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BIPURCATED STENT AND METHOD OF MAKING SAME

(V)]

Tiald of the Invention

The present invencion relates to stents, and more
parzicularly to bifurcaced stencs and methods of making

L0 bifurcaced stents for insercion within a branching vessel.

Backgroupd of thé Invencion

Stents are well known in the art. They are typically formed
cf a cylindrical metal mesh which can expand when pressure is
i3 incernally applied. Alternatively, they can be formed of wire
wrapped into a cylindrical shépe or sheets of material formed
into a cylindrical shape. BN
Stents are devices which are usually implanced wichin bodily
conduics including the vascular system to reinforce collapsing,

artially occluded, weakened, or abnormally dilated sections of

[N
[4
w

~= blood vessel. Scencs also have been successfully implanced
-~ other areas, e€.9., the uripary ctract or the bile duct to

r2inforce such bodily conduicts.

U.S. Patent No. 4,994,071 (MacGregor) discloses an

235 sxpandable, bifurcating stent having a main cylindrical lattice
Zormed from interconnected, flexible. Two additional cylindrical
iaccices, having smaller diameters than cthe main laccice, are
similarly conscrucced. The main laccice includes a flexible wire
incerconnecting the main lattice to one of the addicional
33 tazzicas. A second flexible wire interconnects the main lactice
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to the other additional lattice. The flexible wirxes form
packhones that excend axially along cthe length of cthe main
laccice and along each of the addicional latcices. One
disadvantage of this bifurcacing scent is the complex nature of
the interconnection of the flexible wires forming the backbones

wich che loop struccure of each latcice.

he vent i

The present invencion solves these and other disadvancages
of the prior arct by providing bifurcated stents and mechods of
fabricating and deploying bifurcaced stents having a stem portion
and two leg portions.

In a first embodiment of the invention, a bifurcaced scent
1s made by providing three sheecrs patterned to a desired pactern,
wherein two sheets are substantially the same size and the cthird
sheec is wider than eicher of the firsc ctwo sheets. Each of the
shescs is formed into tubes by turning up the longitudinal edges
and forming a joint by welding. The larger sheet forms a tube
that acts as the stem portion of the kifurcaced scent and the
other sheets form tubes which act as the leg portions of the
RPifurcaced scent. The ctwo leg portions are then joined co the
st2q; portion Cco form the bifurcated stent.

In a second embodiment of the invention, the bifurcated
stent is formed by.preparing two stent sheets. For each sheeat,
the longitudinal edges of a porticn of the sheec are turned up

and secured co each other to form one of the two leg portions of
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the bifurcated stenc. The remaining free edges of each of the
{w0 sheecs are then joined to form the stem portion of the stent.

In a cthird embodiment, the bifurcated stent comprises first
and second tubular portions. Tne first porcion has a proximal
end whieh forms the stem porcion and a distal end which forms one
cf the leg portions of the bifurcated stent. A branch aperture
is disposed between the proximal end and the distal end of the
first portion. The second portion is introduced into che
longicudinal bore of the stem portion of the firsc portion and is
advanced through the branch aperture so that ic protrudes beyond
the branch aperture to form a second leg. When the second
dorcion is expanded, the proximal end of the second poxtion
engages the macerial defining the branch aperture $0 as to secuxe
the second leg in the desired position.

Ic is an object of this invention to provide a method of
making a bifurcated sctent, comprising che steps of: a) preparing
2 Zirst sheet having a first edge, a second edge, a third edge,
and & fourch edge; b) preparing a second sheec having a first
edge, a second edge, & third edge, and a fourch edge; c¢)
preparing a2 chirxd sheec having a first edge, a second edge, a
inwrd edge, and a fourch edge; d) attaching the second edge to

.....

tn2 Inird edge of cthe first sheet to form a tubular first leg
portion having & proximal end and a distal end; e) attaching the
sacond edge co the third edge of the second sheet to form a
ttbular second leg portion having a proximal end and a distal

2ng; ) accaching the second edge to the third edge of the third

e g
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¢istal end; and g) atraching che proximal end of the first leg
porcion and che proximal end of che second leg portion to the

=s5ca)l end of the scem porcion.

o}

It is another object of chis invencion cto provide a mechod

of making a bifurcacted stenc, comprising the sceps of a)

preparing a first sheec having a proximal end and a distal ead;

') deforming the distal end of the first sheet to form a first

leg and deforming cthe proximal end of the firsc sheec to form a
first stem half; c) preparing 2 second sheet having a proximal
end and a distal end: d) deforming che distal end of the second
sheet to form a second leg and deforming the proximal end of the
second sheet to form a second stem half; and e) joining the firxst
scem half cto che second stem half to form a stem.

It is yet another object of this invencion to provide a
mechod of making a bifurcated scent comprising the sceps of a)
praparing a firsc expandable tubular member having a proximal end
ané & discal end and a longicudinal bore therethrough, the firse
tubular member provided wich a branch aperture disposed between
said proximal end and the distal end, che branch aperture
communicaring wich said longitudinal bore and the apercure sized
and adapred to receive and secure a second expandable tubular
member; b) delivering the firsc expandable tubular member to a
bifurcaced vessel having a first lumen and a second lumen so that
the first expandable member is disposed wichin the first lumen

and the branch aperture communicates with the second lumen; <)
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2xpanding the first expandable member in an amounc sufficient to

oy -}

preparing a second expandable tubular member having a proximal

end and a distal end and having longitudinal bore cherech;ough;
5 e) widening the branch aperture; £f) delivering che second

axpandable tubularx member into the branch aperture so that cthe
discal end of the second expandable tubular member is disposed
wichin the second lumen and the proximal end of the second
expandable tubular member is disposed within the longitudinal

10 bore of cthe first longitudinal member; and g) expanding the
second expandable tubular member in an amount sufficienc to

secure the second expandable tubular member within the second

lumsn and wichin said branch apercure.

Brigf Description of the Drawinas

(91}

FIG. 1 shows a bifurcated scent manufactured in accordance
w.ih the present invencion;
FIG. 2 shows sheects used to form the legs and stem of the

shown in FIG. 1;

&
o]
n
ce
ib
2
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FIG. 3 shows the sheets shown in FIG. 2 after they have been
rollsd into a tubular shape;
FIG. 4 is a perspective view of che tubes shown in FIG. 3

DT10Y CLO assembly;

(1%
(V2]

FIG. 5 is an end view of che cubgs shown in FIGS. 3 and 4

alfter chey have been assembled to form a stenc;

5 e
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FIG. 6 is a top view of the assembled apparatus shown in

. "j
-—1
(A

3;
FIG. 7 shows sheecs used to form another embodiment of a
b_fuxrcaced stenct manufactured in accordance wich the invencion;
FIG. 7B shows sheets used to form another embodimenc of a
bifurcaced stent manufacctured in accordance with the invention;
FIG. 8 shows the sheets of FIG. 7 wich demarcation points;
FIG. 9 shows the sheets of FIG. 8 after they have been
rolled inco a tubular shape;
FIG. 9B shows the sheets of FIG. 7B after they have been
rolled into & cubular shape;
FIG. 10 shows the rubes of FIG. % just prior to assembly;
FIG. 10B shows the tubes of FIG. 9B just prior to assembly:
PIG. 11 is a side view of the tubes shown in FIGS. 9 and 10
afcer assembly;
FIG. L1B is a side view of che tubes shown in FIGS. 9B and
103 afcer assembly;

FIG. 12 is an end view of the assembled apparatus shown in

et}
=t
4]

11;
FIG. 12B is an end view of the assembled apparatus shown in
FIG. 118;
FIG. 12C shows an alcernative embodiment of a pattern that
maf be used in place of the pactcerns shown in FIGS. 7 and 7B;
FIG. 13 shows a stem and firsc leg poxtion and a second leg
porcion used to form another embodiment of a bifurcated stent

marufactured in accordance with chis invention:
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FIG. 14 shows guide wires disposed in the trunk lumen and
branch lumen to be treated;

FIG. 15 shows the stem and first leg poertion shown iﬂ FIG.
13 dispossd on cathescers and guide wirxes prior to intro&uccion

5 into che lumen to be creaced;

FIG. 16 shows the stem and first leg portion shown in FIG.
13 afcer it has been delivered to the bifurcation to be txeated
and prior to its expansion:
FIG. 17 shows the second leg portion shown in FIG. 16 afcer
0 it has been expanded;
FIG. 18 shows expansion of the branch apercure;
FIG. 19 shows the unexpanded second leg porcion disposed in
the branch aperture; A
FIG. 20 shows the expansion of the second leg portion shown
bt in ¥FIG. 19; and : .
FIG. 21 shows the assembled bifurcated scent disposed in the

H5riurcaced lumen co be created.

Decailad Descripcion

25 In che embodimenc illustraced in £IG. 1, the bifurcation
stenc S5 comprises a firsc leg 10, a second leg 15, and a stem 20.
FIG. 2 shows a first sheet 25 which i5 used to form firsc leg 10.
2 s2cond sheet 30 which is used to form second leg 15, and a
third sheet 35 which is used to form stem 20. The firsc sheer 25

and second sheet 30 axe subscantially _flac and are sized to a

N
wn

s:e:e;ermlnad length and width. Fox many applicacions, the firsc
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she2st 25 and second sheet 30 will have substancially the same
imeasions so as to produce lags 10 and 15 that are substantially
cthe same size, however, the legs 10 and 15, and the sheests 25 and
310 used to produce them, may be of varying sizes as specific
5 applications dictate. The stencts of this invention may be sized
50 chat when assembled they are their f£inal size, however, in a
preferred embodiment the stents are expandable and sized and
"adapced to assumé their final dimensions upon expansion. The
stenc sheecs 70 and 75 may be patterned or ecched with

10 perforacions forming a variecy of patterns as gpecific
applications dictate to achieve the expandable features required
as previously discussed. The third sheec 35 is sized so thac
when it is rolled into a tube its internmal cross-section can be
made to accommodate the cross-sectional external diamecers of

15 firsc-leg 10 and second leg 15. First sheet 25 has a first edge
25, a second edge 27, a third edge 28, and a fourch edge 29.
Second sheec 30 has a first edge 31, a second edge 32, a third
edge 33, and a fourth edge 34. Third sheet 35 has a first edge
38, a second edge 37, a third edge 38, and a fourcth edge 39.

20 After the sheet metal has been cut to form shsets 25, 30, and 35,
it igs deformed and rolled s¢ as to cause two opposite edges to
mza2t and create a cylinder. 1In the example shown in FIGs. 2 and
3. edge 27 is joined to edge 29 via weld run 12 to form first leg
10. Edge 32 is joined to edge 34 via weld run 19 to form second

25 | leg 15. Edge 37 is joined to edge 39 wvia weld run 29 to form

stem 20. The edges may be joined in a wide variety of ways well
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x2own to those skilled in the arc as suitable for this purpose,

=2.g., screwing, crimping, soldering, however, im a preferred

emnodiment welding is utilized. In an especially preferrxed
embodiment, spot welding ig ucilized. As shown in FIG. 3, firxst

ieg 10 has a proximal end 11, a distal eand 12, and defines a

w

longicudinal bore 13. Second leg 15 has a proximal end 16, a
distal end 17, and defines a loungitudinal bore 18. The stem 20
has a proximal ehd 26, a discal end 27, and defines a
longictudinal bore 28. FIG. 4 shows cthe firsc leg 10, secand leg
.10 15, and stem 20 just prior to assembly. To form the bifurcacted
stent 5, cthe proximal end 11 of firsc leg 10 and the proximal end
16 of second leg 15 are joined to the distal end 27 of the stem
porcion 20 so chac the longicudipnal bores 13, 18, and 28 are in
communication with each other. FIG. 5 is an end view and FIG. &

is a side view of the assembled apparatus.

™)
wn

FIG. 11 shows a second embodiment of a bifurcacion stent
manufaccured in accordance with this invention. The stent 50 is
crovided wicth a firsc leg 5% and a second leg 60 attached to a

stem portion 65. The bifurcacion scent 50 is formed from a first

(N3
(@]

shest 70 and a second sheet 75 as shown in FIG. 7. The stent
sheets 70 and 75 may be patterned or etched with perforations
-o-..ing a variecy of patterns as specific applicacrions dictate co
achieve che expandable features required as previously discussed.

The sheets 70 and 75 are substantially £flat and have a

tJ
u

praedecermined lengch and widch. Firsg sheet 70 has a first edge

71, a second edge 72, a third =2dge 73 and a fourth edge 74. The
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sacond sheet 75 bas a first edge 76, a second adge 77, a chird
sdga 78, and a fourth edge 79. To form the legs of the stent a
porcion of edge 72 is rolled towards a portion of edge 74 and a
portion of edge 77 is rolled towards a portion of edge 79.
Demarcacion points 80, 81, 82, and 83 are selected on sheets 70
and 75 as shown in FIG. 8. These demarcation points B0, 81, B2,

and 83 are selected to meec the requiremeunt of specific

‘applicacions and may be adjusted depending upon the lengch

required for legs 55 and 60 and the length required for stem 65.
Demarcation points 80 and 81 chat are equidistant from edges 73
and 71 and demarcation points 82 and 83 that are equidiscanc from
edges 76 and 78 will result in a scenc in which the legs 55 and
60 have a length that is substantially equal to stem portion 65.
If the demarcacion points are selected to be closer to edges 73
and 78 than co edges 71 aad 76 the stem will have a length that
is greater than the lengcth of each of the legs. If the
damarcacion points are selecced to be closer to edges 71 and 76
ihan to edges 73 and 78, each of the legs €0 and 65 will have a
length thact is greater than the length of che stem 65. 1In a
oreferred embodiment, however, the demarcation points 80, 81, B2,
and 83, are selected so that proximal edges 72°‘', 74°'', 77'*, and
72"’ are about 1/3 the length of edges 72, 74, 77, and 79. As
shown in FIG. 8, demarcacion point 80 divides edge 72 ac
approximacely its midpoint inco a distal edge 72' and a proximal
edge 72'‘. Demarcation point 61 divides edge 74 at approximately

-ts midpoint into a distal edge 74’ and a proximal edge 74'‘.

10
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Demarcacion point 82 divides edge 77 at approximately its
nidpoint inco a distal edge 77’ and a proximal edge 77'" and
demarcation point 83 divides edge 7% at aporoximately ics
midpoinc into a distal edge 79' and a proximal edge 759'°'.

To form the stent, edge 72' is connected to edge 74’ via

wm

veld run 90 to form first member 95 having a firsct leg porcion 55
and a firsc sctem half 65’ as shown in FIG. 9. Edge 77’ is
‘¢connected to edgé 79’ via weld run 91 to form second member 100
having a second leg portion 60 and a second sctem half 65'’-. As
10 previously discussed, the edges may be connected in a variecy of
ways well known to those skilled in the art. FIG. 10 shows the
firsc member 95 and the second member 100 shown in FIG. 9 in
alignmenc just prior to assembly. To produce the bifurcated

stenc 50 shown in FIGS. 11 and 12, edge 72‘'' is connected to edge

=
\n

798¢ via weld run 92 and edge 74‘’ is connected to edge 77°‘ via
weld run 93 so thac firsc stem half 65’ and second scem half 65
form scem 65. FIG. 12 is a cross-sectional end view of the stent
shovn in FIG. 11.

In the embodiment shown in FIG. 7, shests 70 and 75 are
20 Szuares or reccangles. The sheets 70 and 75 are not limited to
this configuracion, however, as shown in FIG. 7B. FIG. 11B shows
a nifurcacion stent manufactured using the sheecs 270 and 275
shown in FIG. 7B. The stent 250 is provided with a first leg

235 and a second leg 260 attached to a sctem portion 285. The

™~
wn

H:lurcation scenc 250 is formed from 4 fixst sheet 270 and a

second sheer 275 as shown in FIG. 7B. The stent sheebts 270 and

11
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275 may be sized and etched as previously discussed. As shown in
TIG. 7B, first sheet 270 has a first edge 271, a second edge 272,
a thirxd edge 273, a fourth edge 274, a fifch edge 275, and a
six:h edge 276, a seventh edge 146, and an eighth edge 147. The
second sheet 275 has a first edge 277, a second edge 278, a third
adge 279, a fourth edge 280, a fifth edge 281, a sixch edge 282,

a saventh edge 148, and an eighth edge 149. As shown in FIG. 9B,

‘edge 274 is connécted to edge 276 via weld run 290 to form firsc

member 235 having a first leg porcion 255 and a firxrst sctem half
265'. Edge 280 is comnected to edge 282 via weld run 251 to form
second member 300 having a2 second leg portion 260 and a second
stem half 265''. As previously discussed, the edges may be
connecced in a variety of ways well known to those skilled in che
arc. FIG. 10B shows the first member 295 and che second member
300 shown in FIG. 9B in alignmenc jusc prior co assembly. ToO
produce the bifurcated stent 250 shown in FIGS. 11B and 128, edge
272 is connected to edge 149 via weld run 292 and edge 278 is
connected to edge 147 via wald xun 293 s0 that firsc scem half
263‘ and second stem half 265°’ form stem 26%5. FIG. 128 is a
cross-sectional end view of the stent shown in FIG. 11B. FIG.
12C shows an alcernacive pattern that may be used in place of the
vacterns shwn in FIGS. 7 and 7B.

A third embodimenc of this invention comprises two portions
which are deployed sexially in two steps and assembled within the
patient to form a bifurcated stent. EIG. 13 shows stem and firsc

leg portion 110 provided wich a longicudinal pore 131 and having

12
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e ©roximal end 115 defining a stem portion 125 and a discal end
123 defining a first leg porcion 130. Second leg portion 140 is
provided with a longicudinal bore 132 and has a proximal end 145
a=c a discal end 150. Stem and firs leg portion 110 an& second

lag portion 140 may be sized and patcerned or etched as

0

oreviously discussed. A branch aperture 135 is disposed between
the proximal end 115 and the distal end 120 of scem and first leg
‘portion 110. The branch aperture 135 is sized to receive second
leg portion 140 and is adapted to engage and secure cthe second

bl e leg portion 140 when it has been expanded within the branch
aperture 135. Second leg porcion 140 is sized and adapted to
engage and be secured into branch aperturs 135 upon expansion.
FIGS. 14 to 21 show how the bifurcated stent is assembled wichin
& bifurcacted lumen. As shown in FIGS. 14 to 21, the area to be

-3 treated is a bifurcated lumen having a firsc or ctrunk lumen 190
and a second or branch lumen 195. As shown in FIG. 14, a first
.guide wire 155 is incroduced into che trunk lumen 190 and a
s2zond guide wire 156 is incraduced inco the branch lumen 195.

As shown in FIG. 15, a balloon expandable sctem and firsc leg

(8]
[ ]

portion 110 is disposed on the tip of a first balloon cacheter
-70 so thac the balloon 175 is disposed within longitudinal bore
231. A second balloon catheter 171 is chen incroduced into
loﬁglcudinal bore 131 of stem and firstc leg portion 110 and is

advanced so chat the balloon 176 is disposed within aperture 135,

25 Tirst cathecer 170 is mounced on firsg quide wire 155 and second
cathager 171 is mounted on second guide wire 156. As shown in
13
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IG. 15, the unexpanded stem and first leg portion 110 is guided

0 tne arsa to be trzated so that first leg portian 130 is

bee

disposed within trunk lumen 190 and branch apercure 135

communicates with branch lumen 195. Guide wire 156 facilitates

[¥4]

che oriencation of the branch aperture 135 with the branch lumen

195, The size of the convencional cachecers and balloons is noc

0 scale and details well known to thosse skilled in the art have

‘been omitted for clarity. Ballocn 175 is inflared which causes

the scem and firsc leg porrion 110 to expand, as shown in FIG.

10 17, to secure it in the desired posicion. After expansion, the

excernal wall of scem and fir

st leg portion 110 would concact the

incerior walls of ctrunk lumen 190, however, a2 gap has been

intencionally lefc fox claricy. The balloon 175 on firs:

catnecer 170 1s lefc inflated and the balloon 176 on second

-
11}

catheter 171 is then inflated to enlarge the branch aperture 135

as shown in FIG. 18. As cthe branch aperture 135 is enlarged a

pertion of the scent defining the branch aperture 135 is pushed

suzward co form a branch securing lip 180.

Balloons 175 and 176 are deflated, second catheter 171

23 is wicthdrawn, and second guide wire 156 is lefc in place in the

branch lumen 195, Second leg portion 140 is chen applied to

n

acond catheter 171 so that first balloen 1786 is disposed in

ongitudinal bore 132 and second cathecer 172 is then applied to

sacond guide wire 156. Second leg porcion 140 is then guided co,

25 and Introduced inco, cthe longicudinal bore 131 of the stem and

Z:xst leg porcion 110 and is advanced and passed chrough branch

14
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apacture 135 so that the distal end 150 of the second leg portion
140 procrrudes into the branch lumen 195 and the proximal end 145
communicaces wich longitudinal bore 131, as shown in FIG. 19.

The balloon 176 on second catheter 171 is partially inflaced and
the balloon 175 on firsc catheter 170 is chen parcially inflated
tao a pressure substantially equal to the pressure in balloon 176.
Bocth balloons 175 and 176 are then simultaneously inflated cc
‘Substantially equél pressures. As shown in FIG. 20, inflation of
the balloon 176 on second cacheter 171 causes sacond leg member
140 cro expand so that its external walls engage and are sacured
to che area surrounding aperture 135. Inflacion of the balloon
175 on the first catheter 170 prevencs scem and firsc leg portion
110 from collapsing when ballaon 176 is inflacted. Afcer -
expansion, cthe external walls of second leg 140 would contact the
inner wall of lumen 1S5, however, & gap has been intentionally

laZft for clarity. The balloons 175 and 175 are deflaced,

in FIG. 2..
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1. A method of making a bifurcaced stent, comprising the
sceps of:

a) preparxing a first sheet having a first edge, a
sacond adée, a third edge, and a fourth edge ;

b) preparing a second sheet having a first edge, a
second edge, a third edge, and a fourth edge;

c) pféparing a third sheet having a first asdge, a
second edge, a third edge, and a fourth edge;

d) attaching said second edge to said third edge of
said first sheet to form a tubular first leg porcion having a
proximal end and a discal end;

e) accaching said second edge to said third edge of
said second sheet to form a ctubular second leg portion having a
proximal end and a2 distal end;

£) attaching said second edgs to said third edge of
said third sheet cto form & tubular stem portion having a proximal
end and a distal end: and )

g) actaching said proximal end of said firsc leg

vortion and said proximal end of said sscond leg portion to said

distal end of said stcem porctian.

2. A method of making a bifuxcated stenc, comprising the steps
of:
a) preparing a first sheeg having a proximal end and

y AR 0
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b) deforming said discal end of said firsc sheet co
fors a first leg and deforming said proximal end of said first
shaa: to form a first stem half;

c) preparing a second sheet having a proximal end and

a discal end;
d) deforming said distal end of said second sheet to

form a second leg and defoxrming said proximal end of said second

"aheet to form a second stem half; and

e) joining said first stem half to said second. stem

half to form a sten.

3. A mechod of making a bifurcatecd stenc comprising the steps

a) preparing a firsc expandable cubular member having a

proximal end and a distal end and a longitudinal bore

nerschrough, said firsc cubular member provided with a branch

()

pe-ture disposed between said proximal end and said discal end,

u

£a:d branch aperture communicating with said longitudinal bore

and said apercure sized and adapred to receive and secure a
s=scond expandable tubular member;

b) delivering said firsc expandable cubular member to a
brfu-cated vessel having a firsc lumen and a second lumen-so that
said firsct expandable member is disposed wichin said first lumen
and said branch aperture communicates wich said second lumen;

¢) expanding said firsc expandgble member in an amount

suff:zient to secure sald first expandable member in said firscg
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luman;

a) preparihg a second expandable tubular member having a
proximal end and = discal end and having longicudinal bore
therechrough;

e) widening said branch aperture;

£) deliveriqg said second expandable tubular member into
said branch aperture so cthat said distal end of said second
‘expandable tubular member is disposed within said second lumen
and said proximal end of said second expandable cubular member is
disposed within said longitudinal bore of said first leongitudinal
member; and

g) expanding said second expandable tubular member in an
amount sufficient to secure said second expandable tubular member

within said second lumen and within said branch apercture.
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