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VASCULAR STENT-GRAFT APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. patent 
application Ser. No. 09/671,550, ?led on Sep. 27, 2000, noW 
issued as US. Pat. No. 6,695,833. 

FIELD OF THE INVENTION 

[0002] The following invention relates to stent-grafts 
Which are utiliZed to support or replace a damaged body 
lumen, such as an artery. More particularly, this invention 
relates to vascular stent-grafts Which can be implanted 
intraluminally or With direct surgical techniques and Which 
provide a smooth continuous elongate tube structure for 
transport of bodily ?uids through the damaged area. 

BACKGROUND OF THE INVENTION 

[0003] Body lumens such as arteries can become damaged 
in a variety of different Ways. For instance, diseases such as 
arteriosclerosis and aneurysms result in degeneration of the 
arterial Wall. Depending on the type of damage to the artery 
and the extent of such damage, various different treatments 
can be used for these conditions. Where the damaged artery 
Wall is still someWhat viable, a radially expandable stent can 
be implanted intraluminally and radially expanded at the site 
of damage to support the Wall in the desired open position. 
Examples of such stents can be found in the Handbook of 
Coronary Stents, Second Edition. Stent-grafts are also 
described in journals such as the Journal of Endovascular 
Therapy (see for example issue 2000; 7) US. Pat. No. 
6,042,606, incorporated herein by reference, also describes 
details of surgical stents utiliZable to support a damaged 
artery Wall or other body lumen. When the artery Wall is 
sufficiently deteriorated that it can no longer function prop 
erly, a graft can be placed Within the damaged portion of the 
artery to support blood ?oW or other body ?uid ?oW past the 
damaged area. While such grafts include a structural com 
ponent to keep the graft in a desired location and/or shape, 
they are referred to as stent-grafts. Such stent-grafts can 
come in tWo varieties. First, the stent-graft can be placed 
intraluminally Within the damaged portion of the artery With 
the damaged portion of the artery remaining in position but 
no longer being relied upon to support blood ?oW past the 
damaged area. Second, the stent-graft can directly be sur 
gically implanted by removal of the damaged artery section 
and replacement With the stent-graft. 

[0004] Such stent-grafts provide a number of basic func 
tions. They include a solid ?lm Which is impervious to ?uid 
?oW therethrough so that it can contain blood or other bodily 
?uid ?oW Within the lumen pathWay. They include some 
structure for securely holding the stent-graft in position 
adjacent the damaged portion of the artery and to keep a 
desired shape for the stent-graft and exhibit suf?cient struc 
tural strength to handle the ?uid pressure and surrounding 
forces Without failure. 

[0005] KnoWn prior art stent-grafts have included a sepa 
rate ?uid containment layer and a separate structural support 
layer. For instance, the World Medical Manufacturing Cor 
poration of Sunrise, Fla. produces a stent-graft under the 
trademark TALENT that includes a Dacron fabric covering 
a radially expandable nickel-titanium support structure (see 
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the Journal of Endovascular Therapy 2000; 7: 132-135, 
133). Other knoWn stent-grafts include the JOSTENT 
peripheral stent-graft manufactured by Jomed International 
AB, Stockholm, SWeden Which includes a polytetra?uoro 
ethylene covering internal to the structural portions of the 
stent-graft (see Journal of Endovascular Therapy 2000; 7: 
136-140, 138). 
[0006] While such knoWn prior art stent-grafts are gener 
ally effective, they suffer from certain draWbacks. They are 
not all formed in a manner Which provides a continuous 
layer of material. Rather, the covering is typically a Woven 
fabric Which can be susceptible to leakage, especially adja 
cent Where sutures are utiliZed to hold the stent-graft in 
place. Additionally, they generally suffer from poor integra 
tion of the covering layer With the support structure, result 
ing in locations for restenosis and other corrosive material 
Within the stent-graft Which can lead to ?uid disruption 
through the stent-graft. 

[0007] They also are dif?cult to collapse and expand 
radially to a great extent. Accordingly, a need exists for a 
stent-graft Which provides a smooth continuous inside sur 
face and Which can readily be positioned either intralumi 
nally or With direct surgery at a site Where a body lumen is 
damaged. 

SUMMARY OF THE INVENTION 

[0008] This invention provides a stent-graft Which 
includes a smooth solid ?lm providing an inside surface 
Which is free of irregularities in texture and Which is 
non-foraminous, rather than formed from a Woven material 
With the intended gaps betWeen threads or other porous 
material. This ?lm can provide the tubular structure of the 
stent-graft alone or can be supported With various different 
support structures. The support structures can be metallic, 
such as a radially expandable stent structure or can be a 
Woven support structure. In either case, the support structure 
is at least partially embedded Within the ?lm so that surface 
irregularities are not introduced by the inclusion of the 
support structure. The stent-graft can be a tubular structure 
With tWo ends or can have intersections therein so that 
multiple different arms of the tubular structure of the stent 
graft can be joined together and can be utiliZed to treat body 
lumens Which have junctions therein. 

[0009] Ends of the stent-graft can be attached to adjacent 
body lumens in one or more of three main Ways. First, the 
stent-graft can be radially expanded and be formed from a 
shape memory material Which exerts suf?cient outWard 
radial pressure against the lumen Wall to hold the stent-graft 
in place. Second, sutures or other surgical structure attach 
ment structures, such as clips, staples and the like, can be 
utiliZed directly betWeen the stent-graft structure adjacent 
the ends and the lumen Wall adjacent the stent-graft. Third, 
a band and collar combination can be utiliZed Where a collar 
is included near an end of the stent-graft Which has a groove 
passing circumferentially around the collar and With a band 
Which can mate With the collar and extend into the groove 
someWhat With the lumen Wall betWeen the band and the 
groove, so that the collar and band together form a coupling 
to securely hold the stent-graft to the lumen. 

[0010] While various different materials can form the ?lm 
and other portions of the stent-graft, a parylene material is 
preferred. Parylene can be deposited Within a vacuum onto 
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a mandrel having a shape similar to the interior surface of 
the stent-graft. Hence, the stent-graft can be formed merely 
by depositing the parylene material onto the mandrel and 
then later removal of the mandrel, such as by chemically 
dissolving the mandrel. Additional layers of parylene or 
other coatings can later be applied to the stent-graft to bond 
at least portions of a support structure to the stent-graft. The 
support structure provides radial expandability, enhanced 
strength and resistance to tearing for the stent-graft and is 
incorporated directly into the ?lm of the stent-graft. 

OBJECTS OF THE INVENTION 

[0011] Accordingly, a primary object of the present inven 
tion is to provide a stent-graft Which provides a smooth, 
continuous, non-foraminous inside surface Which can be 
utiliZed to be surgically implanted adjacent a damaged 
lumen to support ?uid ?oW through the lumen. 

[0012] Another object of the present invention is to pro 
vide a stent-graft Which can be implanted intraluminally and 
then be radially eXpanded at the desired location to support 
?uid ?oW at the desired location. 

[0013] Another object of the present invention is to pro 
vide a stent-graft Which can be implanted With direct sur 
gical techniques to replace a damaged body lumen. 

[0014] Another object of the present invention is to pro 
vide a stent-graft Which includes both a ?lm and a support 
structure embedded Within the ?lm but formed from a 
different material With at least inside surfaces of the support 
layer remaining smooth and With secure coupling of the 
support structure With the ?lm. 

[0015] Another object of the present invention is to pro 
vide a coupling system for coupling stent-grafts to body 
lumens in a secure fashion. 

[0016] Another object of the present invention is to pro 
vide a stent-graft Which can be implanted and held in place 
With sutures Without risk of tearing of the stent-graft. 

[0017] Another object of the present invention is to pro 
vide a stent-graft Which is formed from bio-compatible 
materials. 

[0018] Another object of the present invention is to pro 
vide a stent-graft Which includes multiple different arms for 
use in treating a branch in a body lumen Which is damaged. 

[0019] Another object of the present invention is to pro 
vide a method for manufacturing a stent-graft Which avoids 
any need for seams Which provides a smooth inside surface 
and secure coupling of a support layer of the stent-graft With 
support structure Within the stent-graft. 

[0020] Other further objects of the present invention Will 
become apparent from a careful reading of the included 
draWing ?gures, the claims and detailed description of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a perspective vieW of a preferred embodi 
ment of the stent-graft of this invention Which includes a 
cylindrical support structure and a ?lm providing an inside 
surface of the stent-graft and With the ?lm selectively 
attached to the cylindrical support structure at selective 
locations Where movement betWeen the ?lm and the cylin 
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drical support structure is not required during radial eXpan 
sion of the cylindrical support structure. 

[0022] FIG. 2 is a perspective vieW of that Which is shoWn 
in FIG. 1 before radial eXpansion. 

[0023] FIG. 3 is an end vieW of that Which is shoWn in 
FIG. 2 illustrating hoW the ?lm can fold When the cylin 
drical support structure is collapsed. 

[0024] FIG. 4 is a sectional vieW of a body lumen With a 
stent-graft of an alternative embodiment implanted therein, 
such as to treat an aneurysm Within the lumen. 

[0025] FIG. 5 is a sectional vieW taken along line 5-5 of 
FIG. 6 illustrating hoW the ?lm of the stent-graft can totally 
surround the cylindrical support structure or other support 
structure of the stent. 

[0026] FIG. 6 is a cylindrical projection of a second 
alternative stent-graft con?guration featuring ?at edges. 

[0027] FIG. 7 is a perspective vieW of a stent-graft having 
a T-shape and With a spiral support structure eXternal to a 
support layer Which includes both a main arm and a side arm 
of the T-structure. 

[0028] FIG. 8 is a perspective vieW of a stent-graft Which 
does not include any support structure and Which includes a 
collar of a coupling system for attachment of the stent-graft 
to a body lumen. 

[0029] FIG. 9 is a sectional vieW of a body lumen illus 
trating a coupling system for ends of the stent-graft shoWn 
in FIG. 8. 

[0030] FIG. 10 is a perspective vieW of a collar portion of 
the coupling system shoWn in FIG. 9. 

[0031] FIG. 11 is a perspective vieW of a stent-graft 
having a plain cylindrical con?guration With collars of 
coupling systems located adjacent ends of the stent-graft and 
With no support structure. 

[0032] FIG. 12 is a perspective vieW of a divergent 
stent-graft Without any support structure and With portions 
of coupling systems adjacent various ends of the arms of the 
divergent stent-graft. 

[0033] FIG. 13 is a top plan vieW of that Which is shoWn 
in FIG. 12. 

[0034] FIG. 14 is a perspective vieW of a lumen and 
stent-graft combination With the stent-graft including a 
Woven fabric therein and shoWn during coupling to a slit in 
the body lumen. 

[0035] FIG. 15 is a sectional vieW of a ?ared stent-graft 
and a body lumen With a ?ared end of the stent-graft 
attached to a hole in the body lumen With sutures. 

[0036] FIG. 16 is a perspective vieW of that Which is 
shoWn in FIG. 15 immediately before attachment of the 
stent-graft to the body lumen With the sutures. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0037] Referring to the draWings, Wherein like reference 
numerals represent like parts throughout the various draWing 
?gures, reference numeral 10 is directed to a preferred 
radially eXpandable stent-graft of this invention. The stent 
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graft 10 can be implanted intraluminally and then radially 
expanded, along arrow R, aWay from a central axis 2 to 
support the body lumen L and route ?uid passing through the 
body lumen L along the central axis Z, along arroW A(FIG. 
1) through the stent-graft 10. 

[0038] In essence, and With particular reference to FIGS. 
1-3, details of the stent-graft 10 of the preferred embodiment 
are described. The stent-graft 10 is preferably radially sym 
metrical and substantially cylindrical in construction about 
the central axis 2. The stent-graft 10 is a generally tubular 
structure Which extends from a ?rst end 12 to a second end 
14. The stent-graft 10 includes tWo primary portions includ 
ing a cylindrical support structure 18 Which provides 
enhanced structural strength and assists in causing radial 
expansion of the stent-graft 10, and a ?lm 40 Which provides 
the conduit for support of ?uid ?oW through the stent-graft 
10. 

[0039] The cylindrical support structure 18 and ?lm 40 are 
preferably integrated together someWhat as described in 
detail beloW. The cylindrical support structure 18 includes 
circumferential elements 20 Which extend circumferentially, 
along arroW C, about the central axis 2. Axial elements 30 
join the separate circumferential elements 20 together. Axial 
links 32 also join some of the circumferential elements 20 
together. The circumferential elements 20, axial elements 30 
and axial links 32 together form the cylindrical support 
structure 18. The support structure 18 can transition betWeen 
a radially collapsed form (FIG. 2) to a radially expanded 
form (FIG. 1) by expansion of the cylindrical support 
structure 18 along arroW R (FIG. 1). 

[0040] The support layer 40 preferably includes an inside 
layer 42 (FIG. 5) and an outside layer 44 With portions of 
the cylindrical support structure 18 surrounded by the layers 
42, 44 of the ?lm 40. An inside surface 43 is very smooth 
and free of surface irregularities Which could disrupt ?uid 
How and provide sites for restenosis or other disruptive 
conditions. Fold lines 46 in the ?lm 40 de?ne locations 
Where the ?lm 40 can be folded When the stent-graft 10 is 
radially collapsed (FIG. 2). The fold lines 46 can be 
provided strategically so that a proper collapsing pattern can 
be provided (FIG. 3). 
[0041] More speci?cally, and With particular reference to 
FIGS. 1-3, the speci?c details of the stent-graft 10 are 
described. The cylindrical support structure 18 preferably 
includes the circumferential elements 20 including linear 
segments 22 spaced from each other by alternating crests 24 
and troughs 26. Junctions 28 de?ne locations on the circum 
ferential elements 20 Where axial elements 30 or axial links 
32 are joined to the circumferential elements 20. Gaps 34 are 
located betWeen adjacent circumferential elements 20. 

[0042] Each gap 34 is spanned by either an axial element 
30 or an axial link 32. The axial elements 30 are preferably 
linear and extend betWeen troughs 26 of adjacent circum 
ferential elements 20. The axial links 32 preferably have a 
bent con?guration and extend betWeen crests 24 of adjacent 
circumferential elements 20. Each bend in the circumferen 
tial elements 20 can be either a crest 24 or a trough 26 
depending on Which side of the circumferential element 20 
is being referred to. Preferably, each gap 34 is only spanned 
by either axial elements 30 or axial links 32, and not a 
combination of axial elements 30 and axial links 32. In this 
Way, gaps 34 spanned by axial elements 30 are generally 
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Widened When the stent-graft 10 is radially expanded and the 
gaps 34 spanned With axial links 32 are generally narroWed 
as the stent-graft 10 is radially expanded. 

[0043] While the above described cylindrical support 
structure 18 for the stent-graft 10 is preferred, various 
different segment and junction con?gurations could simi 
larly be utiliZed. For instance, a single segment can extend 
helically to form a cylindrical support structure. A full 
discussion of various stent segment patterns is provided in 
Handbook of Coronary Stents, Second Edition. Any of the 
prior art stents disclosed in that reference or otherWise 
knoWn in the prior art Which exhibit radial expandability 
could conceivably be adapted for use Within the stent-graft 
10 as the cylindrical support structure 18. 

[0044] When the cylindrical support structure 18 is radi 
ally expanding, it can readily be determined by observation 
that some portions of the cylindrical support structure 18 
pivot and otherWise move in a manner other than radially 
during radial expansion. If the ?lm 40 is formed of a 
non-elastic material, these portions of the cylindrical support 
structure 18 Which pivot and otherWise move in a non-radial 
direction to alloW the stent-graft 10 in expanding radially, 
have a potential for tearing the ?lm 40 or restricting radial 
expansion of the stent-graft 10. 

[0045] Preferably, the cylindrical support structure 18 is 
formed in a manner so that certain portions of the cylindrical 
support structure 18 only move radially during radial expan 
sion of the stent-graft 10. For instance, in FIG. 1 the axial 
elements 30 and the axial links 32 remain substantially 
stationary, except for radial translation (along arroW R of 
FIG. 1) during radial expansion of the stent-graft 10. 
HoWever, the linear segments 22 and crests 24 and troughs 
26 Which are spaced from junctions 28 do move in an at least 
partially axial manner during radial expansion of the stent 
graft 10. 

[0046] Preferably, these portions of the cylindrical support 
structure 18 Which move in a manner other than radially are 
not directly connected to the ?lm 40. Rather, attachments 48 
are preferably provided betWeen the ?lm 40 and the axial 
elements 30, axial links 32 or other portions of the cylin 
drical support structure 18 Which only move radially. In this 
Way, the cylindrical support structure 18 can be securely 
attached to the ?lm 40 but the ?lm 40 does not in any Way 
restrict radial expansion of the cylindrical support structure 
18 of the stent-graft 10. While the attachments 48 are shoWn 
adjacent each axial element 30, the attachments 48 could be 
provided on less than all of the axial elements 30, such as 
With attachments 48 included adjacent tWo of the six axial 
elements Within each gap 34. 

[0047] Preferably, the cylindrical support structure 18 is 
similar to that provided in Us. Pat. No. 6,042,606 incor 
porated herein by reference. As disclosed in this other 
patent, the various portions of the cylindrical support struc 
ture 18 Would be formed from a nickel-titanium shape 
memory material Which Would be biased toWards the radi 
ally expanded con?guration so that the cylindrical support 
structure 18 and hence the entire stent-graft 10 Would be 
someWhat self-expanding once implanted. Additionally, 
couplings, sutures or other attachment techniques can be 
utiliZed to secure the stent-graft 10 in its radially expanded 
form and to securely attach the stent-graft 10 to adjacent 
Walls W of the lumen L. Alternatively, the cylindrical 
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support structure 18 can be formed of stainless steel or other 
non-shape memory materials and a balloon can be utilized to 
expand the stent-graft 10. 

[0048] With particular reference to FIG. 5, details of the 
?lm 40 and the method of manufacturing the stent-graft 10 
are described. Preferably, the ?lm 40 includes tWo separate 
layers including an inside layer 42 and an outside layer 44. 
An inside surface 43 of the ?lm 40 is provided by the inside 
layer 42. An outside surface 45 of the ?lm 40 is provided by 
the outside layer 44. Preferably, the cylindrical support 
structure 18 is generally adjacent the outside surface 45 of 
the outside layer 44. HoWever, it is most preferable that at 
least portions of the cylindrical support structure 18 be 
embedded Within the ?lm 40. 

[0049] Speci?cally, the outside layer 44 can go over one 
side of the cylindrical support structure 18 and the inside 
layer 42 can pass over an opposite side of the cylindrical 
support structure 18, so that the cylindrical support structure 
18 is in fact sandWiched betWeen the inside layer 42 and the 
outside layer 44 of the ?lm 40. As discussed above, such 
sandWiching of the cylindrical support structure 18 can be 
limited to attachments 48 at locations on the stent-graft 10 
Where pure radial translation occurs, so that distortion of the 
?lm 40, damage to the ?lm 40 or restriction and radial 
expansion of the stent-graft 10 are avoided. 

[0050] Alternatively, the ?lm 40 can be formed from a 
sufficiently ?exible material that elasticity Within the ?lm 40 
can accommodate the motion of various portions of the 
cylindrical support structure 18 during radial expansion of 
the stent-graft 10. Where the ?lm 40 is suf?ciently elastic, 
the implanted stent 50 of the FIG. 4 or the ?at edge stent 60 
of FIG. 6 can effectively be utiliZed. 

[0051] The ?lm 40 is preferably formed from a parylene 
?lm Which is betWeen 0.0001 and 0.002 inches thick, With 
0.0005 inches considered an ideal thickness. Parylene is the 
generic name for members of a family of polymeric di-para 
Zylylenes. Parylene refers to such thermoplastic polymers 
that can be formed on surfaces exposed to a rare?ed gas in 
a vacuum. To create the ?lm 40, the parylene can be 
deposited onto a mandrel or other deposition surface laying 
adjacent Where the ?lm 40 is to be formed during the 
vacuum deposition process. Alternatively, a thin ?exible 
base layer can be located Where the ?lm 40 is to be formed 
and then the parylene can be deposited directly onto this 
base layer to create the parylene layer forming the ?lm 40. 
If desired, the entire stent-graft 10, including the cylindrical 
support structure 18, can be coated With the parylene that 
forms the ?lm 40. 

[0052] As an alternative, the ?lm 40 can be formed as a 
silicone ?lm or from high strength copolymers of silicone 
and a polycarbonate, such as products marketed under the 
trademark CHRONOFLEX manufactured by Cardiotech 
International of Woburn, Massachusetts. While not pre 
ferred, other appropriate materials, such as polyesters or 
polytetra?uoroethylene or any other appropriate ?exible 
surface materials, can be utiliZed to create the ?lm 40. 

[0053] Most preferably, the ?lm 40 is formed as a parylene 
?lm folloWing a vacuum deposition process as folloWs. 
Initially, a mandrel is provided having external geometric 
features matching those desired for the inside surface 43 of 
the inside layer 42 of the stent-graft 10. This mandrel is 
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placed Within the vacuum chamber and the parylene layer of 
desired thickness is deposited onto the mandrel. The inside 
layer 42 has thus been formed. The cylindrical support 
structure 18 is then placed over the inside layer 42. A 
masking agent is then optionally placed over the cylindrical 
support structure 18 at locations on the cylindrical support 
structure 18 Where it is desired that no portion of the outside 
layer 44 be provided. 

[0054] The mandrel, inside layer 42 and cylindrical sup 
port structure 18 then have the outside layer 44 of parylene 
deposited onto the unmasked portions of the inside layer 42 
and the cylindrical support structure 18. Finally, the masking 
agent is removed With the stent-graft 10 having portions of 
the cylindrical support structure 18 embedded Within the 
?lm 40 provided (FIG. 1). 

[0055] If desired, perforations or areas of decreased thick 
ness can be provided Within the ?lm 40 along the fold line 
46. When the stent-graft 10 is radially collapsed (FIG. 2) the 
?lm 40 is encouraged to extend inWard and fold in a 
predictable pattern, such as that shoWn in FIG. 3. The 
cylindrical support structure 18 and the ?lm 40 together 
de?ne the tube structure of the stent-graft according to this 
preferred embodiment. The ?lm 40 is solid and non-forami 
nous so that no holes pass through the ?lm 40, as Would be 
the case With Woven fabric tubular structures. Also, the ?lm 
is free of any surface irregularities and is smooth, unlike 
fabrics Which have a texture of varying roughness that 
Would provide a greater resistance to ?uid How then the 
smooth parylene ?lm 40. 

[0056] A sheath can be provided over an exterior of the 
stent-graft 10 to restrain the stent-graft 10 in its radially 
collapsed con?guration. The stent-graft 10 can then be 
placed upon a catheter and navigated intraluminally to the 
desired implantation site. The sheath is then removed from 
the exterior of the stent-graft 10 and the stent-graft 10 is 
alloWed to expand radially to its ?nal con?guration (FIG. 1). 
If necessary, a radially expandable balloon can be utiliZed to 
encourage and ensure that the stent-graft 10 has fully 
radially expanded. Due to the shape memory of the cylin 
drical support structure 18 Within the stent-graft 10, the 
stent-graft 10 can be slightly oversiZed for the body lumen 
L and hence exert a radial outWard pressure on the body 
lumen L and tend to hold itself in place Without requiring 
additional attachment structures. If necessary, sutures can be 
utiliZed passing through the ?lm 40 and the Wall W of the 
lumen L (i.e. FIG. 15) to hold the stent-graft 10 in position. 

[0057] Where direct surgical implantation is to be pro 
vided, the surgical site is accessed through a main incision 
and the damaged portion of the body lumen L is typically 
removed. Ends 12, 14 of the stent-graft 10 are then attached 
to the healthy ends of the Wall W of the lumen L, as 
described above and shoWn in FIG. 15, to secure the 
stent-graft 10 in position as desired. Once implanted, the 
stent-graft 10 handles How of ?uid through an interior of the 
stent-graft 10, along the central axis 2, effectively bypassing 
the damaged portion of the lumen L. 

[0058] With particular reference to FIGS. 4 and 6, details 
of tWo variations on the preferred embodiment are 
described. FIG. 4 depicts an implanted stent 50 Within a 
body lumen LWhich has an aneurysm X therein With a neck 
N adjacent the body lumen L. The implanted stent 50 is 
radially expanded Within the lumen L adjacent the aneurysm 
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X so that ?uid ?oW passes through the interior of the 
implanted stent 50 rather than accessing the aneurysm X. 

[0059] With particular reference to FIG. 6, a ?at edge 
stent 60 is shoWn. The ?at edge stent 60 has a con?guration 
similar to the implanted stent 50 of FIG. 4. HoWever, the ?at 
edge stent 60 exhibits ?at edges 66 rather than angled edge 
facets of the implanted stent 50 of FIG. 4. These variations 
betWeen the implanted stent 50 and the ?at edge stent 60 
merely illustrate tWo of an in?nite variety of minor modi 
?cations to the stent-graft 10 of the preferred embodiment 
according to this invention. 

[0060] With the ?at edge stent 60, segments 62 extend 
betWeen the joints 64 in a someWhat diamond pattern. A?lm 
is continuous and surrounds each of the segments 62 and 
joints 64. For such a stent-graft 60 con?guration, the ?lm 
Would need suf?cient ?exibility to accommodate the distor 
tion Which Would accompany radial expansion of such a 
stent. If the stent is implanted With a direct surgical tech 
nique radial expansion is not necessary, overcoming the 
need to selectively attach the ?lm to the underlying support 
structure only at selected locations as described in detail 
above. 

[0061] With particular reference to FIGS. 7-13, details of 
a ?rst primary alternative embodiment of the radially 
expandable stent-graft 10 of this invention is described. 
FIG. 7 depicts a T-shaped stent-graft 100 for implantation at 
a surgical site Where a lumen L has diverging arms. The 
stent-graft 100 includes a main arm 102 and side arm 104 
With an intersection 106 betWeen the main arm 102 and the 
side arm 104. An exterior surface 110 is continuous betWeen 
the main arm 102 and the side arm 104. An interior surface 
111 is continuous betWeen the main arm 102 and the side 
arm 104. A spiral support structure 112 is optionally pro 
vided adjacent the exterior surface 110 (FIG. 7). 
[0062] FIG. 8 depicts a stent-graft 130 Which is a slight 
variation on the stent-graft 100 Which does not include this 
spiral support structure 112. Ends of the stent-graft 100 
include tips 114 With couplings 116 adjacent thereto. Each 
coupling 116 includes a collar 120 With a circumferential 
groove 122 located betWeen tWo ?anges 124 (FIG. 10). A 
band 126 (FIG. 9) is siZed to reside Within the groove 122 
With portions of the Wall W of the lumen L trapped betWeen 
the groove 122 and the collar 120 and the band 126. This 
coupling 116 system is merely one form of system for 
securely attaching ends of the stent-graft 100 or other 
stent-grafts of this invention to body lumens L. The collar 
120 is preferably attached to the tube structure of the T-graft 
100 or other stent-graft by having the collar 120 embedded 
betWeen layers of ?lm, such as the layers 42, 44 of the ?lm 
40 of the preferred embodiment. 

[0063] When the stent-graft 100 or stent-graft 130 is 
utiliZed direct surgical implantation is contemplated rather 
than intraluminal implantation. HoWever, some combination 
of both radially expandable stent-graft 10 and T-shaped 
stent-graft 100 con?gurations could be combined together. 
The stent-graft 100 has its exterior surface 110 and interior 
surface 111 formed in a manner similar to that forming the 
?lm 40 of the stent-graft 10 of the preferred embodiment. 
Speci?cally, the parylene ?lm is preferably utiliZed to form 
the surfaces of the stent-graft 100. A thickness of the 
parylene ?lm can be enhanced so that the stent-graft 100 can 
be provided With the strength characteristics required, both 
With and Without additional cylindrical or other support 
structure. 

[0064] FIG. 11 shoWs a linear stent-graft 140 With tip 
collars 142 thereon similar to the collar 120 of FIG. 10. The 
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linear stent-graft 140 is entirely formed from parylene ?lm 
and provides a simplest form of this invention. FIG. 12 
depicts a divergent stent-graft 150 With tip collars 152 
similar to the collar 120 of FIG. 10. The divergent graft 152 
Would be utiliZed to replace body lumens L Which include a 
divergent pathWay. FIG. 13 provides a top plan vieW of the 
divergent stent-graft 150. A diverging angle Y de?nes an 
amount that the tWo diverging arms 154, 156 extend aWay 
from each other and Would preferably match an angle of the 
lumen being replaced. 

[0065] With particular reference to FIGS. 14-16, details of 
a second alternative embodiment of this invention are 
described. Particularly Where suturing is to be utiliZed, it is 
desirable that a Woven mesh or Wound support structure 162 
be included so that a stent-graft is provided such as the fabric 
angled stent-graft 160 (FIG. 14), the ?ared graft 170 (FIGS. 
15 and 16) or the cylindrical graft 180 (FIG. 16, left side). 
The cylindrical graft 180 is particularly useful to replace or 
reinforce a section of a body lumen L by placement in-line 
With the body lumen L and attached at both ends With sutures 
176 and/or couplings 116 to portions of the Wall W of the 
lumen L adjacent the damaged portion of the lumen L. Other 
support structures of a fabric or a metallic nature could 
similarly be utiliZed, With the term “support structure” 
de?ning any structure coupled to the ?lm 40 Which is 
provided to give greater strength to the ?lm 40. Such a 
Woven Wound or mesh fabric support structure 162 could be 
coupled to a parylene ?lm in a manner similar to that 
described in the placement of the cylindrical support struc 
ture 18 onto the ?lm 40 of the stent-graft 10 of the preferred 
embodiment. 

[0066] Alternatively, the fabric angled stent-graft 160, 
?ared stent-graft 170 or cylindrical graft 180 can include 
both a structure similar to the cylindrical support structure 
18 of the preferred embodiment and the Woven support 
structure 162 so that both physical structural support and 
support for suturing can be provided along With the ?lm 
provided by the parylene ?lm. 

[0067] With particular reference to FIG. 14, a slit S is 
formed in the Wall of the lumen L and a beveled end 166 
opposite a ?at end 164 of the fabric angled graft 160 is 
inserted into the slit S. Sutures 176 (FIG. 15) could then be 
utiliZed to secure the beveled end 166 of the fabric angled 
stent-graft 160 to the lumen L. Because the fabric angled 
stent-graft 160 includes both the Woven fabric support 
structure 162 and the ?lm, the stent-graft 160 can securely 
hold the sutures 176 With the ?lm holding the Woven fabric 
support structure 162 together adjacent the sutures 176 so 
that leakage and tearing are resisted. 

[0068] As an alternative, a hole H can be formed in the 
lumen L and a ?ared stent-graft 170 can be provided With a 
cylindrical edge 172 and a ?ared end 174. Sutures 176 
Would be utiliZed betWeen the ?ared end 174 and the Wall W 
of the lumen L to secure the ?ared stent-graft 170 to the 
lumen L. FIG. 15 illustrates hoW a combination of the 
coupling system 116 including the collar 120 and the band 
126 can be utiliZed together With sutures 176 Within a single 
?ared stent-graft 170. Numerous other combinations of the 
concepts disclosed herein can similarly be combined. For 
instance, a combination of couplings 116 and sutures 176 
could be utiliZed at a common end of a stent-graft. 

[0069] Sutures 176 can be utiliZed on both ?ared ends 176 
and non-?ared ends of other stent-grafts. A Woven fabric 
support structure 162 can be provided Within any of the 
stent-grafts disclosed in this invention. Similarly, cylindrical 
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support structure 18, such as that disclosed in FIGS. 1 and 
2, can be incorporated into the ?lm of the various different 
stent-grafts disclosed herein. Also, a variety of different 
stent-grafts can be provided With a variety of different arm 
con?gurations With varying different diverging angles to 
provide the geometric con?guration desired for proper ?uid 
?oW therethrough. 

[0070] Should a stent-graft be desired Which includes both 
a cylindrical support structure 18 like that of the stent-graft 
10 of the preferred embodiment and a Woven fabric support 
structure 162 such as that depicted in FIGS. 14-16, the 
folloWing forming process can be folloWed. As described in 
detail above, a ?rst inside layer 42 could initially be formed 
upon a mandrel. A Woven mesh or Wound fabric support 
structure 162 could then be placed adjacent a side of this ?rst 
inside layer 42 opposite the inside surface 43. A second 
middle layer can then be deposited Within the vacuum 
chamber to secure the Woven fabric support structure 162 to 
the ?rst inside layer 42. Finally, the cylindrical support 
structure 18 can optionally be placed upon the second 
deposited middle layer and appropriately masked as neces 
sary to facilitate radial expansion Without distortion or 
damage to the ?lm. A third and ?nal outside layer is then 
deposited upon the cylindrical support structure 18. Finally, 
the masking agent is removed. The second and third layers 
could conceivably also be deposited simultaneously as a 
single ?nal layer over the Woven fabric support structure 162 
and the cylindrical support structure 18. 

[0071] The mandrel can then be removed using a variety 
of different techniques. If the stent-graft is linear such as the 
stent-graft 140 (FIG. 11) or cylindrical graft 180 (FIG. 15). 
The mandrel can conceivably be forced out of the linear 
stent-graft 140 or the linear stent-graft 140 can be provided 
With a suf?cient slight taper so that the mandrel can easily 
be removed. Where T-shaped stent-grafts 100 or divergent 
stent-grafts 150 are utiliZed, a tWo-piece mandrel can be 
utiliZed. Alternatively, the mandrel can be formed from a 
material Which is dissolvable so that the mandrel can be 
dissolved, such as dissolving a metallic mandrel With an 
appropriate dissolving agent. 
[0072] This disclosure is provided to reveal a preferred 
embodiment of the invention and a best mode for practicing 
the invention. Having thus described the invention in this 
Way, it should be apparent that various different modi?ca 
tions can be made to the preferred embodiment Without 
departing from the scope and spirit of this disclosure. When 
structures are identi?ed as a means to perform a function, the 
identi?cation is intended to include all structures Which can 
perform the function speci?ed. 

What is claimed is: 
1- A vascular stent-graft for implantation into a body 

lumen, comprising in combination: 

an elongate tube structure having at least tWo open ends; 

said tube structure including a ?lm of solid material; 

said ?lm having an inside surface facing a central axis of 
said elongate tube structure and an outside surface 
facing aWay from said central axis; and 
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said ?lm being non-foraminous betWeen said ends, such 
that bodily ?uids passing through said tube structure 
are contained Within said tube structure. 

2- The stent-graft of claim 1 Wherein said ?lm includes a 
?exible polymeric hydrocarbon material. 

3- The stent-graft of claim 2 Wherein said ?lm includes a 
parylene material. 

4- The stent-graft of claim 1 Wherein said inside surface 
of said ?lm is substantially free of surface irregularities and 
has a smooth texture, such that ?uid ?oW through said tube 
structure is only minimally impeded by said inside surface. 

5- The stent-graft of claim 1 Wherein said elongate tube 
structure includes at least three ends and at least tWo arms, 
said at least tWo arms joined together at an intersection, 
Wherein said elongate tube structure includes a main arm 
having tWo ends and a side arm having one end, a portion of 
said side arm opposite said end of said side arm being joined 
at said intersection With said main arm betWeen said ends of 
said main arm, said inside surface of said elongate tube 
structure continuous betWeen said main arm and said side 
arm of said tube structure. 

6- The stent-graft of claim 1 Wherein said elongate tube 
structure includes a radially expandable support structure 
formed of a material distinct from a material forming said 
?lm, said radially expandable support structure formed from 
a material having a greater strength than said material 
forming said ?lm. 

7- The stent-graft of claim 6 Wherein said radially expand 
able support structure is at least partially embedded Within 
said ?lm. 

8- The stent-graft of claim 1 Wherein a Woven support 
structure is at least partially embedded Within said ?lm of 
said elongate tube structure. 

9- The stent-graft of claim 8 Wherein at least one end of 
said elongate tube structure is ?ared to have a greater Width 
adjacent said ?ared end than a Width of said elongate tube 
structure at locations spaced from said ?ared end. 

10- The stent-graft of claim 1 Wherein a coupling is 
attached to at least one of said at least tWo open ends of said 
elongate tube structure, said coupling providing a fastener 
for attaching said end With said coupling to a body lumen in 
an orientation causing ?uids passing through said body 
lumen to pass through said elongate tube structure. 

11- The stent-graft of claim 10 Wherein said coupling 
includes at least a portion thereof at least partially embedded 
Within said surface layer of said elongate tube structure. 

12- The stent-graft of claim 11 Wherein said coupling 
includes a collar having a circumferential groove betWeen 
tWo circumferential ?anges, said collar at least partially 
embedded Within said surface layer of said elongate tube 
structure; and 

Wherein said coupling includes a band siZed to reside 
Within said groove and betWeen said ?anges With a Wall 
of a body lumen located betWeen said band and said 
groove. 


