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(57) ABSTRACT 

An improved device for use in a conduit, such as a blood 
vessel, is provided. The device uniquely combines desirable 
properties from tWo distinct previous devices. The device of 
the present invention assumes and is constrained to a ?rst 
diametrical dimension for insertion into the conduit. Once 
inserted and properly positioned in the conduit the device 
expands to a second diametrical dimension Within the con 
duit When the constraint is removed. The device can then be 
dilated to one or more enlarged third diametrical dimensions 
by using a balloon catheter or similar device. The result is a 
device that provides desirable properties of both self-ex 
panding stents and balloon-expandable endoprostheses. The 
device can be employed in a variety of applications. 
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MULTI-STAGE EXPANDABLE STENT-GRAFT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to expand 
able tubular devices, and particularly to implantable medical 
devices for use in naturally occurring or surgically created 
vessels, ducts, or lumens in living beings, and more speci? 
cally to catheter-delivered endoluminal stent-graft prosthe 
ses, and methods of using such devices in, for instance, 
cardiovascular systems. 

[0003] 2. Description of Related Art 

[0004] Endoluminal therapies are currently under investi 
gation as alternative methods of treating vascular disease. 
These approaches involve the insertion of a prosthetic 
device into the vasculature through a small, often percuta 
neous, access site in a remote vessel, folloWed by the 
intraluminal delivery and deployment of a prosthesis via 
transcatheter techniques. In contrast to conventional surgical 
therapies, endoluminal treatments are distinguished by their 
“minimally invasive” nature. 

[0005] Endoluminal therapies have evolved to address a 
variety of cardiovascular pathologies. Initial outcomes of 
these procedures, although preliminary, are encouraging. 
Not surprisingly, endoluminal therapies have generated 
intense interest Within the vascular surgery and interven 
tional radiology communities because these techniques have 
the potential to simplify the delivery of therapy, improve 
procedural outcomes, decrease procedural costs, and 
broaden the patient population that may bene?t from inter 
vention. 

[0006] Endoluminal stent-grafts are catheter-deliverable 
endoluminal prostheses comprised of an intravascular stent 
component and a prosthetic graft component. The function 
of these devices is to provide a mechanically supported 
intraluminal conduit that enables blood ?oW through patho 
logic vascular segments Without the need for open surgery. 

[0007] The stent component of the stent-graft functions as 
an arterial attachment mechanism and provides structural 
support to both the graft and the treated vascular segment. 
By design, stents are delivered to the vasculature in a loW 
pro?le, small diameter delivery con?guration, and can be 
elastically or plastically expanded to a secondary, large 
diameter con?guration upon deployment. Vascular attach 
ment is achieved by an interference ?t created When a stent 
is deployed Within the lumen of a vessel having a diameter 
smaller than that of the enlarged diameter of the stent. 

[0008] The graft component of the stent-graft is generally 
constructed from a biocompatible material, such as polytet 
ra?uoroethylene (PTFE), expanded PTFE, Woven polyester, 
or polyurethane. The graft component has a number of 
proven and theoretical functions, including: segregating 
potential thromboemboli or atheroemboli from the blood 
stream, presenting a physical barrier to mass transport 
betWeen the bloodstream and arterial Wall, and mitigating 
cellular in?ltration and the host in?ammatory response. 

[0009] Mechanical properties play an important role in 
determining the performance of an endoluminal stent-graft. 
Since the graft component typically lacks signi?cant struc 
tural integrity, the mechanical behavior of the stent-graft 
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predominantly depends upon the mechanical properties of 
the stent component. Stents are typically classi?ed by the 
type of mechanism required to induce dilatation from the 
delivery (small diameter) con?guration, to the deployed 
(large diameter) con?guration. Self-expanding stents are 
designed to spontaneously dilate (such as, elastically 
recover) from the delivery diameter up to a maximum, 
pre-determined deployed diameter. Contrastly, balloon-ex 
pandable stents are designed to be plastically enlarged over 
a range of siZes With the use of appropriately siZed and 
pressuriZed dilatation balloons or similar devices that apply 
distensive force. Consequently, self-expanding stents exert a 
continuous, radially-outWard directed force on periluminal 
tissues, While balloon-expandable stents assume a ?xed 
diameter that resists recoil of the surrounding periluminal 
tissues. 

[0010] Both types of stents have useful features. For 
example, in comparison to balloon-expandable stents, self 
expanding stents can be rapidly deployed Without the use of 
dilatation balloons, are elastic and therefore less prone to 
permanent distortion from external compression (i.e., they 
are resistant to permanent or plastic deformation from 
external compression due to their ability to elastically 
recover from external loads). Self-expanding stents can also 
radially adapt to post-deployment vascular remodeling, and 
retain some of the natural compliance of the vascular tissues. 
Since the luminal diameter of self-expanding stents cannot 
be adjusted (i.e., enlarged) to any appreciable degree beyond 
their maximum manufactured diameter, accurate siZing of 
the host vessel is critical. A siZing mismatch resulting in 
signi?cant oversiZing can cause vascular trauma, overcom 
pression of the host vascular tissue, and/or obstructive 
invagination of the stent into the lumen. UndersiZing, in 
turn, can result in a poor interference ?t, inadequate anchor 
ing, device migration, and/or leakage of blood into the 
peri-stent compartment. In contrast, balloon-expandable 
stents are more versatile When it comes to conforming to 
irregular vascular morphologies because their diameter can 
be radially adjusted through a range of diameters. HoWever, 
balloon-expandable stents are prone to undesirable plastic 
deformation if loaded externally, Which can compromise 
luminal diameter and blood ?oW. 

[0011] Accordingly, it is a primary purpose of the present 
invention to develop an endoluminal stent-graft that main 
tains some of the best qualities of both self-expanding and 
balloon expandable stents While avoiding major de?ciencies 
of each. 

[0012] This purpose and other purposes of the present 
invention Will become evident from a revieW of the folloW 
ing speci?cation. 

SUMMARY OF THE INVENTION 

[0013] The present invention combines both self-expand 
ing and balloon-distensible properties into a single diametri 
cally expandable stent-graft device. One embodiment of the 
stent-graft of the present invention is adapted to achieve 
three distinct phases in use. First, the device is radially 
constrained on or upon a delivery device to a ?rst diametri 
cal dimension for insertion into a vessel. Second, When 
unconstrained, the stent-graft expands to achieve a second 
diametrical dimension Within the vessel. Third, the device 
diameter can then be further enlarged by application of a 
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distensive force, such as through use of a balloon dilatation 
catheter or via controlled creep processes engineered into 
the device, to variable third diametrical dimensions to ?t the 
dimensions of the vessel or adjust to changing dimension of 
the vessel. During this process, the circumferential length of 
the graft compresses or increases With device diameter thus 
alloWing the luminal surface to remain essentially Wrinkle 
free. Accordingly, the stent-graft of the present invention 
combines the properties of both self-expanding and balloon 
expandable stents into a single, easy to use device. 

[0014] In a ?rst embodiment of the present invention, a 
balloon-distensible graft material, such as expanded poly 
tetra?uoroethylene (expanded PTFE), is laminated to a 
radially-compressed, self-expanding stent frame. By balanc 
ing (a) the inherent nature of the graft material to resist 
stretching beyond its original dimensions, With (b) the 
outWard pressure exerted by the self-expanding stent frame 
component, the self-expanding stent Will automatically 
assume the desired second diametrical dimension When 
unconstrained from the delivery device. To achieve disten 
tion beyond this second diametrical dimension, the graft 
material is selected to deform to variable third diametrical 
dimensions With application of suf?cient distensive force. 
Suf?cient distensive force may be applied over relatively 
short periods of time (e.g., force applied by a balloon 
dilatation catheter) or loWer forces applied over relatively 
long periods of time (e.g., force applied by the self-expand 
ing stent in-situ resulting in radial creep distention of the 
graft component). Since the preferred stent component is 
self-expanding, its diameter Will essentially match that of 
the graft material. 

[0015] A second embodiment utiliZes the same principles 
as described previously, except that the self-expanding 
device is maintained at its introductory pro?le using an 
integral constraining lamina. This embodiment is balloon 
mounted and balloon-deployed yet retains the elastic prop 
erties of the self-expanding structural component. The self 
expanding stent is attached to a balloon distensible graft 
component having a diameter essentially equal to the ?rst 
functional diameter and is prevented from expanding by the 
graft component or integral constraining lamina (i.e., out 
Ward radial force exerted by the stent is less than the 
circumferential radial strength of the graft component or 
lamina). This device can then be mounted upon a balloon 
dilatation catheter. The device is delivered to the deployment 
site in a manner consistent With current delivery techniques 
and is deployed via in?ation of the balloon. During in?ation, 
the graft component or integral constraining lamina yields or 
is disrupted by the balloon (i.e., increasing pressure). Fol 
loWing yielding or disruption of graft component or the 
integral constraining lamina, the diameter of the device 
enlarges via continued balloon dilatation augmented by the 
continuous, radially directed forces exerted by the self 
expanding stent. Since the graft component undergoes cir 
cumferential elongation proportional to the diameter of the 
device, a Wrinkle free or otherWise essentially smooth lumi 
nal surface is maintained throughout all functional diam 
eters. 

[0016] After the appropriate diameter is achieved, the 
balloon can be de?ated and the luminal surface remains 
smooth. The self-expanding stent exerts a continued out 
Ward radial force that is exerted on 1) the graft component 
and/or integral constraining lamina, (thereby preserving a 

Dec. 20, 2001 

smooth luminal surface) and 2) the vessel Wall. With time, 
the lumen may narroW due to normal or pathological heal 
ing. To counteract this narroWing, the stent-graft can 
increase in circumferential length via creep processes result 
ing from the outWard radial force supplied by the self 
expanding stent While retaining a smooth luminal surface. 
Also, the stent-graft can be progressively balloon dilated to 
larger functional diameters up to the maximum manufac 
tured diameter of the self-expanding stent. 

[0017] The device of the present invention provides a 
number of distinct advantages over previous expandable 
stent-graft devices. For example, the mechanism of dilata 
tion can be varied in one or more distinct regions along the 
length of device alloWing a uniquely customiZed ?t Within 
the vessel. Further, the radial strength of the device can be 
varied in one or more distinct regions along the length of the 
device. Further, the device of the present invention provides 
the clinician With a range of essentially Wrinkle-free func 
tional diameters, and can be engineered to enlarge over time 
to compensate for the effects of luminal narroWing due to 
normal or pathological healing (herein referred to as “com 
pensatory enlargement”). Additionally, the device of the 
present invention provides its adjustable distension proper 
ties Without undergoing signi?cant shortening in length— 
thus providing better control of device placement and 
deployment. These and other bene?ts of the present inven 
tion Will be appreciated from revieW of the folloWing 
descriptions. 

DESCRIPTION OF THE DRAWINGS 

[0018] The operation of the present invention should 
become apparent from the folloWing description When con 
sidered in conjunction With the accompanying draWings, in 
Which: 

[0019] FIG. 1 is a side elevation vieW of one embodiment 
of a stent-graft device of the present invention, shoWn in its 
compacted ?rst dimension inside its restraining element 
(shoWn in transverse cross-section); 
[0020] FIG. 2 is a side elevation vieW of the embodiment 
of the stent-graft of FIG. 1 shoWn in its enlarged, self 
expanded second dimension; 

[0021] FIG. 3 is a side elevation vieW of the embodiment 
of the stent-graft of FIG. 1 shoWn in an enlarged, balloon 
expanded third dimension; 

[0022] FIG. 4 is an exploded side elevation vieW of a 
stent-graft device of the present invention, illustrating indi 
vidual stent frame and graft components of the device; 

[0023] FIGS. 5 through 9 illustrate examples of stent 
graft devices of the present invention in various con?gura 
tions of self-expanding and balloon expanding regions along 
the same device. 

[0024] FIG. 10 is a side elevation vieW of another embodi 
ment of an expandable stent-graft device of the present 
invention, the device including a ?ange segment and a 
marker locator means therein; 

[0025] FIG. 11 is a graph plotting diameter verses pres 
sure for one embodiment of a stent-graft device of the 
present invention; 
[0026] FIG. 12 is a graph plotting diameter verses pres 
sure for another embodiment of a stent-graft device of the 
present invention; 
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[0027] FIG. 13 is a cross-section vieW of a tapered vessel 
illustrating insertion of a stent-graft device of the present 
invention, the device having assumed a ?rst functional 
diameter therein; 

[0028] FIG. 14 is a cross-section vieW of the constricted 
vessel of FIG. 16, With the device having been selectively 
expanded to a second functional diameter to match the 
dimensions of the vessel; 

[0029] FIG. 15 is a cross-section vieW of an aneurysmal 
defect in a vessel, With a stent-graft device of the present 
invention, shoWn segmented, having been positioned therein 
and having assumed a ?rst functional diameter; 

[0030] FIG. 16 is a cross-section vieW of the vessel of 
FIG. 18, Wherein the device has been expanded to a second 
functional diameter to prevent leakage around the outside of 
the device; 

[0031] FIG. 17 is a cross-section vieW of a vessel shoWing 
the initial deployment of a stent-graft device of the present 
invention therein, the stent device having assumed a ?rst 
functional diameter therein; 

[0032] FIG. 18 is a cross-section vieW of the vessel of 
FIG. 20, With the stent-graft device having been dilated to 
a second functional diameter, thereby regulating the pressure 
and How of ?uid through the vessel; 

[0033] FIG. 19 is a cross-section vieW of a pair of vessels, 
having yet another embodiment of a stent-graft device of the 
present invention incorporated therein, the stent device 
serving as an extra-anatomic conduit With the ability to 
regulate ?oW betWeen the tWo vessels; 

[0034] FIG. 20 is a cross-section vieW of a vessel con 
taining a previous deployed stent-graft device of the present 
invention therein, a stenotic atherosclerotic lesion having 
formed Within the stent-graft device; 

[0035] FIG. 21 is a cross-section vieW of the vessel of 
FIG. 20 illustrating revision of the restenotic lesion folloW 
ing balloon dilation to an ancillary diameter; 

[0036] FIG. 22 is a cross-section vieW of the vessel of 
FIG. 21 Wherein an adjunctive device is deployed to main 
tain patency through the revised lesion; 

[0037] FIG. 23 depicts a pressure vs diameter curve for a 
device incorporating one or more sacri?cial radial constrain 

ing elements; 

[0038] FIG. 24 is a three-quarter isometric vieW of a graft 
component of the present invention incorporating radially 
constraining elements; 

[0039] FIG. 25 is a cross-section vieW of another stent 
graft device of the present invention; 

[0040] FIG. 26 is a three-quarter isometric vieW of the 
device of FIG. 25, shoWn in its introductory pro?le; 

[0041] FIG. 27 is a three-quarter isometric vieW of the 
device of FIG. 25, shoWn after balloon dilation; 

[0042] FIG. 28A is a longitudinal cross-section vieW of a 
blood vessel having a focal stenosis; 

[0043] FIG. 28B is a transverse cross-section vieW of the 
blood vessel of FIG. 28A along line 28B-28B; 
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[0044] FIG. 29A is a longitudinal cross-section vieW of 
the blood vessel shoWn in FIGS. 28A and 28B, With a 
stent-graft device of the present invention mounted over an 
angioplasty balloon catheter therein positioned in prepara 
tion of deployment; 

[0045] FIG. 29B is a transverse cross-section vieW along 
line 29B-29B of FIG. 29A; 

[0046] FIG. 30A is a longitudinal cross-section vieW of 
the blood vessel shoWn in FIGS. 28A and 28B, With the 
stent-graft device of the present invention in the process of 
being deployed over the stenosis; 

[0047] FIG. 30B is a transverse cross-section vieW along 
line 30B-30B of FIG. 30A; 

[0048] FIG. 31A is a longitudinal cross-section vieW of 
the blood vessel of FIGS. 28A and 28B With the stent-graft 
device of the present invention shoWn fully deployed; 

[0049] FIG. 31B is a transverse cross-section vieW along 
line 31B-31B of FIG. 31A; 

[0050] FIGS. 32A-32C are cross-section vieWs of the 
device of the present invention undergoing compensatory 
enlargement Within a vessel; 

[0051] FIG. 33 is a graph shoWing the pressure/diameter 
results from a stent-graft constructed using an integral 
constraining lamina that dilates in a sigmoidal fashion With 
increasing pressure to a ?rst operative diameter; and 

[0052] FIG. 34 is a graph shoWing the pressure/diameter 
results from a stent-graft constructed using an integral 
constraining lamina that disrupts at a given pressure alloW 
ing device to immediately expand to maximum diameter. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0053] The present invention comprises an improved 
expandable tubular device that can be used to establish and 
maintain a ?uid conduit. The preferred device of the present 
invention comprises a stent-graft for use in human or other 
animal implantation to form and/or maintain a ?uid conduit, 
such as in an endovascular application. Additionally, as is 
explained in greater detail beloW, the device of the present 
invention can also be used to control the amount or velocity 
of ?uid ?oW through a conduit, to block unWanted ?oW into 
or out of the conduit, and/or to redirect ?oW Within the 
conduit. 

[0054] As is illustrated in FIGS. 1 through 3, the device 
10 of the present invention comprises an essentially tubular 
component 12 that is adapted to assume, When desired, at 
least three distinct dimensions in use. As is shoWn in FIG. 
1, the device 10 may be ?rst compacted into a small 
transverse cross-sectional ?rst diametrical dimension 14. As 
is explained beloW, since the device is self-expanding, to 
maintain the ?rst dimension the device 10 must be con 
strained, such as through insertion Within a catheter tube 16 
or similar device or through other constraining means (such 
as one or more external constraining threads, a “corset” 
constraining membrane or sheet, sacri?cial constraining 
rings, threads, sheets, or other constraint, or similar devices). 
The ?rst readily inserted into a dimension 14 should be 
suf?ciently compact that the tube 16 and device 10 can be 
delivered to an intraluminal location for deployment. 
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[0055] As is shown in FIG. 2, once the device 10 is no 
longer radially constrained by the constraining means the 
device 10 Will automatically expand to an enlarged second 
diametrical dimension 18. Self-expansion is accomplished 
by providing a stent element (or “support structure”) 20 
Within the device that has at least some degree of shape 
“memory,” causing it to elastically recover or otherWise 
enlarge once it is no longer constrained. This expansion may 
also occur through other means, such as through: internal 
in?ation devices; expandable frames; thermal, electrical, 
magnetic or chemical induced enlargement; etc. 

[0056] HoWever, the device 10 also includes a polymer 
sleeve 22 attached to the stent frame element 20 that restricts 
the expansion of the device 10 to a pre-determined siZe 
comprising the second dimension 18. Although the stent 
frame 20 may be capable of further self-expansion beyond 
the second dimension 18 if not restrained, it is the intent of 
the present invention to substantially limit its self-expansive 
properties, by combining it With the graft component 22. 

[0057] In the second dimension 18, the device 10 is 
self-supporting and resistant to external compression. By the 
term “self-supporting,” it is meant that the device 10 Will 
retain the shape and siZe of the second dimension 18 Without 
the need for a separate structure (such as struts or clamps), 
anchorage devices (such as sutures, adhesives, or other 
means), or an increased relative internal pressure differential 
to maintain the device at the second dimension 18. By the 
term “resistant to permanent deformation from external 
compression,” it is meant that once the device 10 expands to 
its second dimension it Will not easily collapse When an 
external force is applied to it and Will elastically recover 
from most external deformations (contrasted With, for 
example, an unsupported expanded polytetra?uoroethylene 
vascular graft tube that Will easily and fully collapse When 
squeeZed betWeen a person’s ?ngers) and it Will readily 
return to the second dimension once the external force is 
removed. 

[0058] Once the device 10 assumes its second dimension 
18, it is often desirable to enlarge all or portions of the 
device 10 to a still larger third diametrical dimension 24, as 
is shoWn in FIG. 3. In order to accomplish enlargement 
beyond the second dimension 18, the device 10 is adapted to 
respond to a distensive force that causes the polymer sleeve 
22 to stretch beyond the second dimension to the third 
dimension 24. It should be noted that the stent frame Will 
self-expand Without plastic deformation up to a maximal, 
pre-determined diameter signi?cantly larger than the second 
diameter 18. Ideally, the device 10 is adapted to expand 
When subjected to the distensive force of an endovascular 
balloon, an endovascular mechanical dilator, or similar 
device. Diametrical expansion, furthermore, is not accom 
panied by excessive shortening in the length of the device. 
The device should maintain its third dimension 24 With 
minimal recoil once the distensive force is removed. 

[0059] One important bene?t of the device of the present 
invention is that it undergoes minimal longitudinal shorten 
ing in length When expanding betWeen its ?rst diametrical 
dimension to its second diametrical dimension and When 
expanding betWeen its second dimension and its third 
dimension. As the term “minimal longitudinal shortening” is 
used herein, it de?nes a condition Wherein the device does 
not shorten more than 15% of its length When distending 
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betWeen an insertion diameter and an operative diameter, 
and preferably it does not shorten more than 10% of its 
length, and even more preferably it does not shorten more 
than 7%, and even more preferably no more than 3 to 5%, 
and most preferably less than 3%. 

[0060] Another important bene?t of the present invention 
is that it provides an essentially Wrinkle-free luminal surface 
betWeen at least the second and third dimensions. As is 
explained in greater detail beloW, by providing a graft 
material that yields or stretches (or otherWise expands 
smoothly in the circumferential direction) When distended, 
the resulting luminal surface Will remain essentially free of 
Wrinkles or corrugations. In fact, the preferred expanded 
PTFE graft material taught herein can provide essentially 
Wrinkle-free structure betWeen the ?rst and third dimen 
sions. It is believed that such Wrinkle-free luminal surface 
provide improved ?oW dynamics in vivo. 

[0061] Additionally, if not dilated to the maximum (i.e., 
unrestrained or “manufactured”) diameter of the self-ex 
panding stent, the diameter of the device can be designed to 
increase over time (“creep”) up to the maximum diameter of 
the stent. This intentional creep-expansion may be bene?cial 
to accommodate enlargement of the blood vessel or luminal 
narroWing over time. This is believed to be very bene?cial 
for implants in children to accommodate natural groWth 
patterns. Additionally, it is believed that such creep-expan 
sion may be bene?cial to accommodate groWth of diseased 
vessels While preventing uncontrolled distention and pos 
sible rupture. 

[0062] The device 10 of the present invention preferably 
undergoes a substantial change in dimensions betWeen the 
?rst diametrical dimension and the second diametrical 
dimension, and again betWeen the second diametrical 
dimension and the third diametrical dimension. For instance, 
for many vascular applications it is desirable that the device 
at least approximately doubles in diameter betWeen the ?rst 
and second dimensions, and is capable of being approxi 
mately doubled again in diameter betWeen the second 
dimension and the fully dilated third dimension. 

[0063] It should be appreciated that the exact dimensions 
of the ?rst, second, and third diametrical dimensions may be 
readily modi?ed to accommodate various clinical, anatomi 
cal, and/or physiological demands. For example, the expan 
sion from the ?rst to second diametrical dimension may 
comprise a groWth of about 10, 20, 30, 40, 50, 60, 70, 75, 80, 
90, 100 or more percent. Similarly, the expansion from the 
second to the third diametrical dimension may likeWise 
comprise a groWth of about 1, 2, 5, 7, 10, 20, 30, 40, 50, 60, 
70, 75, 80, 90, 100 or more percent. For many applications 
the initial groWth from the ?rst to the second dimensions Will 
generally be fairly large, for example about 100 to 400 
percent or more. While the groWth from the second to the 
third dimension may comprise only about less than 10, 20, 
30, 35, 40, 45, or 50 percent or more. 

[0064] As is explained in greater detail beloW, in some 
applications it is desirable that the device 10 be con?gured 
to resist expansion beyond the second dimension 18 at the 
time of implantation (or installation) until a threshold dis 
tensive force is reached. At that point, it is desirable that the 
device 10 can be expanded to a variety of different third 
dimension proportions to alloW for customiZed siZing of the 


















