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STENT FABRICATION METHOD AND APPARATUS 

FIELD OF THE INVENT!ON 

The presenc invention rela~es gener~lly to methods 

of fabricating stents. 

BACkGROUND OF THE INVENTION 

Stents are known ln the art. They are typically 

15 formed of a cylind:dcal metal mesh which can expacd when 

pressuce is internally applied. Allernatively, chey can be 

formed of. wire wrapped into a. cylindrical shape. 

As descr{bad in U.S. 4,776,337 to Palmaz, the 

cylindrical metal mesh shape is produced by laser cutting a 

20 thin walled metal tube. Tha laser cuts away aJl but the lines 

and curves of the mesh. 

The met.hod of U.S. '33'/ is appl.i.cable for relatively 

largo mesh shapes and for meshes whose lines aze relaLively 

wide. However, tor more delicate and/or intricate shapes, the 

25 spot_ slze of ~he laser .i.s l-oo large. 

. ... 
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s SUMMARY OP '1'112 PRESENT INVENTION 

It is, therefore, an object of the present invention 

to provide a stent fabrlcacion method which can produce stents 

wich relatively intricate acd/or delicate designs. 

The method involves first creating a flat version of 

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

15 

The fla~ pattern can be produced through any suitable 

technique, such as etching the desjgn into the sheet metal, or 

by cutting with a very fine laser, should one become 

commercially available or by any other technique. 

Once the sheet mecal has been cut, it is deformed so 

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

from a flat, roughly rectar1gular mei:al pattern, the flat metal 

is rolled unt:il r.he edges meet. The locations wbe.re edges 

meet are joined together, such as by spot welding. 

20 A:fterwa:rd.s_, t.he .sc:ent is polished, either mechanically or 

electrochemically. 

It is an object of this invention to provide an 

apparatus for fabricati11g a stent, comprising: 

a} a platform adapted to receive a flat sheet of metal 

25 to be formed into the stent, ~he flat sheet of meta] having a 

:30 

longitudinal axis, a first major surface, a second ma30= 

sur!ace, a first long side, and a second long side, the first 

and the second long sides substantially paralle_l to the 

longltudinal axls of the sheet; 

b) a mandrel having a substantially cylindrical 

excernal surf ace and having a first end and a second end 

defintng a longltudinal axis, the mandrel sized to have a 

2 
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5 cross-sectional diamecer subscanc1ally equal to or less than 

the internal diameter of the stant to be fabricated; 

c} means tor securing the mandr~l ag~lnst a maJor 

surface of the flat sheet of metal; and 

d) means for def q~ming the flat sheet of metal against 

10 the external surf ace of ehe mandrel so that the flat sheet of 

metal is deformed irn.o a substantially tubular shape, the 

means for deforming adapted so that the first long side and 

che second long side remain subscancially parallel to each 

other when the flat sheet of metal i.s detormed into the 

15 cubular shape. 

It J.s at1other object of this invention to provide 

and apparatus for tabricating a aten~. comprising: 

a) a base having a platform adapted to receive a flat 

sheet of metal to be formed into ~he stent, the fla~ sheet of 

20 metal having a longitudinal axis, a first major surface, a 

second major surface, ~ fir.st long side, ~no ~ second long 

side, the first and the second long sides subseantially 

parallel to the longitudina1 axls of the stent; 

bl a mandrel having a substantially cylindrical 

'-S external surface and having a first end and a second end 

defining a longjtudinal axis, the mandral sized to have a 

cross-sec~ional diameter substantially equal to or less than 

the incernal diameter of the stent Lo be fabricaced; 

c) means for securing the mandrel against a major 

30 surface 0£ the flat sheet of metal; 

d) a plurality ot deforming blaucs disposed a~ound the 

periphery of the mandrel for deforming the £lat sheet of metal 

3 
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5 against the external surface of the mandrel so that the flat 

sheet of metal is dcf ormed into a substantially tubular shape, 

the blades disposed between the f irsc end and the second end 

of ~he mandrel, each oe the deforming blades adapted for 

independenL and selective movement i~ a first direction toward 

10 the mandrel and a second dl't"ection away from t:he ma11drel so as 

to selectively impinge upon the mandrel or upon a portion of 

the sheet disposed between che rnand~el and each of the 

deforming blades, ea~h of ~he deforming blades further adapted 

so that che first lons side and the second long sid~ of the 

15 sheet remain substAntially paralleJ to each other when che 

stent is deformed into the tubular shape; 

20 

e) means for selectively movi~g each of the deforming 

blades in a first direccion toward the mandrel and in a second 

direction away from the mandrel; and 

f) means for securing tbe firs~ long side of the sheet 

to the second long side of the sheet. 

It is yet ano~her object of ~his invention to 

provide an apparatus for fabrica~ing a GLent, comprising: 

means for securing tbe first Jong side of the sheet t.o the 

25 second long side ot t.he sheet. 

It is scill another objec~ of this invention to 

provide an apparatus for fabricating a stent, comprising: 

a) a base; 

b) a sheec receiving area djsposed on the base, the 

30 area adapted to receive a flat sheet ot metal to be formed 

into the stent, the flat sheet of metal having a longitudinal 

axis, a first major surface, a aecond major surface, a first 

4 

, liHimiii1r11nr 
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5 long side, and a secorid long side, che first and the second 

long sides substantially parallel to the longitudinal axis; 

c:) an arm havlng a first end and a second end, the 

etrst end of the arm adapted co selcctjvely retain a mandrel 

having a substantially cylindrical external surface, the 

10 second end ot che arm hinqedly connected to the b«se and . 
adapted fpr movement in a f 1.rst direct..lon toward the base and 

in a second direction away from the base and further adapted 

to secure the mandrel against a major surface of the flat 

sheec of metal disposed on che stcnt receiving area disposed 

LS on the base, the mandrel sized to hav~ a cross-sectional 

diameter substancially equal to or less than the int.erna.l 

cross-sectional diameter ot the stent to be fabricated; 

d) means for delorming the flat piece of metal ilgains;:. 

the external surface of the mandrel so ~hat the flat sheet of 

20 met~l is deformed into a substantially tubular shape 

substantially conforminq to the external surface of tho-. 

mandrel with t.he first long side and i:he second long side 

substantially par.·al.lP.l to each other. 

It is yet anoi:her object of this l.rwention to 

25 provide a stent aligning and weld.lrlg jlg cornpL·ising~ 

a) a base having a first end and a second end, a first 

wall having a first end and a second end ~nd a first major 

surface and a second major surface; a second wall having a 

first end and a second end and a f lrst. maior surface and a 

10 second major surface, the second major su~face of ths first 

wall and the first major surface of the second wall defining ~ 

longitudinal U-shaped channel having a longitudinal axis in 

s 
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5 the base, the first wall provided with a plu~alily of slots 

defining a plurality of .first clamping portions having a top 

end and a bottom end and a first major surface and a second 

major surface, aaeh of tha first clamping portions provided 

wich a first concave channel disposed at the top end of the 

10 G=cond major surface of the fi~st clamping portion and a 

second concave channel disposed at the bottom end of the 

second major surface of the Cirst clamping portion, the f Lrst 

and the second concave channels substantially parallel to the 

longitudinal axis of. t.he 0-shaped channel; the fir.st wall of 

15 each of the plurality of first clamplog portions provided wi~h 

20 

a compensation slit disposed between the first concave channel 

and the second concave channel, the compennation slit 

subs~ancially parallel to the longicudlnal axis of the U­

sh.aJ?ed channel; 

b) a plurai;ty of second clamping po~~ions disposed in 

the U-shaped channel between the second major surface of the 

first wall and r.he first major surface of the second wall, 

each of the s~cond clamping portions disposed in registry with 

one of the first clamping portiqns, each of the second 

25 clamping portions having a top er1d, a bottom end, a H i:st 

major surface, a second major surface, a first minor surface 

disposed at r..he top end, a second mi.nor surface disptlsed at 

the bottom end, a Lhird minor surface ~iGposed between the top 

end and the bottom end, and a !ou~th minor surface disposed 

30 opposite the third minor .surface between the Lop end and the 

bottom e~d. each of ~he ne~ond ~lamping por~ions provided wlch 

a first concave channel disposed at the top end o{ the first 

6 
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S major surface of Lhe second clamping po:n:.ion and a second 

concave channel disposed at the bottom end of the first maJor 

surface of che second~lamplng portion, the first and ~he 

second concave channels substantially parallel to t.he 

10 

longitudinal axis or the u-shaped channel; 

cl a biasing me~ns disposed between the first major 
i 

surface of the second wAll and the second major surface of 

ea.ch of the pluraJ i t..y of second clamping port.ior1s tor biasing 

i::he first maJor surf ace of each of the second clamping 

portions against. the second major. s1n:-tace of each of t.he first 

15 clamping portions which arc in registry wllh each other; 

d) a first mand~el support lever positjoning pin 

projecting f;rom the Lhird minor .surface and a second mandrel 

support leve.t" positioning pin proJecting 1.rc>m the fourth minor 

surface of each of ~he second clamping portions, che mandrel 

20 support lever positionlng pins substantially parallel to the 

longi~udinal axis of the U-shaped channei; 

e) a biasing control means for selectively controlling 

the distance bet~een the second major surface or each of che 

first clamping pottions and the first major surface of each of 

25 t:he second clarnping port. 1.om;; 

£) a retaining mandrel disposed in the second concav~ 

channel of the first wall and Lhe second concave channel in 

each of the second clamping portions; and 

g) a mandrel ·support lever for supporting the stent 

30 during the alignment of the first long side of the sheet with 

che second long side of the shee~, the lever provided wieh a 

first mandrel support notch Lor supporclng the first end of 

7 
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5 the mandrel, a second mandrel support nocch for suppo.r;1;i.ng the 

l!econd end of the mandre):, a first mandrel support lever 

positioning pin engagement surface for engaging the firsL 

mandrel support lever positioning pin and a second mandrel 

support leve~ positioning pin engagement surface for engaging 

·10 the second mandrel support lever positioning pin when the 

15 

' mandrel supporc lever is disposed on the second wall. 

It is still anQche~ objecc of this invention to 

provide a method of fabricating a s~ent comprising the steps 

of: 

a) providi.n.g a plurality of stent patterns into a 

flat piece of me~al, each of tho patterns having a first long 

side and a second long side, the first long side provided with 

a plurality of po;iirs of. engagemenc points, the seco:rid long 

side provided wlch a plurality of pairs of engagement points, 

20 the plurality of pairs of engagement poinca disposed 

substo.nt.ially opposite each other, the engagement points sized 

and disposed to communicate when the pa~cern is deformed and 

rolled into a tubula~ shape, each pair ot the first long side 

engagement points provided with a bridge di.spo5ed bet:weer\ each 

25 first long side engagement point coniprislng the pair, the 

bridge having a width that is less thau the width of the other 

portions of t..he stent;· 

b) disposing a mandrel hav]ng a substantially 

cylindrical external su~face and a longitudinal axis between 

3Q the first long side "nd the second long side of the sheet, the 

longitudinal ax.Ls subst.ant:ially parallel t:o the first long 

side and the second long side; 

e 
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5 c) deforming t~e pattern into a tubular shape so 

thac i:he fir5t long side pa.,lrs of engage.ment points contact 

the second long side pa.irs of engagement:. points; 

d) cutting Lhe bridge; and 

e) attaching each of the engagement points to the 

10 engagement point wi~h which it is in contaec to form ehe 

expandable stent. 

15 

20 

It is yet another object of this jnvention to 

provide a jig for electropolishing a tubular stent. 

comprising: 

a) a base; 

b) an electrically conductive first member having a 

first end eonnecced to the base and a second end adapted to 

seleccively contact the external surface of che tubular stenc 

without damaging the external surface; 

c) an eleccrically non-conductive second member having 

a first end c:·onnected t.o the base and a second end adapt:.ed to 

be selectively disposed within the longitudlnal bore of the 

sten!: without damaging the longitudinal bore, the first member 

and the second member further aqapted so as to bias ~he second 

25 end of the second member towards the second end of the first 

30 

member in an amount suffici.ent to secure the scent between the 

first and the second members. 

It is still another object. 1..0 this inventiot1 to 

provide a method of electropolishing a stent, comprising the 

steps of: 

a) mounting a stent on a rack, the rack having a first 

end and a second end provided with a plurality of stent 
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5 eleci; ropolislling moum:s, each of the mounts hewing K- base; a.c).. 

electrica1.ly conducti.ve first member having a first end 

connecced ~o che base and a second end adapted to selectively 

contacr. the external ~urface of the tubular stent without 

damaging the external surface; an electric~lly non-conductive 

10 second member having a firs~ end connected co the base and a 

second end adapted to be selectively disposed within th~ 

longitudinal bore of the stent without damaging the 

longitudinal bore, tho first member and the $econd member. 

further adapted so as to bias the second ~nd of Lhe second 

15 member towards the second end of the first member in an amount 

sutflcjenc co secur~ r.he sr.ent. between che first and the 

second. members; 

b) i.mmers i rig L he or:ent ln an elec:t ropolishing bath and 

applying electrical cu~renc ~o ~he first member ioL a 

20 predetermined period of time; and 

c) changing che poinc where the second end of the first 

member concdc~s the e~tern~l surface of the stent prior LO th~ 

expiration of the predetermined period of time. 

It i$ yet anoth~r obJect of this invention to 

25 provide a method of fabricatjng a s~ent comprising the steps 

of: 

a) providing a plurality of stcnt patterns in a 

flat sheet of metal; each of the patterns having a first long 

side and a second long side, the fir.st long side provided with 

30 a plurality of pairs of engagement points, th1:l second long 

aide provided with a_plurality of pairs of engagement points, 

the pluralicy of pairs of engagement poinLs disposed 
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5 sul:Jstantially opposite each othe~, the engagement points sized 

and disposed to communicate when the pattern is deformed and 

rolled into a tubular shape, each pair of the fi~st long side 

engagement points provided with a bridge disposed between each 

first long side engagement point comprising the pair, the 

10 bridge ha~ing a width th~l is less than the width of the other 
I 

portions of the stent; 

b) oisposi ng · C:1. mandrel having a substantu:i.lly 

cy!indrlcal exr.e~nal surtace and a longitudinal axis between 

che first long side and che second long side of the sheet, the 

15 longitudinal axis substantially parallel to the first and the 

second long sides; 

c) deforming che pattern into a tubular shape sc 

that the first long stde pairs of engagement poinr.s concact 

the second long side pai:t:'s of engagement points and allowlng a 

'-0 portion of the stent to remain attached to the sheet of metal; 

25 

30 

d) cutting tbe bridge; 

el att.aching each o! t.he engagement. polnLs to the 

engagemenL point with which it {a in contact to form the 

scene:.; 

f) ~ttaching an electrode to the sheet of metal; 

g) electropolishing the stcnt; and 

£) disconnecting the stent from the sheet. 

It is yet another object of this invention to pr.ovide a 

sheet for fabrlcating a stent having a longitudinal lumen: 

a) a flat piece of sheet metal p~ovided ~ich a 

plurality of stent pat.1.ern.s, each of the patterns having a 

first long side and a second long ~lde, the first long side 

11 
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s provided with a plurality nt pai~s of engagement points, the 

second long side provided with a plurality of pairs of 

engagement points, the plurality of pairs of engagement points 

disposed substantially opposite each other, the engagement 

points sized and disposed to communi.cate when t.he pattert?. is 

10 deformed and rolled into a tubular shape, each pair of che 

first long side engagement poin~s provided with a bridge 

disposed between each !irst long side engagemenc point 

15 

~o 

' 
comprising the pair, ~he h£:idge having a width that is less 

than the width of the other portions of the stent. 

Il is yet another object of this invention to proYide a 

method for fabricating a stent having a longitudinal lumen 

comprising the steps oL: 

a.) conat~ucting an apparatus comprising: 

a) a laser housing; 

b) a laser disposed within and selectively movable 

within the housing; . 
c) a movable table having a first end and a second end 

and adapted for selective movement into and out of the lase'.'!:" 

housing the table adapted so chat ~hen the f irat end of Lhe 
I 

25 table is disposed witbin the laser housing cho second end of 

the table ls di~posed outside of the housing and when t..he 

second end of the cable is disposed within the laser housing 

the first end of the table ls disposed outside of the laser 

housing; 

30 d) a plurality of stent folders disposed at. the first 

end of the table and a plurality of stent folders disposed at 

~he second end of the table, each of the sLent tolders 

t.2 
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s comprising: 

10 

15 

20 

25 

30 

a) a base having a platform adapted to receive a 

flat sheet of metal to be £ormed into the stent, the flat 

sheet of metal having a longitudinal axis, a first major 

surface, a second major surface, a first long side, and a 

second long aide, the firs~ and the second long sides 

substantially parallel to the longi~udinal axis, the 

sheet pr.ov1ded wich a plurality of alignment of 

apertures; 

b} a plurality of alignment pins projeecing from 

each of ~he platforms, the pins sized ~o engage tne 

alignment ape~~ures Qnd align the sheec on the platform; 

c) a mandrel having ~ substantially ~ylind~ical 

external surf ace and having a firs~ ec1d, a second end, 

and a longitudinal axis, ~he mandrel sized to have a 

c~oss-sectional diame~er substantially equal to or less 

than the internal diameter of the stent to be fabricated, 

the placform provided wich a first concave recess adaptec 

to receive the first end of che mandrel and a second 

concave recess adapted to receive the second end of the 

mandrel; 

dl a hingedly connected arm adapted tor movement 

in a first directjou toward the placform ~nd in a second 

direction away from the platform tor securing the mandrel 

against a major su!facc of the flat sheet of metal; 

e) a first deforming blade provided with a firsc 

deforming blade tip; a second deforming blade provided 

with a second deforming blade tip; a third de(orming 

13 
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5 

10 

15 

20 

25 

30 

blade provided with a third deforming blade r.ip; a fourth 

deforming blade provided with a fourth deforming blade 

tip; a fifth deforming blade provjded with a fifth 

deforming blade tip; and a sixth deforming blade provided 

with a sixeh deforming blade tip, the blades disposed 

arou~d the external surface of the mandrel, the deforming 
4 

blade tips ada~ted to deform the flat sheet of meeal 

against the external surface·of the mandrel so that the 

flat sheet of metal is deformed into a substantially 

tubular shape substantially conforming co che external 

surface, the deforming blades disposed between the first 

end and the second end of the mandrel, each of the 

deforming blades adapted for independent and selective 

movement in a first ditec~ion coward che mandrel and a 

second direction away !rom che mandrel so as to 

selectively impinge the deforming blade tips against the 

mandrel or against a portion of th~ sheet dispo5ed 

between the mandrel and each ot the deformjnq b1ade tips, 

each of the deforming blades !urt..he.r adapl.ed so chat. L.hE:! 

firse long side and the second long side of the sheet 

remain substantially parallel t.o each ocher when the 

stent is deformed into the tubular shape, the third and 

the sixth deforming blade tips provided with a plurality 

of scalloped laser apertures, the apertu~es si~ed and 

disposed to permit the third and the s3xth deforming 

blade tips to secure the first long side and the second 

long side agalnst tbe ext..ernal surtace of the mandrel 

while providing the laser access to prede~ermined 

14 

This Sheet Has Been Replaced 
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5 

10 

15 

20 

25 

portions of the first long side and the second long side 

of che sheet in order to weld che f ir~t long side co che 

second long side; 

f) a first motor connected to che first deforming 

blade; a second motor connected to the second deforming 

blade; a third mote~. connec~ed to the third deforming 

blade; a fourth motor connected ~o the fourth deforming 

blade; a fifth motor connecced co the fifth deforming 

blade; and a sixth motor connected to che sixth deforming 

blade, each of the .motors adapted for selectively moving 

each of the deformi·ng blades to which ii:. is connected in 

a firs~ dlrect!on toward the mandrel and ln a second 

dl~ection away from the mandrel; and 

g) u computer for controlling: the sequence which 

the first end of the table and the second end of the 

table are disposed within the laser housing; for 

controlling the sequence and degree to which each of the 

plurality of deforming blade r.ips impinges upon che 

mandrel or a portion of the sheet disposed between the 

mandrel and each of thP. de~6rming bl~de tips; and for 

controlling the sequence, pattern, location, and amoun~ 

of energy the laser applies to each of the first and the 

second long sldes of each of the sheecs disposed on each 

of the plurality of scent folders; 

30 b.) cutting a pluralicy of stent patterns into a flat piece 

of metal, each of che paccerns having a first major surface 

and a socond major surface, a first long side and a second 

15 
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5 long side, che tirsc long sid~ provided wiLh a pluralicy of 

pairs of engagement points, the second long side provided with 

a plurality of pairs of engagement poincs, the plurality of 

pairs of engagement poincs disposed substantially opposiee 

each other, the engagement points sized and disposed to 

10 communicate when ~he pattern is deformed and rolled into a 

tubular shape, each pair of ~he first long side e~gagemenc 

points provided with a bridge disposed becween each first long 

side engagement point comprising the pair, the bridge having a 

width that is less th~n the width of the other portions of the 

15 stenl, the sheet provided with a. plurality of alig.nment. 

apertures sized and disposed to engage the alignmenc pins on 

the base; 

c_) disposing the sheet on the base so that the first major 

surface of che sheet ls in contact with the base: 

20 d.) disposing ci mandr<!l tiavjng a sub.stam:.ial ly cylindrical 

external surface and a longit.udinal a)Cis agajnst the second 

major surface of the sheet between the first long side and the 

second long side of the sheet, the longitudinal axis 

substantially parallel to the first long sjde and the second 

2::. long side; 

30 

e-) de!orming t.he pattern .irit.o a Lubula.r shape so that the 

first long side pairs of engagement points contact the second 

long side psi.rs of e.ngagemenl polnL.s the de!o.rnting step 

comprising the steps of: 

a) actuating the sixth deforming blad~ motor so 

that the sixth deforming blade motor moves the sixth 

deforming blade in the first direction in an amount 

16 
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sufficient for the sixeh deforming blade cip to 

contact the external surf ace of the mandrel so as to 

secure the mandrel againsc the ~heet.:.; 

I 

b) actuating ~he first deforming blade motor so 

that the first blade deforming motor moves the firs= 

defoz·ming blade in che first direction in a.n amount 

' sufficient for the f lrst blade deforming cip to 

contact the fir~l major surface of the sheet and 

deform the sheet against the external surf ace of che 

mandrel; 

c) actuating the second deforming blade moto-r so 

that the second deforming blade motor moves the 

second defol'"nting blade in ~he first direc~ion in an 

amount sufficient for the second deforming blade tjp 

co contact the f lrst major surface of the sheet and 

deform the sheet against Lhe external surface of the 

mandrel; 

d) actuating the third deio~ming blade motor so 

that che third detnrming blade motor moves the 

second deforming blade in che first dirP.c:tlon in an 

u.mount: su!.ficient for the Lhlrd deforming bl.ade t:ip 

to contact the first major surface of the sheet and 

deform Lhe sheet against the external surface ot the 

mandrel while actuating t.he si.xth deforming blade 

motor so that Che sixth deforming blade moves in the 

second direction away f~om the mandrel; 

e) actuating the fourth deformlng blade motor so 

that the fourth deforming blade motor moves ~he 

l'/ 
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fourc.h deforming blade cip in the first direction in 

an amou11t sufficient for the fourth deforming blade 

tip to concact the first major surface of Che sheet 

and detorm the sheet against the external surface of 

the mandrel: 

f) actuating th@ fifth deforming blade motor so 

that the fifth deforming blade motor moves the fifth 

deforming blade in the first direction in an amount 

sufficient for the fifth deforming blade tip to 

contact the first major surface of the sheet and 

deform the sheet against the external surf ace of the 

mandrel; 

g) actuating the si~th defo~ming blade mocor so 

that the sixr.h dctorming blade mocor moves the 

second deforming blade in the first direction in an 

amount suf Cicient for the second deforming blade tip 

co contac~ the first major surface of the sheet and 

deform the sheet against r.he external surf ace of the 

mandrel; 

h) simultaneously a9cuating ~he third and sixtL 

deforming blade motors so that the third and sixth 

deforming bJade motors move ~he third and sixth 

deforming b!ades in the first direction in an amount 

suff icienc for the third and sixth deforming blade 

tips to contact the first major surface 0£ ~he sheet 

and deform the sheet ~gainst the external surf ace of 

the mandrel; 

d) ucilizing ~he laser ln cutting the bridge; and 

18 
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e) utilizing the laser in welding each of th.e engagement 

points to che engagement point with ~hich it is in contact to 

form the expandable scent. 

It is a furthe~ object of thiG invention to provide a 

scent having a longitudinal lumen, comprising: a fjrst long 

10 side and a second long side, the first long side provided with 

a plurality of pairs of engagement points, ~he second long 

side provided with a plurality of pairs of engagement points, 

the pluralicy of paiis of fi~st long side engagement pojnts 

and the plurality of pairs of second long side engagement 

is points disposed substantially opposice each other and 

aonnected co each other via a weld, the weld wider than the 

other porcions of thP. scent. 

20 

19 
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BRI8F DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and 

appreciated more fully from the fo!lowlng detailed description 

taken in conjunctlon with the drawings in which: 

Fig. 1 is a flow chart illustration of the stent 

10 fabrication.method of the present invention; 

.• Figs. 2A, 2B and 2C are lllusLrations of three 

alternative stent patterns to be etched, in accordance ~it~ 

the method of Fig. 1, into a flat sheet of metal; 

Fig. 3 is an isometric illustration of a stent being 

15 deformed, useful in understanding the method of Fig. l; 

20 

25 

Fig. 4 is an isometric illustration of a stenc 

formed from the method of ~ig. 1; 

Figs. SA and ~g are side and top view illustrations, 

respectively, of one connecclon locacion of the sten~ of Fig. 

4; Pig .. 6 is a side view illustration of one connect.ion 

location of the stant of Fig. 4 which la connected in a nail-

like manner; 

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

of patterns made in accordance wieh che invention; 

~ig. 8 shows a detailed view of one o! 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 de~ailed view of a pair of engaging 

30 protrusions shown in 1-'ig. a; 

Fig. 11 shows che engagement troughs and engagement 

protrusions of Pigs. 9 and 10 tn the engaged position; 

20 
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5 Fig. 12 shdws a welding run practiced in accordance 

~ith 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 

10 in accordance with this invention; 

Fig. 15 is a detailed view of a cell made in 

accordance with this invention; 

Fig. 16 shows a cell of a stcnt made in accordance 

with this invention; 

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

20 

Fig. lG; 

Fig. 18 is a cross-sectional view of a longitudinal 

member of a stent construcced in accordance with this 

invention; 

Pig. 19 is a cross-sectional view of a stent 

constructed in accordance with this invention; 

Fig. 20 is a perspec~ive view of a stent const?:Ucted 

in accordance with thiG invention; 

Fig. 21 is a cross-sec~ional front view of an 

25 unexpanded stent made 111 accordance with the invention; 

Fig. 22 is a cross-sectional front view of the stent 

shown in Fig. 21 after it has been expanded; 

Pig. 23 is a cross-sect:ior1al front view of an 

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

30 Fig. 24 is a cross-sectional front view of the stent 

shown in Fig. 23 after expansion; 

Fig. 25 shows an apparatus for constructing a stent 

21 
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s made in accordance with the invention; 

1.0 

Fig. 26 shows an apparatus for constructing a s~enc 

made in accordance with the invention; 

Fig. 27 is an enlarged vie~ ot a portion of the 

apparatus shown in FIG. 26 .: 

Fig. 28 shows engagement points conscructed in 

accordance with che invention; 

Fig. 29 sho~ engagement points constructed in 

accordance with the invention; 

rig. 30A to 30I shows che sequence of making a stent 

15 using the apparatus of FIGS. 25 and 26; 

Fig. 31 shows decails of a v~shaped notch and gap 

formed in accordance with the invention; 

Fig. 32 shows details of ~wo blade deforming cips 

made in accordance with the invention; 

Fig. 33 shows an alcerna~ive cmbodimenc or 
engagement of engagement points constructed in accordance with 

the invencion; 

Fig. 34 shows an alternative embodiment of 

engagement points constructed in accordance with the 

5 invention; 

0 

Fig. 35 shows a mandrel utilized i~ accordance with 

the invention; 

Fig. 36 shows a mandrel receiving surface made in 

accordance with the invention; 

Fig. 37 shows an alternative embodiment of an 

apparatus constructed in accordance with the.invention; 

Pig. 38 is a top view of FIG. 37.; 

2.2 
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5 Fig. 39 shows a means for deforming a stent made in 

accordance with the embodiment sho\.111. in FIGS. 37 and 38; 

Fig. 40 is a side view of the deforming means shown 

in FIG. 39; 

Fig. 41 shows a stent aligning and welding jig 

10 constructed .. in accordance with. the invention; 
4 • 
F~g. 42 shows a mandrel support lever; 

Fig. 43 is a front view of tho jig shown in FIG. 41; 

Fig. 44 is a top view of the jig shown in FIG. 43; 

Fig. 45 shows the mandrel support lever of FIG. 42 

15 disposed on ehe jig of FIC. 41; 

Fig. 46 shows a mount for elec~ropolishing a stent; 

Fig. 47 shows the mount of FIG. 46 wiLh the atent 

moved in a longitudinal direction; 

Fig. 49 shows a rack for electropolishing a Stent 

20 with material to be sacrificed disposed at the ends; 

Pig. 49 shows a stene still attached to a metal 

sheet for electropolishing by attaching an electrode to the 

sheet; and 

Fig. so is a side view of FIG. 49 showing the seen~ 

25 and the remaining portion of the sheeL. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

Reference is .now made to Pig. 1, which illustrates 

30 the stent fabrication method of the present inveneion and to 

Figs. 2A, 2B, 2C, 3 and 4 which are useful in understanding 

the method of Fig. 1. 

23 
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5 In t:he st.em: fabrtcation method of the present'. 

invention, a stcnt designer f iret p~~pa~es a drawing of the 

desired stent paceern 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 o: 

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

patterns and each section 22 has a pluraliey of connecting 

lines 24. The pattern of Fig. 2A can be for.med of any size; a 

p~eferable size is to have each section 20 be between l and 

6mm wide and each section 22 have connecting lines 24 of : -

15 6mm long- At such sizes, the paetern of Fig. 2A cannot be cut 

using a laser cutting system. 

The patcern 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. 28 also has connecting 

20 sections, labeled 30, which have a z shape. 

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

lnetead, it has a series of alterna~lng pacterns, labeled 32 

a.nd 34. 
I 

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

25 have a plurality of small protrusions 38 which are useful in 

forming the atent, as described herainbelow. 

Returning to Fig. 1, in step 12, the stent pattern 

is cut into a flat piece of metal ("sheet metal"). The met:al 

can be any type of biocornpatible material, such as stainless 

30 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 etchln9, or by cutting with a 

24. 
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S fine cutting tool, or by cutting with a ve-r:y fine laser, 

should one become commt!rc i_al 1 y available. 

If ~tep 12 is lmplemented with etching, then, the 

process is designed to cut th~ough the sheet metal. This 

process is known; however, for the purposes of completeness, 

10 it will be briefly described hereinbelow. 

The drawing of the pattern is reduced and printed 

onto a transparent film. .since it is desired. to cue 

comple~ely through Lhe metal, the drawing is printed onto two 

films which are joined together in a few places along their 

is edges. The sheet metal is covered, on both sides, with a 

layer of photoresisc and placed between the two transparent, 

printed films. The structure is illuminated on both sides 

which causes the port.ions of the photoresist which receive the 

light (which are all the empty spaces in the pattern, such as 

20 spaces 26 of Fig. 2A) to change propercies. 

The sheec metal is placed into acid which eats away 

those portions of the pbot.oresist wh.ich changes p.roperties. 

The sheet metal is then pJaced into an etching solution whlch 

etches 

25 away all material on which there is no photoresist-removing 

solution which removes the photoresist, leaving the metal 

having the desired stent pat.tern. 

In step 14, the metal pattern is deformed so as to 

c:ause 1.ts long sides (labeied 28 in Figs. 2A, 2B and 2C) to 

30 meet each other. Fig. 3 illuscrates the deformatjon process. 

For cylindrical stents, the deformation process is a rolling 

process, aa shown. 

25 
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If ~he protrusions 36 have bean produced, afcer 

deformation of the metal pattern, the protrusions 38 protrude 

over the edge 28 to which they are not at~ached. This is 

illuscrated in Fig. SA. 

In step 16, the edges 28 are joined together by any 

~a suitable process, such as spot welding. If the protrusions 38 

were made, the protrusions 36 are joined to the opposite edge 

28, either .by welding, adhesive or, as illust.rated in Fig. 6, 

with a nail-like element 40. Fig. SB llluserates the 

connection of the protrusion to ~he opposite edge 28. Since 

.5 protrusion 38 is typically designed to extend the width of one 

loop 39, the pattern ~n approximately preserved. This is seen 

in Fig. sa. 

!O 

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 conneccion points 32 formed .by the joining of 

the points 30. 

Finally, the Stent 31 is polished co remove any 

!5 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 

inside che Stent 31. hlternative!y, an electropolishing unit 

can be utilized. 

O Fig. 7 shows a~ alternative embodiment of ehe 
invencion in which a plurality of patterns 120 are etched and 

cut into the sheet metal 121 as previously discussed. Fig. B 

is an enlarged Yiew of one of the plurality of patterns 120 

26 
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5 shown in Fig. 7. 

Fig. 9 is an enlarged view of one pair 127 of the 

plural1ty of engagement troughs 128 and 129 shown in Fig. 8. 

Pig. 10 is an enlarged view of one pair 130 of the plurality 

of engagement protrusions 131 and 132 shown in Fig. B- The 

10 sheet metal 121 and each of the patterns 120 is provided with 

a plurality of alignment apertures 122 and 122' adapted ~o 

receive sprockets (not shown) for precisely moving and 

main~aining the precise alignment of the sheet metal 121 and 

the patterns 120 during the various stages of manufacturing. 

15 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 troughs 126 and 129 (shown in 

greater decail in Fig. 9). Each pai:i:: 127, 127' and 127" of 

~a 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, 130' and 130 11 of 

engagement protr.usions (shown in greater detail in Fig. 10). 

Each pair 130, 1.30' and 130'' of engagement protrusions is 

2S provided with a first angagement protrusion 131 and a second 

engagement proc~usion 132. The pairs of engagement 

protrusions 130, 130' a.t1d 130" are disposed substantially 

opposite the pail'."s of engagement troughs 127, 127' and 127''. 

The engagement troughs 128 and 129 are disposed and 

30 adapted to receive and engage the engagement protrusions 131 

and 132 so that the alignment of the stent is maintained when 

the pattern iio is deformed and the flat sheet metal is rolled 

27 
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5 so that the first long side 123 and the second long side 124 

meet each othQr to form a tube ao shown in Figs. 19 and 20. 

A bridge 133 of material is disposed be~ween each 

pair 127, 127' and 127" of engagement troughs 126 and 129. 

This bridge·i33 imparts additional stability and facilitates 

10 alignment during manufacturing and imparts additional strength 

to the welds of the finished ~tent as 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 

15 utilized to maintain the alignment and the bridge 133 ls cut 

co 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 

20 and engagemen~ trough 129 is welded to engagemen~ protrusion 

132 as shown in Figs. 12 and 13. This may be accomplished in 

a-variety of ways well known to thosP. skilled in the art, 

however, in a preferred embodimen~ a plurality of spot welds 

are utilized. In an espGcially preferred embodiment," about 

25 five spot we1ds are used in each weld run as shown in Figs. 12 

and 13. The heat produced by the welding melts the cut bridge 

133 material and the material is drawn towards the engagement 

trough 128 or l29 to whjch the material is attached and is 

drawn into the welded area be~ween the engagement trough and 

30 the engagement protrusion where the additional bridge material 

becomes part of and imparLs additional strength to che weld. 

The stent may then be finished as previously discussed. 

28 
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s Fig. 13 is art •hlarged view of the welded area shown 

in Fig. 12. In a pref~rfred embodiment, the weld run is offset 

from the point where the engag~ment trough and the engagement 

protrusion contact each other. In an especially preferred 

embodiment, the weld run is offset about .01 mm. 

o Fig. 14 is a detailed view of the patcern shown in 

Fig. B- As shown in Figs. 14 and 20, Applicants' invention 

aan also be d~sc~ibed as an expandable stent defining a 

lo~gitudinal aperture 80 having a longitudinal axis or 

extension 79 and a circumferential axis or extension 105, 

5 including a plurality of flexible connected cells 50 with each 

of the flexible cells 50 having a first longitudinal end 77 

and a second longitudinal end ?a. Each cell so also is 

provided with a first longitudinal apex 100 disposed at the 

first longitudinal end 77 and a second longitudinal apex 104 

o disposed at the second longitudinal end 78. Each cell 50 also 

includes a first.member 51 having a longitudinal component 

having a first end 52 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 5'l having a longitudinal 

5 component having a first end 58 and a second end 59; and a 

fourth member 60 having a longitudinal component having a 

first end G1 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 51 and the first end 55 of 

l 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 the second end 62 of the fourth member 60 and is 

29 
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s disposed ge1'1erally opposite to the £i~st 1oop 63. A first 

flexible compensating member or f le~ible link 67 having a 

firsc end 66 and a sedond end 69 ie disposed between the first 

member 51 and the third member 57 with the first end Ga of the 

first flexible compensating member or flexible link 67 

LO communicating with the second end 53 of ~he first member 51 

and the second end 69 of the fi~sc flexible compensating 

member or flexible link 67 communicating with the first end 58 

of tne third member 57. The first end 68 and the second end 

69 are disposed a variable lonqltudinal distance 70 from each 

LS other. A second flexible compensating member 71 having a 

first end 72 and a second end 73 ls disposed between th?. 

second member 54 and the tourth member 60. The first end 72 

of i:.he second flexible compensai:.i.ng member or flexible link ··11 

communicaees with the second ~nd 56 of the second member 54 

10 and che second end 73 of the second flexible compensating 

member or fle~ible link 71 communicates with the first end 61 

of the fourth member 60. The first end 72 and the aecond end 

73 are disposed a variable longitudinal distance 74 f.rom each 

' 
OLher. In a preferred embodiment 1 the fir.a~ and second 

~s flexible compensating member or tlexible link~ 67 and 71 are 

arc~ate. The first and second flexible compensating member or 

flexible links 67 and 71 are differentially extendable or. 

compressible ~hen the atent is bent in a curved direction away 

from the longitudinal axis 79 of the aperture 60. (Shown in 

0 Fig. 20.) The first member 51, second member 54 1 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 

30 
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s link 61 and the second flexible compensating member or 

flexible link ?1 are disposed so that as the stent is expanded 

the discance between the f irat flexible compensating member or 

flexible link 67 and the second flexible compensattng member 

or flexible link 71 increases and the longitudinal component 

10 of the first member 51, second member 54, third member 57 and 

fourth member 60 decreases while the first loop 63 and the 

second loop 65 remain generally opposite to one another, the 

ends SS and 69 of the first flexible compensating member or 

flexible link 67 and th~ ends 72 and 73 ot che second flexible 

15 compensating member or flexible link 71 open so as to increase 

the variable longi~udinal distance 70 between the first end 68 

and the second end 69 of the first flexible compensating 

member or flexible link 67 and so as to increase the variable 

longitudinal distance 74 between the first end 72 and the 

20 second end 73 of the second f lexiblc compensating member or 

flexible link 71. This compensaees for the decreasing of the 

longitudinal component of the first member 51, second member 

54, third member 57, and fourth member 60_ and substantialll' 

lessens the foreshortening of the atent upon its expansion. 

2S Upon expansion, the first f 1exible compensating member 67 and 

the second flexible compensating member 71 impart support to 

the lumen being treated. 

Fig. 15 shows the dimensions of an especially 

preferred embodiment of this invention. The deflection 

30 points, i.e., the first and second loops 63 and.65 and the 

first and second compensating membet's 67 and 71, are made 

wider than the first, second, third, and fourth member.s 51, 

31 
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s 54, 57 and GO so chac che force of the deflection io 

distributed over a wider area upon the expansion of the stent. 

The deflection points can be made wider than th~ firs~, 

second, third and fourth members in differing amounts ao that 

the deflection will occur in the narrower areas first due to 

.o the decreased resistance. In a preferred embodiment, the 

first and s~cond compensating members are wider than che 

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 firsc and second 

.s loops so that they are wide~ than the first and second 

compensating members is thae che sten~ will substantially 

compensate for foreshortening as the stenL is expanded. In 

the embodiment shown in Fig. 15, the first, second, third and 

fourth members 51, 54, 57 and 60 have a width of about 0.1 mm. 

:o The first and second loops 63 and 65 have a width of about 

0.14 mm. The ft~st and second compensating members 67 and 71 

are-provided with a thickened portion 75 and 76 having a widtt 

of about 0.12 mm. Thus, in this especially preferred 

embodiment, the first and second loops have a width that is 

.s about 40t greater and the first and second compensating 

members have a width that is about 20% greater than the width 

of the first, second, third and fourth members. 

0 

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 che sake of clarity, the 

dimensions and the degree of displacement of the components of 

32 
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5 the stents shown in Figs. 21 to 24 has been intentionally 

exagger~tee. 

Fig. 21 is a cross-sectional front view taken along 

line A-A of the unexpanded stent made in accordance with 

a~plicants invention shown in Fig. 20. The unexpanded stent 

10 200 of Fig. 21 is ehown 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 flat 

piece of sheet metal and then rolling the sheet metal into a 

tube to form the tubular stent. As shown in Fig. 21 after 

15 rolling, the first and second flexible compensating members 57 

and 71 of i:he unexpanded stenl tend t:o "flare out:." in a 

direction away from the longitudinal axis or lumen of the 

stene. Thus, the fle~ible compens~ting members 67 ~nd 71 

define outer diameters whi.ch are larger t:han the outer 

20 diameters defined by the remaining portions of the sten~. 

Fig. 22 shows the stent of Fig. 21 after it ha~ 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 or the blood vessels, the walls of the 

25 blood vessel imparts a mechanical force to the first and 

second f lcxible compensating members 67 and 71 and the 

cdmp~nsating members move toward the longitudinal axis or 

lumen of the stent until they are substantially in registry 

with the re~aining portion of the stent. Thus, the lumen of 

30 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 the longitud1nal 
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s axis of the ekpanded stent. 

Fig. 23 i• similar to Fig. 21 except that the 

pattern has been cut jnto a tubular member using conventional 
. 

methods of making stents. As shown in Fig. 23, the flexible 

compen~ating members do not flare out away from the 

10 longitudinal axis of the unexpanded seent 203. Upon the 

expansion of ~he stent shown in Fig. 23 toward the walls of 

the blood vessel 201, the flexible compensacing members 67' 

15 

and 71' tend to "flare in" and project into the lumen 204 of 

the expanded stent 203. 

Pig. 24 shows the stent 203 of Fig. 23 after i~ 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 remaining portions of the stent and define a diameter 

smaller than the diamecer of remaining portions of the sten:. 

20 These project~ons inco che lumen of the stent create 

turbulence in a fluid flowing through the longitudinal axis of 

the expanded stent and could reeulc in clot formation. 

Applicant's invention is also directed to an 

apparatus for fabricating a scene, comprising a platfo:rm, a 

25 mandrel, and ~eans for deforming a sheec of mecal around the 

mandrel. 

The placform is adapted co receive a flat sheet of 

metal to be formed into a stent. In a preferred embodiment, 

the flat sheet of metal is provided with a first end, a second 

30 end defining a longitudinal axis, a first major surfc:t.ce:, a 

second major surface, a firsc long side, a second long side, 

with the first and said second long sides subscantially 
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has a substantially cylindrical external surface and a first 

end and a second end defining a longitudinal axis. The 

~andrel is sized to have a cross-sectional diameter 

substantially equal to or less than the internal diameter of a 

10 stent to be fabricated. A means for securing the mandrel 

•' 
against a major surface of the flat sheet of metal is 

provided. A means for deforming che flat sheet of metal 

around the external surface of the m~ndrcl is also provided to 

deform the flat sheet of metal lnto a substantially tubular 

15 shape that substantially conforms to the external surface of 

the mandrel. In a preferred embodiment, the means for 

deforming the sheec is adapted so thac the first long side and 

the second long side remain substantially parallel to each 

other when the £lat sheet of metal is deformed into a tubular 

20 shape. A means, e.g., a welding apparatus, laser, adhesive, 

or screw secures the first long side of the sheet to the 

second long side of the sheet. 

In operation of a preferred embodiment a plurality 

of stent paeterns are cu~ or etched into a flat piece of 

25 metal. Each of the patterns has a first long side and a 

second long side, with the first long side provided with a 

plurality of pairs of engagemenc points and second long side 

provided with a plurality of pairs of engagement points. The 

plurality of pairs of engagement points are disposed 

30 substantially opposite each other and are sized and disposed 

to communicate when the patte~n is deformed and rolled into a 

tubular shape. Each pair of the first long side engagemenc 
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5 points is provided with a bridge disposed between each first 

long aide engagement point comp~ising the pair, the bridge 

having a w!dth that is less than ~he width of the other 

portions of che stent. 

A mandrel is disposed between the f itst and second 

10 long sides of the sheet. The mandrel has a substantially 

cylindzical external surf ace ano a longitudinal axis 

substantially parallel to the first long side and the second 

long sides. The pattern is deformed into a tubular shape so 

that the first long side pairs of engagement points contact 

15 the second long side pairs of engagement points. 

The bridge is cut and each of the angagement points 

is attached to the engagement point with which it is in 

contact to form the expandable stent. 

Figs. ~5 to 28 show a preferred embodiment of an 

20 apparatus for fabricating and a atent constructed in 

accordance with Applicants' invention. The appara~us 

comprises a laser housing 300, a laser 301, a movable table 

302, and a plurality of stent folders 303 disposed on the 

table. The laser 301 is disposed within at1d selectively 

25 movable within the housing 300- The movable table 302 has a 

first end 304 and a second end 305 and is adapted for 

~elective movement into and out of the laser housing 300. The 

table 302 is adapted so that when the first end 304 of the 

table 302 is disposed within the laser housing 300 the second 

30 end of the table 305 is disposed outside of said housing 300 

and when said second end 305 of the table 30?. is disposed 

within the laser housing 300 the first end 304 of the table 
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s 302 is disposed outside of the laser housing 300. 

A plurality of s~ent folders 303 is disposed at the 

first end 304 of the table and a plurality of stent folders 

303 is disposed at the second end 305 of the table 302. As 

shown in FIGS. 26 and 27, each of said stent folders 

10 comprises; 

15 

20 

25 

30 

A base 306 having a platform 307 adapted to receive 

a flat sheet of metal 120 to be formed into a etent. The 

flat sheee of metal 120 has a longitudinal axis, a first 

major surface, a second major surface, a first long side, 

and a second long side, with the first and the second 

long sides substantially parallel to the longitudinal 

axis. The sheet ls also provided with a plurality of 

alignment of apertures 122. 

A plurality of allgnment pins 308 projecL from each 

of the platforms. The pins 308 a~e sized to engage che 

alignmen.t apertures 122 and align the sheet on the 

platform 307. 

A mandrel 309 is provided having a substantially 

cylindrical external surface 310 and having a first end 

311, a 5econd end 3\2 1 and a longitudinal axis 313 as 

eho\nl in FIGS. JS. The mandrel 309 is sized to have a 

c:r.oss-sectional diameter D subst:antially equal to or less 

than the internal diameter of the stent to be fabr.icated. 

The platform ~07 is provided with a first concave recess 

314 adapted to receive the first end 311 of the mandre~ 

and a second concave recess 315 adapted to raceive the 

second end 312 of the mandrel 309 as shown in FIG. 36. 

37 I·. 
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10 

15 

20 

25 

30 

A hingedly cortnecced arm 376 is adapted for movement 

in a first direction toward the platform 307 and in a 

aacond direction away from the platform 307 for securing 

the mandrel 309 against a major surface of said flat 

sheee of metal when it is disposed on the platform. 

Each stent folder 303 is provided with a first 
.-

de forming blade 316 provided with a first deforming blade 
' 

cip 316'; a second deforming blade 317 provided with a 

second deforming blade tip 317'; a third deforming blade 

318 .provided with a third deforming blade tip 318'; a 

fourth deforming blade 31~ provided with a fourth 

deforming blade tip 319'~ a fifth deforming blade 320 

provided with a fifth deforming blade tip 320'; and a 

sixth deforming blade 321 pro~ided with a si~th defo:i::tnin~ 

blade tip 321'. The blades are disposed around che 

excernal surface 310 of the mandrel 309 and are adapted 

to deform the flat sheet of metal against the external 

surface 310 of the mandrel 309 so that the flat sheet of 

metal is deformed into a substantially tubular shape 

substantially conforming to the external surface 310 of 

the mandrel 309. The deforming blades are disposed 

between the first end 311 ~nd the second end 3i2 of the 

mandrel 309. Each of the deforming blades is adapted for 

independenc and seleccive movement ln a first direction 

~oward the mandrel 309 and a second direction away from 

the mandrel so as to selectively impinge the deforming 

blade tips 316', 317', 318', 319', 320', and 321' against 

the mandrel or against a portion of the sheet disposed 

38 
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10 

15 

20 

25 

30' 

between the mandrel and eQch of the deforming blade tips. 

Each of the deforming blades is also adapted so that the 

first long side and the second long side of the sheet 

remain substantially parallel to each other when the 

sheet is deformed into the tubular shape. The third and 

the sixth deforming blade tips 318' and 321' a~e provided 

with a plurality of scalloped laser apertures 322, as 

shown in FIG. 32, which are sized and disposed to permit 

the third and the sixth deforming blade tips to secure 

the £irst long side and the second long side against the 

external surface of the mandrel while providing che laser 

301 access to predetermined porcions of the first long 

side and the second long side of the sheec in order to 

weld the first long side to the second long side. 

A first motor 323 is connected to the first 

deforming blade; a second motor 324 is connected to the 

second deforming blade; a third motor 325 is connected to 

the third deforming blade; a fourth motor 326 is 

connected to the fourth deforming blade; a flfth motor 

327 is connected to the fifth deforming blade; and a 

sixth motor 328 is connected to the sixth defo~ming 

blade. Each of the motors is adapted for selectively 

moving each of the deforming blades to which it is 

connected in a first direction toward the mandrel and in 

a second direction away from the mandrel. 

A computer 329 controls the sequence which the first 

end of the table and the second end of the table are 

disposed within the laser housing; the sequence and 
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10 

degree to which each of the deforming blade tips impinges 

upon tne mandrel or a portion of Che sheet disposed 

between the mandrel and each of the deforming blade tips; 

and the sequence, pa,;tern, locat.1on., and amo\Jnt of energy 

the laser applies to each of the first and second long 

sides of each of the sheets disposed on each of the 

plurality of stent folders. 

Each of the blade deforming ttps has a length 

substantially equal to the first and the second long sides of 

the flat sheet of metal and in a pr·ef erred embodiment the 

15 blade deforming tips are concave as shown in ~IG. 27. 

In an especially preferred embodiment, as shown in 

FIG. 27 the third deforming blade tip is substantially 

identical to the sixth deforming blade tip; the second 

20 deforming blade tip is substantially identical to the fifth 

deforming blade tlp; and the first deforming blade tip is 

substantially identical to the fourth deform)ng blade tip. 

1.n operation, the apparatus shown in FIGS. 25 to 27 

and discussed in detail above is constructed. A plurality of 

25 stent patterns is cut into a flat piece of metal, each of the 

patterns having a first major surface and a second major 

surface, a first long side and a second long side. The first 

long side and the second long sides are provided with a 

plurality of pairs of engagement points 329, 330, 331, and 

30 332, as shown in FIGS. 28 and 29, disposed substantially 

opposite each other and s~zed and disposed to communicace when 

the pattern is deformed and rolled into a ~ubular shape. Each 

40 
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5 pair of ~he first long side engagement points is provided with 

a bri~ge 333 diapo~ed between each first long aide engagement 

point. 329 and 330 c:omprising the pair. Preferably, che bridge 

333 has a width thac is leas than the width of the other 

portions of the stent. The sheet is also provided with a 

10 plurality of alignment apertures 1'-2 sized and disposed to 
( 

engage the .alignment pins 308 on the base 306. 

The eheet is disposed on the base so that the first 

major surface of the sheet is in contact with the base. 

A mandrel 309 having a substantially cylindrical 

15 external surface 310 and a longitudinal axis 313 is disposed 

20 

25 

30 

against the second major surface of the sheet becween the 

f irsc long side and ~he second long side of the sheet with the 

longitudinal axi$ substantially parallel to the first long 

eide and the second long side, as shown in FIG 30A. 

The pa~tern is deformed into a tubula~ shape so that 

the first long side pairs of engagement points contact the 

second long side pairs of engagement points, as shown ln FIG. 

29. The deforming step comprises the steps.of; 

a) actuating the sixth deforming blade moto~ so 

that the sixth deforming blade motor moves the sixth 

deforming blade in the first direction in an amount 

sufficlant for the sixth deforming blade tip to 

contact the external surface of. the mandrel so as to 

secu~e the mandrel against said sheet, as shown in 

FIG. 30B. 

~he first deforming blade motor is activated so 

that che first blade deforming motor moves the first 

4.1 



[ RECEIVED lZ/19 11:57 1997 AT 535q96q PAGE q1 (PRINTED PAGE ~lJ J 

(THU) 12. 18' 97 22:45/ST. 22: 18/NO. 3506612010 P 47/u FROM KENYON&KENYON 
5 

10 

15 

20 

25 

30 

d.efo:rming bi&de in t.he f i-r-st direct:.ion in an amount 

sufficient for the f i~st blade deforming tip to 

contact the first major su~face of ~he sheet and 

deform the sheet against the external su~f ace of the 

mandrel, as shown in. FIG. 30C. 

~he second deforming blade motor is then 

activated so r.hat the second deforming blade motor 

moves the second deforming blade in the first 

direction in an amount sufficient for the second 

deforming blade tip to contact the first major 

surf ace ot the sheet and deform the sheet against 

the external surface of the mandrel, as shown in 

FIG. 300. 

The third deforming blade motor is then 

activated so that the third deforming blade motor 

moves the second deforming blade in the first 

direccion in an amount sufficient for the third 

deforming blade tip to contact Lhe first major 

surf ace of the sheet and detorm the sheet against 

the external surface o~'the mandrel while actuating 

the sixth deforming blade motor so that the sixth 

deforming blade moves in the second direction away 

from said mandrel, as shown in F!G. 30E. 

The fourth deformjng blade motor is t.hen 

activated so that the fourth deforming blade motor 

mo~es the fourth deforming blade tip in the firs~ 

direction in an amount sufficient for the fourth 

deforming blade tip to contact the first major 

42 
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surface of the sheet and deform the sheet against 

che external surface of the mandrel, as shown in 

,FIG. 30F. 

The fifth deforming blade motor is then 

activated so that the fitth deforming blade motor 

moves the fifth deforming blade in the first 

direction in an amount sufficient for the fifth 

deforming blade ~ip eo contact the first major 

surface of the sheec and deform the sheet against 

the external surface of the mandrel, as shown in 

FIG. 30G. 

The si~th de~orming blade motor is then 

activated so that the sixth deforming blade motor 

moves the sixth deforming blade in the first 

direction in an amount sufficient for the sixth 

deforming blade tip to contact the first major 

surf ace of the sheet and deform the sheet against 

the external surf"a.c:e of the mandrel., as shown in 

Pig. 30H. 

The thit·d Md sixth deforming blade motors are 

then simultaneously activated so ~hat the third and 

si~th deforming blade motors move the third and 

si~ch deforming blades in the first direction in an 

amount sufficient f.or the third and sixth deforming 

blade tips to contact the first major surface of the 

sheet and defoX'll'I the sheet againsc Che external 

surface of the mandrel as shown in FIG. JOI. 

The laser is used to cue the bridge. The laser is then 
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5 used to weld each of the engagement pointe to the engagement 

poinc with which it is in contact to form the expandable 

stent. 

In a preferred embodiment, the bridge has a width that is 

about 25% to about 50~ of the width of the other portions of 

10 the stent and in an especially pref erred embodiment the bridge 

has a width of about 40 microns. 

The engagement points, as shown in FIGS. 28 and 29 are 

sized and adapted to move in an amount sufficient so as to 

reduce the likelihood of material stress occurring during 

15 weldiDg heating and cooling cycles. 

A v-ehaped notch 334 may be formed beeween ~he first long 

side and the second long side when the stent is deformed tc 

provide for a stronger weld, as shown in FlG. 31. In 

addition, as shown in FIG. 31 a gap 335 may be provided 

20 between the ~ngagement points and the external su~face of the 

mandrel 309 during the deforming step. This gap 335 provides 

a greater area for weld material, thus, strengthening the weld 

and reducing heat dissipation through the mandrel during 

welding, thus, reducing the amount of energy that must be put 

2S into the weld. 

Additional weld fill material 336 may be provided on the 

side of each of the engagemen~ points substantially opposite 

the bridge, as shown in Figs. 33 and 34. The weld fill 

material 336 is sized and disposed so as to permit the 

30 additional weld fill material to be drawn into the weld point 

during welding. 

After the stent has been deformed and the engagement 
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s points have contacced each other, the bridge is e~t using the 

laser. The first aide and long sides are then connected using 

the laser to form a weld that.is preferably wider than che 

other portions of the stent. In an espeeially preferred 

embodiment, the weld is about 20% wider than the other 

10 portions of the stent and has a width of about l'O microns. 

The weld ie(preferably run from outside-to-in. A plu~aliey of 

welding runs is preferably used and in an especially preferred 

embodiment two weld-runs are utilized. The weld-run may be 

off set from the point where the engagement points contact each 

15 other and in a preferred embodiment is offset about .01 mm 

from the point where the engagement points contact each other. 

The weld may be a spot weld, a plurality of spot welds, 

and in a preferred embodiment, the weld comprises 5 spot 

20 w-elds. 

In a preferred embodiment, ehe pattern is cut into the 

eheet using multiple-up-ecching and comprises the step of 

in~pecting both sides of the sheet after etching and before 

the sheet is disposed on the base. In an especially preferred 

25 embodiment che inspeccion step is car~ied out using an 

automated optical inspection apparatus. 

In an especially preferred embodiment, the scent patterns 

are adapted so that upon the expansion of the stent against 

the internal wall of a vessel substantially no portion of the 

30 stent projects into the longitudinal lumen of the stent. The 

stent may be finished by electropolishing·~ 

FIGS. 37 to 40 show another e~bodiment of an apparatus 
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s for fabricacing a scene constructed in accordance with the 

invention. 

A base 401 is provided with a sheet receiving area 402 

and is adapted to receive a flat sheet of metal to be formed 

into a stent. The sheet receiving area 402 is also provided 

10 with a mandrel receiving groove 409. In a preferred 

embodiment, the flat piece of metal has a longitudinal axis, a 

first major surface, a second major surface, a first long 

side, and a second long side, with the first and the second 

long sides substantially parallel to the longitudinal axis. 

15 An arm 403 having a first end 404 and a second end 405 is 

provided. 

'l'he first end 404 of ~he arm is adapted to selectively 

retain a mandrel 406 having a sul:>etancially cylindrical 

external su~face. The second end of the a~m 405 is hingedly 

20 connected to the base 401 and is adapted for movement in a 

first direction coward the base 401 and in a second direction 

away from che base 401 to secure the mandrel 406 against a 

major surface of the flac sheet of metal. The mandrel 406 is 

sized to have a cross-sectional diameter substantially equal 

25 to or less than the internal cross-sectional diamete~ cf the 

scent to be fabricated. 

A means 407 is provided for deforming the flat piece of 

metal against and around the external surf ace of the mandrel 

so that the flat sheet of metal is deformed into a 

30 substantially tubular shape conforming to the external surface 

of the mandrel with the first long side and the second long 

side su~stantially parallel to each other. FIG. 39 shows a 
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s top view of one embodiment wherein the -~e~~ · 4(f7 · for·. 

10 

is a member provided with a deforming tip 408 having a length 

substantially equal to the length of the first and second long 

sides of the sheet metal. In a preferred embodiment, the 

deforming tip is concave, as shown in F!G. 40. 

In operation, a sheet is placed on the sheet receiving 

area 402. A mandrel 406 is disposed in the first end 404 of 

the arm 403 and che arm 403 is moved in the first direction so 

that: the mandrel is in contact wi.th the sheet. The deforming 

means is then used to deform the shee~ around the mandrel a 

15 previously discussed. The arm 403 is then moved in the second 

direction and the mandrel 406 with the sheet wrapped around it 

is removed from the first end 404 of the arm 403. The first 

and second long sides are then connected as previously 

discussed to form the stent. In a preferred embodiment, the 

20 mandrel with ehe sheet Wt."apped a~ound it is transferred to the 

stent aligning and welding jig shown in FIGS. 41 to 45. 

The stent aligning and welding jig shown in FIGS. 41 to 

45 comprises a base 500 having a first end and a second end 

provided with a first wall soi having a firs~ end and a second 

25 end and a fir~t ma.jor ~urfaee 502 and a second major ourface 

503 and a second wall 504 having a first end and a second end 

and a first major surface SOS and a second major surface 506. 

The second major surface 503 of the first wall 501 and the 

first major surface 505 of tbe second wall 504 define a 

30 longitudinal U-shaped channel 507 having ·a longitudinal axis 
I 

in the base 500. The first wall 501 is provided with a 

plu~ality of slots SOS defining a plurality of first clamping 

47 



[ RECEIVED lZ/19 lZ:DD 1997 AT 535qe&q PAGE q1 (PRINTED PAGE q?) l 
FROM KENYONlKENYON (THU) 12. 18' 97 22: 47/ST. 22: 18/NO. 35066120 I 0 P 53/n 

s po~tions 509 having a top end 511 and a bottom end 512 and a 

first major surface 502 and a second ~ajor surface 503. Each 

of the firi:it clamping portions 509 is provided with a first 

concave channel 510 disposed at the top end 511 of the second 

major surface 503 of the first clamping portion 509 and a 

10 second concave channel 513 disposed ae the bottom end 512 of 

the second lnajor surface 503 of the first clamping portion 

509. · The first and ~he second concave channels 510 and 513 

are substantially parallel to the longitudinal axis of the u­

shaped channel 507. The second major surface 503 of each of 

15 the plu~ality of first clamping portions 509 is also provided 

with a compensation slit 51~ disposed beLween the first 

concave channel 510 and the second concave channel 513 that is 

20 

substantially parallel to the longitudinal axis of the u­

shaped channel 507. 

A plural.ity of second clamping portions 515 is disposed 

in the U-ehaped channel 507 between the second major surface 

503 of the first wall 501 and the first major surface 505 of 

the second wall 504. Bach of the second clamping portions 515 

is disposed in registry with one of the first clamping 

25 por~ions 509. Each of the second clamping portions 515 has a 

top end 516, a bottom end 517, a first major surface 518, a 

second major surface 519, a first minor surface disposed at 

the top end, a second minor surface disposed ac the bottoro 

end, a third minor surf ace disposed between the top end and 

30 the bottom end, and a fourth minor surface disposed opposite 

the third minor surface between the top end 516 and the bottom 

end 517. Each of the second clamping portions 515 is provided 
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s with a first concave channel 521 disposed at the top end 516 

of tbe first major surface 518 of the second clamping portion 

515 and a second concave channel 522 disposed at the bottom 

end 517 of the first major surface 518 of the second clamping 

portion 515. The first and the second concave channels 521 

10 and sii are substantially parallel to the longitudinal axis ~f 

the U-ab.aped ahannel 507. 

A biasing means 523 is disposed between the first major 

surface 505 of the second wall 504 and the second major 

surface 503 of each of the of second clamping portions 509 for 

15 biasing the first major surface 518 of each of the second 

clamping portions 515 against the second major surtace 503 of 

each of th~ first clamping portions 509 which are in registry 

with each other. 

A first mandrel support lever positioning pin 524 

20 projects from ~he third minor surface 520 and a second mandrel 

support lever positioning pin 521 projects from the fourth 

minor surface of each of the second clamping portions 515. 

The mandrel support lever positioning pins 524 and 521 are 

substantially parallel co the_longitudinal axis of the U-

25 shaped channel. 

30 

A biasing control means 522 selectively controls the 

discance between the second major surface 503 of each of the 

first clamping portions 509 and the first major surface 518 of 

each of the second clamping portions 515. 

A retaining mandrel 523 is disposed in the second concave 

channel 513 cf the first wall 501 and the second concave 

channel 522 in each of the second clamping portions 515. 
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5 A mandrel support lever 534, as shown in FIG. 4i supports 

the stent during the alignment of the first long side of the 

sheet with the second long side of the sheet. The lever 534 

is provided wieh a first mandrel support notch 525 for 

supporting the first end of the mandrel and a second mandrel 

10 support notch 526 for supporting the second end of the 

mandrel. A first mandrel support lever positioning pin 

engagement su~face 527 engages the first mandrel suppo~t lever 

positioning pin 524 and a second mandrel support lever 

positioning pin engagement surface 528 engages the second 

15 mandrel support lever positioning pin 521 when the mandrel 

support lever is disposed on the second wall 504. 

It will be appreciated that various elastic materials 

well known to those skilled in the art as suitable for this 

purpose may be utilized, e.g., a spring, however, in an 

20 especially p~eferred embodiment, the elastic material is 

rubber. 

In a preferred embodiment the biasing control means 522 

is a threaded screw disposed in each of the first clamping 

portions 509 with each of the screws 522 eommunioating with 

25 the firat major surface 502 and the second major surface 503 

of each of the first clamping portions 509. The screws 522 

are selectively movable in a direction toward and away from 

the first major surface 518 of the second clamping poreion 515 

co selectively move the second clamping portion 515 in a 

30 direction eoward and away from the first clamping portions 509 

to selectively vary the distance between the second major 

surface 503 of each of the first clamping portions 509 and the 
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S first majo~ surface 518 of each of che second clamping 

portions 515. 

In operation, the mandrel with the sheet wrapped around 

it is secured in the first concave channels 510 and 521.· The 

biasing control means 522, e.g., a screw, is adjuseed to 

10 secure the mandrel in the first concave channele while 

permitting the first and second long sides of the sheet to be 

adjusted so that the contact points are aligned aa desired. 

In a preferred embodiment, the mandrel support lever shown in 

FIG. 42, is utilized to support the mandrel during the 

15 alignment operation. A shown in FIG. 45, the first mandrel 

support notch supports the first end of the mandrel and the 

second mandrel support notch supports the second end of the 

mandrel. The first mandrel support lever positioning pin 

surf ace 527 engages the first mandrel support lever 

20 positioning pin 524 and the second mandrel support lever 

positioning pin surface 528 engages the second mandrel support 

positioning pin 521 so as to align the mandrel support lever 

534 when it is supporting the mandrel. 

FIGS. 46 to 48 show a jig 612 for electropolishing a 

25 tubular stenc, comprising a r.ack 600 having a first end 601 

and a second end 602 and provided wi~h a plurality of stent 

electropolishing mounts 603. Each of the mounts 603 is 

provided with a base 604 and an eleotrically conductive first 

member 605 having a first end 606 connected to the base 604 

30 and a second end 607 adapted to selectively contact the 

external surface of the tubular stent to be electropolished 

wichout damaging its external surface. The mounts 603 are 

51 



t RECEIVED lZ/19 lZ:Bl 1997 AT 535qe6q 
FROM KENYON&KENYON 

PAGE 51 (PRINTED PAGE 51) ] 
(THU) 12. 18' 97 22: 48/ST. 22: 18/NO. 35066120 I 0 P 57/u 

5 also provided with an electrically non-conductive second 

member 608 having a first end 609 connected to the base and a. 

second and 610 adapted to. be selectively disposed within the 

longieudinal bore of the stent without damaging the surface 

defining the longitudinal bore. The first member 605 and the 

10 second member 608 are also adapted so a~ to bias the second 

end 610 of the second member 608 towards the second end 601 cf 

the first member 605 in an amount sufficient to secure the 

stent between said first and the second members 605 and 608. 

The advantage of a mount constructed in accordance with 

15 applicants' invention is that the electrically conductive 

member 605 contacts the external surface of the atent. This 

reduces the likelihood of undulations and erosion lines 

occurring on the surface defining the longitudinal bore. 

These erosion lines frequently occur in scents electropolished 

20 utilizing co~ventional mounts which place the electrically 

conductive member against ~he surface defining the 

longitudinal bore. Electropolishing a stent with Applicants' 

mount reduoes the likelihood that the longitudinal lumen of 

the stent will have an irregular surf ace which could result in 

25 turbulent fluid flow which could result in thrombosis or 

platelet aggregation. 

In a preferred electropolishing method a stent is placed 

on a rack constructed as p~eviously discussed. The method 

comprises immersing the stent in an electropolishing bath and 

30 applying electrical current to the first member for a 

predetermined pe~iod of time; and changing the point where the 

second end of the first member contacts the external surfaee 
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5 of the stent prior to the expiration of the predeter1t1.ined 

pe~iod of time. Changing the point of contact minimizes the 

concentration of undulations or erosion lines at any given 

point on ;the stent nea~ the point of contact of the 

electrically conductive member. The point of contact may be 

io changed by rotating the atent. In an especially preferred 

embodiment, the point of contact is changed by varying the 

distance between the stent and the base by longitudinally 

moving the st~nt toward or away from the base 604 as shown in 

FIGS. 46 and 47. The poin~ of contact is changed at about the 

15 midpoint of the predetermined period of time. In an 

eepecially preferred embodiment, the treatment is interrupted 

before the expiration of the predetermined time, the effect of 

the electropolishing prior to the interruption step is 

evaluated, and the remaining period of the predetermined time 

20 is adjusted to compensate for any variations in the amount of 

material actually removed prior to the interruption step. The 

~reatment may be interrupted at any time, however, 

interruption at about the midpoint of the predetermined period 

of time is preferred. 

25 Pieces of sacrificial material 611 may be added at the 

~irst end GOl and the second end 602 of the rack 600 to 

compensate for the additional material normally removed from 

stents disposed at the first end and the second end of the 

rack as shown in FIG 48. The maeerial is selected and added 

30 in an amount sufficient to substantially equali~e the amount 

of additional material normally removed from the stents 

disposed first and second ends of the rack. 
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In yet another preferred method of electropolishing a 

stent, the stent is manufactured as previously discussed 

however, when deforming the pattern in~o a tubular shape so 

tbat the first long side pairs of engagement points contact 

the second long side pairs of engagement points, a portion of 

10 the stent is allowed to remain ateached to the sheet of metal, 

as shown in FIGS. 49 and 50 (which is an end view taken along 

line A-A of FIG. 49) . The bridge is then cut, the engagement 

points are connected to form the stent, the stent is 

electropolished by connecting an electrode to the sheet, and 

15 the stent is then removed £rom the sheet. This reduces the 

likelihood of damage to the stent because the sheet to which 

the stent is attached is dispoeable. This method also 

provides an additional advantage because the disposable sheet 

to which the stent is attached acts as sacrificial material as 

20 previous1y·diacussed. 

It will be appreciated by persons skilled in the art 

that the present invencion is not limited to what has been 

particularly shown and described hereinabove. Rather the 

' scope of the present invention is de£ined only by the claims 

25 which follow. 

, This Sheet Has Been Replaced 
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CLAIMS 

What is claimed is: 

1. Apparatus for fabricating a stent, comprising: 

a) a platform adapted to reaeive a flat sheet of metal 

to be formed into said stent, said flat sheet of metal having 

a longitudinal axis, a first major surface, a second major 

surface, a first long side, and a second long side, said first 

and said second long sides substantially parallel to said 

longitudinal axis of said sheae; 

b) a mandrel having a substantially cylindrical 

external &urface and having a first end and a second end 

defining a longitudinal axis, said mandrel sized to have a 

~ross-sectional diameter substantially equal to or les~ than 

the internal diameter of said stent to be f ab~icatedi 

o) means for securing said mandrel against a major 

surface of said flat sheet of metal; and 

d) means for deforming said flat sheet of metal against 

said external surface of said mandrel so that said flat sheet 

of metal is deformed into a substantially tubular shape, said 

means for deforming adapted so that said first long side and 

said second long side remain substantially parallel to each 

other when said flat sheet of metal is deformed into said 

tubular shape. 

2. The apparatus of claim l, further comprising means for 

securing said first long side of said sheet to said second 

long side of said sheet. 

\ \11\11\ 1\\1\\ Ill\\ \\1\1 \\\II\ 
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3. The apparatus df claim 2, wherein said means for securing 

is a welding apparatus. 

4. The apparatus of claim 3, wherein said welding apparatus 

is a laser . 

• 
5. The apparatus of claim l, ·wherein said platform is 

provided with a concave recess to receive said mandrel. 

6. The apparatus of claim 1, wherein said means for securing 

said mandrel is a hingedly connected arm adapted for movement 

in a first direction toward said platform and in a second 

direction away from said platform. 

7. The apparatus of claim 1, wherein the apparatus is 

adapted to provide a substantially V-shaped notch between said 

first long side and said second long side when said sheet is 

detormed into said tubular shape. 

a. Apparatus for fabricat:ing- a stent, comprising: 

a) a base having a platform adapted to receive a flat 

sheet of metal to be formed into said stent, said flat sheet 

of metal having a longitudinal axis, a first major surface, a 

second major surface, a first long side, and a second long 

side, said first and said second lon~ sides substantially 

parallel to said longitudinal axis of said stent; 

b) a mandrel having a substantially cylindrical 

external surface and having a first end and a second end 

defining a longitudinal axis, said mandrel sized to have a 
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cross-sect~onal diameter substantially equal to or less than 

ehe internal diameter of said stent to be fabricated, 

c) •means for securing said mandrel against a major 

surface of said flac sheet of metal; 

d) ; a plurality of deforming blades disposed around the 

peripherY of said mandrel for deforming said flat sheet of 

metal against said external surf ace of said mandrel so that 

said flat sheet of metal is deformed into a substantially 

tubular .shape, said blades disposed between said first end and 

said second end of said mandrel,.each of said deforming blades 

adapted for independent and selective movement in a first 

direction ~oward said mandrel and a second direction away from 

said mandrel so as to selectively impinge upon said mandrel or 

upon a portion of said sheet disposed between said mandrel and 

each of said deforming blades, each of said deforming blades 

further adapted so that said first long side and said second 

long side of said sheet remain substantially parallel to each 

other when said stent is deformed into said tubular shape; 

e) means for selectively moving each of said deforming 

blades in a first direction toward said mandrel and in a 

second direction away from said mandrel; and 

f) means for securing said first long side of said 

sheet to eaid second long side of said sheet. 

9. The apparatus of claim 8, wherein said means for securing 

sa.id first long side of sa.id sheet to said second long side of 

said sheet is a welding apparatus. 
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10. The appa:ratu~ of claim 9, wherein said welding apparatus 

is a laser. 

ii. The apparatus of claim B, wherein said plurality of 

deforming blades comprises six blades. 

12. ~he apparatus of claim 8, wherein said means for securing 

said mandrel is a hingedly connected arm adapced for movement 

in a first direction toward said platform and in a second 

direction away from said platform. 

13. The apparatus of claim 8, wherein said base is provided 

with a f irse concave recess for receiving said first end of 

said mandrel and a second concave recess for receiving said 

second end of said mandrel. 

14. The apparatus of claim 8, whe~ein said means for 

selectively moving each of said deforming blades is an 

electric motor. 

1$. The apparatus of claim S further comprising means fo~ 

controlling the sequence and degree to ~hich each of said 

blades impinges upon said mandrel or a portion of said sheet 

disposed between said mandrel and each of said deforming 

blades. 

16. The apparatus of claim 15, wherein said means for 

controlling is a computer. 

.11111111 1111111111111111111111 
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i7. The apparatus of claim S, further comprising an alignment 

meana dis~osed on said base and adapted to engage and align 
' said me~al sheet. 

' 18. The :apparatus of claim 8, wherein a plurality of said 

deforming blades are adapced to secure said first long side 

and said second long side against said external surface of 
; 

said mandrel while permitting a laser to contact said first 

long side and said second long side to secure said first long 

side to said second long side. 

19. The apparatus of claim 16, wherein a plurality of said 

deforming blades are provided with a plurality of scalloped 

apercures, said apertures sized and disposed to permit said 

plurality of blades to secure said first long side and said 

second long side against said external surface of said mandrel 

while providing access to said laser to predetermined portions 

of said first side and said long side to secure said first 

long side to said second long side. 

20. Apparatus for fabricating a stent, comprisj.ng: 

a) a laser housing; 

b) a laser disposed within and selectively movable 

within said housing; 

c) a movable table having a first end and a second end 

and adapted for selective movement into and out of said laser 

housing, said table adapted so that when said first end of 

said table is disposed within said lase~ housing said second 
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end of said table is disposed outside of said housing and when 

said second end of said table is disposed within said laser 

housing sa~d first end of said table ia disposed outside of 

said laser housing; 

d) a plurality of stent folders disposed at said f irsc 

end of said table and a plurality of stent folders disposed at 

said second end of said table, each of said stent folders 

comp;rising: 

a) a base having a platform adapted to receive a 

flat sheet of metal to be formed into said stent, said 

flat sheet of metal having a longitudinal axis, a first 

major surface, a second major surface, a first long side, 

and a second long side, said first and said second long 

sides substantially parallel to said longitudinal axis, 

said sheet provided ~ith a plurality of alignmen~ of 

apertures; 

b) a plurality of alignment pins projecting from 

eaoh of said platforms, said pins sized to engage said 

alignmenc apertures and align said sheet on saiG 

platform; 

c) a mandrel having a substantially cylindrical 

exte:rnal surface and having a first end, a second end, 

and a longicudinal axis, said mandrel si%ed to have a 

cross-sectional diame~er subscantially equal to or less 

than the internal diameter of said stent to be 

fabricated, said platform provided with a first concave 

recess adapted to receive said first end of said mandrel 

and a sec:ond concave recess adapted to receive said 
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second end of said mandrel; 

d} a hingedly connected arm adapted for movement 

in a first direction toward said platform and in a second 

direction away from said platform for securing said 

mandrel against a major surface of said flat sheet of 

metal; 

ef a first deforming blade provided with a. first 

deforming blade tip; a second deforming blade provided 

with a second deforming blade tip; a third deforming 

blade provided with-a third.deforming blade tip; a fourth 

deforming blade provided with a fourth d~forming blade 

tip; a fifth deforming blade provided with a fiftr­

deforming blade tip; and a sixth deforming blade provided 

with a sixth deforming blade tip, said blades disposed 

around said external surface of said mandrel, said 

deforming blade tips adapted ~o deform said flat shee~ of 

mecal against said external surface of said mandrel so 

that said flat sheet of metal is deformed into a 

substantially tubular shape substantially conforming to 

said external surface, said deforming blades disposed 

between said first end and said second end of said 

mandrel, each of said deforming blades adapted for 

independent and ~elective movement in a first di~ection 

toward said mandrel and a second direction away from said 

mandrel so aa to selectively impinge said deforming blade 

tips against said mandrel or upon a portion of said sheet 

disposed between said mandrel and each of said deforming 

blade tips, each of said deforming blades further adapted 

1ifli1ii1~r 
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so that said first long side and said second long side of 

said sheet ~emain substantially parallel to each other 

when said steri~ is deformed into said tubular shape, said 

third and said sixth deforming blade tips proqid.ed with a 

plurality of scalloped la5er apertures, said apertures 

sized and disposed to permit said third and said sixth 

deforming blade tips to secure said first long side and 

said second long side against said external surf ace o= 

aaid mandrel while providing said laser access to 

predetermined por~ions of said first long side and said 

second long side in order to weld said first long side to 

said second long side; 

f) a first motor connected to said first deformin~ 

blade; a second motor connected to said second deforming 

blade; a third motor connected to said third deforming 

blade; ·a fourth motor connected co said fourth deforming 

blade; a fifth motor connected to said fifth deforming 

blade; and a sixth motor connected to said sixth 

deforming blade, each of said motors adapted for 

selectively moving each of said deforming blades to which 

it is connected in a firs~ direction toward said mandrel 

and in a second direction away from said mandrel; and 

g} a computer for controlling: the sequence which 

said first end of said table and said second end of said 

table are disposed within said laser housing; for 

controlling the sequence and deg~ee to which each of said 

plurality of deforming blade tips impinges upon said 

mandrel or a portion of said sheet disposed between said 
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mandrel and each of said defo~ing blade tips; and for 

controlling the sequence, pattern, location, and amount 

of en,ergy said laser applies t::o each of said first and 

seaond long sides of each of said sheets disposed on each 

of said plurality of stent folders. 

21. The apparatus of claim 20, wherein each of said blade 

deforming tips has a length substantially equal to said first 

and said second long sides of said flat sheet of metal. 

22. The apparatus of claim 20 wherein said deforming blade 

tips are concave. 

23. The apparatus of claim 20 wherein said third deforming 

blade ~ip is substantially identical to said sixth deforming 

blade tip; said second deforming blade tip is &ubstantially 

identical to said fifth deforming blade tip; and said first 

deforming blade ~ip is substantially identical to said fourth 

deforming blade tip. 

24. Apparatus for fabricating a stent, comprising~ 

a) a base; 

b) a sheet receiving area disposed on said base, said 

area adapted to receive a flat sheet of metal to be formed 

into said stent, sa1d flat sheet of metal having a 

longitudinal axis, a first major surface, a second major 

surface, a first long side, and a second long side, said first 
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and eaid second long sides substantially parallel to said 

longitudinal axis; 

c) an arm having a first end and a second end, said 

first end of said arm adapted to selectively retain a mandrel 

having a substantially cylindrical external surface, said 

second end of said arm hingedly connected to said base and 
. ' 

adapced for movement in a first di~ection to~ard said base and 

in a second direction away from said base and further adapted 

to secure said mandrel against a major surface of said flat 

sheet of metal disposed on said stent receiving area disposed 

on said base, said mandrel sized to have a cross-sectional 

diameter substantially equal to or less than the internal 

cross-sectional diameter of said stent to be fabricated; 

d) means for deforming said flat piece of metal agains= 

said external surf ace of saia mandrel so that said flat sheet 

of metal is de£o:rmed into a substantially tubular shape 

substantially conforming to said external surface of said 

mat).drel with said first long side and said second long side 

substantially parallel to each other. 

25. The apparatus of claim 24, wherein said means for 

deforming is a member provided with a deforming tip having a 

length substantially equal to said fl~st and said second long 

sides of said sheet of metal. 

26. The apparatus of claim 24, wherein said deforming tip is 

concave. 
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27. A stent alignirlS and welding jig comprising: 

a) a base having a first end and a second end, a firsc 

wall having a firsc end and a second end and a first major 

surface and a second major surface; a second wall having a 

first end and a second end and a first major surface and a 

second major surface, said second major surface of said first 

wall and said first major surface of said second wall defining 

a longitudinal U-shaped channel having a longitudinal axis in 

said base, said first wall provlded with a plurality of slots 

defining a plurality of first clamping portions having a top 

end and a bottom end and a fir.st major surface and a second 

major surface, each of said fi.rst clamping portions provided 

with a first concave channel disposed at said top end of said 

second major surface of said first clamping portion and a 

second concave channel disposed at said bottom end of saie 

second major surface of said first clamping portion, said 

first and said second concave channels substantially parallel 

to said longitudinal axis of said U-shaped channel; said first 

wall of each of said plurality of first clamping portions 
, 

provided with a compensation slit disposed between said first 

concave channel and said second concave channel, said 

compensation slit substantially parallel t:o said longi.tudinal 

axis of said u-ahaped channel; 

b) a plurality of second clamping portions disposed in 

said U-shaped channel between said second major surface of 

said first wall and said first major surface of said second 

wall, each of said second clamping portions disposed in 

registry with one of said first clamping portions, each of 
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said second clamping portions having a top end, a bottom end, 

a first major surface, a second major surface, a first minor 

surface disposed at said top end, a second minor surface 

disposed at said bottom end, a third minor surface disposed 

between said top end and said bottom end, and a fourth minor 

surf ace disposed opposite said third minor surf ace between 

said top end and said bottom end, each of said second clamping 

~ortions provided with a first concave channel disposed at 

said top end of said first major surface of said second 

clamping pprtion and a second concave channel disposed at said 

bottom end of said first major surface of said second clampin~ 

portion, said first and said second concave channels 

substantially parallel to said longitudinal axis of said u­

shaped channel; 

c) a biasing means disposed between said first major 

surface of ~aid second wall and said second major surface of 

each of said plurality of second clamping portions for biasing 

·said first major surface of each of said second clamping 

portions against said second major surface of each of said 

first clamping portions which are in registry with each other; 

d} a first mandrel support lever positioning pin 

projecting from said third minor surface and a second mandrel 

support lever posicioning pin projecting from said fourth 

mino~ surface of each of said second clamping portions, said 

mandrel support lever positioning pins substantially parallel 

to said longitudinal axis of said U-shaped channel; 

e) a biasing control means for selectively controlling 

the distance between said second major surface of each of said 

66 

11111111111111 11111 1111111 1111 
* C L M S * 



[ RECEIVED lZ/19 1Z:97 1997 AT 535qe6q 
FROM KENYON&KENYON 

PAGE 66 (PRINTED PAGE 66) 1 
(THU) 12. 18' 97 22: 54/ST. 22: 18/NO. 35066120 I 0 P 72/n 

first clamping portions and said first major eurfaee of each 

of said second clamping.portions; 

f} a retaining mandrel disposed in said second concave 

channel of said first wall and said second concave channel in 

each of said second clamping portions; and 

g) a mandrel support lever for supporting said stent 
f 

during the alignment of said Eirst long side of said sheet 

with said second long side of said sheet, said lever provided 

with a first mandrel support notch for supporting said first 

end of said mandrel, a second mandrel support notch for 

supporting said second end of said mandrel, a first mandrel 

support lever positioning pin engagement surface for engaging 

said fi~st mandrel supporc lever positioning pin and a second 

mandrel support lever positioning pin engagement surface for 

engaging ~aid second mandrel support lever posieionin9 pin 

when said ~andrel support lever is disposed on said second 

wall. 

28. The apparatus of c~aim 27, wherein said biasing means is 

an elaseic material. 

29. The apparatus of claim 28, wherein said elastic material 

is rubber. 

30. The appa~atus of claim 2B, wherein said elastic material 

is a spring. 

31. The apparatus of claim 27, wherein said biasing eontrol 

67 111111111111111111111111111111 
* C L M S * 

This Sheet Has Been Replaced 

I lllllll llllll llll Ill llll 



-------------------------------------~· ... ·······-······--·· 

[ RECEIVED lZ/19 1Z:97 1997 AT 53S•B6• 
FROM KENYON&KENYON 

PASE 67 (PRINTED PAGE 67) ] 

1 (THU) 12. 18' 97 22: 55/ST. 22: 18/NO. 35066120 to P 73/u 

means is a threaded screw disposed in each of said first 

clamping portions, each of said screws communicating with said 
-· 

first major su~face and said second major surface of each of 

said first clamping portions and selectively movable in a 

direction toward and away from said first major surface of 

said second clamping portion to selectively move said second 
' 

clamping portion in a direction toward and away from said 

first clamping portions to selectively vary the distance 

between said second major surface of each of said first 

clamping portions and said f i~st major surface of each of said 

second clamping porcions. 

32. A method of fabricating a stent comprising the steps of: 

a) providing 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 points, said second 

.~ong side provided with a plurality of pairs of engagement 

points, said plurality of pairs of engagement poincs disposed . 
substan~ially opposite each other, said engagement·points 

sized and disposed to communicate when said pattern is 

deformed and rolled into a tubular shape, each pair of said 

f i~st long side engagement points provided with a bridge 

disposed bet~een each first long side engagement point 

comprising the pair, said bridge having a width that is less 

than the width of the other poreions of said stent; 

b) disposing a mandrel having a substantially 

cylindrical external surface and a longitudinal axis between 
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~aid f~rst long side and said •econtl long side of said sheet, 

said longitudinal axis substantially parallel to said first 

long side and said second long side: 

c) deforming said pattern into a tubular shape so 

that said first long aide pairs of engagement points contac= 

said second long side pairs of engagement points; 

d) cutting said bridge~ and 

e) attaching each of said engagement points to the 

engagernent point with which it is in contact to form said 

expandable stant. 

33. The method of claim 32, wherein said bridge has a width 

that is about 25% to about 50% of the width of the other 

portions of said atent. 

34. The method of claim 33, wherein said bridge has a width 

of about 40 microns. 

35. The method of clalm 32, wherein said engagement points 

are si~ed and adapted to move in an amount sufficient so as to 

reduce the likelihood of material stress occurring during 

welding heating and cooling cycles. 

36. The method of claim 32, further comprising the seep of 

forming a V-ahaped notch between said first long side and said 

second long side during step c) , 

37. The method of claim 32, further comprising the step of 
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providing a gap between said engagement points and said 

external surface of said mandrel during step c}. 

38. The method of claim 32, comprising the additional step of 

providing additional weld fill material on the side of each of 

said engagement points substantially opposite said bridge, 

said weld fill material sized and disposed so as to permit che 

add~tional weld fill material to be drawn into the weld point 

during welding. 

39. The method of claim 32, further comprising the step of 

providing said sheet with a plurality of alignment apertures. 

40. The method of claim 32, wherein step d) is carried out 

using a laser. 

41. The method of claim 32, wherein step e) is carried out 

utilizing a weld. 

. 
42. The method of claim 40, wherein said weld is run from 

outside-to-in. 

43. The method of claim 40, wherein said weld ie wider tnan 

the other portions of the stent. 

44. The method of claim 42, wherein said weld is about 20% 

wider than the othe~ portions of the sten~. 
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45. The method of claim 41, wherein said weld has a width of 

about 140 microns. 

46. The method of claim 41, wherein step e) is carried out 

using a welding run that is off set from the point where said 

engagement points contact each ocher. 

47. The method of claim 41, wherein step e) is carried out 

using a plurality of welding runs. 

48. The method of claim 47, wherein two welding runs are 

utilized. 

49. The method of claim 46, .wherein said weld run is offset 

about .01 mm from the point where said engagement points 

contact each other. 

SO. The method of claim 42, wherein said weld is a spot weld. 

51. The method of claim 50, wherein a plurality of spot welds 

is utilized. 

52. The method of claim 51, wherein 5 spot welds are 

utilized. 

53. The method of claim 34, further comprising the step of 

electropolishing the stent. 
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54. The mechod of claim 34, ~herein step e) is carried out 

utilizing an adhesive. 

SS. The method of claim 34, wherein step e) is carried out 

utilizing a nail-like element. 

56. The method of claim 34, wherein said pattern in cut into 

said stent using multiple-up-etching. 

57. The method of step 34, furt~er comprising the step of 

inspecting both sides of said sheet after step a) and before 

step b). 

58. The method of claim 57, wherein said inspection step is 

carried out using an automated optical inspection apparatus. 

59. A jig for electropolishing a tubular stent, comprising: 

a rack having a first end and a second end, said rack 

provided with a plurality of stent electropolishing mounts, 

each of said mounts having 

a) a base; 

b) an electrically oonductive first member having a 

first end connected to said base and a second end adapted to 

selectively contact the external surface of said tubular scent 

without damaging said external surface; 

~) an electr~cally non-conductive second member having 

a first end connected to said base and a second end adapted to 

be selectively disposed within the longitudinal bore of said 
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~tent without damaging said longicudinal bore, said first 

member and said second member further adapted so as to bias 

said second end of said second member towards said second end 

of said first member in an amount sufficient to secure said 

stent between said first and said second members. 

60. A method of electropolishing a stent~ comprising the 

steps of: 

a) mounting a stenc on a rack, said rack having a firet 

end and a second end provided with a plurality of stent 

electropolishing mounts, each of said mounts having a base; an 

eleotrically conductive first member having a first end 

connected to said base and a second end adapted eo selectively 

contact the external surface of said tubular stent without 

damaging said external surface; an electrically non-conductive 

second member having a first end connected to said base and a 

seoond end adapeed to be selectively disposed within the 

·longitudinal bore of said stent ~ithout damaging said 

longitudinal bore, said first member and said second member 

further adapted so as to bias said second end of said second 

member towards said second end of said first member in an 

amount suff ~cient to secure said stent between said first and 

said second members; 

b) immersing said stent in an electropolishing bath and 

applying electrical current to said first member for a 

predetertnined period of time; and 

c) changing the point where said second end of said 

f iret member ~ontacts said external surface of said stent 

----
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prior to the expiration of said pradetermined period of time. 

61. The method of elaim 60, wherein point of contact is 

changed by rotating said stent. 

62. The method of claim 60, wherein the point of contact is 

changed by varying the distance between said stent and said 

base. 

63. The method of claim 60, wherein che point of contact is 

changed at about the midpoint of the predetermined period of 

time. 

64. Tne method of claim 60, further comprising the step of 

interrupting the treatment before the expiration of the 

predetermined_ time, evaluating the effect of the 

electropolishing prior to tne interruption step, and adjusting 

the remaining period of the predetermined time to compensate 

for any variations in the amount of material actually removed 

prior to the interruption step. 

65. The method of claim 60, wherein the treatment is 

interrupted at about the midpoint of said predetermined period 

of time. 

66. The method of claim 60, further comprising the step of 

adding pieces of sacrificial material at said first end and 

said second end of said rack.to substantially compensate for 

--- - -------·-- ~-
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the additional material normally removed from stents disposed 

at ~aid first end a~d said second end of said rack, saic 

material selected and added in an amount sufficient to 

substantially equalize the amount of additional material 

normally removed from the stants disposed at said first end 

and said second end of said rack. 

67. A method of fabricating a·stent having a longitudinal 

lumen comprising the steps of; 

a) providing a plurality of stent patterns in a 

flat sheet of metal; each of said ·patterns having a first long 

side and a second long side, said first long side provided 

with a plura1i~y of pairs of engagement points, said second 

long side provided wich a plurality of pairs of engagement 

points, said plurality of pairs of engagement points disposed 

subatantially opposite each other, said engagement points 

si~ed and disposed to communicate when said pattern is 

deformed and rolled into a tubular shape, each pair of said 

first long side engagement points provided with a bridge 

disposed between each first long side engagement point 

comprising said pair, said bridge having a width that is less 

than the width of the other portions of said stent; 

b) disposing a mandrel having a substantially 

cylindrical external surfae·e and a longitudinal axis between 

said first long side and said second long side of said sheet, 

aaid longitudinal axis substantially p~rallel to said f ir~t 

and said second long sides; 

c) deforming said pactern into a tubular shape so 

that said first long side pairs of engagement points contact 
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said second long side pairs of engagement points and allowing 

a portion of said scertt to remain attached to said sheet of 

metal; 

d) cutting said bridge; 

~) attaching each of said engagement points to the 

engagement point with which it is in contact to form said 

f) attaching an electrode to said sheet of mecal; 

g) electropolishing said stent; and 

f) disconnecting said stenc from said sheet. 

68. The method of claim 67, wherein said bridge has a width 

that is about 25~ to about Sot of che widch of the other 

portions of said Stent. 

69. The me~hod of claim 67, wherein said bridge is provided 

with a width of about 40 microns. 

70. The method of claim 67, wherein said engagement points 
, 

are si~ed and adapted to move in an amount sufficient so as to 

r~duee the likelihood of mate~ial stress occurring during 

welding heating and cooling cycles. 

71. The method of claim 67, comprising the additional step of 

providing additional weld fill material on the side of said 

engagement points substantially opposite said bridge, said 

weld fill material sized and disposed at said engagement 

points so as to permit the additional weld fill macerial to be 
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drawn inco the weld point during welding. 

72. The method of claim G7, further comprising the step of 

forming a V-shaped notch between said first long side and said 

second long side during step c). 

73. The method of claim 67 further comprising the step of 

providing a gap between said engagement poincs and said 

external surface of said mandrel during step c) . 

74. The method of claim 67, further comprising the step of 

providing said sheet with a plurality of alignment apertu~es. 

75. The method of claim 67, wherein step d) is carried out 

using a laser. 

76. The method of claim 6?, wherein step e) is carried out 

utilizing a weld. 

77. The method of claim 76, wherein said weld is run from 

outside-to~in. 

78. The method of claim 76, wherein said weld is wider than 

the other portions of the stent. 

79. The method of claim 78, wherein said weld is about 20~ 

wide~ than the other portions of the stent. 
-----------· 
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so. The method of claim 76, wherein said weld has a width of 

abou~ 140 microns. 

81. The method of claim 76, ~herein step e) is carried out 

using a weld-run that is off set from the point where said 

engagement points contact each ocher. 
' 

82. The method of claim 76, "-'herein step e) is carried out 

using a plurality of welding runs. 

83. The method of claim 82, wherein two welding runs are 

utilized. 

84. The method of claim 81, wherein said weld run is offset 

about .01 mm from the point where said engagement points 

contact each other. 

as. The method of claim 76, wherein said weld is a spot weld. 

86. The method of claim 76, wherein a plurality of spot welds 

is utilized. 

87. The method of claim 86, wherein said plurality of spot 

welds comprises 5 spot welds. 

ea. The method of claim 67, wherein step e) is carried ouc 

utili~ing an adhesive. 
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89. The method of claim 67, wherein step e} is carried out 

utili~ing a nail-like element. 

90. The method of claim 67, wherein said pattern in cut into 

said stent using multiple-up-etching. 

91. The method of claim G7, further comprising the step of 

inspecting both sides of said sheet after step a} and before 

step b) . 

92. The method of claim 91, wherein said inspection step is 

carried out using an automated optical inspection apparatus. 

93. The method of claim 67, wherein said stent patterns are 

adapted so that upon expansion of said stent against the 

internal wa~l of a vessel substantially no portion of said 

stent protrudes into said longitudinal lumen of saia scent. 

94. A sheet for fabricating a stent having a longitudinal 

lumen comprising: 

a} a £lat piece of sheet metal provided with a 

pluralicy 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 points, said 

second long side provided with a plurality of pairs of 

engagement points, said plurality of pairs of engagement 

points disposed substantially opposite each othe~, said 

engagement points sized and disposed to communicate when said 
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pattern is defo.rmed and rolled into a tubular shape, each pair 

of said first long aide engagement points p~ovided with a 

bridge disposed b6tween each f i~st long side engagement point 

comprising said pair, said bridge having a width that is less 

than the width of the other portions of the stent. 

95. The sheet of claim 94, wherein said bridge has a width 

that is about 25% to about 50% of the width of the ocher 

portions of said scent. 

96. The sheet of claim 94, wherein said bridge has a width of 

about 40 microns. 

97. The sheet of claim 94, wherein said engagement points are 

sized and adapted to move in an a~ount sufficient so as to 

reduce tbe likelihood of material stress occurring during 

welding heating and cooling cycles. 

98. The sheet of claim 94, further comprising, additional 

wel~ fill mate~ial on the side of each of said engagement 

points substantially opposite said bridge, said weld fill 

macerial sized and disposed so as to permit the additional 

weld fill material to be drawn into che weld point during 

welding. 

99. The sheet of claim 94, further comprising a plurality of 

alignment apertures disposed in said sheet. 
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100. The ~beet of claim 94, wherein said stent paeterns are 

adapted so that upon expansion of said stent against. the 

internal wall of a vessel substantially no portion of said 

stent protrudes into said longitudinal lumen of said stent. 

101. A method tor fabricating a stent having a longitudinal 

lumen, comprising the steps of: 

a.) constructing an apparatus comprising; 

a)· a laser housing; 

b) a laser disposed within and selectively movable 

within said housing; 

c) a movable table having a first end and a second end 

and adapted for selective movement into and out of said laser 

housing said table adapted so that when said first end of said 

table is disposed within said laser housing said second end of 

said table .is disposed outside of said housing and when said 

second end of said table is disposed within said laser housing 

said first end of said table is disposed outside of said laser 

housing; 

d) a plurality of seent folde~s disposed at said first 

end of said table and a plurality of stent folders disposed at 

~aid second end of said table, each of said stent folders 

COtnprisin~: 

a) a Pase having a platform adapted to receive a 

flat sheet of met.al to be formed into said stent, said 

flat sheet of metal having a longitudinal axis, a first 

major surface, a second major surface, a first long side, 

and a second long side, said first and said second long 
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sides subatantially parallel to said longitudinal axi~, 

said sheet provided with a pluralit:y of alignment of 

apertures; 

b) a plurality of alignment pins projecting from 

each of said platforms, said pins sized to engage said 

alignment apertures and align said sheet on said 

pl.atform; 

c) a mandrel having a substantially cylindrical 

external surf ace and having a first end, a second end, 

and a longitudinal axis, said mandrel sized to have a 

cross-sectional diameter subst~ntially equal to or less 

than the internal diameter of said stent to be 

fabricated, said platform provided with a first concave 

recess adapted to receive said first end of said mandrel 

and a second concave recess adapted to receive said 

second e~d of said mandrel; 

d) a hingedly connected arm adapted for movement 

in a f i~st direction to~ard said platform and in a second 

direction away from said platform for securing said 
I 

mandrel against a major surface of said flat sheet of 

metal; 

e) a first deforming blade provided with a first 

deforming blade tip; a second deforming blade provided 

with a second defo~ming blade tip; a third deforming 

blade provided with a third deforming blade tip; a fourth 

deforming blade provided with a fourth deforming blade 

tip; a fifth deforming blade provided with a fifth 

deforming blade tip; and a sixth deforming blade provided 
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around said external surface of said mandrel, said 

deforming blade tips adapted to deform said flat sheet of 

metal against said external surf ace of said mandrel so 

that said flat sheet of metal is deformed ineo a 

substantially tubular shape substantially conforming to 

said external surface, said deforming blades disposed 

between said first end and said second end of said 

mandrel, each of said deforming biades adapted for 

independent and selective movement in a first direction 

toward said mandrel and a second direction away from said 

mandrel so as to selectively impinge said deforming blade 

tips against said ~and~el or against a portion of said 

sheet. disposed between said mandrel and each of sa~d 

deforming blade tips, each of said detorming blades 

furt:her ·adapted so that said first long side arid said 

second long side of said sheet remain substantially 

parallel to each other when said stent is deformed into 

said tubular shape, said third and said sixth deforming 

blade tips provided with a plurality of scalloped laser 

apertures, said apertures sized and disposed co permit 

said third and said sixth deforming blade tips to secure 

said first long side and said second long side against 

said external surf ace of said mandrel while providing 

said laser access to predetermined portions of said first 

long side and said second long side of said sheet in 

order to weld said first long side to said second long 

side; 
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f) a first motor connected to said first deforming 

blade; a second motor connected to said second deforming 

blade; a third motor connected co said third deforming 

blade; a fourth motor connected to said fourth deforming 

blade; a fifth motor connected to said fifth deforming 

blade; and a sixth motor connected to said sixth 
~ 

deforming blade, each of said motors adapted for 

selectively moving each of said deforming blades to which 

it is connected in a first direction toward said mandrel 

and in a second direction away from said mandreli and 

g) a computer for controlling: the sequence which 

said first end of said table and said second end of said 

table are disposed within said laser housing; for 

controlling the sequence and degree to which each of said 

plurality of deforming blade tips impinges upon said 

mandrel.or a portion of said sheet disposed between said 

mandrel and each of said deforming blade tips; and for 

controlling the sequence, pattern, location, and amount 

of energy said laser applies to each of said first and 

said second long sides of each of said sheets disposed on 

each of said plurality of stent !oldere; 

b.) cutting a plurality of stent patterns into a flat piece 

of metal, each of said patterns having a first major surface 

and a second major surface, a first long side and a second 

long side, said first long side provided with a plurality of 

pairs of engagement points, said second long side provided 

with a plurality of pai~s of engagement points, said plurality 
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of pairs of engagement poincs disposed substantially opposite 

each other, said engagement points sized and disposed to 

communicate when said pattern is deformed and rolled into a 

tubular shape, each pair of said first long aide engagement 

point~ provided with a bridge disposed between each first long 

side engagement point comprising the pair, said bridge having 

a width that is less than the width of the other portions of 

the stent, said sheet provided with a plurality of alignment 

apertures ai2ed and disposed to engage said alignment pins on 

said ba.se; 

c.) disposing said sheet on said base so that said first 

major surface of said sheet is in contact with said base; 

d.} disposing a mandrel having a substantially cylindrical 

exte:tnal surface and a longitudinal axis against said second 

major surface of said sheet between said first long side and 

said second.long side of said sheet, said longitudinal axis 

substantially parallel to said first long side and said second 

·1ong side; 

a.) deforming said pattern into a cubular shape so that said 

f irat long side pairs of engagemenc points contact said second 

long side pairs of engagement points said deforming step 

comprising the steps of: 

a) actuating said sixth deforming blade motor so 

that said sixth deforming blade motor moves said 

sixth deforming blade in said first direction in an 

amount sufficient for said sixth deforming blade tip 

to contact said external surf ace of said mand~el so 
' as to secure said mandrel against said sheec; 

----------·-----------
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b) actuating said fir$t defor~ing blade motor so 

that said f irsc blade deforming motor moves said 

first deforming blade in said first direction in an 

amount sufficient for said first blade deforming tip 

to contact said first major surface of said sheet 

and deform said sheet against said external surf ace 

of said mandrel; 

c) actuating said second deforming blade motor so 

that aaid second def o:rming blade motor moves said 

second deforming blade in said first direction in an 

amount sufficient for said second deforming blade 

tip to contact said first major surface of said 

sheet and deform said sheet against said external 

surface of said mandrel; 

d) actuating said third deforming blade motor so 

that said third deforming blade motor moves said 

second deforming blade in said first directi.on in an 

amount sufficient for said third deforming blade tip 

to contact said first major surf ace of said sheet 

and deforrn said sheet against said external surf ace 

of aaid mandrel while actua~ing said sixth deforming 

blade motor so that said sixth deforming blade moves 

in said second direction away from said mandrel; 

e) actuating said fourth deforming blade mocor so 

that said fou~th deforming blade motor moves said 

fourth deforming blade tip in said first direction 

in an amount sufficient for said fourth deforming 

blade tip to contact said first major surface of 
--····---------·------- I , . 
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said sheet and d~form 6aid sheec against said 

external surface of said mandrel; 

f) actuating said fifth deforming blade motor so 

that said fifth deforming blade motor mo~es said 

fifth deforming blade in said first direction in an 

amount euf f icient for said fifth deforming blade tip 

to contact said first major surface of said sheet 

and de£o~m said sheet against said external surface 

of said mandrel; 

g) actuating said sixch deforming blade motor so 

that said sixth deforming blade motor moves said 

second deforming blade in said first direction in an 

amount sufficient for said second deforming blade 

tip to contact said first major surface of said 

sheet and deform said sheet against said external 

surface of said mandrel; 

h) simultaneously actuating said third and sixth 

defo:r:ming blade motors so that said third and sixth 

deforming blade motors move said third and sixth 

defo:rming blades in said first direction in an 

amount suf f icienc for said third and sixth deforming 

blade tips to contact said first major surface of 

said sheee and deform said sheet against said 

external surface of said mandrel; 

d) utilizing said laser in cutting said bridge; and 

e) utilizing said laser in welding each of said engagement 

points to the engagement point with which it is in contact to 

form said expandable atent. 
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.102. The method of claim 101, wherein said bridge has a width 

that is about 25% to about sot of the width of the other 

portions of said stent: 

io3. Th.a method of claim 101, wherein said bridge has a width 

of about 40 microns. 

104. The method of claim 101, wherein said engagement points 

are si%ed and adapted to move in an amount sufficient so as to 

reduce the likelihood of material stress occurring during 

welding heating and cooling cycles. 

105. The method of claim 101, fu~ther comprising the step of 

forming a V-shaped notch between said first long side and said 

second long side during step e) . 

106. The method of claim ioi, further comprising the step of 

providing a gap between said engagement points and said 

external surface of said mandrel during step e}. 

107. The method of claim 101, comprising the additional step 

of providing additional weld fill material on the side of each 

of said engagement points substantially opposite said bridge, 

said weld fill material sized and disposed so as to permic the 

additional weld fill material to be drawn into the weld point 

during welding. 

108. The method of claim 101, wherein step d) is carried out 
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U'9ing a laser. 

109. The method of claim 101, wherein step e) is carried out 

utilizing a weld. 

110. The method of claim 109, wherein said weld is run from 

outside-to-in. 

111. The method of claim 109, wherein said weld is wider than 

the other portions of the stent. 

112. The method of claim 111, wherein said weld is about 20% 

wider than the other portions of the stent. 

113. The method of claim 109, wherein said weld has a width of 

about 140 microns. 

114. The method of claim 109, wherein step e} is carried out 

using a weld-run that is.offset from the point where said 

engagement points contact eaeh other. 

115. The method of claim 109, wherein step e) is carried out 

using a plurality of welding runs. 

11G. The method of claim 115, wnerein two weld-runs are 

utilized. 

1i7. The method of claim 114, wherein said weld run is offset 
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about .oi mm from the point where said engagement pointe 

contaat each other. 

118. The method of claim 109, wherein said weld is a spot 

weld. 

119. The method of claim io9, wherein a plurality of spot 

welds is utilized. 

120. The method of claim 119, wherein said plurality of spot 

welds comprises s spot welds. 

121. The method of claim 101, further comprising the step of 

electropolishing the stent. 

122. The method of claim 101, wherein step e} is carried out 

utilizing an adhesi~e. 

123. The method of claim 101, wherein step e) is carried out 

utilizing a nail-like element. 

124. The method of claim 101, wherein said pattern in cut into 

said stent using multiple-up-etching. 

125. The method of step 101, fu~ther comprising the step of 

inspecting both sides of said sheet after step a) and before 

step b). 
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i26. The method of claim li5, wherein said inspection step is 

car~~ed out using an automated optical inspection appa~atus. 

127- The method of claim 101, wherein said stent patterna are 

added so that upon the expansion of said stent against tne 

inte~al wall of a vessel substantially no portion of said 

stent projects into said longitudinal lumen. 
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128. A scent having a longitudinal lumen comprising: 

a first long side and a second long side1 said first 

long side provided ~ith a plurality of pairs of engagement 

points, said second long side provided with a plurality of 

pairs of engagement points, said plurality of pairs of first 

long side engagement points and said plurality of pairs of 

second long ~ide engagement points disposed substantially 

opposite each other and connected to each other via a weld, 

said weld wider than the other portions of said stent. 

129. The stent of claim 12a, wherein said weld is ~un from 

outside-to-in. 

130. The stent of claim 128, wherein said weld is about 20% 

wider than the other portions of the stent. 

131. The stent of claim 128, wherein said weld has a width of 

about 140 microns. 

132. The stent of claim 128, wherein said weld is comprised of 

a plurality of weld runs. 

133. The stent of claim i32, whe~ein said weld is comprised of 

two weld runs. 

134. The stent of claim 128, wherein said weld is a spot weld. 

135. The stent of claim 12a, wherein said weld comprises a 
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plurality of epoc welds. 

136. The stent of claim 135, wherein said plurality of spot 

welds COtnprises 5 spot welds. 

137. The stent of claim 128, wherein said stent patterns are 

adapted so that upon the expansion of said stent against the 

internal wall of a vessel substantially no portion of said 

Stent protrudes into said longitudinal lumen of said Stent. 
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