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STENT FABRICATION METHOD 
Jacob Richter and Ira Yaron 

FIELD OF TiiE lNVENl'ION 

The present invention r~lates generally co methods of 

fabricacing stencs. 

BACKGROUND OF 1'.liE INVENTION 

scents are kno~n i~ the arc. They are cypically formed 

of a cylindrical mecal mesh which can ex9and when pressure is 

internally applied. Alternacively, chey can be formed of wire 

wrapped into a cylindrical shape. 

As described in U.S. ~.776,337 ta Palmaz, the 

cylindrical mecal mesh shape is produced by laser cutcing a ~hin 

walled metal cube. The laser cuts away all buc the lines and 

cu~ves of the mesh. 

The meehod of U.S. '337 is applicable for relatively 

large mesh shapes and for meshes whose lines a•e relacively wide. 

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

of che laser is coo large. 
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provide.a .$tent fabrication method which can produce sten~s wich ., 

relatively in~ricace and/or delicace designs. 

The me~hod involves first creating a flat version of 

~he de.sired stenc patcern from a piece of thin sheet metal. The 

flac pattern can be produced through any suitable technique, such 

as etching the design into che sheet metal, or by cuc~ing with a 

very fine laser. should one become commercially available or by 

any ocher technique. 

Once the sheec metal has been cut, it is deformee so as 

co cause ics edges to meet. To crea~e a cylindrical s~enL from a 

fla~, roughly reccangular mecal pALLern, the flac mecal is rolled 

uncil che edges meet. The locatio~s whe~e edges meec are joined 

cogecher, such as by spo~ welding. Afcerwards, che stenc is 

polished, eicher mechanically or electrochem~cally. 
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The present. invention will ·be ·~derst.ood and ;;,ili"~ . 
.. 

appreciated more fully from the foilowing detailed descript.fon 

taken in conjunction with the dra~ings in which: 

Fig. 1 is a flow charc illustration af the st.en~ 

fabrica~ion mechod of t.he present invention; 

Figs. 2A, 2B and 2C are illustrations of three 

alternacive stent patterns t.o be etched, in accordance wich the 

meehod of Fig. l, into a flat sheet of metal; 

Fig. 3 is an isometric illustra~ion of a scent bei~g 

deformed, useful in underscanding the method oE Fig. l; 

fig. 4 is an isometric illusr.ration of a scent formed 

from che method of rig. l; 

Figs. SA and SB are side and top view illustra~ions, 

respeccively, of one conneccion location of ~he scene of Fig. 4; 

Fig. ~ is a side view illuscration of one connec~ion 

location of the seene of Fig. 4 which is connectec in a nail-like 

manner; 

Fig. 7 shows a piece of sheet metal with a plurali~y of 

patterns made in accordance wi~h the invention; 

Fig. s shows a decailed view of one of the pacterns 

shown in fig. 7'; 
..... 

Fig. 9 shows a dee: ailed view of a pair of engagement 

~roughs shown in Fig. B; 

Fig. l.O shows a de.tailed view.of a pair of engaging 

protrusions shown in Fig. 8; 

.3 
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F.ig <ii: shows che engage~n.t. t:roug!ls &?.nr.'I: E".ngagP-ment. 

protrusions of- Figs. 9 and 10. in the engag~d posi;c:.iott; 

.Fig. 12 shows a welding ~unpracticed in accordance 

with the i~vention; 

fig. 13 is a de~ailed view cf the welding run shown ~n 

Fig. 12; 

Fig. l4 is a detailed view of a cell a= a sten~ made in 

accordance with ~his invention; 

Fig. 15 is a dec:.ailed view of a cell made in accordance 

wic:.h ehis invention; 

Fig. 16 shows a cell of· a scent made in acco~dance wic~ 

c:his invention; 

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

16; 

Fig. 16 is a cross~secc:.ional view of a longitudinal 

rnembe~ of a stent constructed i~ accordance with this inve~cion: 

Fig. 19 is a cross-seccional view of a sce~c 

conscruceed in accordance with chis inven;ion; 

Fig. 20 is a perspec~ive view of a .s~en~ construcced in 

accordance wic:.h chis invencion; 

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

unexpanded scene made in accordance wich the invention; 

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

shown in Fig. 21 after it has been expanded; 

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

u.nexpanded st.enc. made by cutti.ng a pattern in a c.ube; and 
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, ··. · ·· ii~-£~'±-~ce ··is" no-..,:~~~~<to -Fr9•.:.·1.;~· vhich"· i11:us~rat;~.s tne 

stent f~bricat..ion met.hod of the' ''presen.t :i'i'\venc.ion and co Pigs. 

2A, 2B, 2C, 3 and 4 which are useful in underscanding ~he me~hod 

of Fig. 1. 

In che stent fabrication method of che present 

invention, a stent designer f irsc prepares a d~awing of the 

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

Figs. 2A, 2S and 2C illustrate chree exemplary sten: 

paccern designs. The pattern of Fig. 2A has cwo cypes of 

sec~ions 20 and 22. Each sec~ion 20 has cwo opposing periodic 

patterns and each sec~ion 22 has a plurality o: ccnneccing lines 

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

preferable size is ~o have each section 20 be becween 1 and 6mm 

wide and ea~h section 22 have connecting lines 2~ of l - 6mm 

long. Ac such sizes, ~he patte~n of Fig. 2A cannoc be cue using 

a laser cuccing system. 

The pa~tern of Fig. 2B is similar co chac of ~ig. 2A in 

~hat i~ also has sections 20 of opposing periodic patterns. The 

pattern of Fig. 28 also has conneccing sections, labeled 30, 

which nave a Z shape. 

The pactern of Fig. 2C has no connecting se~tions. 

!nstead, it has a series of alternating patterns, labeled 32 and 

34. 

. . 
The pacterns of Figs. 2A, 2B ana 2C optionally also 

have a plurality of.small protrusions 38 which are useEul in 

.· 
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· ·, Recurning ·to· Fig_ l, in si:ep :p ,: t:he seen~ patc.e_:t"IJ. ·is 

cu.c in.co a flac. piece of metal ("sheet. m.etal '') . The met:.al can be. 

a~y eype of biocompatible mate~ial, such as s~ainless sceel, or a 

material wh~ch is pla~ed ~ith a biocompatible ~aterial. The 

cutcing operacion can be implemeneed in any of a numbe~ of ways, 

su~h as by etching, or by cutting with a fine cutting tool, or by 

cutcing with a very fine laser, should one become commercially 

available. 

If seep 12 is implemented with etch~ng, then, the 

process is designed to cue through the sheet mecal. This process 

is known; however, for the purposes of comple~eness. it will be 

briefly described hereinbelow. 

The drawing cf che pattern is reduced and printed on~o 

a cransparen~ film. Since it is desired to cut complecely 

through ~he metal, che drawing is printed ortto cwo films which 

are joined together in a few places along cheir edges. The sheec 

me~al is covered, on both sides, with a layer of photoresisc and 

placed becween ~he t~o transparent. princed ~ilms. The strueture 

is illuminated on boch sides which causes the por~ions of the 

pho~~resisc wnich ~~ceive che ligh~ {which.are all ~he etrip~y 

spaces in the paccern, such as spaces 26 of Fig. 2A) to change 

propercies. 

The sheet metal is placed into acid which eats away 

those porcions of the phoco~esist ~hich changes properties. The 

sheee mecal is then placed into an etching solution whi~h etches 

7 
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solution'·which · i_:emoves the photo-resist, leaving the rner:.al having 
t. 

the desired seen~ pattern. 

In step 14, che metal pacte4n is defo~med so as to 

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

each oehe~. Fig. 3 illustrates the deformation process. For 

cylindrical sten~s. the deformation process is a rolling process, 

as shown. 

If the protrusions JB have been produced, after 

deformation of che metal pactern. the protr~sions 38 ~rocrude 

over the edge 28 co which they a~e not atcached. This is 

illustraeed in Fig. SA. 

!n sr.ep 15, che ~dges 28 are joined ~ogether by any 

suitable process, such as spec welding. If the prot4usions 39 

were made, the proc~usions 38 a=e joined to the O?posite edge 28, 

eicher by welding, adhesive or, as illuscraced in Fig. 6, wich a 

nail-like elemenc 40. Fig. SB illuscraccs che connection of che 

protrusion to the oppasice edge 28. Since protrusion 38 is 

cypically designed co extend che ~idth of one loop 39, che 

pat~ern in approxima.cely preserved. This is seen in Fig. SB. 

Alternatively, che edges 28 can be brough~ cogether and 

joined··· in' 't:.he apiJropriate places. 

Fig. 4 illustrates a s~enc 31 formed by the proc~ss of 

steps 10 - i6 for Che pactern of Fig. 2A. It is noted thac such 

a Stent has connection points 32 formed by che joining of the 

poim:s 30. 

a 
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:nac:.eri~·l not:. properly removed by the· cu·r:~i~g. proc~ss (sr:.e!ii .. ~2}. 

The pes:t.:i.shing.aan ~·be performed .mechanic,a.~ly, by rubbing a·· 

polishing scick having diamond dust on its ou~side inside che 

scent 31. Alcernatively, an elec~ropolishing uni~ can be 

utilized. 

Fig. 7 shows an alternative embodiment of the inventio~ 

in which ~ pluralicy or pa~terns 120 are etched and cut inco the 

she.et metal l2l as previously discussed. Fig. a is an enlarged 

view of one of the plurality of pa~terns 120 shown in Fig. 7. 

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

of engagemen~ troughs 128 and 129 shown in ~ig. B. Fig. 10 is an 

enlarged view of one pair 130 of the pluralicy of engagement 

protrusions 131 and 132 shown in rig. a. The sheec mecal 121 and 

each of ~he pa~terns 120 is provided wi~h a plurality of 

alignmenc apercures 122 and 122' adap~ed co receive sprockets 

(noc shown) for preci~ely moving and maintaining the p~ecise 

alignmenc of che sheet metal 121 and the pacterns 120 during the 

various seages of manufaccuring. Each pattern 120 has a firs~ 

long side 123 and a second long side 124, a firs~ shor~ side 125, 

and a second short side 12G. The firs~ long side 123 is provided 

wich a pll.lrality of pairs 127, 127' and 127" of engagement 

croughs l28 and 129 (shown in greacer detail.in Fig. 9) _ Each 

pair 127, 127' and 127" of engagemenc croughs has a first 

engagemen~ erough 128 and a second engagemene trough 129. The 

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

9 
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protrusions is·p;r:ovided with a firs~ engagsmen~ procrusion 131 

and a second engagemen~ protrusion lJ2. The pairs of engagement 

protrusions 130, 130' and lJO" are disposed subscancially 

.opposi~e ~he pairs of engagemenc troughs 127, 127' and 127H. 

The engagement croughs 128 and 129 are disposed and 

adapced co receive and engage che engag~ment protrusions 131 and 

132 so thac the alignment of che stent is maintained when the 

pactern l20 is deformed and the f la~ sheet metal is rolled so 

that ~he firsc long side 123 and the second long side 124 meet 

each ocher to form a tube as shown in Figs. l~ and 20. 

A bridge l33 of material is disposed between each pai~ 

127, 127' and 127" of engagemenc t~oughs 128 and 129. This 

bridge l33 imparts addicional stability and facili~ates alignmen~ 

du~ing manuf ac~uring and imparcs additional strengch ~o the welcs 

of che finished Stene as discussed below. 

Af ce~ the sheet has been rolled into a cubular stenc 

and ~he engagement troughs 128 and 129 have received che 

engagement protrusions 131 and 1J2, means (not shown) are 

u~ili=ed to maintain che ali1tlmenc and che bridge ll3 is cue to 

leave:cwo substantially equal pares. The b~idge 133 may be cut 

in a variety of ways well known to those skilled in che art, 

however, in a preferred embodiment, a laser is utilized. 

Engagemenc ~rough 128 is welded co-engageme~c protrusion 131 and 

engagement ~rough 129 is welded to engagement protrusion 132 as 

10 
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of ways .well known to. those skilled in.' the··arc:, however, in, a 

preferred ·embodiment a plurality of spoc welds are utilized. In. 

an especially preferred embodimenc, abouc five spec welds are 

used in each weld run as shown in Figs. 12 and 13. The heat 

produced by che ~elding melts ~he cut bridge 133 material and the 

material is drawn ~awards ~he engagemen~ trough 120 or 129 co 

which tne macerial is actached and is drawn into the welded area 

b~tween the engagemenc trough and the engagement protrusion where 

che addicional bridge material becomes part o= and ~mparcs 

addi~ional s~rength to the weld. ·The st:ent may chen be finished 

as previously discussed. 

fig. 13 is an enlarged view of the welded area shown in 

Fig. 12. In a preferred embodimenc, the weld run is offset from 

che poinc where Che engagemenc ~rough and the engagement 

pro~rusion contac~ each other. In an especially preferred 

embodiment, che weld run is offsec abou~ .Ol mm. 

Fig. 14 is a detailed view of the paccern shown in Fig. 

S. As shown in Figs. 14 and 20, Applicants' .invent: ion can also 

be described as an expandable scent defining a longicudinal 

apercure Bo h~ving a longi~udinal axis or 9xtension 79 ar.n a 

c:irc:umferencial axis or ext:an11ion 105, ··including a plural icy of 

flexible connecced cells SO with each of the flexible cells 50 

having a first longicudinal end 77 and a second longicudinal end 

78. Each cell SO·also is provided with a first longi~udinal apex 

100 disposed ·at. the ·first long.ic:.udinal end 77 a.nd a second 

11 
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Each cell 50 also includes a first m~mber 51 havLng a 

longi~udinal componenc having a first end 52 and a second end 53;, 

a second member 54 having a longitudinal component having a f i=st 

end SS and a second end 56; a third rncm.be;::- 57 having a 

longitudin~l componenc having a first end SB and a second end 59; 

and a fourth member 60 having a longi~udinal component having a 

first end 61 and a second end 62. The scene also includes a 

f irsc loop G3 defining a first angle 64 disposed becween the 

f irsc end 52 of the first member Sl and Lhe f~rst end 55 of ~he 

second member 54. A second loop 65 defining a second angle 66 is 

disposed beeween che second end 59 of the third member 57 and ~he 

second end G2 of the fourch member 60 and is disposed generally 

opposice to che first loop 63. A first flexible compensating 

membe= or flexible link 67 having a first end 66 and a second end 

59 is disposed becween che first member 5! and ~he third member 

57 with che firsc end 68 of che first flexible compensating 

member or flexible link 67 communicat~ng with ~he se~ond end SJ 

of che first member Sl and che second end 69 .of che firs~ 

flexible compensating member or flexible link ~7 communicating 

with ehe firsc end 58 of the chird meml:>er 57. The firsc end Ga 

and the. second end 69 are disposed a variable longitudinal 

discance 70 from each ocher. A second flexible compensating 

member 71 having a firs~ end 72 and a second end 73 is disposed 

becween the second member 54 and the four~h membe~ 60_ The firsc 

end 72 of the second flexible .compensating member or flexible 

12 . 
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54 and. t:he second end 73 of the second,' f:le~il::>le. compensa~ing 

member-· or flexible link' 71 communicates wtc:.h t;he· first. end ol of · 

the fourth member 60. The firsc end 72 and the second end 73 are 

disposed a variable longi~udinal dis~ance 74 from each ocher. In 

a preferred embodiment, the first and second flexible 

compensating member or flexible links 67 and 71 are a~cuace. The 

first and second flexible compensacing member or flexible links 

67 and 71 are differencially excendable or compressible when the 

scene is bent in a curved direction away from ~he longitudinal 

axis 79 of che aper~ura BO. (Sho~n in Fig. 20.) The first member 

51, second member 54, third member 57, and fourth member 60 and 

che f irsc loop 63 and che second loop 65 and the first flexible 

compensacing member or flexible link 67 and the second flexible 

compensacing member or flexible link 7l are disposed so thac as 

che stenc is expanded che discance between the first flexible 

compensacin9 member or flexible l;nk 67 and ~he second f lexibl~ 

compensacing member or flexible link 71 increases and the 

longitudinal component of the first member s~. second member 54, 

chird member 57 and fourch member 60 decreases while the first 

loop 63 and che second leap 65 re~ain genarally opposite co one 

anocher, the ends 69 and 69 of che first flexible compensacing 

member or flexible l~nk 67 and the ends 72 and 73 of t:he second 

flexible compensating member or flexible lin~ 11 open so as to 

increase the variable longitudinal distance 70 becween ~he firsc 

end 68 and che sec:ond end 69 o.f t:he first flexible compensat.ing 

13 ' 
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longitudina1 ::di~t:.ance. 74. between ... ~he- ~firs~t end .12 .. ~nd .the.:~e.cond·~·· 

end 73 of th~· second flexible compensacing member or flexible 

link 71. This compensaces for che decreasing of che longitudinal 

componenc of che first members:, second me~~er 54, third member 

) 57, and fourth member 60 and subscan~ially lessens the 

foreshortening of ~he sten: upon its expansion. Upon expansion, 

the first flexible compensating member 57 and the second flexible 

compensacing member 71 impart support co the lumen being ~reated. 

Fig. 15 shows the dimensions of an especially preferred 

embodimenc of chis invention. The deflection poincs, i.e., the 

f irsc and second loops 63 and 65 and Lhe f irsc and second 

compensacing members 67 and 71, are made wider than the first, 

second, third, and fourth mem.bers Sl, 54, 57 and 60 so that the 

force of che def leccion is dis~~ibuced over a wider area upon the 

expansio~ of che stent. The deflection points can be made wider 

than the firs~. second, third and four~h members in differing 

amoun~s so that che deflection will ~ccur in the narrower areas 

first due to che decreased resistance. In a.preferred 

embodimenc, che fi•sc and second compensacing mambers are wide~ 

Lhar. che firs~, second, third and fourth members and che first 

and second loops are wider than che first and second compensating 

members. One of Che advantages of sizing the firse and second 

loops so Chae they are wider than the f irsc and second 

compensatirtg members is chat che stenc will subscantially 

compensace for foreshortening as the st~nt is expanded. In the 

14 
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; embcd.tr.':c:n~. shown in Fig. lS, . t.he first.~.· se~oild, . third tortd,...:.foU°rth 

members 51, 54 1 57 and 60 have a ·Widt.h of about. O. l mm. The 

firsc and second loops 53 and 65 have a w;qth of about 0.14 mm. 

The first and second compensating members 67 and 71 are provided 

with a thickened porcion 75 and 76 having a width of about 0.12 

mm. Thus, in chis especially preferred embodimenc, che first and 

second loops have a width that is about 40% greate~ and ~he first 

and second compensating mem.be~s have a width that is about 20~ 

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

members. 

Figs. 16 through 20 show details of a scent construcced 

in accordance with this invention. 

Yet anocher advantage of Applicant's invention is shown 

in Figs. 2i co 24. For che sake of clarity, the dimensions and 

che degree of displacement of cne components of the scenes shown 

in Figs. 21 co 24 has been intentionally exaggerated. 

Fig. 21 is a c~oss-sectional front view ~aken along 

line A-A cf che unexpanded seen~ made in accordance with 

applican~s invention shown in Fig. 20. The ~nexpanded sten~ 200 

of Pig. 21 is shown disposed in the lumen 202 of a blood vessel 

201 prior ta.expansion. As previously d~scussed, chis stent is 

made by first cutting the stent patcern-inco a flat piece of_ 

sheet metal and then rolling the sheee mecal into a tube to form 

ehe tubular scent. As shown in Fig. 21 after rolling, the first 

and second f le~ible compensating members G7 and 71 of the 

une:>ep&nded scent tend co ~flare out" in a direction away from che 

15 . 
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s. lo:u.gi:.ud.i·na·l ·a.x:tc c:- l".J.<nen .. of che scent.. Thu::, t.he fle>ci.ble , 

compensating mett'lbers 67 and 71 define oucer diameters which are 

larger chan the outer diameters defined by the remaining portions 

of the stent. F~g. 22 shows che stent of Fig. 21 after it has 

been expanded in the lumen and againsL the inte=nal wall of the 

blood vessel. As shown in Fig. 22, upon expansion of ~he 

unexpanded Stent toward the ~all of the blood vessels, the walls 

of the blood vessel imparts a mechanical farce co the first and 

second flexible compensating members 67 and 71 and che 

compensating ~embers move coward the longitudinal axis or lume~ 

of the stent until they are substantially in registry ~i~h the 

remaining portion of the sten~. Thus, che lumen of che expanded 

scene is substantially circular when viewed in cross seccion with 

subst.an~ially no portion of ehe expanded stenc p~ojec~ing into 

che lumen or towards che longi~udinal axis ot che expanded scent. 

Fig. 23 is similar to Fig. 21 except cha~ cne pa~Lern 

has been cu~ into a tubular member using conventional mechods of 

making scents. As shown in rig. 23, che flexible com~ensatin~ 

members do not flare out away from che longitudinal axis of the 

unexpanded s~enc 203. Upon the expansion of the stenc shown in 

Pig. 23 eowa~d ~he walls of che Dlood vessel 20l, the flexiblP. 

compensating members 67' and 71' tend to "flare in" and project 

into the lumen 204 of che expanded scene 203. 

Fig. 24 shows ~he stent 203 of Fig. 23 afcer ic has 

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

cgmpensacing members 67' and 71' are nQt in regis~ry with che 

16 . 
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~ rem'ai~i'ng.o:·po::-t.iorts of the. stent .;md ciefl!n.e d.. 'di-:rmet:e:r smaller · 

than the diameter of remaining porciqns'of ~he scent. These 

project:ions· ·into the· 1umen of t:he sc.enc ·create turbulence in a 

fluid flowing chrough the langit~dinal axis of che expanded s~ent 

and could result in clot ~ormation. 

) Ic will be appreciated by persons skilled in che arc 

that che p~esent invention is no~ limi~ed to what has been 

par~icularly·shown and described hereinabove. Rather che scope 

of the presenc inven~ion is defined only by ehe claims which 

follow. 
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=·. ·· .G:r,AIMS. 

1 .. :A ·met:hC!d of· ·fabricating .a· stent 1. GOmij1rising t:he .st·eps · · · 

of: 

al cutting a pluralicy of scent patterns into a flat 

piece of metal, each of said pacterrts having a first long side 

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

plurality of pairs of engagemenc troughs, said second long side 

provided wich a plurality of pairs of engagement pro~rusions, 

said pluralicy of pairs of engagemenc troughs and said pl~rality 

of pairs of engagement protrusions disposed subscantially 

opposite each o~her, each of said plurality of pairs of said 

engagement croughs comprising a f irsc engagement crough and a 

second engagement Crough, said engagement troughs sized and 

disposed co receive and engage said engagemene protrusions when 

said pattern is deformed and rolled inco a tubular shape, each 

pair oe said engagemenc croughs provided wich a bridge disposed 

between said f irsc engagemenc trough and said second engagemen~ 

crough.: 

b) providing said !lat mecal she~c with a plurali~y 

of alignment apercures; 

c) deforming said pactern into a tubular shape so 

t..ha~ said pairs of ertgagement croughs engage said pairs of 

engagement protrusions; 

d> cutting said bridge; and 

e), ·attaching each of said engagement croughs to the 

engagement protrusion with which it is engaged, co form said 

18 . 
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2. The meehod of claim 1, further comprising the step of 

providing said sheet with a plurality of alignment apertures. 

J. The method of claim i, wherein step d) is carried out using 

a laser. 

4. The me~hod of claim 1, ~herein s~ep e) is carried out 

utili~ing a weld. 

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

a welding run that is off set from the point:. where said engagemenc 

crcughs and said engagemenc procrusions concact each o~he~. 

6. The mechod of claim 5, wherein said welding run is offset 

abouc .Ol mm from the point where said engagement ~roughs and 

said engagemen~ protrusions contacc each ocher. 

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

B. The method of claim 7, wherein a·plurality of spoe welds is 

uc:ilized. 

9. The method of claim 8, wherein S spoc welds are utilized. 
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10. The me~.:10~ :C,\f claim· 1, .. wherein· .seep el. is carried out: . 

utili~ing an adhesive. 

11. The method of claim 1, wherein step e) is ca~riec out 

utilizing a nail-like elemenc. 

12. A me~hgd of fabricaLing a stent comprising Che seeps of: 

a) cucting a plurality of scent pacterns inco a f lac 

piece of metal, each of said pacterns comprising a pluralicy of 

flexible connected cells, each of said fle~ible cells comprising: 

a} a first. member having a longitudinal componenc having a 

first end and a second end: 

b) a second member having a longicudinal component having a 

f i~sc end and a second enc. 

c) a third member having a longicudinal componenc having a 

first end and a second end; 

dl a fourth member having a longicudinal compone~t having a 

firsc end and a second end; 

eJ ~ firsc loop defining a firs~ angle qisposed between said 

first end of said first member and said f irsc end of said 

seeo:cd member; 

f )· a second loop defining a second angle disposed becween 

said second end of said third ~ember-and said second end of 

said fourth meml:>er, and disposed generally opposi~e to said 

first loop; 

g) a firs~ flexible cot?tpensaLing member or flexible link 

20 
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· · ~ having•·,a·· fi-rst:. en.d 3.nd a sel':r:ind end .disposed bet.ween said 

firs~ member and said third member, qaid first end of said 

firsc -fll!!Xible compensStins mctnber or flexible link 

communicating with said second end of said first member and 

said second end of said first flexible compensating member 

or flexible link communicating with said first end of said 

thi~d member, said first and said second ends disposed a 

variable longitudinal distance from each other; 

ht a second flexible compenaacing member or flexible link 

having a first end and a second end disposed between said 

second member and said four~h member, said first end of said 

second f lexi~le compensating member or flexible link 

eommunicacing with said second end of said second member and 

said second end of said second flexible compensating member 

or tlexible link communicacing with said first end of said 

four~h member, said first and said second ends disposed a 

variable longitudinal distance fram each other, said f irsc 

and said second flexible compensa~ing member or flexible 

links differentially excendable or comp~essible when said 

stent is bent in a curved direccian away from the 

.longitudinal -xie of sa~d aperture; and 

i) said first, said second, said chird. and said fourch 

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

and said second flexible compensating member or flexible 

links di$posed so chac as said stent is expanded ~he 

discanee between said firs~ a~d said second flexible 

21 
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comperi.sat.inS' member~ or/ f1ex~·b!.e _.l.f.n.ks·· :j i:u::;~.eas.es and ·Che 

longitudinal component of s.aid f ir.i:;t •. second.· c:hird and 

fourth members decreases while saic f irsc and said second 

... ·-· '• .. ' 

.· 

lacps remain generally opposice to one another, che ends of 

said first and said second fl~xible compensating member or 

flexible links open so as to increase said Yariable 

longitudinal distance be~w~en said f irsc and said second 

ends of said first flexible compensating member or =iexible 

link and so as co increase said variable longitudinal 

discance between said f irsc and said second ends of said 

second flexible compensacing·member or flexible link so as 

~o compensate for the decreasing of the longieudinal 

component of said f irse, second. third, and fourch members 

and subs~antially lessen the foreshorcening o: said seen~ 

upon its e~pansion; 

each of said plurality of scene pa~cerns having a firsc 

long side and a second long side, said firs~ long side provided 

wich a pluralicy of pairs of engagement troughs, said second long 

side provided wich a pluralicy of pairs of engagement 

protr~sions, said pluralicy of pairs of engagement troughs and 

said plurali~y cf pairs of engagett1ent protrusions d1sposed 

sl.:Lhstaneially opposice each ocher,. each of said plurality of 

pairs of said engagemenc croughs comprising a f irsc engagement 

trough and a second engagement crough, said engagemenc t~oughs 

sized and disposed co receive and engage said engagemenc 

protrusions when said pactern is deformed and rolled into a 

22 --
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t:ul::n.il.a:i:-. shaper each pz:i.r o! &aid eng.:t9e111sn.t. c:roughs :provided wit.h 

a bridge disposed between said first engagement crough and said 

second engagement trough; 

b) deforming said pattern inco a ~ubular shape so 

that said pairs of engagement croughs engage said pairs of 

engagement procrusions; 

c) cutting said bridge; and 

dJ attaching each of said engagement croughs to the 

engageme~c p~o~rusion wic:h which it is engaged, co form said 

expandable stenc. 

13. The method of claim 12, fur~her comprising the seep of 

providing said flat metal sheec wich a pluralicy of alignment 

aperr.u:::es. 

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

loop, said first compensating member, and said second 

compensating member a~e wider than said firs~, second, third and 

fourth members. 

15. The method of ~lairn 14, wherein said firsc anrl said second 

ccmpensacing members are wider cha.n said first, second, third, 

and four~h members and said first and said second loops are wide~ 

ehan said first and said second compensating members. 

l6. The method of claim 15, wherein said first and said second 

23 
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loops have a wid.t.h that is· -about 4.C%- ;ireat.er ~lam U!·: widch of 

said firsc, second, chird, and fourth members and said first and 

said second compensating members have a width that is abouc 20% 

greater than che width of said first, »econd, third, and fourth 

members. 

17. The method of claim i2, wherein s~ep c) is carried out using 

a laser. 

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

utilizing a weld-

19. The method of claim 18, wherein step d) is carried ouc 

utilizing a welding run thac is off sec from the poinc where said 

engagement troughs and said engagemenc protrusions concacc each 

ache:!'. 

20. The method of claim 19, wherein said welding run is offset 

about .Ol mm from che point where said engagemenc croughs and 

said engagement protrusions concact each other. 

21- The mttcbod of claim 18, wherein said weld is a spec weld. 

22. The me~hod of claim 21, wherein a plurality of spoc welds is 

utilized. 
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2'3 .· .-"Ib.4 ~thod~·of ·claim :Z2, wr.erein 5 spot:. welds are ut.ilize·.i 

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

utilizing an adhesive. 

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

utilizing a nail-like element. 

26. A sheet for fabricating a scent having a longitudinal 

lumen comprising: 

a flat piece of metal provided with a pluralicy of 

stent pat~erns, each of said patterns having a first long side 

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

plurality of pairs of engagement ~roughs, said second long side 

provided wi~h a pluralicy of pairs of engagement protrusions, 

said pluralicy of pairs of engagement ~roughs and said plurality 

of pairs of engagement proc.rusions disposed subscantially 

opposite each ocher, each of said plurality of pairs of said 

engagemen~ troughs comprising a f irsc engage~ent trough and a 

second engagement trough, said engagement croughs sized and 

dispo.sod to ?:eceive and ~ngage said engagemenc. ;>rotrusions when 

said pateern is deformed and rolled into a tubular shape, each 

pair of said engagement troughs provided with a bridge disposed 

between said first engagement trough and said'second engagement 

~rough. 

25 . 
11111111 11111111111 11111111111 

* C L M S * i 
I 
' ,. 
I 

.:::~:::; ./'.(_~·: .1) 



( RECEIVED 10/ZZ 09:51 1997 AT 533-0G9q PASE 
FROM KENYON & KENYON 2\2-425-5288 

35 (PRINTED PASE 35 > ] 61454846 p 35 (TUE) 10. 21' 97 21 :49/ST. 21 :36/NO. 35 
·' . 

:n. Thi! sneet' of· claitn 26, · .. fur.t.her c.om9r.ising .~ .. p"l·ut"alir:y of . · .- .. , .. 

alignment apertures disposed in said sheet. . .. 

28. A sheet for fabricating a stent having a longicudinal lumen 

comprising: 

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

scent pacterns. each of said pat~erns comprising a plurality of 

flexible connecced cells, each of said flexible cells comp4ising: 

a) a first member having a longitudinal componen~ having a 

first end and a second end; 

bl a second member having a ·1ongicudinal component having a 

first end and a second end, 

c) a third member having a longitudinal component having a 

f irsc end and a second end; 

d) a fourth member having a longitudinal componen~ having a 

first end and a seeond end: 

e) a f irsc loop defining a first angle disposed bet~een said 

first end of said firs: member and said first end of said 

second member; 

f) a second loop defining a se~ond angle disposed between 

said second end of said ehird member and said second end of 

said fourth membe~, and disposed generally opposite to said 

first loop; 

g) a first flexible compensating member or flexible link 

having a firs~ end and a second end disposed between said 

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

26 ' 
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firs·i: J:lexi.bl.e ~~p~nsc-~.ir.g member or fle;<ible link· · · · 

communicating with said second end of said first member and 

said second end of said first flexible compensacing member 

or flexible link communicating wit:h said first end of said 

third member, said firsc and said second ends disposed a 

variable longitudinal discance from each ocher; 

h) a second flexible compensating memk>er or flexible link 

having a first end and a second end disposed between said 

second member and said fourth member, said f irsc end of said 

second flexible compensating member or flexible link 

communieacing wich said second end of s~id second member and 

said second end of said second flexible compensacing member 

or flexible link communicating with said f irsc end of said 

fo~rth member, said firsc and said second ends disposed a 

variable longitudinal distance from each other, said firsc 

and said second flexible compensating mem.ber or flexible 

links differentially excendable or comp~essible when said 

scene is benc in a curved direction away from che 

longi~udinal axis of said aperture; and. 

i) said firs~. said second, said ~hird, and said fourch 

mernbe~s and said first and said second loops, and said firsc 

and aaid second £lexible compensating ~ember or flexible 

links disposed so that as said stenc is expanded the 

diseance between said first and said second flexible 

compensating member or flexible links increases and che 

longitudinal component of said first, second, thi~d and 

27 . 
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fourth· -:'t\etnbers decreases lo(hil e s~J.d f. i::-:st:. and said ~econd 

loQps remain generally opposite to one another, ~he ends of 

said first and said second flexible compensating mem.b~r or , 

flexible links open so as ~o increase said variable 

longitudinal distance between said fi~st and said second 

ends of said fi~1t flexible compensating member or flexible 

link and so as co increase said variable longicudinal 

distance .between s•id first and said second ends of said 

second flexible compensating member or flexible link so as 

to compensate fo~ the decreasing of the longi~~dinal 

component of said first, second, third, and fourch members 

and substantially lessen che foreshortening of said scene 

upc1n its expansion; 

each of said plurality of scene paccerns having a first 

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

wich a pluralicy of pairs of engagement troughs, said second long 

side provided with a pluralicy of pairs o! engagemen: 

9roerusions, said pluralicy of pairs of engagement croughs and 

said plurality of pairs of engagement protrusions disposed 

substantially opposite each other, each of said pluralicy of 

pairs of said en~agement crougha comprising a f irsc engagement 

trough and a second engagement trough, said engagement croughs 

sized and disposed to receive and engage said engagement 

protrusions when said pa~tern is deformed and rolled inco a 

tubular shape, each pair of said engagemenc croughs provided with 

a bridge disposed bec~een said first engagemenc trough and said 

29 
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23. The ,5l1!'ii,ir_ of cla.im 28, fur:.h~i:-. ::ompri!'l~ng ~ ?lu.t"ali::~ o! 

aJ..l.gnment apl'!r. Lures disposed .i.n S'2l.d. flat m.-r .. t she~I... 

30. ThP. ... ti"'ec cf cla.irn 2tl, wherein said f.1 rst luu1:1 1 said se.i:·or.d. 

loop r ~ttid first c:o1npensa.ci:ig mcm;,er. a:it'I ,..~ .i.d >;w.c.;cmd 

compensac..fng·m~mbe:i: are wider than 3aid f;r,..t, s.,;,.::uui.l, ;:.hird .:lnc!. 

fourth ml:'111\.1ers _ 

31. The sh .. et CJf claim lO, wheroln said Fi T.'5C: au<.l :r.;aid s~cond 

compeni;.'l:-.i11':J mambe:n1 are wider tnan :ia:.d Fb::»t., i,;e~ond, third, 

.and f.:mrlh m2mbe;r& and sa.id tl.r:3t: and ~ ... ;,; '>'l!•-·c.md lo:Jps a.re wider 

:::bar. sa i cl !irsc a.nd said second c:ompen!l11 :- ing n1!l!ml.lers. 

32. Tht': sh~~c of claim Jl, !.'herein s!!.id Fi.:::;;c: •n:i &:.aid second 

J.oops h.i..,I:! n width that: is abouc 4.0~1 gr~Al"l"'l: ch.m ~he widch of 

5!.ic:J. :f i r~t", IOl;!'c:'C'lnd, Chi rd, ;ind fO~rtb ftlC":mber.:5 .sue,! !iii.id f ir.::;t:. and 

said "l!'~ond campen,.:ac.ing rnembe::s have "' ..,iuLh th<lt:. .i.S a.t:Q\.lt. 20!; 

gre;.iler than t.he .,,id~h of S<lid f i:-!'ir, S'!CotuJ., th:i.:rd, and fourt.r. 

33. · ·•· An expandable ~-=ent having "' li:•!l:JiLuai::.al lL1111cn 

a} a firat long &ide and a s~~ona lon9 side, saia 

f'.ir.!;lt long Iida p:rov'ided ~ic.h .a pl 11ral.i.c.y cf pair~ of engei.geinem:. 
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••,I 

i:.:nn:.~h;>, .::u::aiti .:!!'!C:li'llJC.l lona s:idA .provided 1.1i~ir a pl·vral j c-: uC ?CCJ.~s 
. 

of engagement: pu1lrusions, s~10. ;i!ur.H1ty. of. pait"it of 2n9•gemanc 

:roughs and said ~1lt.1rillic:y of pairs oi cngag-em~r.r ri_rotr-.Js.i•Jn.a 

dJ.~posed subst:..imr ir.lly O?POli!.ta each other, said plL:.t:.a.1.i.Ly -:.Jf 

engagemenc ti.--ouglL,., H.i ·r.l!d ar.d dispo~ed to receive and P-ng<1~1it sa.i.c:i 

engagement prot.r.i.siom•, said eng.aqernen:. troughs atr .... C":h,.,-1 to s .. ;.t;l 

l'")q~qcment p:otrusions. 

34. '!'he stent: of cla.irn 33, wherein ~~id engagement: r-. .,...-,rr~hs a,;e 

JS. · 'L'h.e stent of cl<i. tm 34, wherein said weld. i9 o: f !;I!\~ £1:0111 1..he 

p::otr1.1siomt cent.ace. e.:.r;h oc:he.i:-. 

J!i, The stent of d;iim 3S, whgrein ~~ia .,.eld il'I offsec. df,,l(,JUt .01 

cnga:zernent: p:::ot r iu;ions cone act: ea.en othe.::-. 

J ·~. The l!ltent: of ~1 ~ im 3 c;, wherein ~.,id weld il'I r.1 SJ:IUL w~ld. 

38. The ~tent cf clnim 37, wherein a plurality nf ~pot welds is 

Ut:ili?;C:d. 

J9. T:i.e stelll:. Clf claim. 3B, wh~re:.n 5 spot Wt.1!1c1s;; <1.r.;i ut.ilized. 

JU . 
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., o . The sb,.nl" o! cl;aicl! J J , 

a.ttQ.ched ro said engagemeni::. pro:::-usJ.ons by dri adhesive. 

a:tach~d ~o sald angagemont ~=o~rusiona l~ ~ nai!-like element. 

42. ~C1 ~xp.;.uil•l=ile ;cent hi:i.ving 11 lan9i 1111.'!.inal lumcin compriz-.i.ng'. 

aJ ~ stenc p~t:ern compri~ing a plurality or !lexibl~ 
conncc~~d cell~, eacn o! c~id t~~xible c~1ls comprising: 

a) " first. member havir.3 a longil:'.llrli r:;.1.l com.ponenc; huving a 

fir~t end and ;a ~Gcond end; 

b) .a 5ecouc.1 mam.be:r ti..:i.ving 4 .Longitutl5.!'lal COml'Jonent hilll'iC.S' I!. 

firs~ ~nd ~nd a secon~ CGd, 

cl ~ third mamber ha.vinq a .LoniJiC~Hl.ina.l :::omponer.t: having a 

fir~t e..~d ~:id a second end, 

dl ri fou::t.h mernl:>er having !. long it 11!=linal com!_'oncnt: having ri 

f i r~I" eucl and a ~econci e.n;;. 

e) a fi.rs;c. loop defining a firs~. ang:?.e ::1is9osed. be.:ween 5<1 id 

E; rst 11ncI Qf said t.i.rst: member r1nd said . .:irst end of ~...iid 

second. meinbc:r; 

f) a ••cond lo~r d.etini~g a seccnd anqle disposed berween 

s4l~ ••con~ end ot said thi1d ~ar!!ber ~nd Doid ~ceoncl end uf 

~-..id f:;iurch member. and disi;ic:1~~d g~ri.erally apposite to si.t..icl. 

first: loop; 

gJ a .c.:.rst. flex.tllle c:ompensac.i.ng member or :flexible 1 ink 

hAvi..11~ a firsc end. ei:i.d a sec:m1d end dispoccd becwet'!TJ s.&.i.t.i 

ll 
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fir~i: fner.'..!:tc:r anU· !"td.hJ. third meml:er, said X:ir!»r. caJ. cf ,,;~·id 

t.1.r.St ;flexible compen:;a: i ng rnemb~:- =>r flexible link 

c:ommunic:ating wit.h sai1i s':'c:ond end of saiC. t:..rst <l':~mli!•-r. <1.nd 

c.:iid :;cc:c;md end oi. said firsc !lexible compcn.sae.ing m!!mbe:: 

or flcxi.ble link ~ommun.i.L:HI inry wir:h t;<aid :ir:.c. end of "'"';,5 

~hird r:ember, said f i!.'"st H.'l'•d saiid s;econd end::; dis;:cseci r1 

variable longitudinal cii!'"lr~uce frol':l e;.ch other; 

h} a. second flexible c:ompt'nsating member or tl~xible link 

~ving a f~rst ~rtd'and ~ ~econd end dispo~cd between Aaid 

second member u.d said f'::-111r.th mert'.bar, SJ.id :i.rsc: enci c:1F saiu 

cceond flexible c:or.1pe:!1 ...... Li.ng me:mber or ucxible li~lc 

com:nunicat.i.ng kit.h sait.1 sP.cond enc of said 3ccond n1emr11~r a.iid 

said ac:ond end of saict ~~cond !lexibla compe~aat~ng ~rnbe~ 

ox flc.xible J.in.lt c::ommll•:lL:H'...i.:ig 1o11ch s~id .l:ir3t: end of ~n.i.-1 

fcurch member, said firsc r1~d said ~eco~d ends dispo~~~ ~ 

\rari.Able longitudinal r!i sumc:a !rom e.1.c:h ochz:::-, :s.a.id Er:;.L 

:il'\cl .said scccnd fl~JC. l11).e =ompensa~i:i.g mc::r~er or flt"\xiLl~ 

lin](s dif£e~e~tially ~~cenda.l:>le or compr~ssible wh~n saiu 

c:cnt is bent in a cu~v~d direccion a~Qy :rem t:he 

langitudin~l axis or ~Mid aper~ure; and 

iJ eaie f!rst, said ~~cond, said t.hird. ~nd said fou~th 

me!Jtbcr~ ana .said firs;:. ar.d said. second loops, and !Ul.;.d fi.ri;;r;. 

. and :oaid sec:cnd flexihJ."" cornpenr.:a:in~ :ncmbc:r or f.lexiLl~ 

links dis.,os.ed lilo Lhat: as s:aid st:ent is ~p11nrlPcl cha 

cil..Stance bet1otRt'\ri said firse and o;;:!.d secoT'lrl flex.iJ..1le 

c:ompcnsat:ing 1nt:"mber or flexible l:i.nl~.a inerl!':crses i!IUd eha 

J2 . 

·i 
! 
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:ourth members d!!!ct'P.,!li!;P.o; "'h!.le said. fir:;;c. am! .'l111ic. SO!C:.Jud 

lOO'D~ remain gener~i l y oppogi::a :o one ti;:1ot~er. i:he !!!!Hl.'.s of 

::aid. f!.~::st and .5" i <.1 s~cand tlexiblc compen:!lat i l"l'3 :nw<rJ:i•r O'f: 

flexible J.inks op1·H1 so a.s to i:lcrea:::;~ said v;iir.i.abl"' 

l1;m9'itUdJ.Ml distilm~~ becween i:.:1id fl.r:;i t;. a11d r;"'id tt~ci:md 

end.c o! aaid. !:irst r1 l:'.itible COln].'.lQn£:.:lt±.ng member or il¥;d~le 

link 11::,d so as c:c i.ncrP.ase said variil.blc longi 1"11rH.nal 

discanc~ between said ii~st and said cecond e~d« of s4~u 

second ·flcxi.bJ.c ccmpen~Htir.g rr.ember or i:.Lexl.blc-: link. so a.s 

i:c c:cmrpcnGat:e tor the.': iit-crea~ir:g oi: :he l.ongi~url,; na.l 

C:OTllJ)Oncnt ot .said fir st, second, t.hi;::-d, and rcmrc.h 1111;1....bers 

a~d ~ubs:antially i~~sen t~.e fo~echort&nin9 of ~~id s~enc 

ui:icn it.a exi,iansio11; 

aaid. scene: part ern h41.v~nc;r a. fir.st long 5id!! d.Itd a 

S1ec:gnd long elde, said Fir'llt long side p::;:>V"ided wich <1 plura11::.y 

cf pa.ire of eng~gcment. l r. : . .lUc;:JhS, said. seco~d ;.ong !"j.d<! pr:Jvi:iad 

wi~h a plurality of pairs of enq•qe~ent ~ro:~~~io;.s, •~id 

pluralic:y o! Plllir.s of f'!rlgi!.~ement: troL!ghz and .said 1:-'br-.l i.t.y o! 

paire o! engagement pruLrus1~ng dispo3cd suh5t~nti~lly oppc~icc 

•a~h cc~cr, each cf s.;iin plurali:y G! p~ira of ~~id ~n9agemer.~ 

tra~ghs comprising a fir~t Qngaqo~ent trau~n end a ~~ccn~ 

eng~gement t~ough. said en~agement trcuqhs act~r.h~tl ~o said 

engmig-ement pl!'oc:nis.ions. 

..SJ 
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comp:::r::;;c:.t:inq member a~·i"! wicT,.:r ':h ... n s:aid firs;i::., .s:ec:ond, third and 

fQurti:\ mem.be:=s. 

4'4. The seer.t of clain1 <11, w-h':'r.i;iin sa£d fi~sc and :::;.:i::.a occonc 

C:Qrllpc:nsatin;- mcnaber:s an~ wiclt>;; :.han said first, cecond., chird. 

Qa.d fou:rt.h member:; and ;;ric:ait.1 r.'.r.sc a.~'1 sa1d ,;;econC. 100-p~ are wider 

:i.s. T!"..e :ste::tc: of claim 4.:., whS'rein ~a.id firs;:: and ~HI.id :!l~cond 

loops ha_,,e a width th.a.;:. i~ "'bouc. 4-0'li q:teater t.han t.hc widt:h of 

sa.id first. scc:c::ind, c.h hc1, n.nd :fouri:h m.arnber.c .;md. soiid f i::-:st: and 

said i:i~eonc:i c:ol!lpc:n.sating n11::ml1t"::-~ hav~ a wic!th t.nat: :.D '1001.!: 2 0% 

q:-ea.':l:lr than the widch of sa.ld l'.irst, se::ond, cb.ird • .:ind fourth 

'!Ei. The stcnt cf cla.im 4?., ·..1here1n ••ici engagement prot::-u.s; ::"lti.!O 

......... actac!\.cd c:o said t>ris;igeme!"'.c i::.rouqhG by a ..,e;.d. 

4·1. T.t:.e Stent or c.·laim 46, wherein $ ... id weld is of~l'f .... t" f.rom 

~ne point where said P.n9~~emenc :rouqns an.c1 caid cn~agemenr. 

pr~eru~ious contact ~~~h o~her. 

46'. 'l'he st.ent of c:l ;.iim 4."J. whereirl uid wc.!.d is ofi:s~r. C1bouc . 01 

mm from t:he point: whl'!'r& saic enc;:.:;rel!'.~nt:. e::-ougr.:s and !'IR.) d 

cngagoement protri..:io;.i rJns conCBCt ea.ch othc~. 

I If Ill~ 1111~ 111111/lll /1 /II/ 
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I 

u.c:iJ..ized. 

!il., 'l'he Stent uC claim SO, wherein .5 spot W'eld!" 1'17."~ uL.i.li:r.a~. 

Sl, The stent r..i! cla.im 42, wherein said en9·11.gem~uc. IJrocru.sions 

o.rc st.t:adtt>:t.l Li:J said engagamen-::. troughs vi& an ;idh<,!!>~ve. 

SJ. The sc.ent. o( i:-lRim 42, wherein G~id ei:":.ge.gr:men: i:Jr.~r..rTJ.s1.ons 

a;-ir. oc.e.a..:hed c.~1 ':>i!iid eng<1.gemam: i::.:rou;!:'.a by a n"' i.1 • l.i.k.e alement.. 

54. The met".hnti of c:laicr. l, said :ic.cnt. dcf'inin:.i <1 longicudin:ll 

lwnen whei·iaj.JL subsi;a:ii;ially no pc:-tion of ivd.d !.it.en~ pro1ect.~ 

J.nto said lot19j.tudina.l lumen upon cxpan!l\nn of s.iid aten:: :lq.'.linsc. 

the incerne.!. wiill of a VQGsel. 

~s. The ~ethou cf cl~1m i2, said scent d~f;ning a longicudinwl 

lu111en whereia ~mhst:mti.ally nc pore ion oF 5ald. i.;t.tim: ;iroj cct:s 

lnto said lo~gitudin:l lumen ~pan expan~ion of 5aid seen~ Qgainsc 

the internAl wall of a vessel. 

SG. The .!'ihPec of claim :.Hi, c:iid ate:tt pac.te:::m• •da.p-c:ed oo c.nat 

t.ipon expa.n=- i cm of said ;cent: .:;u:OSt!l.ntfa 1 l:y uu porticn of SaJ.d 

.scent protrudes: into the lcns;i,tudi:ta1 lumen ur sa.id ~t:cn= ac:ainst 

35 
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i 
the in~~-::i~l w~ll o! ~ v~esei. 

l.:in~ituc.liniii.l lumen O! saJ.c1 Sten:. 

5S. The i;ite:lt oE c:l.'.l.tm JJ, said. scc::1r adapc.e:! tha: u.pon 

exp,ttn~iou u~ •a!c! st.enc. aga!nsc. the i.~11. e"rna.l wall ct .:i. vessel 

sub!il:<1nti;1.J.ly na ~art.ion of ~Ht.id sc.i':nl pr:ijec:s i.nc.o Ga.id lWt\e:n. 

5~. The ~~enc. of c:l~im 42, said sc.~ut. pa.c.i;erns adapted so c.n .. ~ 

.1 oni;ri::.urJinal lumen of sa::.d sc::enc. 

;i. plu:t:al.u:y of porc.im1~ ::onnacting by a plct"~~ ity 0£ 

.flex.i~le coaps:i::;cit!.ng members, ~rii.d. flexible .eo:zipensat:.:'..ng 111e111L1:1u; 

pi.""Oj ei;t:ing f:'Ol't\ the excc:r::::.al .iiu: [dee o! s=.id .ct:cn-:. wh~n •s.o• id 

sc.e~~ is unexi:iande~ ano said f l~xibl~ eon.~ecci~g mc11\Qers 

.5Ubsc.1:1.nt.ially 1.n rogistey with. ;:h~ remaining pert.ions of l!laid 

s~enc. and. said'. ~~ent is s:xpandt=.11 °'~a.inst. t.he i.nec::-nal ..,.,.).la uf. a 

61. The s~cn~ ct claim SO, wherein ~aid ctent is io~mec c~~m a 

36 . 
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' - • 
-~~t:anc;i.al:ly fl.ott: .,.,.,~'!!t.. 

:::~id si:.ent projects iu:..u !Pili~ l-..:men when said sc.ent is exp;i11i1 .. ,; 

63. The sl:ent of clai:11 Ei2 wherein £:aic s:en:: is fo:::med f • tim "' 
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