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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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p;gv;de-a-stent fabrlcatxon methad whlcn can produce stenls wich
ralatively incricace and/or delicace designs.

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 wiIlwbe.undérétood and
appreciated more fully from the foiléwing 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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Figgfli shows the engagement. croughs and engagement - .
protrusions of.Figs. 9 and 10 in the engaged position;
_Pig. 12 shows a welding run practiced in accordance

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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stent fabrlcatxon method of the present {hvencion and to Figs.

o
"t,',_'
. ' J-‘

Referancn 15 now madetto Flg #-whlcn illusgraues the

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 plurxality of conneccing line

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

s

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
loang. At such sizes, che pattern of Fig. 2A cannoc be cut usin

a laser cutcing system.

g
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The pactern of Fig. 2B is similar co chat of Fig. 2A in

that it also has sections 20 of oppesing periodic patterns. Th
pattern of Fig. 2B also has connecting sections, labeled 30,
which have a Z shape.

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

e

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

24.

The patternms of Figs. 24, 2B and 2C opticnally also

have a plurality of small protrusions 38 which are useful in
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; forming'the-.scanc, .as,'.desé;ribeql hereinbelow. i \'"’m'-;';.,.
RECurning-tdvFig. 1, in step 12, the stent pattern'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
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5 away all materfal on whicﬁ'tﬁéfé'is'na‘ﬁho&dresist—kemcving
solution which 'removes the photoresist, leaving the mecal having |
the desired stent pattern. ) : }

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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macerial noc properly removed by the-cuk;ihg_procgss (sceg.12).
The polishing.can:be performed.méchanic;%iy, by rubbing a;
polishing scick having diamond dusclon 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. 2 is an enlarged view of one pair 127 of the pluralicy
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
troughs 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,
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-2130' and-lzﬂ'<DF-ergagﬂmeﬁtﬂprotrusions'{shmwn vn*anauer detaif‘ffr:'
in Fig. .10}~ “iE3ch pair ‘130, J.:!,O’:an_d,13,0_\:'Ll,pf-h¢ngagement.T cy
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 i
of che finished stentc 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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5 showﬁ~iﬁ'Figs;~12 and.«13..-.This may be.accomplisned :n-aévariety
of ways well known to those skilled in the-art, however, in a
preferred ‘embodiment a plurality of spoc welds are utilized. In.
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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longitudinal- apex 104 .disposed at the second longitudinal. end 78.

Each cell 50 also includes a first member 51 having a

longitudinal componentc having a first end 52 and a second end 53;. !
a second member 54 having a longitudinal component 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 firsc end 58 of the rhird 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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linkh?;;cammunicates with the égccnd en&;gs.cf the seconé;membe:

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 6% of cthe first flexible compensating i

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 i

13
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msmber,6£=fiéxib1e link év.and#Séﬁﬁagco incréééé;ghesvariéble
longitudinal ‘distance 74 betueénﬁ;heﬁfirst end Jz,and.thgéseccﬁdT"
end 73 of the second flexible compens#ﬁing member or flexible
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 members 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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embodiment. shown in Fig. 1%, . the first;uéééond,.third andwfourth
members 51, 54, 57 and 60 have a width of abour 0.1 mm. The
firgc 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 firsc and
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
members.

Figs. 16 through 20 show details of a stent construcced
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
the tubular stent. As shown in Fig. 21 after rolling, the firsc
and second flexible compensating members 67 and 71 of the

unexpanded stent tend to "flare out” in a direction away from the
15
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5, longicudinal -axis exr lumen.of the stent. Thus, the flexible
compensating members 67 and 71 define outer diameters which are

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 section 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 i
has been cucr into a tubular member using conventional mechods of 1
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 i
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

16
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remhiﬁfng*bar:icns of Ehe.stent_and define d 'dizmeter smaller
than the diameter of remaining portions of the stent. Thase
projections into the lumen of the scent ¢reate turbulence in a
£luid flowing chrough the longitudinal axis of che expanded stent
and could result in cleot formation.

It will be appreciated by persons skilled in che arc
that che present invention is not limited to what has been
particularly shown and described hereinabove. Rather the scope

of the presenct invention is defined only by the claims which

follow.
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1. .. :A-method of -fabricating a stent,comprising the .steps

a) cutting 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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J

expandable scentc. e el e o i RO i

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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10. The meticd of claim. l,.wherein scep e) is carried out.

utilizing an adhesive.

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

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;

v -~
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“c having-a firsc end and a serond end disposed between said

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

firsc .flexible compensdting mcmber.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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campensazing membex: or; fiexiiile .links incresdses and the -

e g v———

longitudinal compenent of said firstﬁ_second,'chird and
fourth members decreases while said first and said second
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 between said firsc 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 i
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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tubular.shape, each pair of said engagea=nt croughs wrovided with
a bridge disposed between said first engagement crough and said
second engagement trough;

b} deforming said pattern into a tubular shape sa

that said pairs of engagement ctroughs engage sajid pairs of |

engagement protrusions;

c) cutring said bridge; and

da) 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 ) '
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loops have a widrh that ig abeout 40% yreater than tha widech of

said first, second, third, and fourth members and 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.

L AL
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23.. The mathod-of 'claim 22, wherein 5 spot welds are utilized

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

utilizing an adhesive.

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 5
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 5
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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27. The shest’ af- claim 26,"£u;nher comorising a.pluralicy 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 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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firsc rlexible vompensaring membexr or flexible link. -. - -
communicating with said second end of said first member 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

27
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fourth members decreases while sand first and said second

loops remain generally opposite to ane anocther, the ends of

said first and said second flexible compensating member or -

flexible links open so as':o 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, 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 E
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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gocond ' =ngagemant ‘trough. [

29. The sliwet of claim 28, furzhox semprising 2 pluralitv of i

aligomant aperslures disposed in said flat meral sheal,

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

. '
renoers,

331. - -~ An expandable stent having a longitudizal 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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exoucha, :ald smomlid long sidae . provided witin 2 p;ara1:c; wl ga;{gl
of cngagement prulrusions, said pluralxcy,of_ﬁﬁirs of eng;geman:
:EOughs an& said pluralicy of pairs of cngagement nraotrusions
disposed substanrially opposlita each other, said plurality of
engagement trougls sized and dispoeed to receive and angage sald
engagement protrusionsx, sald engagement txoughs attached tao said

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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40. The stent of claim 33, whersin said enyayensiul Lroughs arc
attached to said engagement protzusions by an adhesive. I
41, The stear of claim 13, wharsin said ~ugyogement troughs arxe

avtached to said engagementc protrusions Ly A nail-like element. .

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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Zirsc membder and wefd. chird member, said firsr el cf said

first flexaible compansaiing membazr or flexible link
comunicating with said second end of saié first damhier and
caid gsecond end of saiid [irsc Zlexible compcnsating membex t
or flexible link communiunl ing with said Zirst end of said [ .
zhird member, said first #rd said second ends disposed a
variable longictudinal disrance from each other: i
h} a second fiexible compensating membexr or tlexible link
naving a first 2nd and 4 wecond end disposcd between said
second member and said frirch membar, said :firsc end of said
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 member, said first and sald secend cends diapossed a
variable longitudinal distanca f£rom each othsr, said first
and said seccnd flexibile compensactisng member or flexible
links differs=ntially extendable ar comprcssibla when said
cent ia bent in a curved direccion away Srom che
longitudinal axis of s~id 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 '
digtance betweaen said firse and said second flexible

compensacing memhber or £l ex‘ble linka increases and thae

32 . I
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i
1 ronigdeudindl -compan-ni. of said first, second, third acd X

fourth members dacresses while said firsc and =aid s=cound

loops remain generally oppoaize to ong ancther, the wuds of

said first and said s=cond flexiblc compensating mumbar ox
floxible links open so as to increasc said variable X
loagitudinal distance hecween caid farst and sald second
ende of saig tirst (lexible compenzating member or flexible
1ink and so as to increase said variable longirundipal
discance between said irst and said second eads of sa.d
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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lzop, said tirst compencating member, and said second . ;

compongating membar ave witler than gaid firecz, gecond, third and i

Tourtil members.

34. The stent of claim 43, wherein said firsc and sa:d jecond
compehsating members are wide: “han sajd first, second, third,
and fourth members and said lirsc 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.

48. The stent of claim 47, wherein gaid weld is offser ahouc .02
@ from the point where said engagemant troughs and said
sngagement protrusions contict eagh ocher.
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" 49 The stent nf ciaim 46, whezzin sssd weld is a suue wald.

- .

50. The st=nc of claim 49, whersin a pluraliry of spot walds ic

ugilized.

51. The stent of claim S50, wherain 5 spot welds are ulilizad.

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
into said longitudinal lumen upon cxpansien o said stent against } .

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 of 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
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the incernal wall af & wvesseel,

57. The sheet of claim 28, said sr=~». patcaras adaptad 3o char ]
upon expansion @f said stent agaiusy Lha intarnal wall ol a
vessal subscaptially no portion cof =sAid sctent orotrudes inco rae

Tongitudinal lumen of satd scen:.

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
flexible compensating nmembers, said Zlexible compensabing meandwess ‘
. projecting £rom the sxcernal surlface of said steont when said é
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 vassel.

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

i
i
1
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subgtancially £lar shasc. ‘|
{
2. An expandable stenc having a longitudinal lumen, comprising: i
A pluraliry ol portions conncctzd by a piuzalicy of
Slexible, compensating wewbers wharein subscantially no pociion of
said scent projects luto said lumen when said scent is expandei

againat the intermal wall of a blocd vesscl.

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

subgtantially fiar sheat.
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