coward the walls of cthe blood vessel 201, the flexible
compensating members 67’ and 71’ tend to “flare in” and project
into the lumen 204 of the expanded stent 203.
Fig. 24 shows the stent 2031 of Fig. 23 after ic ﬂas

been expanded in a lumen 204 of a blood vessel 201. The flexible

compensating members &§7‘ and 71’ are not in registry with the
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| ((InRaEEI%{I mmﬁ&lhmbbg 2- Qgﬁ %?LB and 2C) to'@gﬁ%'eac é?/ﬁer Fig. 3illustrates °

the deformation process. For cyllndrlcal stents t he deformati on process

is arol]lin r-ocess, _as sh trusio 38 have been'.:-.
5 oduces LAPPEI BT et oo CeR, ALEaFeTe & FLPRESE BPFITons 38 -

protrugdgn, gxsrdimeegﬂ%@&enﬁl\@mahf.weyoﬁg S YhAlkached s i s
illustrate : n'step 16, the edges 28 are joi ned o
t oget bebjbythsys Hutd e JpmReesE, cadchcas: spdaveeldicbglende tire Pprotrusions -
38
fluid flowing through the longitudinal axis of che expanded stent
and could result in cleot formation.
J It will be appreciated by persons skilled in che arc
that che present invention is not limiced to what has been

particularly shown and described hereinabove. Rather the scope

of the presenct invention is defined only by the claims which |

follow. 5
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by "gf(n WI&%& lg‘ﬂ;%\%l?.ed%-%m | | ustrat edTli‘E:ﬁQ:i%.g?Gﬁﬁ /tshezel'étﬂg?',l%??li‘iagammm
el efrent . Fig. 5B illustrates the connection of the protrusion to.the
opposite edge 28. Since protrusion 38 is typicalfy:designed to e%tend the
wi dth of one.:| eep:;39, .t he 'patt-erncidTeppr oxiqat Bl y=preserved. .This™'s .seen
in Fig. 5B. Alternatively, the edges 28 can be brought t.ogether
and 3oined i n ‘PhBeRppdopf i fakrifgday & stent. compyriging the §8ePHt es a
stent 31 forned by the process of steps 10 - 16 for the pattern of Fig.

2A. 1t°%°s noted that 'such a stent has connection points 32 fornmed by the

joining of the p0iNt§e3Png a plurality of scent patterns into a flac
piace of metal, each of said pacterns having a first long side
and a second long side, said first long side provided wich a
plurality of pairs of engagement troughs, said second long side
provided with a plurality of pairs of engagement protrusions,
said plurality of pairs of engagemenc troughs and said plurality
of pairs of engagement protrusions disposed subscantially
opposite each other, each of said plurality of pairs of said
engagement troughs comprising a firsc engagement trough and a
second engagement trough, said engagement troughs sized and
disposed to receive and engage said engagement protrusions when
said pattern is deformed and rolled into a tubular shape, each
pair of said engagement troughs provided with a bridge disposed
dectween said firsc engagemenc trough and said second engagemen:c
crough;

b) providing said flat metal sheet with a pluralicy
of alignment apertures;

c) deforming said pattern into a tubular shape so
that said pairs of engagement troughs engage said pairs of
engagement protrusions:

d} cutting said bridge; and

e) » -attaching each of said engagement croughs to the

engagement protrusion with which it is engaged, to form said

18
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rh?%’[ ﬁﬁ%&rﬁ;@mmwyzmh&sciﬁ%& ng pr oces§ﬁfg¥§8§fg§)ﬁgyﬁz§i ‘Anﬁl shi gfgdc?éﬁ be
per med nechanlcally, by rubbing a polishing stick having*di anond dust .
on its_out ¥§_q? the stent 31. Alternatively, an electropglishing ;
unit EAR- e° utilTzed "' o :

2. The method of claim 1, further comprising the step of

providing said sheet with a plurality of alignment aperturas.

3. The wethod of claim 1, wherein step d) is carried out using
a laser.
4. The method of claim 1, wherein step e) is carrxied out

utilizing a weld.

5. The method of claim 4, wherein step e) is carried out using
a walding run that is offset from the poinc where said engagement i

troughs and said engagement protrusions contact each othex,

6. The mechod of claim 5, wherein said welding run is offset
about .01 mm from the point wherxe said engagement troughs and

said engagement protrusions contact each other.

7. The method of claim 4, wherein said weld is a spot weld. !
l B

8. The method of claim 7, wherein a .plurality of spot welds is

utilized.

9. The method of claim 8, whexein 5 spot welds are utilized. :

v W
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prévirously discussed. Fig. 8 is an enl.arged view of one of the plurality !
of patternsg, 120 shown i.n_Fig. 7. . Fig. 9 is.an_enlarged view of one

pair t2r o&“teh@eﬁr’ﬁr'aﬁfﬁlfag?" ’;h’g‘é’gee’i?éﬁ‘t ngSUSLs"iz‘éa%ﬁqe 24 shown in Fig.
8. Figr;j I1$28,, §Ahak9ed Vi ew of one pair 130 of the plurality of i
engageﬁgﬁgzupggtPUSP%n§g13i and 132 shown in Fig. 8. The sheet netal 121 -
and each of the patterns 120 is provided with a plurality of alignment .
apertures 122 and 122' adapted to receive sprockets (not shown) for !
preci sal y el mgtand pdi alaini hg wiergdmesitep ehl fgrnearrniast ovte sheet nmetal |

121 and the patterns 1;0 during the
utilizing a nail-like element.

12. A mechod of fabricaring a stent comprising the sceps of:

a) cutting a plurality of stent patterns intoc a flac
piece of metal, each of said pacterns comprising a pluralicy of
flexible connected cells, each of said flexible cells comprising:

a) a first member having a longitudinal componentc having a
first end and a second end:

b) a second member having a longitudinal component having a
first end and a second end,

¢} a third member having a longicudinal componenc having a !
first end and a second end;
d) a fourth member having a longicudinal componeat having a i
first end and a second end;
el a firsct loop defining a f£irsc angle disposed between said ;
first end of said first member and said first end of said
second member;

f) a second loop defining a second angle disposed between
said second end of said third member- and said second end of
said fourth member, and disposed generally opposite to'said t
first loop;

g) a first flexible compensating member or f£lexible link

29 .
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site-126. The first long side 123 is provided wth a plurality of pairs

127, 12T g BLERORIETEIL o UUaNs d2%AAA0 Lshan L0, oot e

detail in FIg: a of engagenen roughs has

a first epgagenBBhoés Ol JL81 and 4 semo8d, eppagemm: thaugh 3294 The
second long side 124 is provided with a plurality of pairs 130,

I
}
firsc .flexible compensdting member or flexible link ’

communicating with said second end of said first member and :
said second end of said first flexible compensating member "
or flexible link communicating with said £irst end of said
third member, said first and said second ends disposed a
varjiable longitudinal distance from each other;

n} a second flexible compensating member or flexible link i
having a first end and a second end disposed between said !
second member and said fourth member, said firsc end of said

second flexible compensating member or flexible link

communicating with said second end of said second member and :
said second end of said second flexible compensating member :
or flexible link communicating with said first end of said
fourth member, said first and said second ends disposed a
variable longitudinal distance from each other, said firsc
and said second flexible compensacing member or flexible »
links differentially excendable or compressible when said
stent is bent in a cuxved direccion away from the
Jlongicudinal axie of said aperture; and

i) said first, said second, said third, and said fourch !
members and said first and said second loops, and said first i
and said second flexible compensating member or flexible

links disposed so that as said stent is sxpanded the

distance between said firsc and said second £flexible

21
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-1
Fi gFROMdQENYONE&d(IENMI 2121495 and 130' protrusions is
provided with a first engagement protrusion 131 and a second engagenent

protrusi Onﬁ%ﬁ%ﬁ%ﬁﬁ” TRl Sggﬁgﬁgﬁgie-lﬁn?ﬁsr Hik:QEésééoan&:”Qh%a”d 1307 are 3

di sposed s opposite e-pairs engagement troughs 127, 127
and 127". jongitudinallRec@o@egenBht siidUtise]2@eabdd]20nare ﬂkcsposed and

adapted to receive and engage the engagenent protrusions 131 and 132 so
that the afdyrhtemendfernshgesrenserswivel sitesivedimsenantiesapdt serandl20.is
defornmed and the flat sheet netal is rolled so
loops remain generally opposite to one ancther, the eads of
gaid first and said second flexible compensating member or
flexible links open so as to increase said variable
longitudinal distance becween said firsct and said second
ends of said first flexible compensating member or Zlexible
link and so as to increase said variable longitudinal
distance between said first and said second ends of said
second flexible compensating member or flexible link so as
to compensate for the decreasing of the longitudinal
component of said first, second, third, and fourch members
and substantially lessen the foreshorcening of said scenc
upon its expansion;
each of said plurality of stenc pacterns having a firsc
loeng side and a second long side, said first long side provided
with a pluralicy of pairs of engagement troughs, said second long
side provided with a pluralicy of pairs of engagement
protrusions, said plurality of pairs of engagement troughs and
said pluralicy of pairs of engagement protrusions disposed
subgtantially opposite each other,. each of said plurality of
pairs of said engagement troughs comprising a first engagsment
trough and a second engagement crough, said engagement tro@ghs

sized and disposed to receive and engage said engagement

protrusions when said pattern is deformwed and rolled into a

22
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16 1hizk Sb:shaugy & de 1233%.erd PHE & E Pt ol 358354840 tPhag
.tg fﬁg}ﬁrﬁ%{m‘z{u&)é‘ﬁsﬂ@l\lsﬂ‘laﬁdﬂ? 8%i gs. 19 anm%"}zﬁ@ E3'm%ﬂ%ﬁlbsr‘;?‘dge 133 of l

matetial is disposed between each pair 127, 127" and 127" of engagenent
troughs, 128 and 129. Tfll s _bridge 133 inparts additional ‘F‘L y .and ,
faci | FEatEss aﬁ*f’g?ﬁrerﬁac dé’i"'l-ﬁg"rraﬁﬁf'%c?’lﬁ‘fﬁftj"é‘ndcFﬁﬁSP?s ﬁ"a‘éﬁ' o n"éﬁ”bt rength

to th %% f L_‘f 8 sed. pe .. After :
the s Bﬁﬂ 4%’5% ro §5§ éﬁ?ﬁ% ggdk?ﬁgggﬁagaéﬁ%ht troughs
128 aggcdr® Hraydyeniih \&Ql,utghe engagerrent protrusions 131 and 132, neans ;
(not shown) are wutilized to maintain the alignnment and the brldge 133 is
cut to b} deforming said pattern into a tubular shape sa
that said pairs of engagement ctroughs engage said pairs of j
engagement protrusions;
c) cutring said bridge; and
d) attaching each of said engagement troughs to the

engagement protrusion wich which it is engaged, to form said

expahdable stent.

13. The method of claim 12, further camprising the step of !
providing said flat metal sheet with a plurality of alignment ;

apercures.

14. The mechod of claim 12, wherein said first loop, said second
loop, sald first compensating member, and said second
compensating member axe wider than said first, second, third and !

fourth members. . |,

15. The method ¢f <laim 14, wherein said first and said second
compensating members are wider than said first, second, third, .
- and fourth members and said first and said second loops are wider '

than said first and said second compensating members.

16. The method of claim 1§, wherein said first and said second

23 - N '
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v:‘?%%g&?&%"gﬁyﬁw Elﬂcﬁﬂﬁmg?%o t hose smpgdb% 9%2?649?% ﬁhé%@'ear?mlsﬁwg P& |
prieferred enbodinent, a laser is utilized. Engagenent trough 128 is wel ded |
t 0 engagenent protrusion 131 and engagenent trough 129 is welded to ‘
engagamepls pagtr aswbdci3ehas ie about 40% yreater than tha wideh of -11-

shown in Figs. 12 and 13. This may be acconplished in a variet of ways

vel | 1&%3@n fE85En0SRCRT | | Ui Tdh (378 FourtRoRewesrs jgndy said first and

said second compensating membeis have a width that is about 20%

greater than the width of said first, second, third, and fouzch

members.

17. The method of claim 12, wherein step ¢} is carried out using :

a laser.

18. The method of claim 12, wherein step 2) is carried out

utilizing a weld.

12. The method of claim 18, wherein step d) is carried out
utilizing a welding run thac is offsec from the point where said

engagement troughs and said engagement protrusions contacc each E

other.

20. The method of claim 19, wherein said welding run is offsec 5
about .01 mm from the point where said engagement troughs and

said engagement protrusions contact each other.
21. The method of claim 18, wherein said weld is a spot weld.

22. The mechod of claim 21, wherein a plurality of spot welds is

utilized.
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eé%&ﬁﬁg‘%ﬁp& EENVOR eEdZ-elﬁgéaﬁﬁrent aboumrg\’@ lglpg ‘ngﬁsﬁ ?ir ?g/NgsgeFd in each
wel d, r'un as shown in Figs. 12 and 13. The heat produced by the wel ding
nelts the cut bridge 133 material and the "material is drawn towards the
engagedentThe @ajhor@foclein 28, WRTERLR He sPRteWBAPS| 3rqttShePhnd is
drawn into the wel ded area between the engagenent trough and the
engagenment protrusion where the additional bridge nmaterial beconmes part of

and | gRart fne ALY SLIRNGED Lfteddifn Wleh- Jh%s&sphmyowen be,

finished as previously disc I's an enl arged vi ew of
the velgdeds frears e sive,

25. The mathod of claim 12, wherein step 4) is carried ouc

utilizing a nail-like element.

26. A sheet for fabricating a stent having a longitudinal
lumen comprising:

a flat piece of metal provided with a plurality of
stent patterns, each of said patterns having a first long side
and a second long side, said first long side provided wich a
plurality of pairs of engagement croughs, said second long side
provided with a plurality of pairs of engagement protrusions,
said pluralicy of pairs of engagement ctroughs and said pluralicy
cf pairs of engagement protrusions disposed substantially
opposite each other, each of said plurality of pairs of said
engagement troughs comprising a firsc engagement trough and a
second engagement trough, said engagement troughs sized and
disposad to rxeceive and engage said engagement protrusions when
said pattern is deformed and rolled into a tubular shape, each

. pair of said engagement troughs provided with a bridge disposed

- between said first engagement trough and said second engagement

trough.
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m}]gﬁébﬁx?ﬁ@w%%@ﬁ’@ﬁrﬁmtﬂétﬁ@% and the en Ipe9(e§'§pérl g(r}léji?gn%?:on?sact each

other. In an espeC|aIIy preferred’ enbodiment, the weld run is offset about’
.01 mMm Fig. 14 is a detailed view of the pattern shown in Flg |
8. A@7shofhei ABrRESOT19laiY 260, SAFSPEEaRPReriiEh@ Slugahiarsef -be” -
descrlq ed_as an ex&gndabl stent deflnlgg g Iongltudlnal aperture, 80"
havi n§-a9PBREFt BRFARTT 9% T IH°ER dfis Fand787%H circunferential axis or
extension 105, including a pIurallty of erX|bIe connected cells 50 with i
each of the flexible cells 50 having a first' longitudinal end 77 and a
seconasl.ongi sHdkBakoenfabyfcatiagh acekbnbOnat 5y i6 Jpnavicdddaud. t bused i r st
| ongi t udi nal apex
comprising:

a) a flat piece of metal provided wicth a plurality of

scent patterns, each of sajid patterns comprising a plurality of

flexible connected cells, each of gaid flexible cells comprising: !
a) a first member having a longitudinal component having a %
first end and a second end;
b) a second member having a ‘longitudinal component having a
first end and a second end,
¢) a third member having a longitudinal component having a
first end and a second end;
d) a fourth member having 3 longitudinal component having a
first end and a second end;
e) a firsc loop defining a first angle disposed between said !
first end of said first member and said first end of said
second member;
f) a second loop defining a second angle disposed between !
said second end of said third member and said second end of :
said fourth member, and disposed generally opposgite to said
first loop:; !
g} a first flexible compensating member or flexible link
having a first end and a second end disposed between said

first member and said th;rd member, said firsc end of said

26
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12FROM€?N$%&t@mWa? aﬂ)ex5d§g di sposed ‘a e]secolnd | ongt udi nal end 78.
Each-cell 50 also includes a first nmenber 51 having a |ongitudinal
conponent having a first end 52 and a second e a, second nmenber 54

- Me2db
having a I6hﬁ7$L&ﬁ?ﬁﬂ”%ﬁmhﬁﬂﬂaﬁFahavﬁn@e@P?Fr%ﬁ §fd°%8 hhy¥<a second end 56;
a third nﬁgxﬁﬁuéihigﬁﬂduLf%h said second end of said first memdbar and

said second end of said first flexible compensacing member
or flexible link communicating with said first end of said
third member, said firsc and said second ends disposed a
variable longitudinal discance from each other;

h) a second flexible compensating member or flexible link
having a first end and a second end disposed bectween said
second member and said fourth member, said first end of said
second flexible compensating member or flexible link
communicating wich said second end of said second member and
sald second end of said second flexible compensacing member
or flexible link communicating with said firsc end of said
fourth member, said first and said second ends disposed a
variable longitudinal discance from each other, said firsc
and said second flexible compensating member or flexible
links differentially excendable or compressible when said
stent is bent in a curved direction away from the
longitudinal axis of said aperture; and.

i} said first, said second, said third, and said fourch
mempers and said first and said second loops, and said firsc
and said second flexible compensating member or flexible
links disposed so that as said stent is expanded the
distance between said first and said second flexible
compensating member or flexible links increases and the

longitudinal component oﬁ said first, second, third and
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en

a secon 62. The stent also includes a first |oop 63 defining a first
angl e 64 di sposed between the first end 52 of the first nember 51 and the
first end 55WfthH W%ﬁ&cﬁ’éﬁ'ﬁéfs ‘5’3}19\ -‘s’ia’ébr‘fdﬂséoﬁn%sﬂﬁlfﬂ‘?ﬁ’da second

angle 66 is ween e seco nd 59 of t I rd mepber, 57 and
t he secondl ‘%L I?t 53%?‘2 “arfds §78r EﬁBSe‘dhegeer{‘eraﬂ%/
opposi te tosgfie ﬁfure%t .-,Jrfma% sécéhasﬁ.lé,l UL BrELHRERSAS | dbnd B HRer Or
flexible link 67 having a first end 68 and a second end 69 is disposed
bet ween t hefTexidlerenitdrs bpeandot e tdi inkreskesai87viatidblidhe first end 68
of the first flexible conpensating
longitudinal distance between said first and said second
ends of said first flexible compensating member or flexible
link and so as to increase said variable longitudinal
distance between said first and said second ends of said
second flexible compensating member or flexible link so as
to compensate for the decreasing of the longitudinal
component of said first, sacond, third, and fourch members
and substantially lessen the foreshortening of said stenc
upon lts expansion;
each of said plurality of stenc patterns having a first
long side and a second long side, said first long side provided
with a pluralicy of pairs of engagement troughs, said second long
side provided with a pluralicy of pairs of engagemenc
procrusions, said pluralicy of pairs of engagement croughs and
said plurality of pairs of engagement protrusions disposed
substantially opposite each other, each of said pluralicy of
pairs of smaid engagement troughs comprising a f£irst engagsment
trough and a second engagement trough, said engagement troughs
sized and disposed to receive and engage said engagements
protrusions when said pattern is deformed and rolled into a.
Fubular shape, each pair of said engagement troughs provided with

a bridge disposed between said first engagement trough and said

28
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fi F@M and the second end 69 eX| bl e conpensati ng
nmenber  or erprle ink ég'mmnlcatlng V\nththeflrst end 58 of the
third nmenb8f 87 *"FRETTTSE™Nd 68 and the second end 69 are di sposef a

vari abl e | ongi t udi nal d| stance 70 from each other.. A second flexible

conpensat i er 58} _&h ) A L secppd end 73 |s
di sposed Egt Wqun Fhe setclg%ld'p 54 g % ?gﬁrgt S‘?marnﬁ)er 60. The'first

end 72 of tahesrmewonpk i essi mseowrrfxeﬁsm iy ne'mbeqﬂee'r fl exible

30. The sheec of claim 28, whercin said first loup, said second
loop, suid first compensating memoer, and sajd sucond
compensat.fng: membex are wider than said first, secvopd, chird and

fourth mpmbers.

31. The sheet of claim 30, whercin saié firsc aund said sacond
compensaring mambers are wider than sa:d firsc, second, tiird,
and fourth members ané gsaid £ars3t and said second lospe ars wider

chan said first and said second compensaring members.

32. The sheec of claim 11, whercin said firsc and said second
loops have A4 width that is abouc 43% grearer chan the widch of
said first, second, third, and fourth members and said first and
said second compensating membexrs have a widil that is about 20% i
graster than the widch of said firsr, second, thivd, and fourth

remeers,

11, - ~ An expandable szent havxng A 1ﬁnJLLud1ual lumen
comprjring:
a) a first leng side and a second long side, said

first lopg sida provided with 2 pluralicy of palrs of engagement : .

29
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d end 73 of the secon | I'e conpensating nenber: or

(lexibie gk 73 GEUBLGRLESS Wikh D6 Ll Lo, 81000 ctha-four th member

60. The first —end the 2econd are . |spose a variable !
| ongi.t udi naF cesIaftie PT4 Thpions caghtdoriverLicy Pt paipt efferwetemenbodi ment, t he

first and Se&%nd dalieadii B0 .- HQPPRRSAL L NY; re‘%gxg%nmqr ofde€iBhe 1inks 67 and 71
are arcuate h first "and second flexible congensatl ng menber or flexible

links 67 antPorad gpkstanyiéeAPPAL t4y easkt eridablsei-or! CoktresSi bl e when t he

engagement trougls sized and dispoeed to receive and angage sald

engagement protrusionsx, sald engagement txoughs attached tao said i

gngagement protrusions.

32. The stent of claim 33, wherein said cngagementc rronghs are

actached to said engagerment protrusions by a weld.

35. " The stent of claim 34, wherein said wecld i3 offsmr from Lhe
point where said engagement troughs and said engegemenc
Protrusions contacc ®4acll other,

3%, The stent af c¢laim 35, wharein spid weld is offsec amout .01
mm from the point where said engagemznt troughs and seid
engagement protrusions concact each other.

37, The stent of claim 3¢, wharein said weld is a spur weld,

38. The stent of claim 37, wherein a plurality of spot welds ig

ucilized.

3%. The steac of claim 38, wherein 5 apot walds are utilized,

30
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t @0k vioS1dheNiae: 37 eusEseRtdi r ect iPOFF & ”"“$ HtEh '“?P@@ i doush /n@l X329 7 PO 4pf
_?h%%&p&EMYOH&dEW@N (Shown in Fig. 20.) £ ét&n@ﬁé rg' égi?b/g%ggon% menber(p,
54, third nenber, 57, and fourth nenber 60_and the first | oop 63 and!the
second | 0opf965 TaACERe *Fi T8t P exXPHIE" TINTEREAt T Hy "l dr flexi ble Iink
67 and the sfeaard dd exidbeyageerpersaisigsBberadodsitéexible [ink 71 are

di sposed so that as the stent is expanded the distance between the first

fl exible conpensating nenber or flexible link 67 and the second flexible
conpensat i ng.membesteqr of| @xiblig, |vaked lsaiid eneasesicancbubire axd ongi t udi nal

corponent ol [l Tl ol TRMRCIad SECONMTBDEN Py od Ll BTDEr 57 and .
fourth menber ecr ease 1Te ¥Re fiTst

42. An expangdable gtent having a longfindinal lumen gomprising.
aj a stent pattern comprising a plurality of Zlexible
connece=d cells, each of caid tlexible cel)s comprising: -
a) a first member having a longiturdinal component having =8
first end and a second oad;
bl a secard membey having a longitudinal componrent having a
firer end und a second ernd,
¢) a rhird member having & longicwlinal componant having a
firsc end and a second end,
d} a fourth member having a longitudinal compencnt having a
first end and a fecond enc.
e) a fixge loop defining & firs: angle 4ispossd betwesn said
first wnd of sald first member #nd said Siret and of said
second member;
£) 2 mecond locop dexining a2 seccnd angle disposed berwaen
said second ecud of said third mamber and said aecond end of
said fourth member, and disposed generally opposite to suid
firsc loop; .
gl a Lirst flexible compensaring member or flexible link

having a fizsc cnd and a second end dispoced between sald i

31 ;
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ORIERD gk 1dres sWEORABIp 65 r A n \TSF onhosit N@TIG0662780T et |
%%&W@@Kﬁm N69 of the first flexi bﬁ@ﬁ sa F?}) A, % 2966f [ exi bl e

I|nk 67 and the_ends 72 and 73 of the second IeX| b Sompgnsating frenber

-~

or flexible Iink**Ft BFATF &8 4% ¢ 6 Pt Edse* e VAF i 401 % Tongi t udi nal;
di stance 70 bet ween tlzerfler simperendi ig8ramhek bheilseidondiiend 69 of the first

flexible Com?en§%hn&ating with said second end of said first deambier and 14

caid gsecond end of saiid [irsc Zlexible compcnsating membex t
or flexible link communiunl ing with said Zirst end of said I
zhird member, said first #rd said second ends disposed a

variable longictudinal disrance from each other: ;
h} a second fiexible compensating membexr or tlexible link
naving a first 2nd and 4 wecond end disposcd between said
csecond member and said fomizrh membar, said *irsc end of sald
cocond £flexible compe:usaling member or tlexible link
communicating with said second end of said sccond memner and
said scecond end of said second Zflexible compensating membe:
ox flexible liakx commu::icAting wich said rirst end of said |
fourch memher, said first and sald second ends diapossd a

variable longitudinal distance from each othzr, said first

and said seccnd flexibile compensactisng member or flexible

links differentially extendaple or compressibla when said
cent ia bent in a curved direccion away Srom che

longitudinal axis of sAid aperzure; and

i) maié first, said second, said third, and said faourth

menbiers and said first acd sald second loops, and said firse

.and said s=cond flexible compensating member or flexible

links disposad 20 Lhat as said stent is expanded che '

dirgtance between said first and scid second flexible

compensacing memher or flexible linka increases and the

32 . I
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ERRLERYED UB/ 22| A3 DIvE T FRYEEY and s6*%s Y ]SN@E!'%NOB(%EUIGGWEQUT Bddhal
di ERONNLAYONEK @een the first end 72 Enga W}gpgz?én{jw end 73 of the sécond
flexi bl e conpensati ng menmber or flexibl g i nk 7d1 l_:IThi.s conmpensates for the’
decr easi ng of’ t"r‘f@*l“b‘g@f‘{' TafEar - Sompthént tof**tAE 1 FY'St “Wenber 51, setond
menber 54, thi geumenieebersSdzcrandsfuild hanepher £HQ@ eid subst antially | essens

the foreshortening. of fhe SLEN( UponJ Lo .expansien.,Lhon, gxpansion,  the
first flexible* ¥BHpEHedt FAY Aerbef 67 and Thé™"Second flexl bl e conpehsating
menber 71 i npaesidstpperdndt o« itthe:chadrgieddeicngooreat b numbar ox Fig..:15
shows the dinegsi an_especial Ly, preferred  enbodi nent of this

I nventi on. Theggcé‘?Peccﬂrg‘r? Qb'i'n%s,ggit.oefn?r?%ﬁg af‘lgrvgt" and second | oops 63 and

65 and t he fir $bncateigel gngtancr becween said farst and sald second

ende of saig tirst (lexible compenzating member or flexible
1ink and so as to increase said variable longirundipal .
digtance between said first and said cecond esads of said
second 'flexible compenssating member or flexible link sa as
to compensate for the ilecreasing of cha longitudinal
compancat of said firsc, second, third, and fourch wembers
and substantially le«ssn the foreschortening af said stent
ugon ita expansion;
said stenc pattern having a first long side and a
second long side, said firet long side providad wicth « pluralicy
of paire of engagement truughs, said second long side providad
with a pliurality of pairs of enqagement protrusians, saxid
Fluralicy of pairs of engagement troughs and said pluralicy of
paires of cngagement prolrusinas dispossd substantially oppositc
gagh ochicr, each of said plurality a2 paira of said engagement
troughs ¢omprising 2 first angagement treugh and a second
engagement trough, said sngagement troughs attached to gaid

engagamang protrusions.

43. Tha stent of claim 42, wheraein said first loop, said second

33
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Clo RS /A IWM’T@?S“&% 71, afEE FASE il licheof | ®
hrﬁﬁ&y%waﬁsa(@ h menbers 51, 54, 57n§ﬁ§E) Ec%ef 97 E’}gfhg}ts 2t %@%gB%@?@E‘W 8
def | ecti on impdissid ichertechrpyesss ancwiwdve-r-t.ala@rasuwonectnhe expansi on of the

stent. The defleactign faints. q,an,.,behmgﬁdw%. 43R ﬁat btxhdf L{ﬁflesecond

third and fourth menbers in differi ng anmounts so t ction wll
occur in thevnar reeersareas first due to the decreased resistance. In
a.preferred enbodinent, the first and second conpensati ng nmenbers are
wider than the first, second, third and fourth nembers and the first and
second | oop¥- artevicasy oEredit Ha: fhrEein aitée $éEBntPomSerFalf ng nenbers. One

of the advadihpgardbl mdnBifidatd@idd:l San HAdd $EERNkacone, chird,
and fourth members and said Mirsc and sald second laops are wider

chan said t:rst and said second compensating members.

28. Tha stear of claiw 44, wherain gafd firsc and 3aid second
loopy have a width thatc is abouc 40% greatexr than the width of
said f£irst, sacoend, cthird, and fourth membexrs and said first and
£aid second compensating membwers have g width that w5 abous 20%
grgazor chan the widch of said first, sezond, chird. and fourth

megbers,

¢5. The stent of claim 42, wherein said engagement prot-usians

arc attached co said engagemanc troughe by a wa.d. i

4, The stent of claim 46, wherein szid weld is offser Ffrow
the point where said engagemenc troughs and said cnigagement 1

protrudions contact wach other.

4. The stent of claim 47, wherein gaid weld is offser ahouc .03
@ from the point where said engagemant troughs and said

sngagement protrusions contict eagh ocher.

a
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ngnm&sKEN‘éDN&M{IOP{ he stent will substanﬁufi |y%@%2%e@2§t %E??)T}rmp%?eshoriteni ng

as the‘stent is expanded. In the enbodi ment shown in Fig. 15, the
first, secosd, tdei swknand foumtdy. rerber 29:81vel84is 5Bvand=BD have a wi dth of
about 0.1 mm The first and second | oops 63 and 65 have a wi dth of about

0.14 mm The first and second conpensating nenbers 67 and 71 are praqvided
. 50. The st=nc of claim 49, wherein a pluraliry nf spot wwslds 1s |

ugilized.

51. The stent of claim 50, wherein 5 spot welds are utilizad.

52. The stent of claim 42, whercein said engagenmeur wprocrusions .

are attarched La said engagement troughs via an adhws:ive,

53. The stent of claim 42, wharein said engegemen: prourusions

are attached z« said engagement =roughs by & nail-like element.

54. The method of claim L, said stent defining =« longicudinal
lumen whersin substancially no portion of said stent projects
wnto said longitudinal lumen upon expansion of said stent agains:t

she incernal wall of a vascel.

5. The method of claim 12, said scent dafining a longicudinal
lumen whereio substantially no portion of said stenc projzces
1nto said longitudinal lumen upon sxpansion of said stent against !

the internal wall pf a vessel.

56. The sheet of claim 26, gaid ateant pacterss adapted go that
upon expansion of sald scent sudstantially uv portion of sard

stent protrudes into the longitudinal Jumen of said sten: againsc

35 . '
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wi dt h' t hat

menber's hat® A" ath“rhaffisvatisat 20%

o |y preferred enbodi nme

st and second

| oops: have a

i s about 40@6greater and the flrst and second conpensatlhg

greater than the width of the

first, second, third and fourth nenbers. Figs. 16 through 20

shom/detm

Yet anot hef ' advinf g‘é B 2B faft s iy Rt THa% | aga%tﬁd # "M Figs. 2lito 24.

Is of a tent constructed in accordance with this

i nventi on.

For the sak@—uofmehamntzyg athﬂsdﬂrﬂ’E@lx@ﬂSLl&’ldnué’tm degre:eaof di spl acement of

t he conponent s, of the
|ntent|onalry exaggera

Tongitudinal lumen o: said scent.

58. The wieant of claim 33, said scenl adapced that upon
expansion wi said stent agaanst the iniernal wall of a vessel

substancially ne portion of said stant projects inco said lumen.

%9. The stent of claim 42, said stent paccerns adapicd so chat
upon expansion of said stent againsrt the irnzernal wall ¢f a
vessel subszantially no portion of s~id stent protrudeg izmza said

longitudinal lumen of sa:xd stent.

§0. An aexpandable stenc having 4 longizudinal lumén, camprising:
A DPlurality of porcians connecting by 2 plurality of
lexidble compensating members, said Zlexible compensating membezs
projeccing £rom the excernal surlace of said ctent when said
stenl is unexpanded and said flexible connecting members
subscuntially in rogistry with the remaining pozxtions of said
stenc and sald gscent is expandel againsc the intermal walls of a

blood vacssal.

61. <The stcnk of claim 60, wherein said cteal ia formed {zum a

38
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ung&ggﬁﬁgaﬁggﬁﬂﬁgnade in accordance wit Eéﬁgﬂ ?ig%?é/lngﬁﬁ?;oémshomn in
Fig. 20. Thesasnesepatidetiiast erec200 of Fig. 21 is shown disposed in t He

| umen 202 of a blood vessel 201 prior to expansion. As previously _
di scussed, this stent is made by first cutting the stent pattern i nt:o a
flat piece &f- ¥hagrarAgtlal ~EAt HeW # IPTTHL PRk L4TRdet SHBEE "I nto a tybe to

form the tubul ar si @Mr-1As, ShQWALicAs Rbghecdd 8 hefivklilking, the first' and
second erX|bIe conpensatlng menbers 67 and 71 of the unexpanded st ent

tend to "fl &FEBiR TMPATHTHRT BEtEh “AHRy" FBIRAET@L Ly no poction of

said scent projects luto said lumen whon said scent is expamded

againat the intermal wall of a blocd vesscl.

63. The stent of clain 62 wherein sai¢ sten: is formed fram =«

subgtantially fiar sheat.

My I
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pAIghi: R lssant s3veet| umen OWER HE PAGET |
Céﬁ”ﬁé&g%ﬁ%@m;:s 67 and 71 define o g@?ﬁl %i?ﬁc@@qé% ‘2207 P 4

than the olter dianeters defined by the remaining portions of the stent
Fig. 22 shows the stent of Fig. 21 after it has . been expandedfln t el umen
and agai nst the internal wall of the blood vessel. As shown ¥n Fig. 22,
upon expansion of the unexpanded stent toward the wall of the blood j
vessels, the walls of the blood vessel inparts a nechanical force to'the
first and

ABSTRACL '
A stant and A mechad for fapricating the stent ars disclosed.
The stent has an originally £lat pastcrn and conneccion puinus
where th= sides of the flat patcern are join2d. The m=rhod
includas the sceps of 4) cutting a stenmt pactern inca a flac '
picce of mecal chershy Lo produca a macal pactarn, b} d=2fo:ming
the macal pattern su 4% co causa two opposing sides ra me2:, and
¢) joraning cthe two apposing gides at legst at ans poinc.
Supstantially no portion of tha etent projecta into iz lumea of
the stent when che scenc is axpandad against cthe intarnal wall of

a plood vessal,
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seéd‘ Ap ) et
menb '&ﬁ‘&ﬁ][mgﬂt he Iongl

are 'substantlally in registry with the
the lunen of the expandg

Thus,
viewed in cross section with
stent projecting into
expanded stent.
pattern

has bemm
maki ng stents

not flare out away fromthe |

t he Iu

oarral oG FLaLae Brst FERAG TN e,

remsu ning portion of the stent.

tanti_all y circul ar whenOI
subgs 0 i O] c{ the expande
d | f tih
TR R
a tubul ar nmenber using conventional nethods of .
Fig. 23, the fyexible conpensating nenbers do
ﬁgIIUInEI’ XIS/éI the //2 ;
INTC FLAT METAL ?
| SHEET
CEEORN SHEET | A%
7O CAUSE ECCES
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[ RECEIVED 1@/22 18:%6 1997 RT 5351864

r eI AINIORTEitaNS of " the 'Stent and efirih I Bl srm beng g, o

di ameter of remaining portions of the s ent eseé projections

lumen of the stent create turbulence in a fluid flow ng through the =

| ongi tudi nal axis of the expanded stent and could result in clot

formation. It will be appreciated by persons skilled in the art °
that the present invention is not limted to what has been particularly
shown and descri bed herelnabove ~Rather the scope of the present invention
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-4 . ST 95 46/5TA02TRYMOBE08612207 P 51
fab O*éﬁmg&KaEN‘équm conprising the steps g'fz:‘ a2y AQETE%M ?uf%ti rzlgia :
plurality of stent patterns into a flat piece of metal, each of sai'd

patterns having a first long side and a second long side, said first long
side provided with a plurality of pairs of engagenent troughs, said second
|l ong side provided with a plurality of pairs of engagenent protrusions,

!
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. . 4 . . .
4 ol ety ol &' OF engagerfefft % BUUH "Sfic K ay gt moumald ssspfopal 5
of enga protrusions di sposed substantiall’y opposite each other, each
of said plurality of pairs of said engagenent troughs conprising a first |

engagenent trough and a second engagement trough, said engagement trpughs

sized and disposed to receive and engage sai d engagenent protrusionsi when

said pattern is defornmed and rolled into a tubular shape, each pair of :

sai d engagenent troughs provided with a bridge di sposed between said first
engagenent trough and said sggond engagenent trough,; b)

providing said flat net IrangfL‘mpLT a plurality
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engagenment protrusions; cutting said bridge; and e)
attachi ng each of said engagenent troughs to the engagenment protrusi on
withwhich it is engaged, to formsaid o .
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of providing sal d sheet with a plurali al i gnment apertures.
met hod of claiml1l, wherein step d) is carrled out using a |aser. 14
The nethod of claim1l, wherein step e) is carried out wutilizing a wel d.
5. . The method of claim4, wherein step e) is carried out using

2 Replaced
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a welding run that is offset fromthe point where said engagenent troughs
and sai d engagenent protrusions contact each ot her. 6. The nethod of
claim5, wherein said welding run is offset about .01 mmfromthe point
where sai d engagenent troughs and said engagenent protrusions contact each
ot her . 7. The nmethod of claim4, wherein said weld is a spot weld. 8.
The nmethod of claim7, wherein a plurality of spot welds is utilized.
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9. f v L2 BParhr B B8 her ei n P8Es pdi PRUSIER SA58, 0348 ik inzad.

; 2onf§§ﬁ ?@Wﬂ%’ﬁ@ method of claim1, wh fuﬂﬁ. gf@% @;@E*@éﬁ?{“e"ds%ﬂéﬁl?%“ 3/3
utilizing an adhesi ve. 11. The method of claim1l, wherein step e) is
carried out wutilizing a nail-like elenent.
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12. A method of fabricating a stent conprising the steps of: a)
cutting a plurality of stenrt patterns into a flat piece of netal, each
of said patterns conprising a plurality of flexible connected cells, each

of said flexible cells conprising: a) a first nmenber haRg—&

| ongi t udi nal conponent having a fitst end and a secontRERACEMENT SHEET
a second nenber having a | ongitudi nal conponent having a 73St énd

and a second end, c) a third nmenber having a | ongitudinal ngﬂﬁ@q@ga
havi ng a first end and a second end; d a fourt+ nmber havri ng

a |l ongi tudi nal conponent having a

STENT FABRICATION METHOD

FIELD OF THE INVENTION

The present invention relates generally to methods of
fabricating stents.

BACKGROUND OF THE INVENTION

Stents are known in the art. They are typically formed
of a cylindrical metal mesh which can expand when pressure is
internally applied. Alternatively, they can be formed of wire
wrapped into a cylindrical shape.

As described in U.S. 4,776,337 to Palmaz, the
cvlindrical metal mesh shape is produced by laser cutting a thin
walled metal tube. The laser cuts away all bur the lines and
curves of the mesh.

The method of U.S. ‘337 is applicable for relatively
large mesh shapes and for meshes whose lines are relatively wide.

However, for more delicate and/or intricate shapes, the spot size

of the laser is too large.



first end and a second end; e) afirst loop defining a first angle

di sposed between said first end of said first nenber
end of said second nenber; f) a second | oop defi
angl e di sposed between said second end of said third ne
second end of said fourth nenber, -gnd di sposed gener al
sai d first |oop; g) a first TTexible conmpensati ng
flexible Iink

SUMMARY OfF THE PRESENT INVENTION
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enber and sai d
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menber or

¥ is, therefore, an object of the present .invention to

provide a stent fabrication method which can produca

relatively intricate and/or dslicats designs.

s
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tencs witnn

The method involves first creating a f£lat version of

the desired stent pattern from a piece of thin sheet metal. The

flat pattern can be produced through any suitable technique, such

as etching the design into the sheet metal, or by cutting with a

very fine laser, should one become commercially available or by

any other technigque.

Once the sheet metal has been cut, it is deiormed so as

to cause its edges to meet. To create a cylindrical stent from a

flac, roughly rectangular metal pattern, the flat metal is rolled

uncil the edges meet. The locations where edges meet are joined

together, such as by spot welding. Afterwards, the stent is

polished, either mechanically or electrochemically.
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menber

conpensating member or flexible Iink conmmunicating wth said 3&ag ‘is
rst nmenber and said second end of said first flexible unpghﬁét!n

said fi
nmenber
menber,

having a first end and a second end di sposed between said first

and said third nenber, said first end of said first flexihble

or flexible link comunicating w3th said first end of] sai d

said first and said second ‘ends di sposed a variable Iong!ﬁué#ﬁa

C.@D

2

di stance fromeach other; h) a second flexible conpensati ng imenber._or

flexible Tink BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and
appreciated more fully from the following detailed description
taken in'conjunction with the drawings in which:

Fig. 1 is a flow chart illustration of the stent
fabrication method of the present invention;

Figs. 2A, 2B and 2C are illustrations of three
alternative stent patterns to be etched, in accordance with the
method of Fig. 1, into a flat sheet of metal;

Fig. 3 is an isometric illustration of a stent being
deformed, useful in understanding the method of Fig. 1;

Fig. 4 is an isometric illustration of a stent formed
from the method of Fig. 1;

Figs. S5A and 5B are side and top visw illustrations,
respectively, of one connection location of the stent of Fig. 4;

Fig. 6 is a side view illustration of one connection

location of the stent of Fig. 4 which is connected in a nail-like

manner;

Fig. 7 shows a piece of sheet metal with a plurality of

patterns made in accordance with the invention;

Fig. 8 shows a detailed view of one of the patterns
shown in Fig. 7;

Fig. 9 shows a detailed view of a pair of engagement
troughs shown in Fig. 8;

Fig. 10 shows a detailed view of a pair of engaging

protrusions shown in Fig. 8;




having a first end and a second end di sposed between said se¢®
and said fourth nmenber, said first end of said second flexib B
conpensati ng nmenber or flexible link conmmunicating with said|s
sai d second nenber and said second end of said second flexible
conpensating nenber or flexible I'ink cedrruni cating with saidjf
said fourth nmenber, said first and said second ends di sposedja
| ongi tudi nal di stance fromeach other, said first and said sgc

ond fl exible

WD

conpensating nember Pigf|EXidhaws |ihk endisbeesnt tadtghe @sh EI8EETRETT
conpressi ble when said stent is bent in a curved direction away fromthe
protrusions of Figs. 9 and 10 in the engaged position;
Fig. 12 shows a welding run practiced in accordance
with the invention;
Fig. 13 is a detailed view of the welding run shown in
Fig. 12;
Fig. 14 is a detailed view of a cell of a stent made in
accordance with ;his invention;
Fig. 15 is a detailed view of a cell made in accordance
with this invention;
Fig. 16 shows a cell of a stent made in accordance with
this invention;

Fig. 17 is an enlarged view of the cell shown in Fig.

Fig. 18 is a cross-sectional view of a longitudinal
a stent constructed in accordance with this invention;
Fig. 19 is a cross-sectional view of a stent
constructed in accordance with this invention;

Fig. 20 is a perspective view of a.stent constructed in
accordance with this invention;

Fig. 21 is a cross-sectional front view of an
unexpanded stent made in accordance with the invention;

Fig. 22 is a cross-sectional front view of the stent
shown in Fig. 21 after it has been expanded;

Fig. 23 is a cross-sectional front view of an

unexpanded stent made by cutting a pattern in a tube; and



| ongi tudi nal axis of said aperture; and i) said first, said ¢§Wmﬂcgﬁgﬂﬂ;§ﬂgff

third, and said fourth nenbers and said first and said secon

said first and said second flexible conpensating nenber or flie i2L§ I&nks
di sposed so that as said stent is expanded the distance betwge Y 11898
and said second flexible -5- 22-
conpensati ng nenber or flexible links increases and the

Fig. 24 is & cross-secticnal .front view of the stent

shown in Fig. 23 after expansion.



| ongi t udi nal conponent of .said first, second, third and h
menbers decreases while said first and said second | oop Eé

LACEMENT SHEET

general |y opposite to one another, the ends of said fir$tjand said
second flexible conpensating nenber or flexi bl e I'i nks open oy aiii qaag
I ncrease said variable | ongi t udi nalé -di st ance between saijd|{first and

sai d second ends of said first flexible conpensating ne T

or

flexible link and so as to increase said variable |ongifudinal

di stance between Sabﬁrﬁtﬁgb ﬁﬁgcﬁf@fkéﬁQﬁﬂdxQﬂQSGQhEsaEdBODIMENBecond

fl exi bl e conpensati ng ne

or flexible link so as to conpensate for

t he decreasing of thaeddangiddidisnalow made to Fig. 1, which illustrates the

stent fabrication method of the present invantion and to Figs.

2A, 2B, 2C, 3 and 4 which are useful in understanding the method

of Fig. 1.

In the stent fabrication method of the present

invention, a stent designer first prepares a drawing of the

desired stent pattern in a flat format (step 10).

Figs. 2A, 2B and 2C illustrate three exemplary stent

pattern designs. The pattern of Fig. 2A has two types of

sections 20 and 22. Each section 20 has two opposing periodic

patterns and each section 22 has a plurality of connecting lines

24. The pattern of Fig. 2A can be formed of any size: a

preferable size is to have each section 20 be betwszen 1 and 6émm

wide and each section 22 have connecting lines 24 of 1 - 6émm

long. At such sizes, the pattern of Fig. 2A cannot bz cut using

a laser cutting system.

The pattern of Fig. 2B is similar to that of Fig. 2A in

that it also has sections 20 of opposing periodic patterns.

The

pattern of Fig. 2B also has connecting sections, labeled 30,

which have a Z shape.

The pattern of Fig. 2C has no connecting sections.

Instead, it has a series of alternating patterns, labeled 32 and

34.

The patterns of Figs. 2A, 2B and 2C optionally also

have a plurality of small protrusions 38 which are useful

in




conponent of said first, second, third, and fourth nmenbers and
substantially |l essen the foreshortening of said stent upR PLA@[DEYT SHEET
expansi on; each of said plurality of stent patterng Rav

first 1long side and a second |ong side, said first |ong side prowtkﬁhﬁ a0
with a plurality of pairs of engagenent-%roughs, said second liong i 1398
provided with a plurality of pairs of engagenent protrusions, said
plurality of pairs of engagenment troughs and said plurality ¢f pairs of
engagement BLQEE#’S&Q@% r&?,osa"sdaéeli‘%@at hetbynwpasi te each ot-her—each—et—
sai d pIura Ity o pairs ot’ sai d engagement troughs conprising a first
engagenment trough agsk.arfifePt@ eigagenenh stepaiv, i« seegageaenerarbsighs

cut into a flat piece of metal ("sheet metal"). The metal can bs
any type of biocompatible material, such as stainless steel, or a
material which is plated with a biocompatible material. The
cutting operation can be implemented in any of a number of ways,
such as by etching, or by cutting with a fine cutting tool, or by
cutting with a very fine laser, should one become commercially
available.

If step 12 is implemented with etching, then, the
process is designed to cut through the sheet metal. This process
is known; however, for the purposes of completeness, it will be
briefly described hereinbelow.

The drawing of the pattern is reduced and printed onto
a transparent film. Since it is desired to cut completely
through the metal, the drawing is printed onto two films which
.are joined together in a few places along their edges. The sheet
matal is covered, on both sides, with a layer of photoresist and
placed between the two transparent, printed films. The structure
is illuminated on both sides which causes the portions of the
photoresist which receive the light (which are all the empty
spaces in the pattern, such as spaces 26 of Fig. 2A) to change
properties.

The sheet metal is placed into acid which eats away
those portions of the photoresist which changes properties. The

sheet metal is then placed into an etching solution which etches



si zed and di sposed to receive and engage sai d engagenent pr oREPS ACRKENTeBHEET
said pattern is defornmed and rolled into a
-23- t ubul ar shape, each pair of said engagenent troughs provigﬁg 'ﬁh g
bri dge di sposed between said first engagenent trough and said s n#] 133
engagenent trough; b) def ok 8i-ng sai d pattern intjo la_tubular
shape so : -

away all material on which there 1is no photoresist-ramoving
solution which removes the photoresist, leaving the mztal having
the desired stent pattern.

In step 14, the metal pattern is deformed so as to
cause its long sides (labeled 28 in Figs. 2A, 2B and 2C) to meet
each other. Fig. 3 illustrates the deformation process. For
cylindrical stents, the deformation procéss is a rolling process,
as shown.

If the protrusions 38 have been produced, after
deformation of the metal pattern, the protrusions 38 protrude
over the edge 28 to which they are not attached. This is
illustrated in Fig. 3A.

In step 16, the edges 28 are joined together by any
suitable process, such as spot welding. If the protrusions 38
ware made, the protrusions 38 are joined to the opposite edge 28,
either by welding, adhesive or, as illustrated in Fig. 6, with a
nail-like element 40. Fig. 5B iilustrates the connection of the
protrusion to the opposite edge 28. Since protrusion 38 is
typically designed to extend the width of one loop 39, the
pattern in approximately preserved. This is seen in Fig. 5B.

Alternatively, the edges 28 can be brought together and
joined in the appropriate places.

Fig. 4 illustrates a stent 31 formed by the process of
steps 10 - 16 for the pattern of Fig. 2A. It is noted that such
a stent has connection points 32 formed by the joining of the

points 30.



that said pairs of engagement troughs engage said pairs of endddddRiENT SHEET
o)

protrusi ons; c) cutting said bridge; and

attachi ng each of said engagenment troughs to the engagenent praotr ii N 0o
with which it is engaged, to formsaid expandable stent. 13, A@ néfﬁo 9
of claim 12, further conprising the step9ef providing said fljatloetad———— —
sheet with a plurality of alignnment = apertures. 14. The netjhod of claim

12, wherein said first |oop, said second )
Finally, the stent 3i is. polished to remove any-excess

material not properly removed by the cutting process (step 12).
The polishing can be performed mechanically, by rubbing a
polishing stick having diamond dust on its outside insidé the
stent 31. Alternatively, an electropolishing unit can be
utilized.

Fig. 7 shows an alternative embodiment of the invention
in which a plurality of patterns 120 are etched and cut into the
sheet metal 121 as previously discussed. Fig. 8 is an enlarged
view of one of the plurality of patterns 120 shown in Fig. 7.

Fig. 9 is an enlarged view of one pair 127 of the plurality
of engagement troughs 128 and 129 shown in Fig. 8. Fig. 10 is an
enlarged view of one pair 130 of the plurality of engagement
protrusions 131 and 132 shown in Fig. 8. The sheet metal 121 and
each of the patterns 120 is provided with a plurality of
alignment apertures 122 and 122’ adapted to receive sprockets
(not shown) for precisely moving and maintaining the precise
alignment of the sheet metal 121 and the patterns 120 during the
various stages of manufacturing. Each pattern 120 has a first
long side 123 and a second long side 124, a first short side 125,
and a second short side 126. The first long side 123 is provided
with a plurality of pairs 127, 127’ and 127" of engagement
crougﬁs 128 and 129 (shown in greater detail in Fig. 9). Each
pair 127, 127 and 127" of engagement troughs has a first
engagement trough 128 and a second engagement trough 129. The

second long side 124 is provided with a plurality of pairs 130,



foop, said first conpensating nenber, and said second conpen éﬂWﬂéCﬁﬂﬁﬁﬂ}SHEET

are wider than said first, second, third and fourth nenbers. 157" The

net hod of claim 14, wherein said first and said second conpe sati@q JUN 1908
nd

menbers are wider than said first, second, third, and fourth jmgnbers an
said first and said second | oops are w i@r than said first and lsai-d—seecoend
conpensati ng nenbers. 16. The nethod of claim 15, wherein sgid first and

sai d second
130° and 130" of engagement protrusions {shown in-greater detail

in Fig. 10). Each pair 130, 130’ and 130" of engagement
protrusions is provided with a first engagemsnt protrusion 131
and a second engagement protrusion 132. The pairs of engagement
protrusions 130, 130’ and 130" are disposed substantially
opposite the pairs of engégement troughs 127, 127' and 127",

The engagement troughs 128 and 129 are disposed and
adapted to receive and engage the engagement protrusions 131 and
132 so that the alignment of the stent is maintained when the
pattern 120 is deformed and the flat sheet matal is rolled so
that the first long side 123 and the second long side 124 meet
each other to form a tube as shown in Figs. 19 and 20.

A bridge 133 of material is disposed between each pair
127, 127° and 127" of engagement troughs 128 and 129. This
bridge 133 imparts additional stability and facilitates alignment
during manufacturing and imparcs additional strength to the welds
of the finished stent a§ discussed below.

After the sheet has been rolled into a tubular stent
and the engagement troughs 128 and 129 have received the
engagement protrusions 131 and 132, means {(not shown) are
utilized to maintain the alignment and the bridge 133 is cut to
leave two substantially equal parts. The bridge 133 may be cut
in a variety of ways well known to those skilled in the art,
however, in a preferred embodiment, a laser is utilized.
Engagement trough 128 is welded to engagement protrusion 131 and

engagement trough 129 is welded to engagement protrusion 132 as
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-24 - loops have a width that is about 40% greater than t h¢RAPHABENENT SHEET
said first, second, third, and fourth menbers and said first ang—=sard
second conpensating nmenbers have a width that is about 20% gneatey,t 1998
the width of said first, second, third, and fourth nenbers. 13!%T£%@

met hod of claim 12, wherein step c) is-darried out using a l sér.

S )

shown in Figs. 12 and .13. This may be accomplished in a-vardety
of ways well known to those skilied in the -art, however, in a
preferred embodiment a plurality of spot welds are utilized. In
an espacially preferred embodiment, about five spot welds are
used in each weld run as shown in Figs. 12 and 13. The heat
produced by the welding melts the cut bfidge 133 material and the
material is drawn towards the engagement trough 128 or 129 to
which the material is attached and is drawn into the welded area
between the engagement trough and the engagement protrusion where
the additional bridge material becomes part of and imparts
additional strength to the weld. The stent may then be finished
as previously discussed.

Fig. 13 is an enlarged view of the welded area shown in
Fig. 12. In a preferred embodiment, the weld run is offset from
the point where the engagement trough and the engagement
protrusion contact each other. In an especially preferred
sembodiment, the weld run is offset about .01 mm.

Fig. 14 is a detailed view of the pattern shown in Fig.
8. As shown in Figs. 14 and 20, Applicants’ .invention can also
be described as an expandable stent defining a longitudinal
apercure 80 having a longitudinal axis or extension 79 and a
circumferential axis or extension 105, including a plurality of
flexible connected éells 50 with each of the flexible cells 50
having a first longitudinal end 77 and a second longitudinal end
78. Each cell 50 also is provided with a first longitudinal apex

100 disposed at the first longitudinal end 77 and a second



18. The method of claim 12, wherein step d) is carried out GEFFLADHGERT SHEET
wel d. 19. The nmethod of claim 18, wherein step d) is carried™ out

utilizing a welding run that is offset fromthe point where aidg JUH 1898
engagenent troughs and sai d engagenent protrusions contact eac oﬁher. =
20. The nethod of claim 19, wherein saidiawel ding run is offset
mm from the point where said engagenent Troughs and said engagenent

protrusions contact each other. .
itongitudinal apex 104 disposed at the second longitudinal end 78.

Each cell S0 also includes a first member 51 having a
longitudinal component having a first end s2 and a second end 53;
a second member 54 having a longitudinal component having a first
end 55 and a second end 56; a third member 57 having a
longitudinal component having a first end S8 and a second end 59;
and a fourth member 60 having a longitudinal component having a
first end 61 and a second end 62. The stent also includes a
first loop 63 defining a first angle 64 disposed between the
first end 52 of the first member S1 and the first end 55 of the
second member 54. A second loop 65 defining a second angle 66 is
disposed between the second end 59 of the third member 57 and ths
second end 62 of the fourth member 60 and is disposed generally
opposite to the first loop 63. A first flexible compensating
member or flexible link 67 having a first end 68 and a second end
69 is disposed between the first member 51 and the third member
57 with the first end 68 of the first flexible compensating
member or flexible link &7 communicating with the second end 53
of the first member 51 and the second end 69 of the first
flexible compensating member or flexible link 67 communicating
with the first end 58 of the third member 57. The first end 68
and the second end 69 are disposed a variable longitudinal
distance 70 from each other. A second flexible compensating
member 71 having a first end 72 and a second end 73 is disposed
between the second member 54 and the fourth member 60. The first

end 72 of the second flexible compensating member or flexible
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link 71 communicates with the second end 56 of the.second wembe £
54 and the second end 73 of the second flexible compensating
member or flexible link 71 communicates with the first end §1 of
the fourth member 60. The first end 72 and the second end 73 are
disposed a variable longitudinal distance 74 from each other. In
a preferred embodiment, the first and second flexible
compensating member or flexible links 67 and 71 are arcuate. The
first and second flexible compensating member or flexible links
67 and 71 are differentially extendable or compressible when the
stent is bent in a curved direction away from the longitudinal
axis 79 of the aperture 80. (Shown in Fig. 20.} The first member
51, second member 54, third member 57, and fourth member 60 and
the first loop 63 and the second loop 65 and the first flexible
compensating member or flexible link 67 and the second flexible
compensating member or flexible link 71 are disposed so that as
the stent is expanded the distance between the first flexible
compensating member or flexible link 67 and the second flexible
compensating member or flexible link 71 increases and the
longitudinal component of the first member 51, second member 54,
third member 57 and fourth member 60 decreasss‘while the first
loop 63 and the second loop 65 remain generally opposite to one
another, the ends 68 and 69 of the first flexible compensating
member or flexible link 67 and the ends 72 and 73 of the second
flexible compensating member or flexible link 71 open so as to
increase the variable longitudinal distance 70 between the first

end 68 and the second end 69 of the first flexible compensating



24. The nmethod of claim 12, wherein step d) is carried out &i&%ﬁ%g.aw‘"s ng

adhesi ve. 25. The method of claim12, wherein step d) is c ri ed out
utilizing a nail-Ilike elenent. 26. A sheet for fabric in & gtiéinions
havi ng a | ongitudinal |unmen conpri sing: a flat piece g? met a

provided with a plurality of stent pattns, each of said patf erns—havi-ng—
a.fLrst l ong side and a.second |ong side, said first |long side provided
Wth a T

member or fiexible link 67 snd-so-as to increase the variable
longitudinal distance 74 between the first end 72 and the -second
end 73 of the second flexible compensating member or £lexible
link 71. This compensates for the decreasing of the longitudinal
component of the first member 51, second member 54, third member
57, and fourth member 60 and substantially lessens the
foreshortening of the stent upon its expansion. Upon expansion,
the first flexible compensating member 67 and the second flexible
compensating member 71 impart support to the lumen being treated.
Fig. 15 shows the dimensions of an espacially preferrad
embodiment of this invention. The deflection points, i.e., the
first and second loops 63 and 65 and the first and second
compensating members 67 and 71, are made wider than the first,
second, third, and fourth members 51, 54, 57 and 60 so that the
force of the deflection is distributed over a wider area upon the
expansion of the stent. The deflection points can be made wider
than the first, second, third and fourth members in differing
amounts so that the deflection will occur in the narrower areas
first due to the decreased resistance. In a . preferred
embodiment, the first and second compensating members are wider
than the first, second, third and fourth members and the first
and second loops are wider than the first and second compensating
members. One of the advantages of sizing the first and second
loops so that they are wider than the first and second
compensating members is that the stent will substantially

compensate for foreshortening as the stent is expanded. In the



plurality of pairs of engagenent troughs, said second long sid
with a plurality of pairs of engagement protrusions, said pluralfi
pai rs of engagenent troughs and said plurality of pairs of engage
protrusions disposed substantially opposite each other, each
plurality of pairs of said engagenent iloughs conprising a f
engagement trough and a second engagenent trough, said engage

si zed and er%.éﬁ‘?a}‘%‘i LRoWRCEHVRigNdl eNoege Sitst engrgerent hjrdt ahdibomsrumen
said pattern i1s deforned and rofled into a t ubul ar shape, each pair of

sai d engaggsmbdrd rsauglea ,peovidadsoi hive driiiph dispdoed Obdt meen Thed first
engagenent trough and sai d second engagenent
first and second loops 63 and 65 have a width of about 0.14 mm.

The first and second compensating members 67 and 71 are provided
with a thickened portion 75 and 76 having a width of about 0.12
mm. Thus, in this especially preferred embodiment, the first and
second loops have a width that is about 40% greater and the first
and second compeﬁsating members have a width that is about 20%
greater than the width of the first, second, third and fourth
members.

Figs. 16 through 20 show details of a stent constructed
in accordance with this invention.

Yet another advantage of Applicant’s invention is shown
in Figs. 21 to 24. For the sake of clarity, the dimensions and
the degree of displacement of the components of the stents shown
in Figs. 21 to 24 has been intentionally exaggerated.

Fig. 21 is a cross-sectional front view taken along
line A-A of the unexpanded stent made in accordance with
applicants invention shown in Fig. 20. The unexpanded stent 200
of Fig. 21 is shown disposed in the lumen 202 of a blood vessel
201 prior to expansion. As previcusly discussed, this stent is
made by first cutting the stent pattern into a f£lat piece of
sheet metal and then rolling the sheet metal into a tube to form
the tubular stent. As shown in Fig. 21 after rolling, the first
and second flexible compensating members 67 and 71 of the

unexpanded stent tend to “flare out” in a direction away from the
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26, further conprising a plurality of alignnment apertures dISp

sheet . 28. A sheet for fabricating a stent having a | ongit udi %£’ 3g% n
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longitudinal axis cr lumen of the stenz. Thus, the flexible
compensating members 67 and 71 define outer diameters which are
larger than the outer diameters defined by thz remaining portions
of the stent. Fig. 22 shows the stent of Fig. 21 after it has
been expanded in the lumen and against the internal wall of the
blood vessel. As shown in Fig. 22, upon expansion of the
unexpanded stent toward the wall of the blood vessels, the walls
of the blood vessel imparts a mechanical force to'the first and
second flexible compensating members 67 and 71 and the
compensating members move toward the longitudinal axis or lumen
of the stent until they are substantially in registry with the
remaining portion of the stent. Thus, the lumen of the expanded
stent is substantially circular when viewed in cross section with
substantially no portion of the expanded stent projecting into
the lumen or towards the longitudinal axis of the expanded stent.

Fig. 23 is similar to Fig. 21 except that the pattern
has been cut into a tubular member using conventional methods of
making stents. As shown in Fig. 23, the flexible compensating
members do not flare out away from the longitudinal axis of the
unexpanded stent 203. Upon the expansion of the stent shown in
fig. 23 toward the walls of the blood vessel 201, the flexible
compensating members 67’ and 71’ tend to “flare in” and project
into the lumen 204 of the expanded stent 203. ‘

Fig. 24 shows the stent 203 of Fig. 23 after it has
been expanded in a lumen 204 of a blood vessel 201. The flexible

compensating members 67° and 71’ are not in registry with the



a) a flat piece of metal provided with a plurality of stent patterns;.
each of said patterns conprising a plurality of flexible connected cel i

each of said flexible cells conprising: a) a first nenber havlng a

| ongi tudi nal conponent having a first end and a second end: @élnﬁﬁiggg
second nmenber having a |ongitudinal conpgnent having a flrst;end and a
second end, c) a third menmber having a | ongitudinal conponent=ﬁhV|

first end and a second end; d) a fourth nenber having a IongltudLnngﬁ__qh
conmponent ?‘ert :g% ot fAJétoﬁeﬁl a@i’e?g: ﬁg”&?ﬂ&’e a ul?m%)ce.ag‘ khhgiekooP

defining a i sposed St ween
than the dlameter of remaining portions of the stent. These

projections into the lumen of the stent create turbulence in a
fluid flowing through the longitudinal axis of the expanded stent
and could result in clot formation.

It will be appreciated by persons skilled in the art
that the present invention is not limited to what has been
particularly shown and described hereinabove. Rather the scope
of the present invention is defined only by the claims which

follow.



first end of said first nenmber and said first end of said

menber ; f) a second | oop defining a second angl e di sposed: DELYEE]
said second end of said third nmenber -and said second end of: S

fourth nmenber, and di sposed generally opposite to said §f§rst | oop;
g) a first flexible conpensating menber-18r- flexible link | | havingiaiggs
first end and a second end di sposed between said first nmenber and said
third menber, said first end of said o e
CLAIMS . et e
1. A method of fabricating a stent comprising the steps
of
a) cutting a plurality of stent patterns into a flat

piece of metal, each of said patterns having a first long side
and a second long side, said first long side provided with a
plurality of pairs of engagement troughs, said second long side
provided with a plurality of pairs of engagement protrusions,
said plurality of pairs of engagement troughs and said plurality
of pairs of engagement protrusions disposed substantially '
opposite each other, each of said plurality of pairs of said
engagement troughs comprising a first engagement trough and a
second engagement trough, said engagement troughs sized and
disposed to receive and engage said engagement protrusions when
said pattern is deformed and rolled into a tubular shape, each
pair of said engagement troughs provided with a bridge disposed
between said first engagement trough and said second engagement
trough;

b) providing said flat metal sheet with a plurality
of alignment apertures;

c) deforming said pattern into a tubular shape so
that said pairs of engagemént troughs engage said pairs of
engagement protrusions;

d) cutting said bridge; and

e) attaching each of said engagement troughs to the

engagement protrusion with which it is engaged, to form said

A



-27- first flexible conpensating nenber or flexible link ¢
with said second end of said first nenber and said second ey
first flexible conpensating nenber or flexible |ink comruni g
said first end of said third nmenber, said first and said sec
di sposed a variable |ongitudinal distant®-from each other;

fl exi bl e conpensating nenber or flexible1link having a first
second end di sposed between said second nenber and said four

BEDLAGEHENT SHEET
afing wi'th
ond RdsUN 1998
h)] a second

th menber,

said first gnd of.wai deene.

2. The method of claim 1, further comprising the s

tep o:f

providing said sheet with a plurality of alignment apertures.

3. The method of claim 1, wherein step d) is carried out using
a laser.
4. The method of claim 1, wherein step e) is carried out

utilizing a weld.

5. The method of claim 4, wherein step e) is carried out using

a welding run that is offset from the point where said engagement

troughs and said engagement protrusions contact each other.

6. The method of claim 5, wherein said welding run is ofiset

about .01 mm from the point where said engagement troughs and

said engagement protrusions contact each other.

7. The method of claim 4, wherein said weld is a spot weld.

8. The method of claim 7, wherein a.plurality of spot welds is
utilized.

9. The method of claim 8, wherein 5 spot welds are utilized.

e
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second fl exi bl e conpensating nmenber or flexible |link comrmuni
said second end of said second nmenber and said second end of
f1exi bl e conpensati ng nmenber or flexible |link comunicating
first end of said fourth nmenber, said first and said second
a variable |ongitudinal distance from-&8ch other, said first
second fl exi bl e conpensating nmenber "or flexible |inks differ

REPLICEHIENT, SHEET
i ?fa'éﬁe?sms

nd_sai d
entlally

ext endabl e or conpressi ble when said stent is bent in a curv

cu UI ¥ UDLI\.Ir

away fromthe H]11nrn(11“t_ud|nal. XSO0 SGLY SNRPTdWPe)2Rd ch)irs@idodd rst, said
¢ 2x

second, sat® XA s A d rSnrt
utilizing an adhesive.

11. The method of claim 1, wherein step e) is carried out

utilizing a nail-like element.

12. A method of fabricating a stent comprising the s

a) cutting a plurality of stent patterns

teps of:

into a flat

piece of metal, each of said patterns comprising a plurality of

flexible connected cells, each of said flexible cells

comprising:

a) a first member having a longitudinal component having a
first end and a.second end;

b) a second member having a longitudinal component having a
first end and a second end,

c) a third member having a longitudinal component having a
first end and a second end;

d) a fourth member having a longitudinal componeat having a
first end and a second end;

e) a first loop defining a first angle disposed between said
first end of said first member and said first end of said
second member;

f) a second loop defining a second angle disposed between
said second end of said third member and said second end of
said fourth member, and disposed generally opposite to said
first loop;

g) a first flexible compensating member or flexible link



menbers and said first and said second | oops, and said first

second fl exi bl e conpensating nenber or flexible |inks disposé 56
a

said stent is expanded the distance between said first and g

flexible conpensating menber or flexible |inks increases and tthd 4 JUK 1398

| ongi t udi nal component of said first, s&tond, third and

ild second

- 28- fourth nmenbers decreases whiTe said first and saijd second

having a first end and a second end disposed between said

first member and said third member, said first end

of said

first flexible compensating member or flexible link

communicating with said second end of said first memder and

said second end of said first flexible compensating member

or flexible link communicating with said first end

of said

third member, said first and said second ends disposed a

variable longitudinal distance from each other;

h) a second flexible compensating member or flexible link

having a first end and a second end disposed between said

second member and said fourth member, said first end of said

second flexible compensating member or flexible link

communicating with said second end of said second member and

said second end of said second flexible compensating member

or flexible link communicating with said first end

of said

fourth member, said first and said second ends disposed a

variable longitudinal distance from each other, said first

and said second flexible compensating member or flexible

links differentially extendable or compressible when said

stent is bent in a curved direction away from the

longitudinal axis of said aperture; and

i) said first, said second, said third, and said fourth

members and said first and said second loops, and said first

-and said second flexible compensating member or flexible

links disposed so that as said stent is expanded the

distance between said first and said second flexible

L




| oops remain generally opposite to one another, the ends of mrfiéayg CNT qg;gy
first and said second fl exible conpensating nenber or f Il exibte |1 ks
open so as to increase said variable | ongi t udi nal distal ?

said first and said second ends of said first flexible ﬁp %g§53
menber or flexible i nk and so as 226 increase said vari

| ongi t udi nal di stance between said first and said seconE“ends of said

second fl exi bl e conmpensati ng nmenber or _fl ex|

conpensat e for FHETRIAERS A§TOLLt RE Féﬁﬁf?tﬂr}kﬂkg ’ncrﬁﬁﬁﬁﬁoﬁgﬁttg? sai d

o Lo oon, kg | U TRV G sasa i, R KAy Legoen he

fourth members decreases while said first and said second
loops remain generally opposite to one another, the ends of
said first and said second flexible compensating member or
flexible links open so as to increase said variable
longitudinal distance between said first and said second
ends of said first flexible compensating member or flexible
link and so as to increase said variable longitudinal
distance between said first and said second ends of said
second flexible compensating member or flexible link so as
to compensate for the decreasing of the longitudinal
component of said first, second, third, and fourth members
and substantially lessen the foreshortening of said stent
upon its expansion;
each of said plurality of stent patterns having a first
long side and a second long side, said first long side provided
with a plurality of pairs of engagement troughs, said second long
side provided with a plurality of pairs of engagement
protrusions, said plurality of pairs of engagement troughs and
said plurality of pairs of engagement protrusions disposed
substantially opposite each other, each of said plurality of
pairs of said engagement troughs comprising a first engagement
trough and a second engagement trough, said engagement troughs
sized and disposed to receive and engage said engagement

protrusions when said pattern is deformed and rolled into a

* c L M S *



upon its expansion; : each of said plurality of stenig

having a first |long side and a second |ong side, said first
provided with a plurality of pairs of engagenent troughs, sa
side provided with a plurality of pairs of engagenent protru
plurality of pairs of engagenment trough23and said plurality
engagenent protrusions di sposed substantially opposite each

d
S i

Df

B ACERIENT SHEET

second | ong

PnB.4 Uil 1908

pairs of

Dt

ereach—of

said plurality of pairs of said engagement troughs conprising_a first

engagenent cubudaghshage o seconskongaa@d engeyghen's i xbugivagmeidedr waghs
si zed and disposed to receive and engage said engagenment protrusions when
sai d pattemnbriddef dispased cbetday Saitd f4rst engagement trough and said

second engagement trough;

b) deforming said pattern into a tubular shape so

that said pairs of engagement troughs engage said pairs of

engagement protrus ions;

c) cutting said bridge; and

d) attaching each of said engagement troughs to the

engagement protrusion with which it is engaged, to form said

expandable stent.

13. The method of claim 12, further comprising the step of

providing said flat metal sheet with a plurality of alignment

apertures.

14. The method of claim 12, wherein said first loop, said second

loop., said first compensating member, and said second

compensating member are wider than said first, second, third and

fourth members.

1S. The method of claim 14, wherein said first 2nd said second

compensating members are wider than said first, second, third,

and fourth members and said first and said second loops are wider

than said first and said second compensating members.

16. The method of claim 15, wherein said first and said second

* c L M S *




fubular shape, each pair of said engagenent troughs provided W ] o y—
REPLACEREN T SHEET

di sposed between said first engagenent trough and said

--29 -

sheet .

~ second engagenent trough. 29. The sheet of claim 28,} fiurther
conprising a plurality of alignnent apertures disposed in saild if Ity JHNaiogg

-24 - Q

loops have a width that is abcut 40% gyreater than th width of
said first, second, third, and fourth members and said first and
said second compensating members have a widtn that is about 20%

greater than the width of said first, second, third, and fourth

members.

17. The method of claim 12, wherein step c) is carried out using

a laser.

18. The method of claim 12, wherein step d) is carried out

utilizing a weld.

19. The method of claim 18, wherein step d) is carried out
utilizing a welding run that is offset from the point where said
engagement troughs and said engagement protrusions contact each

other.

20. The method of claim 19, wherein said welding run is offset
about .01 mm from the point where said engagement troughs and

said engagement protrusions contact each other.
21. The method of claim 18, wherein said weld is a spot weld.

22. The method of claim 21, wherein a plurality of spot welds is

utilized.

ML O



30. The sheet of claim28, wherein said first |oop, said seciiéy dr@aps:

first conpensating nenber, and said second conpensating ne;'F*‘aﬁgﬁﬁ
t‘han said first, second, third and fourth nenmbers. 31. The sheet_QJ

claim 30, wherein said first and sai d second conpensating nenbeBd: aHisk 1833
wider than said first, second, third, 28 fourth members anfl said first

~and said second | oops are wider than said first and said sefond
conpensati ng nmenbers. 32. The sheet of claim 31, wherein gaid first and

sai d second

3. The method of claim 22, wherein 5 spot welds are utilized

24. The method of claim 12, wherein step d) is carried out

utilizing an adhesive.

25. The method of claim 12, wherein step d) is carried out

utilizing a nail-like element.

26. A sheet for fabricating a stent having a longitudinal
lumen comprising:

a flat piece of metal provided with a plurality of
stent patterns, each of said patterns having a first long side
and a second long side, said first long side provided with a
plurality of pairs of engagement troughs, said second long side
provided with a plurality of pairs of engagement protrusions,
said plurality of pairs of engagement troughs and said plurality
of pairs of engagement protrusions disposed substantially
opposite each other, each of said plurality of pairs of said
engagement troughs comprising a first engagement trough and a
second engagement trough, said engagement troughs sized and
disposed to receive and engage said engagement protrusions when
said pattern is deformed and rolled into a tubular shape, each
pair of said engagement troughs provided with a bridge disposed
between said first engagement trough and said second engagement

A

trough.



| oops have a width that is about 40% greater than the w dth e¢f~said-first

second, third, and fourth nenbers and said first and said séﬁ&ﬁhﬁ” T Oy
conpensati ng nenbers have a width that is about 20% greater t,
of said first, second, third, and fourth nenbers. 33.
expandabl e stent haV|ng a IongltudlnaI-Bﬁﬁen conpri si ng: :
first long side and a second long side, said first |long sidg
a plurality of pairs of engagenent |

27. The sheet of claim 26, further comprising a.plurality of

alignment apertures disposed in said sheet.

28. A sheet for fabricating a stent having a longitudinal lumen
comprising:

a) a flat piece of metal provided with a plurality of
stent patterns, each of said patterns comprising a plurality of
flexible connected cells, each of said flexible cells comprising:

a) a first member having a longitudinal component having a
first end and a second end;

b) a second member having a ‘longitudinal component having a
first end and a second end,

c) a third member having a longitudinal component having a
first end and a second end;

d) a fourth member having a longitudinal component having a
first end and a second end;

e) a first loop defining a first angle disposed between said
first end of said first member and said first end of said
second member;

f) a second loop defining a second angle disposed between
said second end of said third member and said second end of
said fourth member, and disposed generally opposite to said -
first loop;

g) a first flexible compensating member or flexible link
having a first end and a second end disposed between said

first member and said third member, said first end of said

L
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- 30- troughs, said second long side provided with a pIuraIit‘»g&
of engagenent protrusions, said plurality of pairs of engage %i‘ii

BUGHS

Qs .y
SiFEeY
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and said plurality of pairs of engagenent protrusions dispos di

substantially opposite each other, said plurality of engage ni tl Huh§ 1o

sized and disposed to receive and engag&7sai d engagenent protrgsions, sa

engagenent troughs attached to said engagenent protrusions.

ST T

firsc rlexible compensating member or flexible link
communicating with said second end of said first membar and
said second end of said first flexible compensating member
or flexible link communicating with said first end of said
third member, said first and said second ends disposed a
variable longitudinal diécance from each other;

h) a second flexible compensating membe:§or flexible link
having a first end and a second end disposed between said
second member and said fourth member, said first end of said
second flexible compensating member or flexible link
communicating with said second end of said second member and
said second end of said second flexible compensating member
or flexible link communicating with said first end of said
fourth member, said first and said second ends disposed a
variable longitudinal distance from each other, said first
and said second flexible compensating member or flexible
links differentially extendable or compressible when said
stent is bent in a curved direction away from the
longitudinal axis of said aperture; and

i) said first, said second, said third, and said fourth
members and said first and said second loops, and said first
and said second flexible compensating member or flexible
links disposed so that as said stent is expanded the
distance between said first and said second flexible
compensating member or flexible links increases and the

longitudinal component of said first, secohd, third and

* c L M s *



34. The stent of claim 33, wherein said engagenent troughs rREPhﬂQENﬁ%ﬁaS&EET

sai d engagenent protrusions by a weld. 35. The stent of cll gim 34,
wherein said weld is offset fromthe point where said engage nd 4t JOW ?&8
and sai d engagenent protrusions contact each other. 36. The Stent o

claim35, wherein said weld is offset ai@ut .01 nmmfromthe poi-nt-—where —
sai d engagerment troughs and said engagenent protrusions contact each

ot her.

e —

fourth members decreases while said first and said second
loops remain generally opposite to one another, the ends of
said first and said second flexible compensating member or
flexible links open so as to increase said variable
longitudinal distance between said first and said second
ends of said first flexible compensating member or flexible
link and so as to increase said variable longitudinal
distance between said first and said second ends of said
second flexible compensating member or flexible link so as
to compensate for the decreasing of the longitudinal
component of said first, second, third, and fourth members
and substantially lessen the foreshortening of said stent
upon its expansion;
each of said plurality of sténc patterns having a first
long side and a second long side, said first long side provided
with a plurality of pairs of engagement troughs, said second long
side provided with a plurality of pairs of engagement
protrusions, said plurality of pairs of engagement troughs and
said plurality of pairs of engagement protrusions disposed
substantially opposite each other, each of said plurality of
pairs of said engagement troughs comprising a first engagement
trough and a second engagement trough, said engagement troughs
sized and disposed to receive and engage said engagement
protrusions when said pattern is deformed and rolled into a
tubular shape, each pair of said engagement troughs provided with

a bridge disposed between said first engagement trough and said

oy



37. The stent of claim 34, wherein said weld is a spot weld. {Z&38: - The=

stent of claim37, wherein a plurality of spot welds is uti |}I%)§L£§ﬂ§ﬁ SHEET
The stent of claim 38, wherein 5 spot welds are utilized. i 3 3 '
- 31 - | ‘G-iaJUNﬁ%g%

-.2_2-

second ‘engagement trough.

29. The sheet of claim 28, further comprising a plurality of
alignment apertures disposed in said flat metal sheet.

30. The sheet of claim 28, wherein said first loop, said second
loop, said first compensating member, and said second

compensating member are wider than said first, second, third and

fourth members.

31. The sheet of claim 30, wherein said first and said second
compensating members are wider than said first, second, third,
and fourth members and said first and said second loops are wider

than said first and said second compensating members.

32. The sheet of claim 31, wherein said first and said second
loops have a width that is about 40% greater than the width of
said first, second, third, and fourth members and said first and
said second compensating members have a width that is about 20%
greater than the width of said first, second, third, and fourth

members.

33. An expandable stent having a longitudinal lumen
comprising:
a) a first long side and a second long side, said

first long side provided with a plurality of pairs of engagement

T




4U. The stent of claim 33, wherein said engagement troughs ar éHiat it

sai d engagenent protrusions by an adhesi ve. 41. The stent ¢f;

wherei n sai d engagenent troughs are attached to said engagenenf s ; Ug o
protrusions by a nail-like el enent. 42. An expandabl e st en Ja@ﬂhghg Wl
| ongi tudi nal | umen conpri si ng: -30a) a stent patternjcoaprising a
plurality of flexible connected cells, each of said flexiblejcells

conpri si ng: a) a first nenber having a | ongitudi nal  conpoment—havi-ag

a firqOugh$ -af81id §eEBRE &PRY side Phpvigdedewdhl Aebbirahiiy @f pairs

-1 ongi t udi nal, conponent having a. . . - . .
of engagement protrusions, said plurality of pairs of engagement

troughs and said plurality of pairs of engagement protrusions
disposed substan;ially opposite each other, said plurality of
engagement troughs sized and disposad to receive and engage said
engagement protrusions, said engagement troughs attached to said

engagement protrusions.

34. The stent of claim 33, wherein said engagement troughs afe

attached to said engagement protrusions by a weld.

35. The stent of claim 34, wherein said weld is offset from the
voint where said engagement troughs and said engagement
protrusions contact each other.

36. The stent of claim 35, wherein said weld is offset about .01
mm from the point where said engagement troughs and said
engagement protrusions contact each other.

37. The stent of claim 34, wherein said weld is a spot weld.

38. The stent of claim 37, wherein a plurality of spot welds is

utilized.

39. The stent of claim 38, wherein 5 spot welds are utilized.
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first end and a second end, c) a third menber having a |ongitodiznakr sue
conponent having a first end ;nd a second end; ° d) %Qi%%ff.?%% SHEET
menber having a | ongitudi nal conponent having a first epdjand a
second end; e) afirst loop defining a first angle disp;sedﬁﬂktﬂg%@ﬁ%
sai d first end of said first nenbeil -and said first end pfisaid

second nenber; f) a second | oop defining a second angl ejdi sposed

bet ween sai d second end of said third nenber and sai d sécond.end of

said fourth menber, and di sposed general l [ i .
40. The stent of glaim §5, wheré&nogggglggg&geﬁéﬂé{trougns are

a0 ety

attached to said engagement protrusions by an adhesive.

¢1. The stent of claim 33, wharein said engagement troughs are

actached to said engagement protrusions by a nail-like element.

42. An expandable stent having a longitudinal lumen comprising:
a) a stent pattern comprising a plurality of flexible -
connected cells, each of said flexible cells comprising:
a) a first member having a longitudinal component having a
first end and a second end;
b) a second member having a longitudinal component having a
first end and a second end,
c) a third member having a-longitudinal component having a
first end and a second end;
d) a fourth member having a longitudinal component having a
first end and a second end;
e) a first loop defining a first angle disposed between said
first end of said first member and said first end of said
second member;
f) a second loop defining a second angle disposed between
said second end of said third member and said second end of
said fourth member, and disposed generally opposite to said
first loop;
g) a first flexible compensating member or flexible link

having a first end and a second end disposed between said

L




first |oop; g) a first flexible conpensating menber or fjpek
having a first end and a second end di sposed between said i

-32- first menber and said third nmenber, said first end of sa

fl exi bl e conpensati ng nmenber or flexible |link comunicating w
second end of said first nmember and saidd-second end of said fi

conpensati ng nmenber

K3

first member and said third member, said firsrt <iud cf said
first flexible compensating member or flexible link
communicating with said second end of said first memd2r and
said sscond end of said first flexible compensating mamber
or flexible link communicating with said first end of said
third member, said first and said second ends disposad a
variable longitudinal distance from each other;

h) a second flexible compensating member or flexible link
having a2 first end and a second end disposed between said
second member and said fourth member, said first end of said
second fiexible compensating member or flexible link
communicating with said second end of said second member and
said second end of said second flexible compensating member
or flexible link communicating with said first end of said
fourth member, said first and said second ends disposad a
variable longitudinal distance from each other, said first
and said second flexible compensating member or flexible
links differentially extendable or compressible when said
stent is bent in a curved direction away from the
longitudinal axis of said aperture; and

i} said first, said second, said third, and said fourth
members and said first and said second loops, and said first
and said second flexible compensating member or flexible
links disposed so that as said stent is expanded the
distance between said first and said second flexible

compensating member or flexible links increases and the
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or flexible link comunicating with said first end of said tHigg Py
said first and said second ends disposed a variable Iongitudi&HﬂqggggghgéSHEET

from each other; h) a second flexible conpensating nenber or |fliexi ble |ink

having a first end and a second end di sposed between said sedordd BrndlR ja9g
and said fourth nmenber, said first end g -said second flexiblje’
conpensating nmenber or flexible Iink comunicating with saidjsecond end of
sai d second nenber and said second end of said second fl exible

o nd said secon ai d second flexiblle
Card Tourth monoaprc8hineF EanBahtiC SEII R M bl o

ends di sposed a variable
longi tudinal di $#RReR heMBLLeCheObfes S d isa3l first and said second

loops remain generally opposite to one another, the ends of
said first and said second flexible compensating memder or
flexible links open so as to increase said variable
longitudinal distancé between said first and said second
ends of said first flexible compensating member or flexible
link and so as to increase said variable longitudinal
distance between said first and said second ends of said
second flexible compensating member or flexible link so as
to compensate for the decreasing of the longitudinal
component of said first, second, third, and fourth members
and substantially lessen the foreshortening of said stent
upon its expansion;
said stent pattern having a first long side and a
second long side, said first long side provided with a plurality
of pairs of engagement troughs, said second long side provided
with a plurality of pairs of engagement protrusions, said
plurality of pairs of engagement troughs and said plurality of
pairs of engagement protrusions disposed substantially opposite
each cther, each of said plurality of pairs of said engagement
troughs comprising a first engagement trough and a second
engagement ;rough, said engagement troughs attached to said

engagement protrusions.

43. The stent of claim 42, wherein said first loop, said second
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and sai d second flexible conpensating nmenber or flexible |inks.
differentially extendabl e or conpressible when said stent is @gn?,ﬁn %T’SHEE]
curved direction away fromthe |ongitudinal axis of said aperture: M“““rr""—
said first, said second, ‘said third, and said fourth nenbers gnd d Ul 3
first and said second | oops, and said f4i3%st and said second flie gfé JUN 1338
conpensati ng nmenber or flexible 1inks dirsposed so that as said ﬁr
expanded the distance between said first and said second fl exijbl e

conpensati Rg HeNDLr 5 of j fd X Rlfedddthihd RemBasesaN ik second ' -

compensating member are wider than said first, second, third and

ent.i.s

fourth members.

44. The stent of claim 43, wherein said first and said second
compensating members are wider than said first, second, third,
and fourth members and said first and said second loops are wider

than said first and said second compensating members.

45. The stent of claim 44, wherein said first and said second
loops have a width that is about 40% greater than the width of
said first, second, third, and fourth members and said first and
said second compensating members have a width that is about 20%
reater than the width of said first, second, third, and fourth

members

26. The stent of claim 42, wherein said engagement protrusions

are attached to said engagement troughs by a weld.

47. The stent of claim 46, wherein said weld is ofiset from
the point where said engagement troughs and said engagement

protrusions contact each other.

48. The stent of claim 47, wherein said weld is offset about .01
mm from the point where said engagement troughs and said

engagement protrusions contact each other.

* [ L M S *



REPLACEMENT SHEET

- 33 - | ongi t udi nal. conponent of said first, second, t b
fourth nmenbers decreases while said first and said second %!g)

rremai n generally opposite to one another, the ends of s i 4 IV, 808
sai d second flexible conpensating nenber or - flexible li open so as
to increase said variable | ongi t udSal di st ance bet ween sald first

and said second ends of said first flexible conpensatin Qr

flexible link and so as to increase said variable |ongitudinal
49. The stent of claim 46, wher=in said weld is a spot wald.

50. The stant of claim 49, wharein a plurality of spot walds is

utilized.
S1. The stent of claim S50, wherein S5 spot welds are utilized.

S2. The stent of claim 42, wherein said engagement protrusions

are attached to said engagement troughs via an adhesive.

S3. The stent of claim 42, wherein said engagement protrusions

are attached to said engagement troughs by a nail-like element.

54. The method of claim 1, said stent defining a longitudinal
lumen wherein substantially no portion of said stent projscts
into said longitudinal lumen upon expansion of said stent against

the incernal wall of a vessel.

55. The method of claim 12, said stent defining a longitudinal
lumen wherein substantially no portion of said stent projects
into said longitudinal lumen upon expansion of said stent against

he internal wall of a vessel.

t

56. The sheet of claim 26, said stent patterns adapted so that
upon expansion of said stent substantially no portion of said

stent protrudes into the longitudinal lumen of said stent against
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di stance between said first and said second ends of said T CACLAL I e
fl exi bl e conpensating nenber or flexible link so as to éﬁﬁﬁ&ﬁ%ﬁﬂéNfoﬁittii
t-he decreasing of the |ongitudinal ' conponent of said fi#sty—seTond; | !
third, and fourth nmenbers and substantially | essen the foreipgrjwﬁhﬂgg ‘
of said stent upon its expansion;-36- sai d stent |pattern ;

having a first long side and a second long side, said first ljolg-si-de |

provided with a ‘t_)lura(e;]“t%]r1 of_ pairs of. engagenent troughs, saijd second | ong
si de provi 388 *RrEFY- alh% P 3T S5&i'rs of engagenent protrusionsTSard
plurality of pairs of engagenent troughs and said plurality of

57. The shest of claim 28, said steat patterns adapted so that
upon expansion of said stent against ths internal wall of a
vessal substantially no portion of said stent protrudes into the

longitudinal lumen of said stent.

S8. The stent of claim 33, said stent adapted that upon
expansion of said stent against the internal wall of a vessel

substantially no portion of said stent projects into said lumen.

59. The stent of claim 42, said stent patterans adapted so that
upon expansion of said stent against the internal wall of a
vessel substantially no portion of said stent protrudss into said

longitudinal lumen of said stent.

50. An expandable stent having a longitudinal lumen, comprising:
A plurality of portions connecting by a plurality of
flexible compensating members, said flexible compensating members
projecting from the external surface of said stent when said
stent is unexpanded and said flexible connecting members
substantially in registry with the remaining portions of said
stent and said stent is expanded against the internal walls of a

blood vessel.

§1. The stent of claim 66, wherein said stent is formed from a

i

L
* L



pai rs of engagenment protrusions disposed substantially oppos'

ot her, each of said plurality of pairs of said engagenent tf

conprising a first engagenent trough and a second engagenen
engagenent troughs attached to said engagenent protrusions.
stent of claim42, wherein said flrst l-8Bp, said second

- 34 - -

substantially flat sheet.

62. An expandable stent having a longitudinal lumen,

comprising:

A plurality of portions connec:zad by a plurality of

flexible compensating members wherein substantially no portion of

said stent projects into said lumen when said stent is expanded

against the internal wall of a blood vess=zl.

63. The stent of claim '§2 wherein said stent is formed from a

substantially flat sheet

l/lllll/ll/l//lllll/ll/l///lll '
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are wider than said irst, second, third and fourth nmenbersf,.
stent of claim43, wherein said first and said second conpehé_ e}
are wider than said first, second, third, and fourth nenbers ﬁnd sai d

first and said second | oops are wider <438an said first and sai g $peodti 053

| oop, said first conpensating nenber, and said second conpensating nenber

conpensati ng nmenbers. 45. The steént of claim44, wherein saﬁd first and
said second |oops have a width that is about 40% greater thgn tThHe Wwdrhof
STENT FABRICATION METHOD
ABSTRACT

A stent and a method for fabricating the steat are disclosed.
The stent has an originally flat pattern and connaction points
whare the sides of the flat patctern are joinad. 7The2 mathod
includes the steps of a) cutﬁing a scent pattern into a flat

metal thareby to producs a metal pattarn, b) daforming

rn

piece o

the matal pattern so as to causa2 two opposing sides to meat, and
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.
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the stent when the stent is expandad against the intarnal wall of

a blood vessel.
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said first, second, third, and fourth nenbers and said first and sai d

second conpensating nenbers have a width that is about 20% g :
the width of said first, second, third, and fourth nenbers. ﬁﬁ& %ﬁgg.{ SHEET
stent of claim42, wherel n sai d engagenent protrusions are ajt ached to

sai d engagenent troughs by a wel d. 471- The stent of claim A60 yidkiei g}g
said weld is offset from the point where said engagenment troughs and sai
engagenent protrusions contact each other.

PRELIRE FLAT |10
FRTTERN LESIGN

FIG. 1 |

CUT PATTERN |12
INTO FLAT METAL
SHEET

l

JEFORM SHEET | A#
TO CAUSE ELGES 1
7O 7OUCH

|

CONNECT EPGES | /6
AT LEAST A7 ONE ]
POINT

i

POL/Sy STENT V&

28
:

FIG. 6 FIG. SA



"48. The stent of claim47, wherein said weld is offset abouft—8+—mm-ffem—-
the point where said engagerrent troughs and said engagementi grmrum onSHEET
contact each ot her. -3b 29THE

stent of claim46, wherein said weld is a spot weld. 50. Thegst
claim49, wherein a plurality of spot s&kds is 0% 9N %38

FIG. 2A




utilized. 51. The stent of claimb50, wherein 5 spot wel ds are utilized.

52. The stent of claim42, wherein said engagenent protrusions - are . ...
attached to sai d engagenent troughs via an adhesi ve. 53. THe.'stent. of SHEET
claim 42, wherein said engagenent protrusions are attached {ojsaid~—
engagenent troughs by a nail-like el enmen8- 54. The net hod!} of ﬁuai-wfﬁﬂ& :
said stent defining a |ongitudinal |umen wherein substantiail o’ﬁ%% 0

of said stent projects -

FIG. 5B

FIG. 2C




into said |l ongitudi nal |unmen upon expansi on of said stent against the
internal wall of a vessel. 55. The nethod of claim 12, sag:s
defining a longitudinal |umen wherein substantially no por tjiTei
stent projects into said |longitudinal |unen upon expansi on jof
against the.internal wall of a vessel.-4- 56. The sheet of icliaigy2giksang
stent patterns adapted so that upon expansi on of said stentj sjubstantially
no portion of said scent protrudes into the |ongitudinal | Jmemof—said

stent agai nst




- 36- the internal wall of a vessel. 57. The sheet of claim?28, said

stent patterns adapted so that wupon expansion of said stenFK%&@. Y aﬁiﬁ_-;;
i-nternal wall of a wvessel substantially no portion of said %%éﬁ” o L
into the [longitudinal |lunmen of said stent. |
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58. The stent of claim 33, said st ent adapted that upon expansion_of said

stent against the internal wall of a vessel substantially n ﬂEPi:_-‘?%?
said stent projects into said |unen. 59. The stent of cl & ”"égﬂégﬂ” SHEET

stent patterns adapted so that wupon expansion of said stent agajgst b%e
internal wall of a vessel substantially6rno portion of said dtegnt r SURLHER

into said longitudinal |unmen of said stent. 60. An expandaldl_e_stent
havi ng a | ongi tudi nal | unen, conprising: A pluralitly of portions
connecting by a plurality of :
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.

- flexible conpensating nenbers, said flexible conpensating nerbess
projecting fromthe external surface of said stent when saiQEPEAgitiELS SHEET
unexpanded and said flexible connecting nenbers substanti al '

*with the renmaining portions of said

..y.....l.n.n.... Te gTS’tT’Y

stent and said stent {s eﬁp@n‘ﬂﬁg 19
against” the internal walls of a blood7vessel. 61. Thelstert’o Iéﬁsm
60, wherein said stent is forned froma

65

57

129

/33)

/28

4
5/

63
54—~
FIG. 11

FIG. 15



37 - substantially flat sheet. 62. An expandable stent having a
| ongi tudi nal |unmen, conprising: A plurality of pqrti.ons..connected

by a plurality of flexible conpensating nenbers wherein suﬁﬁ&&@?Fwwﬁﬂ'Eyfgg
portion of said stent projects into said | unmen when said st |s‘expa
against the internal wall of a blood vess$sl. 63. The stent of ? gbﬂ]ﬁﬁ
wherein said stent is forned froma subStantially flat shde 9 J 8
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