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a plurality of second sleeve sections interposed between
the first sleeve sections. The sients and the sleeve are
arranged to be expanded. e.g.. by a balloon catheter,
from a compact state 1o an expanded state to increase
the inner cross sectional area diameter of the sleeve. in
the expanded state the stents are resistant to contraction
back to the compact state. The graft is able 1o bend with
respect to its longitudinal axis to enable it 10 be readily
accommodated within a curved blood vessel, duct, or
lumen.

31 Claims, 4 Drawing Sheets
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1
ENDOVASCULAR BYPASS GRAFT

BACKGROUND QF THE INVENTION

The invention relates generally to medical devices
and methods of use in vessels, ducts or lumens of living
beings. and more particularly to expandable intralu-
minal grafts and methods of use within the vascular tree
of a hving being 10 revascularize any blood vessel
which is occluded (either partially or totally) by intrin-
sic or extrinsic disease.

Percutaneous balloon intraluminal dilation of vascu-
lar stenoses or blockages through the use of an angio-
plasty balloon catheter have proven quite successful,
Hawever, such procedures are not without risk or some
drawbacks. In particular, the angioplasty balloon is
inflated within the narrowed vessel in order to shear
and disrupt the wall components of the vesse! to obtain
a large lumen. The relative incompressible plaque re-
mains unaltered by this procedure, while the more elas-
tic medial and adventitial layers of the body passage-
ways stretch arcund the plaque. This process produces
subintimal dissection, splitting. tearing. and disruption
of the intact intima and wall layers, If the section forms
a tranwverse tear it produces a flap which may lift away
from the artery and may produce an obstruction to the
lumen. and therefore make the blockage and stenasis
worse. In addition. if there is a heavy plaque on ane side
of the artery wall (as occurs in 80% of atherosclerotic
stenctic lesions) the thinner laver may be disrupted by
the inflation of the balloon and cause hemorrhage.
Moreover, after the balloon is decompressed any loose
malerial may dislodge completely and act as an embolic
source to occlude the Jumen of the vessel distally 10
such an acute extent as to result in significant emer-
gency ischemic conditions. This situation has occurred
frequently enough to pose a significant risk to the pa-
tient,

Laser assisted baltoon angioplasty has been used fre-
quently in recent years 10 revascularize a totally oc-
cluded vessel, In particutar the occlusion is opened with
the laser and then the opening is expanded further by
balloon angioplasty. One of the problems with this
revascularization procedure is that the laser causes inti-
mat dumage along with the balloon, Moreover, this
procedure has only been useful for short segment occlu-
sions. When Jong segment occlusions are attacked by
this procedure the reccclusion rate has proven to be
very high, and sometimes even made worse,

In both simple balloon angioplasty and in laser as-
sisted balloon angioplasty there is a high incidence of
recurrence of the stenosis or obstruction. This is, of
course. in addition to the risk of embolization and acute
occlusion and disruption of the artery with massive
hemorrhage. In addition, there are certain vessels bear-
ing areas of plaque which are not amenable to balloon
angioplasty because of the faet that they are orificial
plaques, i.e., plaques at the orifice of & branch artery.
Thus, when the balloon is inserted across this type of
lesion and inflated, it inflates differentially, that is the
portion of the balloon in the larger part of the artery
inflates more than the portion of the balloon crossing
the narrowed or stenotic segment. In fact the portion of
the balloon crossing the narrowed or stenotic segment
frequently does not inflate at all. Therefore, unsuccess-
ful attempts at inflation are the rule rather than the
exception. This is particularly true in attempting the
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revascularization of renal arteries or the superior mes-
enteric artery.

Intraluminal endovascular grafting has been demon-
strated by experimentation 1o present an alternative to
conventional vascular bypass surgery, Such “grafiing”
involves either the percutaneous insertion into 2 blood
vessel of a tubular prosthetic graft or stent or an open
insertion thereof through a short segment exposed por-
tion of the blood vessel. The graft {s typically positioned
in a predetermined location within the blood vessel and
then expanded by a catheter delivery system. However,
the use of conventional bypass grafts exhibits the ten-
dency of recurring stenosis. Such restenosis may
progress to the point where the graft fails. In this con-
nection the cause of stenosis in bypass grafts (including
dialysis access fistulas) is usvally fibro-intimal hyperpla-
sia (also known as psendo-intimal hyperplasia or neo-
intimal hyperplasia), a very elastic fibrous tissue which
recollapses almost immediately upon relaxation of the
ballooun. Such tissues are, however, ideal for being sup-
ported by a stent (i.e., a self supporting member),

Accordingly. it has been suggested, and there is some
activity now occurring, 10 use sients in revasculariza-
tion procedures to preclude restenosis. Another useful
area of stent application is percutaneous angioplesty of
Takavasu arteritis and neurofibromatosis arterial steno-
ses, since those conditions may show poor response and
recurrance which is very high due to the fibrotic nature
of these lesions,

The stent devices which have been used for the fore-
going procedures have included cylindrical springs of
stainjess steel, sleeves of expandable heat sensitive mate-
rial, and expandable sleeves formed of linked stainless
steel wires arranged in a zig-zag configuration. The
praoblems with these devices is there is no effective
control over the final expanded configuration of each
structure.

As will be appreciated by those skilled in the art the
expansion of a coiled spring type stent is predetermined
by the spring constant and the modulus of elasticity of
the particular materia! making up the spring. These
same factors predetermine the amount of expansion of
the zig-zag stainless steel wire stents. In the case of an
intraluminal stent formed of a heat sensitive material,
which expands on heating, the amount of expansion is
likewise predetermined by the heat expansion charac-
teristics of the partcular alloy wilized in the manufac-
ture of the device. Therefore, once these expandable
sleeve-like devices are inserted into the lumen their size
can change. Moreover, if there has been a miscalcula-
tion in the size of the fit, an undersized steni may not
expand enough to become impacted into the arterial
wall for securement thereto, thus allowing it to migrate
or move from the desired position and possibly even
cause embolic occlusion distal to the point of insertion.
An oversized graft may cause rupture of the arterial
wall or tear in the plaque al the ends of the graft, pro-
ducing a dissection point.

Therefore, there is an element of significant risk in the
use of the prior art stent devices for revascularization of
occluded arteries. Moreover, and perhaps more signifi-
cantly anather problem with the use of prior art devices
for revascularization procedures, however, is the fact
that such devices are mesh-like or otherwise open or
perforated and hence susceptible to scar tissue in-
growth. Another problem with such stents is their rela-
tive rigidity. This factor requires them to be used for
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short occlusive Jesions. since they are unable 1o follow
the natural curves of the vessel.

Examples of various types of expandable grafis/stents
are disclosed in U8, Pai. Nos, 4,047,252 {Liebig et a]),
4,503,569 (Dotter), 4,580,568 (Gianturo). 4,733.665 (Pal-
maz), 4,740,207 (Kreamer), 4.776,337 (Palmaz),
4.,795.458 (Regan). and 4.856,516 {Hillstead). and in the
following literature: “Balioon-Expandable Intracoro-
nary Stents in the Adult Dog™, Circulation, Aug. 1987,
pages 450-456, Vol. 76, Nao. 2; “Normai and Stenotic
Renal Arteries; Experimental Balloon-expandable In-
traluminal Stenting”, Radiology, 1987, pages 705-708,
Vol. 164, Na. 3; "A Titanium-Nickel Alley Intravascu-
lar Endoprosthesis”, Transactions American Society of
Artificial Internal Organs, 1988, pages 399-403, Vol
XXXV, “8elf-Expanding Endovascular Stent in Ex-
perimental Atherosclerosis”, Radiology. Mar. 1989,
pages 773-778, Vol. 170, No. 3; “Emergency Stenting
for Acute Qcclusion After Coronary Balloon Angio-
plasty", Circulation, Nov. 1988, pages 11211127, Vol.
78, No. 5 “Intravascular Stents for Angioplasty™,
CARDIO, Dec. 1987 “Intra-Arterial Stenting in the
Atherosclerotic Rabbit™, Circulation, Sept. 1988, pages
646-653, Vol. 78, No. 3: “Intravascular Stents 1o Pre-
vent Occlusion and Restenosis After Transluminal An-
gioplasty™, The New England Journal of Medicine.
Mar. 1987, pages 701-706, Vol. 316, No. 12: “A Polyes-
ter Intravascular Stent for Maintaining Luminal Pa-
tency™, Texas Heart Institute Journal. Nowv. 1, 1988,
pages 12-16. Vol. 15, “Posi Dilatation Stenting: Early
Experience of the Use of an Endocoronary Prosthesis
to Prevent Restenosis Recurrance After Angioplasty™,
J. Cardiovasc. Surg. 28, 1587, Session 8: CARDIAC-
CORONARY (Il “Intravascular Stents to Prevent
Occlusion and Restenosis After Transluminal Angio-
plasty™, Abstract from New England Journal of Medi-
cine 1987, Volume 3186, pages 701-706; “Vascular Stent-
ing in Normal and Atherosclerotic Rabbits”, Circula-
tion. Feb. 1990, Vol. 81, No. 2, pages 667-683; Treat-
ment of Major Venous Obstruction with 2n Expandable
Endcluminal Spiral Prosthesis, J. Cardiovasc. Susg. 30,
1989, pages 112-117; and Venous Stenases in Dialysis
Shunts: Treatment with Self-Expanding Metallic
Stents, Radiology, Feb. 1989, Vol. 170, No. 2, pages
401405,

Accordingly, the need exists for an expandable intra-
lumine] vascular bypass graft and methods of use which
overcomes the disadvantages of the prior art, e.g., can
be used over long distances, for long segment occlu-
sions in the vascular tree, while acting 1o prevent acute
and chronic recurrence.

OBJECTS OF THE INVENTION

It is a general object of this invention 1o provide an
expandable intraluminal bypass graft which overcomes
the disadvantages of the prior art.

It is a further object of this invention to provide an
expandable intraluminal vascular bypass graft which is
both flexible and formed of a material which is impervi-
ous to the ingrowth of tissue.

It is still a further object of this invention to provide
an expandable intraluminal vascular bypass graft which
can be used in blood vessels having long obstructions or
restrictions which are to be revascularized or opened by
various methods, such as lasers, borers, grinders, etc.,
which might have 4 tendency to cause intimal damage
and fail if used in such long obstructions/restrictions.
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It is yet a ferther object of this invention to provide
an expandable intraluminal vascular bypass graft which
can be used for revascularizing a lesion at the orifice of
a branch artery in a living being.

It is yet a further object of this invention to provide
methods of use of an expandable intraluminal vascular
bypass graft for revascularizing arteries in living beings,

SUMMARY OF THE INVENTION

These and other objects of this invention are
achieved by providing an expandable intraluminal vas-
cular bypass graft and method of use.

The graft is arranged for introduction within a por-
tion of a blood vessel, duct, or lumen of a living being
and comprises an elongated sleeve having at least one
stent mounted thereon. The sleeve is of a generally
tubular shape having a lengitudinal axis and formed of a
first, relatively flexible material, The material is imper-
vious to the ingrowth of tissue therein. The stent is a
generally ring-like member and is mounted about the
periphery of 2 surface, e.g., inner or cuter, of the sleeve
to form a first sleeve section.

The stent is arranged to be expanded from a compact
state 1o an expanded state, as the sleeve is so expanded
whereupon the interna! cross-sectional area of the
sleeve is enlarged. In the expanded state, the stent is
resistant to contraction back to the compact state 1o
thereby hold the slesve in the expanded state.

The sleeve is able 1o bend longitudinally with respect
10 the longitudinal axis to enable the graft to be readily
accommeodated within a curved blood vessel, duct, or
lumen.

In accordance with a preferred embodiment of the
invention, the graft includes at least one portion that is
arranged to be readily severed to facilitate the sizing of
the graft for the particular length of portion of the ves-
sel, duct or lumen into which the graft will be placed.

The method of use of the grafi entails intreducing it
in its contracted state into a desired portion of the blood
vessel. duct, or Jumen by utilizing some means, e.g.,
disposing the sleeve on a conventional balloon catheter.
With the graft in position within the desired portion of
the blood vessel, duct or lumen the means for expanding
the stent is operated, e.g., the balloon of the catheter
inflated, to cause the stent means to expand to the ex-
panded state. The expanding means, e.g., balloon, is
then removed. e.g.. withdrawn out of the expanded
graft, and the graft, in its expended state, is left perma-
nently in place in the portion of the blood vessel, duct
or lumen.

DESCRIPTION OF THE DRAWINGS

Other objects and many attendant advantages of this
invention will become readily appreciated as the same
becomes better understood by reference to the follow-
ing detailed description when considered in connection
with the accompanying drawings wherein:

FIG. 1 is a longitudinal sectional view of a stenosed
artery of a lving being showing one embodiment of an
expandable intraluminal vascular bypass graft con-
structed in accordance with this invention after the
graft has been expanded in place;

FIG. 2 is a longitudinal sectional view of the stenosed
artery shown in FIG. 1 prior to the introduction of the
graft therein;

F1G. 3 is a longitudinal sectional view of the stenosed
artery shown in FIG. 1 after the introduction of the
graft therein, but prior to its expansion;
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FIG. 4 is a longitudinal sectional view of the stenosed
artery shown in FIG. 1 during an intermediate step in
the use of the graft. wherein an initial portion of the
graft has been expanded by a balloon catheter:

FIG. §is an enlarged sectional view taken along lines
58 of FIG. 4;

FIG. 6 is an enlarped sectional view taken along lines
6-—6 of FIG. 4;

FIG. 7is a longitudinal sectional view of the stenosed
artery shown in FIG. 1 during a later step in the use of
the graft, wherein the entire graft has been expanded by
the ballocn catheter but prior to its withdrawal from the
graft;

FIG. 8 is a perspective view of one end portion of the
graft of FIG. 1 shown in its expanded state;

FIG. 9 is a perspective view of one end portion of an
allernative embodiment of the graft of FIG. 1 shown in
its expanded state; and

FIG. 10 is a longitudinal secticnal view of a stenosed
side branch orifice. e.g.. renal ariery, of a living being
showing the graft of this invention after the graft has
been expanded in place,

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to various figures of the drawing
where like reference numerals refer to like parts there is
shown at 20 in FIG. 1 an expandable, intratutninal vas-
cular bypass graft constructed in accordance with this
invention.

The graft 20 is arranged for revascularizing lesions,
e.g., atheroselerotic plaque lesions, in arteries, and is
particularty useful in revascularizing long segment le-
sions. A typical long segment lesion is shown in FIG. 2.
Thus. a5 can be seen therein, the segment 22 of the
artery includes atherosclerotic deposits 24 forming a
small or narrow, restricted passageway 26 for flow of
blood therethrough. As is typically the case. such le-
sions are found in arterial segments, e.g., in coronary
arteries which are somewhat curved. The passageway
26 may be natural or may be formed by some interven-
tional procedure, such as will be described later.

The endovascular graft 28 is configured so that it is
initially in a compact or compressed state. In that state
it 1s arranged 1o be readily inserted inlo the arierial
passagewey 26 like that shown in FIG. 3. Once in posi-
tion the graft is 1o be expanded to an expanded state. In
FIG. 1 there is shown the graft expanded 10 2 maximum
expanded state, i.e., of maximum internal cross-sectional
area. When the graft 20 is in the expanded state a sub-
stantially greater cross-sectional area of the arterial
section i5 open to the free flow of blood therethrough
than prior 1o the use of the graft 20.

As will be described in considerable detail later, the
expansion of the graft 20 from the compacted state
shown in F1G. 3 to the expanded staie shown in FI1G. 1
is preferably accomplished by a conventional balloon
catheter. However, any suitable other expansion means
or instrement (not shown) may be used.

Referring now to FIGS. 3-6 and 8 the details of the
endovascular graft 20 will now be described. As can be
seen the graft 20 basically comprises an elongated tubu-
lar member or sleeve 28 having a plurality of expand-
able, ring-like, stent members or sections 30 located at
equaidistantly spaced positions along the longitudinal
length of the member. The sleeve member 28 is formed
of a thin and highly flexible material, such as expanded
polyterrafloroethylene used for conventional vascular
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grafis. Examples of such prior art graft materials are
those soid by W. C. Gore and Company under the
trademark GORTEX or those sold by Impra. Inc.
under the trademark IMPRAGRAFT.

The sleeve 28 is configured so that it is pleated, i.e, it
includes a plurality of iongitudinally extending pleats
28A. Each of the pleats extends the entire length of the
graft 20. The pleated wbe or sleeve 28 is normally in a
compacied state as shown in FIG, 6, that is each of the
pleats overlies and abuts & contiguous portion of an
immediately adjacent pleat. The tube 28 is arranged to
be expanded 1o 2 maximum expanded state wherein its
pleats open up and form a generally continucus curved,
e.g.. cylindrical, surface like that shown in FIG. 5.

When the tube is in the compacted state its outside
diameter is'substantially less than when the tube is in the
expanded state. Mcreover, when the tube 28 is in its
expanded state, its internal cross-sectional area is sub-
stantially greater than in the compact state. It must be
pointed out at this juncture that the tube 28 may be
partially expanded in an artery to be revascularized,
whereupon its pleats do not fully open up (flarten out).
In such a ease the internal cross sectional area is less
than in the fully expanded state, but more than in the
compacted state, and thus still permits the freer flow of
biood therethrough than would fiow through passage-
way 26.

The spaced stent members 30 serve as a means for
holding or retaining the tube 28 in any desired expanded
state {i.¢., from a slightly partially expanded state, not
shown, to the fully expanded state like shown in FIG.
5). Thus, as can be seen, each stent member 30 basically
comprises a plurality of interconnecied links or struis
32. Each of the links is an elongated rigid member
formed of stainless steel or some other suitable biocom-
patible material, e.g.. tantalum, plastic. Each link has a
pair of ends 32A and 32B and is joined to an associated
link via & pivotable joint 34, Each joint 34 is made up of
one end 32A of one link and the other end 32B of the
immediately adjacent tink. The link ends 32A and 32B
are connected by any suitable means, e.g., a deformable
member, a pin, etc., to enable the links to pivot cutward
with respect to each other so that the angle therebe-
tween increases, yet which precludes the links from
pivoting backward toward each other., When so ar-
ranged the links form a zig-zag patters. In the embodi-
ment shown herein the joint 34 comprises the material
making up the links themselves, and such material is
deformable, but not resilient, so that once deformed,
i.e., the links pivoted outward, it doesn’t return to its
previous configuration,

As should be appreciated by those skilled in the art
when the links 22 are pivoted outward with respect to
each other the stent 30 expands from its compact state
like that shown in F1G. 3 to the expanded state, with the
maximum diameter expanded state being shown in FIG.
8. In accordance with a preferred aspect of this inven-
tion the joints 34 at the interfaces of each of the links of
the stents are arranged to maintain any angular orienta-
tion between the connected links from the compact
state to the maximum expanded state such that once the
stents 30 are moved 1o any expanded position (whether
partial or full) movement back to the compacted state is
precluded.

The links of the stents of this invention serve to hold
the tube member 28 in an expanded state. Ta that end
each of the links is connected to one or more pleats 28A
either externally of the sleeve (as is shown herein) or
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internally. Moreover, if desired the stents may be com-
pletely encased in the graft material forming the sleeve
28.

I'+ the preferred embodiment shown in FIGS. 1-8,
eacy af the stenis 30 is made up of pairs of intercon-
nected links 10 form two zig-zag patterns sharing com-
mon joints, thereby creating a diamond-like pattern
stent,

In FIG. 9 there is shown an alternative graft using
plural spaced stent members 40. Each stent member 40
comprises a plurality of links 32 which are intercon-
nected via joints 34 (like that of the embodiment 30
shown in FIG. 8), except the links are not paired, so that
a single zig-zag pattern is produced instead of the dia-
mond-like pattern of FIG. 8. In all other regards the
graft 20 utilizing stents 40 is the same as that described
heretofore.

In order to help hold or secure the graft in position in
the artery {or lumen or duct) once the graft has been
expanded, the stents may include a plurality of protu-
berances 50 projecting slightly outward from the outer
surface of the graft. These protuberances 50 act as small
pressure points that help impact the graft into the arte-
rial wall to maintain a fiaed position therein. As shown
in FIGS. 8 and 9. the protuberances are preferabiy
located at the joints 34 of the various stents, but such an
arrangement is exemplary and any other suitable loca-
tions may be used. Moreover, the mechanism {e.g..
pivol pin. deformable member, etc.) forming the joint
34 may itself form a protuberance.

In the case of a grafl 20 utilizing internally Jocated
stents, the protuberances 50 are not used. Instead the
graft 20 may include a thin layer of dacron mesh (not
shown} on the outer surface of the graft to impact into
the vessel wall and fibrose thereat to maintain the graft
in position.

Since the endovascular graft 20 of this invention is
preferably formed of a Nexible material. e.g.. conven-
tional vascular graft material. it can be readily bent. The
use of the expansion holding stents doesn™t detract from
the ability of the graft to flex or bend since each stent
only extends for a small portion that vary from less than
one mm. to several millimeters depending on the diame-
ter of the grafl to be supporied. The distance between
supporting stents may vary from 3 mm to 2 cm., de-
pending on the diameter of the graft being utilized. The
graft portions between the stents enable the graft 1o
bend or flex thereat so that the graft can assume an
arcuate, undulating or otherwise bent shape with re-
spect to its longitudinal axis.

Moreover, since the stents are spaced apart and do
not exiend continuously along the length of the graft 2¢
the graft can be easily sized 1o whatever length vascular
segment is desired to be revascularized. To that end, all
that is required is to sever a length of the graft 20 at any
particular point between two immediately adjacent
stents 30 to produce a custom length graft.

Use of the graft 20 will now be described with refer-
ence to FIGS. 1-7. The graft 20, in its compacted state
as shown in FIG. 3, is inserted by any suitable proce-
dure or instrument, ¢.g., on a conventional balloon caih-
eter 100, into the passageway 26 extending through the
artery segment 1o be revascularized. Once in position
the balloon 102 at the distal end of the catheter 100 is
inflated to cause it to expand outward radiaily. This
action causes the linear pleats 28A of the sleeve portion
28 of the device 20 to begin to flatten out and at the
same time causes the links 32 of the stent members 30
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located over the bajloon 142 10 pivor outward about
their joints. The means forming the joints 34, being
resistant to permitting the links to pivot back toward
each other, holds the portion of the graft which has
been expanded in that expanded state.

If the graft section is longer than the balloon, e.g.. 10
cm or more in length. the balloon is initially positioned
so that it is in the end of the graft furthest from the
entrance point in the artery (i.e., in the distal end of the
graft) the balloon is then deflated and moved longitudi-
nally down the interior of the graft 20 in the proximal
direction to the next contiguous unexpanded section of
the grafl. The balloon 102 is then reinflated to expand
that_contiguous section of the graft 20. This expansion
sequence continues until the entire length of the device
20 is expanded.

It must be pointed out at this juncture that in the
drawings the graft 20 is shown expanded to a maximum
diarneter along its entire length, That is merely exem-
plary. Thus, in some revascularization procedures dif-
ferent sections of the graft 20 may be expanded to dif-
ferent diameters.

With short segment arteries the graft 20 is utilized by
inserting an intraluminal balloon catheter 100 within the
graft 20 and then introducing that combination into the
artery until the graft is positioned at the desired location
within a vessel segment. The balloon 102 is then ex-
panded, thereby expanding the entire length of the graft
20 at one time to the desired degree of expansion. The
balloon is then deflated and the catheter withdrawn.
Tke graft 20 then maintains its position within the artery
at that location in the same manner as when used in long
arterial segments.

Referring now to FIG. 10, the use of a graft 20 for
revascularizing an orificial or branch, e.g., renal, artery
will now be described. As mentioned earlier heretofore,
the revascularization of such arificial branches through
ballooning techniques bas not been as successful as
desired due 10 the differential expansion of the batloon.
However, use of the subject graft 20 obviates that prob-
lem since the graft constrains the balloon ¥I2 along its
length so that it is precluded from expanding differen-
tially. Instead, the balloon expands equally throughout
its length. Accordingly, the graft 20 of the subject in-
vention allows one to cross the branch lesion, inflate the
balloon with the graft in place, and then deflate and
extract the baljoon leaving the graft in position holding
the orificial lumen open.

As should be appreciated from the foregoing, one
significant advantage of the graft 20 of the subject in-
vention is that with the inflation of the balloon, shouid
disruption of the blood vessel wall occur, it will be
immediately sealed by the graft 20, thus preventing
hemorrhage. A further advantage of the graft 20 is that
it does not produce a portal for ingrowth of neocintima
or pseudointimal hyperplasia to occlude the graft body.
While there may be some ingrowth into the wall of the

- member 28, such growth does not extend through the

60

wall into the interior of the graft, Thus, the suhject graft
reduces the chance of recurrent stenosis or occlusion
from a fibrous response in the blood vessel. Still another
advantage of the graft 20 is that long lengths of ocelu-
sions can be opened by conventiona! instrumnent means,
such as lasers, grinders, etc., which may leave a long,
highly thrombogenic surface that precludes long pa-
tency. Thus, even though such a thrombogenic surface
may be created by such conventional instruments, that
surface is made non-thrombogenic by the use of the
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grait 20. This action will obviously increase the long-
term graft patency. Yet another advantage of the sub-
ject graft is that it can be inserted withoul major sur-
gery. either through 2 local arteriotomy under radio-
graphic control, or through percutaneaus blood vessel
cathererization.

The stenting function provided by the spaced stents
30 or 40 reinforces the body passageway producing a
lumen. which, though flexible, is not collapsible. In
particular, the wall of the graft is supporied about its
length by the various spaced stents either externally or
internally to maintain internal lumen diameter.

Stili other advantages of the graft 20 are that it can be
pre-fabricated in variable lengths so that after measure-
ment radiographically an appropriate lengih and diame-
ter of graft 20 can be chosen to befit the vessel and the
length of the occlusive lesion appropriate o that pa-
tient, This foregoes the necessity of multiple insertions
of small, short, intraluminal devices that are present
available. Such action reduces the chance of intimal
damage, embelization distally, and in addition improves
placement during the process of balioon dilation.

Without further elaberation the foregoing will su
fully illustrate my invention that others may, by appiy-
ing current or future knowledge, adopt the same for use
under various conditions of service.

I claim:

1. An inrraluminal graft for introduction within &
portion of a blood vessel, duct or lumen of a living
being. said grafi comprising a sleeve and at least two
stent means mounted thereon. said sleeve being an elon-
gated member of a generally tubular shape having a
longitudinal axis and formed ol a first. relatively flexi-
ble, material. said material being impervious to the in-
growth of tissue therein, each of said stent means being
generally ring-like in shape, aid stent means being
mounted about the periphery of a surface of said sleeve
at selected points therealong o form (a) respective first
sleeve sections, each of said first sleeve sections extend-
ing for respective portions of the length of said sleeve
and being spaced from each other, said sleeve addition-
ally comprising at Ieast one second section. said second
section being interposed between said ai least two first
sections, each of said stent means being arranged to be
expanded from a compact state to an expanded statg as
said sleeve is so expanded so that the cross-section area
of the interior of said sleeve is enlarged, said stent means
when in said expanded state being resistant to contrac-
tion back tc said compact state to thereby hold said
sleeve in said expanded state, said graft being able to
bend longitudinally with respect to said axis to enable
said graft to be readily accommodated within a curved
blood vessel, duct or fumen.

2. The graft of claim 1 wherein each of said ring-like
members comprises a plurality of imerconnected mov-
able links.

3. The graft of claim 2 wherein said sleeve comprises
a plurality of longitudinally extending pleats when said
sleeve is in said compact state.

4. The graft of claim 3 wherein said sleeve comprises
an outer peripheral surface and wherein each of said
stent means is mounted on said outer peripheral surface.

5. The graft of claim 3 wherein said links are arranged
in either diamond-like shaped configurations or in zig-
zag shaped configurations.

6. The graf1 of claim 2 wherein said links are arranged
in either diamond-like shaped configurations or in zig-
2ap shaped configurations.
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7. The graft of claim 1 wherein said sleeve comprises
a plurality of longitudinally extending pleats when said
sleeve is in said compact siate.

8. The graft of claim 7 wherein said sleeve comprises
an outer peripheral surface and wherein each of said
stent means is mounted on said cuter peripheral surface.

9. The graft of claim 1 wherein said sleeve is arranged
1o be served at any of said second sections to tailor the
length of said graft to the length of the vessel, duct or
[umen portion.

10. The graft of claim 9 wherein each of said stent
means comprises a generally ring-like member having 2
plurality of interconnected movable links.

11. The graft of claim 10 wherein said sleeve com-
prises an outer peripheral surface and wherein stent
means is mounted on said outer peripheral surface.

12. The graft of claim 11 wherein said links are ar-
ranged in either diamond-like shaped configurations or
in zig-zag shaped configurations.

13, The graft of claim 12 wherein said sleeve com-
prises a plurality of longitudinally extending pleats
when said sleeve is in said compact state.

14. An intraluminal graft for introduction within a
portion of a blood vessel, duct or lumen of a living
being. said graft comprising a sleeve and stent means
mounted thereon, said sleeve being an elongated mem-
ber of a generally tubular shape having a longitudinal
axis and formed of a first, relatively flexible, material,
said material being impervious 10 the ingrowth of tissue
therein, said sleeve comprising an outer peripheral sur-
face, said stent means being generally ring-like in shape
and mounted on said outer peripheral surface of said
sleeve 1o form a first sleeve section, said stent means
being arranged 1o be expanded from a compact state to
an expanded state as said sleeve is so expanded so that
the cross-sectional area of the interior of said sleeve is
entarged, said sternt means when in said expanded state
being resistant 1o contraction back to said compact state
to thereby hold said sleeve in said expanded state, satd
graft being able to bend longitudinally with respect to
said axis 10 enable said graft to be readily accommo-
dated within a curved blood vessel, duct or lumen.

15. An intraluminal graft for introduction within a
portion of a blood vessel, duct or fumen of a living
being. said graft comprising a sleeve and stent means
mounted thereon, said sleeve being an elongated mem-
ber of a generally tubular shape having a longitudinal
axis, an outer peripheral surface, and being formed of a
first, relatively flexible, material, said material being
impervious to the ingrowth of tissue therein, said stent
means being generally ring-like in shape and mounted
on said outer peripheral surface of said sleeve to form a
first sleeve section, said first sleeve section extending
for only a portion of the length of said sleeve, said
sleeve additionally comprising a second sleeve saction
contiguous with said first slegve section, said stent
mieans being arranged to be expanded from a compact
state to an expanded state as said sleeve is s0 expanded
so that the cross-sectional area of the interior of said
sleeve is enlarged, said stent means when in said ex-
panded state being resistant to contraction back to said
compact state to thereby hold said sleeve in said ex-
panded state, said first and second sleeve sections being
able 10 bend longitudinally with respect to said axis to
enable said graft 1o be readily accommodated within a
curved blood vessel, duct or lumen.

16, A method for implanting an intraluminal graft
within a portion of a blood vessel, duct, or lumen of a
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living being. said graft comprising a sleeve and at least
twa stent means mounted thereon, said sleeve being an
elongated member of a generally tubular shape having a
longitudinal axis and formed of a first, relatively flexi-
ble. material, said material being impervious to the in-
growth of tissue therein, each of said stent means being
generally ring-like in shape, said stent means being
mounted abour the periphery of a surface of said sleeve
at selected points therealong 1o form respective first
sleeve sections, each of said first sleeve sections extend-
ing for respective portions of the length of said sleeve
and being spaced from each other, said sleeve addition-
ally comprising at least one second section, said second
section being interposed between said at least two first
sections, each of said stent means being arranged to be
expanded from a compact state to a expanded state as
said sleeve is so expanded sc that the cross-sectional
area of the interior of said sleeve is enlarged. said stent
means when in said expanded state being resistant to
contraction back to said compact state 1o thereby hold
said sleeve in said expanded state, said graft being able
ta bend with respect to said axis to enable said graft to
be readily accommodated within a curved blood vessel,
duct. or lumen, said method comprising introducing
said grafl in said compact state into said portion of said
blood wvessel. duet, or lemen and thereafter utilizing

0

some means 1o cause said stent means and said sleeve to

expand to said expanded state, and leaving said grafl in
said position in said expanded state.

17. The method of claim 16 additionally comprising
severing said graft at any of said second sections to
tailor the length of said graft to the length of the blood
vessel. duct, or lumen portion prior to introduction
therein.

18. The method of claim 16 wherein said stent means
are expanded by a catheter.

19. The method of claim 18 wherein said catheteris a
balloon catheter.

20. The method of claim 19 wherein said vessel. duct,
or lumen comprises 2 branch artery having an orificial
lesion therein, said graft being disposed within a pas-
sageway in said lesion and expanded therein by said
balloon catheter.

21. The method of claim 18 additionally comprising
expanding said plural stent means sequentially by use of
said catheter,

22. A method for implanting an intraluminal graft
within a portion of a blood vessel, duct, or lumen of a
living being. said graft comprising a sleeve and stent
means mounted thereon, said sleeve being an elongated
member of a generally tubular shape having a longitudi-
nal axis and formed of a first, relatively flexible, mate-
rial, said material being impervious to the length of
tissue therein, said stent means being generally ring-like
in shape and mounted about the periphery of a surface
of said sleeve to form a first sleeve section, said stent
means being arranged to be expanded from a compact
state to an expanded state as said sleeve is so expanded
so that the cross-sectional area of the interior of said
sleeve is enlarged, said stent means when in said ex-
panded state being resistant to contraction back to said
compact state to thereby hold sald sleeve in said ex-
panded state, said graft being able to bend with respect
to said axis to enable said graft 10 be readily accommo-
dated within a curved blood vessel, duct, or lumen, said
method comprising introducing said graft in said com-
pact state into said portion of said bloed vessel, duct, or

" lumen by a catheter, said graft being disposed on said
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catheter prior to intreduction into said portion of said
blood vessel. ducy, or lumen, said catheter being used to
expand said stent means to said expanded state and said
catheter is then removed from sald graft leaving said
grall in said position in said expanded state.

23. The method of claim 22 wherein said catheter is a
balloon catheter.

24. The method of claim 23 wherein said vessel, duct,
or lumen comprises a branch artery having an orificial
lesion therein, said graft being disposed within a pas-
sageway in said Jesion and e¢xpanded therein by said
balloon catheter.

25. A method for implanting an intraluminal graft
within a portion of a blood vessel, duct, or Jumen of a
living being. said graft comprising a sleeve and plural
stent means mounted thereon, said sleeve being an elon-
gated member of a generally tubular shape having a
longitudinal axis and formed of a first, relatively flexi-
ble, material and comprising plural first and second
sections, said materizl being impervious to the ingrowth
of tissue therein, each of said stent means being gener-
ally ring-like in shape and mounted about the periphery
of a surface of said siceve at selected points therealong
to form respective ones of first sleeve sections, each of
said sleeve sections extending for respective portions of
the length of said sleeve and being spaced from one
another, said second sleeve sections being interposed
between said first sleeve sections, said stent means being
arranged 10 be expanded from a compact state 10 an
expanded state as said sleeve is so expanded so that the
cross-sectional area of the interior of said sleeve is en-
Jarged, said stent means when in said expanded state
being resistant to contraction back to said compact state
to thereby hold said sleeve in said expanded state, said
graft being able to bend with respect to said axis to
enable said graft to be readily accommodated within a
curved blood vessel, ducet, or lumen, said method com-
prising introducing said graft in said compact state inio
said portion of said blood vessel, duct, or lumen by a
catheter, said graft being disposed on said catheter prior
to introduction into said portion of said blood vessel,
duct or lumen, said catheter being used to expand said
plural stent means sequentially to said expanded staie
and said catheter is then removed from said graft leav-
ing said graft in said position in said expanded state,

26, The method of claim 25 wherein said catheter is 2
balloon catheter.

27. The method of claim 26 wherein said balloon
catheter is inflated to expand at least a first one of said
stent means to said expanded state, whereupon said
balloon catheter is deflated and withdrawn from said
expanded portion of said sleeve into another portion
thereof and is then reinflated to expand at least a second
of said stent means to said expanded state.

28. A method for implanting an intraluminal graft
within a portion of a blood vessel, duct, or lumen of a
living being, said graft comprising a sleeve and plural
stent means mounted thereon, said sleeve being an elon-
gated member of a generally tubular shape having a
longitudinal axis and formed of a first, relatively, flexi-
ble, material and comprising plural first and second
sections, said material being impervious to the ingrowth
of tissue therein, each of said stent means being gener-
ally ring-like in shzpe and mounted about the periphery
of a surface of said sleeve at selected points therealong
to form respective ones of first sleeve sections, each of
said sleeve sections extending for respective portions of
the length of said sleeve and being spaced from one
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another, said second sleeve sections being interposed
between said first siegve sections, said stent means being
arranged 10 be expanded from a compact state 1o an
expaided state as said sleeve is so expanded so that the
crosa-sectional area of the interior of said sleeve is en-
larged. said stent means when in said expanded state
being resistant to contraction back to said compact state
to thereby hold said sleeve in said expanded state, said
graft being able to bend with respect to said axis to
enable sald graft to be readily accommodated within a
curved blood vessel, duct, or lumen, said method com-
prising severing said graft at any of said second sections
1o tailor the length of said graft 1o the length of the
blood vessel, duct or lumen portion prior to introduc-
tion therein, introducing said graft in said compact state
into said portion of said blood vessel, duct, or lumen by
a catheter, expanding said plural stent means sequen-
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tially by use of said catheter and leaving said graft in
said position in said expanded siate.

29. The method of claim 28 wherein said graft is
disposed on said catheter prior to introduction into said
portion of said blood vessel, ducet, or lumen. and is intro-
duced into said portion by means of said catheter,
whereupon said catheter is used 10 expand said stemt
means 10 said expanded state and said catheter is then
removed from said graft.

30. The method of claim 29 wherein said catheter is a
balloon catheter. .

31. The method of claim 30 wherein said balloon
catheter is inflated to expand at least a first one of said
stent means to said expanded state, whereupon said
balloon catheter is deflated and withdrawn from said
expanded portion of said sieeve into another portion
thereof and is then reinflated to expand at least a second

of said stent means to said expanded state.
* * * L3 *



