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object on relevancy grounds or seek AEO protections in that proceeding.  Instead, Aortic seeks to 

take advantage of Edwards’ compliance with this Court’s request and improperly avoid the PTAB 

procedures it should have used to seek discovery of the demonstrative.   

Second, because Edwards has not relied on the SAPIEN 3 Ultra demonstrative to support 

any of its positions in the IPRs, either as prior art or otherwise, the demonstrative is simply not 

relevant to any argument or issue in the IPRs.  Aortic mischaracterizes the record in both the IPRs 

and Aortic’s prosecution of the challenged patents in arguing otherwise.  Aortic incorrectly asserts 

that “Edwards has placed the features of its valve at issue in the IPRs.”  Mot. at 14.  Edwards has 

done no such thing.  Edwards has not relied on SAPIEN 3 Ultra as prior art in any of the IPRs and 

has not made any arguments relying on the demonstrative Aortic seeks to de-designate.  Indeed, 

even setting aside issues with priority dates, Edwards could not have relied on the SAPIEN 3 Ultra 

demonstrative as prior art in the IPRs because it is a physical device, not a printed publication.  See 

35 U.S.C. §311(b).   

As discussed in further detail below, Aortic has relied on articles and images of SAPIEN 

3 Ultra in attempts to support its arguments during prosecution of several of its patents—and did 

so before filing suit.  See infra §IV.B.2.  Edwards’ only discussions of SAPIEN 3 Ultra in the IPRs 

have been in reference to Aortic’s reliance on SAPIEN 3 Ultra during prosecution of the patents.  

Edwards is not using SAPIEN 3 Ultra “offensively” in the IPRs as Aortic incorrectly suggests.  

Mot. at 15.  The only citation Aortic provides for this inaccurate characterization of the record 

proves this point.  Aortic cites to a portion of Edwards’ Petitioner’s reply where Edwards 

responded to Aortic’s attempts to distinguish the prior art based on the allegedly “sparsely 

distributed fibers” shown in the patent’s figures.  See Id. at 15 (citing D.I. 64 at 6-7 (citing Ex. 16 
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(’846 Petitioner’s Reply) at 1-8)).1  In responding to Aortic’s “sparsely distributed fibers” 

argument, Edwards informed the PTAB that Aortic had argued during prosecution that SAPIEN 3 

Ultra “appears to be covered by the claimed invention” and relied on an image of SAPIEN 3 Ultra 

in making that argument.  D.I. 64, Ex. 16 at 4-5.  Edwards then noted that the same alleged 

differences between the “sparsely distributed fibers” in the patent’s figures and the prior art were 

also present between the patent’s figures and the image of SAPIEN 3 Ultra that Aortic relied on 

during prosecution.  See id. at 5.  Aortic’s prosecution statements, including those relying on 

images of SAPIEN 3 Ultra, are relevant to the IPRs and were properly relied on by Edwards.  In 

contrast, Edwards’ physical SAPIEN 3 Ultra demonstrative is not relevant to any arguments or 

issues in the IPRs and has never been relied on by Edwards in those proceedings.   

2. Aortic Seeks to De-designate the Demonstrative for an Improper Purpose 

Unrelated to this Litigation 

Aortic’s arguments during prosecution of its patents suggest that it is seeking the 

demonstrative for the improper purpose of crafting patent claims that read on Edwards’ device.  

See Glenmede, 56 F.3d at 483 (factors that may be considered in evaluating whether good cause 

exists include “whether the information is being sought for a legitimate purpose or for an improper 

purpose”); Pansy, 23 F.3d at 787.  For example, Aortic continues to obtain patents without an 

“inner frame” limitation after Edwards’ identified that limitation as missing from its Sapien 3 Ultra 

valve.  D.I. 11 (Edwards’ Motion to Dismiss at 10-14); Lea Decl. Ex. 9 (’834 Patent at Claim 1). 

Moreover, Aortic has repeatedly argued to the Patent Office that SAPIEN 3 Ultra “appears 

to be covered by the claimed invention” in an unpersuasive effort to take credit for Edwards’ 

 

1 Pages 6-7 do not exist in D.I. 64.  It appears Aortic intended to cite pages 3-4. 
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innovations and somehow show that Aortic’s patents solved a need in the TAVR industry.  See 

Lea Decl. Ex. 5 (’846 patent November 30, 2020 Amendment) at 19-20; Ex. 6 (’172 patent 

Preliminary Amendment) at 11-12; Ex. 7 (’011 patent August 18, 2020 Amendment) at 14.  During 

prosecution of another patent, Aortic argued that SAPIEN 3 Ultra’s “sealing skirt appears to be 

covered by the claimed invention” and relied on an unidentified image to argue that SAPIEN 3 

Ultra’s valve has “openings within the seal [that] provide for proper expansion of the valve.”  Lea 

Decl. Ex. 8 (’834 patent August 14, 2021 Amendment) at 27-28.   

Aortic’s improper prosecution motive is further evidenced by Aortic’s insistence that the 

valve have no designation under the Stipulated Protective Order whatsoever.  See Mot. at 6, n1.  

Aortic knows that even a “CONFIDENTIAL” designation under the protective order would limit 

its use of the demonstrative to “prosecution or defense of this action,” preventing Aortic from 

achieving its true goal of using the demonstrative to prosecute new claims.2  D.I. 47, §6(a).  

Aortic’s prosecution-motive is wholly unrelated to this action and is improper.  This Court should 

not endorse Aortic’s improper attempt to take advantage of Edwards’ production of the 

demonstrative.   

C. The Remaining Pansy Factors Support the AEO Designation 

Aortic has not argued, nor could it credibly argue, that accessing the demonstrative is an 

issue important to the public, or that the party benefiting from the sought-after order is a public 

 

2 A CONFIDENTIAL designation would be insufficient to protect Edwards’ highly 

sensitive technical information precisely because Dr. Shahriari is intimately involved in 

prosecution and the CONFIDENTIAL designation does not include a prosecution bar.  See D.I. 

47, §7 (only the access of AEO information subjects a recipient to a patent prosecution bar). 
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entity or official Unlike the actual life-saving valves sold by Edwards, Aortic cannot credibly argue 

that the disclosure of the demonstrative is important to public health or safety.3  See Crum & Crum 

Enterprises, Inc. v. NDC of California, L.P., No. CIV. 09-145 RBK, 2011 WL 886356, at *3 (D. 

Del. Mar. 10, 2011), at *4 (finding Pansy factor 4 favored nondisclosure because the parties “are 

not public officials or public entities, and there is no evidence that breach of the agreement will 

cause harm to the public”).  Finally, disclosure is not necessary to promote efficiency among 

current or future litigants. As noted above, Aortic is in possession of the demonstrative valve that 

it seeks to make public and has a technical expert to consult with regarding the features of that 

demonstrative valve.  Thus, all the Pansy factors support maintaining the AEO designation of the 

demonstrative valve. 

V.  CONCLUSION 

For the foregoing reasons, this Court should deny Plaintiff’s Motion to De-Designate Valve 

Demonstrative as Attorneys Eyes Only. 

 

 

3 Aortic has not sought an injunction in this case, nor reasonably could it.  The public 

interest would strongly weigh against enjoining sales of this life-saving medical device. 
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U.S. Pat. No. 10,966,846 on Apr. 6, 2021, which is a 
continuation of U.S. patent application Ser. No. 17/060,557 
entitled "DEVICE FOR ENDOVASCULAR AORTIC 
REPAIR", which was filed on Oct. 1, 2020 and issued as 
U.S. Pat. No. 10,888,441 on Jan. 12, 2021, which is a 
continuation of U.S. patent application Ser. No. 16/910,189 15 

entitled "DEVICE FOR ENDOVASCULAR AORTIC 
REPAIR AND METHOD OF USING THE SAME", which 
was filed on Jun. 24, 2020 and issued as U.S. Pat. No. 
10,857,011 on Dec. 8, 2020, which is a continuation of U.S. 
patent application Ser. No. 16/808,137 entitled "HEART 20 

VALVE REPLACEMENT DEVICE FOR ENDOVASCU­
LAR AORTIC REPAIR AND METHOD OF USING THE 
SAME", which was filed on Mar. 3, 2020 and issued as U.S. 
Pat. No. 10,792,172 on Oct. 6, 2020, which is a continuation 

2 
sinutubular junction, and the tubular portion. The challenge 
facing practitioners of endovascular repair of ascending 
aortic aneurysms is that there is a very short proximal 
landing zone at the level of the sinutubular junction, there is 
variable coronary anatomy from patient to patient, and, in 
many cases, there is involvement of the aortic valve with 
either stenosis or insufficiency. Generally speaking, and as 
discussed in the article SURGERY INSIGHT: THE 
DILATED ASCENDING AORTA-INDICATIONS FOR 
SURGICAL INTERVENTION, by James E. Davies and 
Thralf M. Sundt published in Nature Clinical Practice Car­
diovascular Medicine (2007), the contents of which are 
incorporated herein by reference in its entirety, there are 
three basic types of involvement of the ascending aorta, 
designated as Type A, B, or C. These will be discussed in 
further detail below and are shown in FIGS. lA-lC, which 
have been reproduced from the referenced article. 

Type A aneurysms are most commonly found in younger 
patients and patients with connective tissue disorders such as 
Marfan syndrome. The anatomical characteristics of Type A 
aneurysms are dilatation of the sinuses of Valsalva with or 
without dilatation of the aortic annulus. The sinutubular 
junction is most often dilated. The valve could be normal, 
stenotic or insufficient. An example of a Type A aneurysm is 

of U.S. patent application Ser. No. 16/736,879 entitled 
"DEVICE FOR ENDOVASCULAR AORTIC REPAIR 
AND METHOD OF USING THE SAME", which was filed 

25 shown in FIG. lA. 

on Jan. 8, 2020 and issued as U.S. Pat. No. 10,842,655 on 
Nov. 24, 2020, which is a continuation of U.S. patent 
application Ser. No. 16/042,286 entitled "DEVICE FOR 

30 ENDOVASCULARAORTIC REPAIR AND METHOD OF 
USING THE SAME", which was filed on Jul. 23, 2018 and 
issued as U.S. Pat. No. 10,555,823 on Feb. 11, 2020, which 

The anatomical characteristics of Type B aneurysms are 
dilatation of the tubular portion. Initially the sinutubular 
junction may be normal or mildly dilated, however as the 
aneurysm grows, it stretches the sinutubular junction and 
may eventually lead to aortic insufficiency. The valve could 
be normal, stenotic or insufficient. The bulk of the aneurysm 
is at the level of the tubular aorta. An example of a Type B 
aneurysm is shown in FIG. 1B. 

The anatomical characteristics of Type C aneurysms are 
35 dilatation of the sinuses ofValsalva, sinutubular junction and 

the tubular portion of the aorta. The valve could be normal, 
stenotic or insufficient. Type B and C aneurysms are most 
commonly found in an older group of patients. An example 

is a continuation of U.S. patent application Ser. No. 14/614, 
628 entitled "Device for Endovascular Aortic Repair and 
Method of Using the Same", which was filed on Feb. 5, 2015 
and issued as U.S. Pat. No. 10,028,848 on Jul. 24, 2018, 
which is a continuation of U.S. patent application Ser. No. 
14/569,306 entitled "Device for Endovascular Aortic Repair 
and Method of Using the Same", which was filed on Dec. 12, 
2014 and issued as U.S. Pat. No. 9,339,399 on May 17, 40 

2016, which is a divisional of U.S. patent application Ser. 
No. 13/706,896 entitled "Device for Endovascular Aortic 
Repair and Method of Using the Same", which was filed on 
Dec. 6, 2012 and issued as U.S. Pat. No. 8,940,040 on Jan. 
27, 2015, which claims the benefit under 35 U.S.C. § 119 to 
U.S. Provisional Application Ser. No. 61/567,458 entitled 
"Transcathetar Aortic Valve for Endovascular Aortic 
Repair", which was filed on Dec. 6, 2011. application Ser. 
No. 13/706,896 also claims priority under § 119 to U.S. 
Provisional Application Ser. No. 61/723,446 entitled "Tran­
scathetar Aortic Valve for Endovascular Aortic Repair", 50 

which was filed on Nov. 7, 2012. Each of the applications 
referenced herein are incorporated by reference in their 
entirety. 

TECHNICAL FIELD 

The present disclosure relates to a device and method of 
using same for endovascular aortic repair, including repair 
of aortic valve disease, aortic stenosis, ascending aortic 
aneurysms, aortic insufficiency, aortic regurgitation, ascend­
ing aneurysm, bicuspid valve disease, and/or Type A dis­
sections. 

BACKGROUND 

The normal aortic root and the ascending aorta are com­
posed of the aortic annulus, the sinuses of Valsalva, the 

of a Type C aneurysm is shown in FIG. lC. 
There are devices clinically used for endovascular repair 

of ascending aortic aneurysms. Although transcatheter 
valves are a clinical reality, none in clinical use have been 
designed with the purpose of endovascular repair of multiple 
types of ascending aortic aneurysms. Indeed, a device is 

45 needed that can treat different anatomical variations of 

55 

ascending aortic aneurysms, create effective proximal and 
distal seal zones within the aorta, and have a durable valve 
component, but that also allows for future valve re-inter­
ventions. A device is also needed that would allow for 
treatment of different coronary anatomical variations among 
the patient population, allow future coronary re-interven­
tion, but that also avoids coronary compression, and enables 
treatment of possible paravalvular leaks. 

SUMMARY 

According to one aspect of the disclosure, an endograft 
device for endovascular repair of ascending aortic aneu­
rysms is disclosed. The endograft device includes a first 

60 prosthetic component that has a proximal frame and a distal 
frame that is secured to the proximal frame and extends to 
a distal end of the first prosthetic component. The endograft 
device also includes at least one conduit that is secured to the 
first prosthetic component and that is positioned adj acent to 

65 the proximal frame, and a second prosthetic component that 
is secured to a proximal end of the first prosthetic compo­
nent. The second prosthetic component includes a balloon-
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expandable frame extending distally from a proximal end of 
the second prosthetic component and a self-expanding frame 
that is connected to the balloon-expandable frame and 
extends to a distal end of the second prosthetic component. 
The endograft device also includes a valve element that is 5 

secured to the balloon-expandable frame at the proximal end 
of the second prosthetic component. 

In some embodiments, the self-expanding frame may 
have an hourglass shape. In some embodiments, the self­
expanding frame may include a first section that tapers 10 

inwardly between a proximal end and a distal end. The 
endograft device may also include a second section having 
a proximal end that is secured to the distal end of the first 
section. The second section may taper outwardly between 
the proximal end of the second section and a distal end of the 15 

second section. Additionally, in some embodiments, the 
proximal end of the first section may be connected to a distal 
end of the balloon-expandable frame. 

In some embodiments, the self-expanding frame may 
include a third section that extends proximally from the 20 

proximal end of the first section. The third section may have 
a passageway defined therein, and the balloon-expandable 
frame may be positioned in the passageway of the third 
section of the self-expanding frame. In some embodiments, 
the balloon-expandable frame may be expandable between 25 

an unexpanded position in which an outer surface of the 
balloon-expandable frame is spaced apart from an inner 
surface of the self-expanding frame and an expanded posi­
tion in which the outer surface of the balloon-expandable 
frame is engaged with the inner surface of the self-expand- 30 

ing frame. 
In some embodiments, a plurality of fibers may be 

attached to the third section of the self-expanding frame. 
When the balloon-expandable frame is in the expanded 
position, the outer surface of the balloon-expandable frame 35 

may be engaged with the plurality of fibers. 
In some embodiments, the proximal frame of the first 

prosthetic component may have a passageway defined 
therein, and the distal end of the second prosthetic compo­
nent may be positioned in the passageway of the first 40 

prosthetic component. 
In some embodiments, the conduit may include a pair of 

conduits positioned on opposite sides of the first prosthetic 
component. Additionally, in some embodiments, the conduit 
may have a proximal opening that is positioned adjacent to 45 

a proximal end of the first prosthetic component. 
In some embodiments, the proximal frame may include a 

first section secured to the distal end of the second prosthetic 
component, and a second section connected to the first 
section. The second section may taper outward between a 50 

proximal end connected to the first section and a distal end. 
The conduit may have a distal opening defined in the second 
section of the proximal frame. 

Additionally, in some embodiments, the endograft device 
may include a stent having a distal end positioned in the 55 

proximal opening of the at least one conduit and a proximal 
end configured to be positioned in a coronary artery. 

In some embodiments, an outer surface of the second 
prosthetic component and an outer surface of the proximal 
frame of the first prosthetic component may be covered such 60 

that fluid is prevented from passing therethrough. Addition­
ally, an outer surface of the distal frame of the first prosthetic 
component may be uncovered such that is fluid permitted to 
pass therethrough. 

According to another aspect, a transcatheter valve is 65 

disclosed. The transcatheter valve includes a frame compo­
nent having a balloon-expandable frame extending distally 

4 
from a proximal end of the frame component and a self­
expanding frame secured to the balloon-expandable frame. 
The self-expanding frame includes a first section that tapers 
inwardly between a proximal end and a distal end, and a 
second section that tapers outwardly between a proximal end 
secured to the distal end of the first section and a distal end. 
A valve element is positioned in the balloon-expandable 
frame at the proximal end of the frame component. 

In some embodiments, the frame component may be a 
dual-frame component. The self-expanding frame may be an 
outer frame of the dual-frame component and may have a 
passageway defined therein. The balloon-expandable frame 
may be an inner frame of the dual-frame component that is 
positioned in the passageway defined in the self-expanding 
frame. Additionally, the balloon-expandable frame may be 
expandable between an unexpanded position in which an 
outer surface of the balloon-expandable frame is spaced 
apart from an inner surface of the self-expanding frame and 
an expanded position in which the outer surface of the 
balloon-expandable frame is engaged with the inner surface 
of the self-expanding frame. 

In some embodiments, a plurality of fibers may be 
attached to the self-expanding frame. When the balloon­
expandable frame is in the expanded position, the outer 
surface of the balloon-expandable frame may be engaged 
with the plurality of fibers. Additionally, in some embodi­
ments, an outer surface of the first section of the self­
expanding frame may be uncovered such that fluid is per­
mitted to pass therethrough and an outer surface of the 
second section of the self-expanding frame may be covered 
such that fluid is prevented from passing therethrough. 

In some embodiments, the self-expanding frame may 
include an elongated section extending distally from the 
second section. The elongated section may have a length that 
is greater than a combined length of the first section and the 
second section. Additionally, in some embodiments, the 
self-expanding frame may be covered with at least one of a 
collagen and hydrogel. In some embodiments, the valve 
element may be one of a bicuspid valve and a tricuspid 
valve. 

According to another aspect, a method of repairing a 
patient's aorta is disclosed. The method includes introducing 
a first prosthetic component into the patient's aorta such that 
a proximal frame of the first prosthetic component is posi­
tioned in the ascending aorta and a distal frame of the first 
prosthetic component is positioned in the aortic arch of the 
patient's aorta, advancing a covered stent through a conduit 
defined in the first prosthetic component into a coronary 
artery of the patient's aorta, securing a second prosthetic 
component to a proximal end of the first prosthetic compo­
nent in the patient's aorta, and expanding a proximal section 
of the second prosthetic component into engagement with 
the aortic annulus of the patient's aorta such that a valve 
secured to the proximal section is positioned in the aortic 
annulus proximal to the coronary arteries. 

In some embodiments, expanding the proximal section of 
the second prosthetic component may include operating a 
balloon-expandable frame. Additionally, in some embodi­
ments, expanding the proximal section of the second pros­
thetic component may include permitting a self-expanding 
frame to expand into engagement with the aortic annulus, 
and operating the balloon-expandable frame may include 
advancing an outer surface of the balloon-expandable frame 
into engagement with an inner surface of the self-expanding 
frame after the self-expanding frame is engaged with the 
aortic annulus. 
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In some embodiments, operating the balloon-expandable 
frame may include advancing an outer surface of the bal­
loon-expandable frame into engagement with the aortic 
annulus. 

6 
FIG. 15 is a partial cutaway view of the aorta with the 

distal prosthetic component of FIG. 4 secured to the proxi­
mal prosthetic component of FIG. 8; 

FIG. 16 is a view similar to FIG. 15 showing the inner 
5 frame in an expanded position; In some embodiments, an outer surface of the second 

prosthetic component and an outer surface of the proximal 
frame of the first prosthetic component may be covered such 
that fluid is prevented from passing therethrough. Addition­
ally, an outer surface of the distal frame of the first prosthetic 
component may be uncovered such that is permitted to pass 10 

therethrough. 

FIG. 17 is an embodiment of a transcatheter valve device 
similar to the proximal prosthetic component of FIG. 3; 

FIGS. 18-19 are partial cutaway views of the aorta with 
the transcatheter valve of FIG. 17 implanted therein; 

FIG. 20 is another embodiment of a transcatheter valve 
device similar to the proximal prosthetic component of FIG. 
8; and In some embodiments, introducing the first prosthetic 

component into the patient's aorta and advancing the cov­
ered stent through the conduit defined in the first prosthetic 

15 
component into the coronary artery of the patient's aorta 
may be performed during a first surgical procedure. In some 
embodiments, securing the second prosthetic component to 
the proximal end of the first prosthetic component and 
expanding the proximal section of the second prosthetic 20 

component into engagement with the aortic annulus of the 
patient's aorta may be performed during a second surgical 
procedure different from the first surgical procedure. 

FIGS. 21-22 are partial cutaway views of the aorta with 
the transcatheter valve of FIG. 20 implanted therein. 

DETAILED DESCRIPTION OF THE DRAWINGS 

While the concepts of the present disclosure are suscep­
tible to various modifications and alternative forms, specific 
exemplary embodiments thereof have been illustrated by 
way of example in the drawings and will herein be described 
in detail. It should be understood, however, that there is no 
intent to limit the concepts of the present disclosure to the In some embodiments, the method may also include 

introducing the second prosthetic component into the 25 

ascending aorta prior to introducing the first prosthetic 
component. 

particular forms disclosed, but on the contrary, the intention 
is to cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as defined 
by the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present disclosure will now be 
described by way of example in greater detail with reference 
to the attached figures, in which: 

FIG. 1 is an illustrative aorta; 
FIG. lA is an example of a Type A aneurysm; 
FIG. 1B is an example of a Type B aneurysm; 
FIG. lC is an example of a Type C aneurysm; 
FIG. 2 is partial cutaway view of an aorta with an 

embodiment of an endovascular prosthetic device implanted 
therein; 

FIG. 3 is an elevation view of a proximal prosthetic 
component of the endovascular prosthetic device of FIG. 2; 

FIG. 4 is an elevation view of a distal prosthetic compo­
nent of the endovascular prosthetic device of FIG. 2; 

FIG. 5 is a cross sectional view of the distal prosthetic 
component of FIG. 4 taken along the line 5-5 in FIG. 4; 

FIG. 6 is a partial cutaway view of the aorta with the distal 
prosthetic component of FIG. 3 implanted therein; 

FIG. 7 is a view similar to FIG. 6 showing stents extend­
ing from the distal prosthetic component; 

FIG. 8 is an elevation view of another embodiment of a 
proximal prosthetic component of the endovascular pros­
thetic device of FIG. 2; 

FIG. 9 is an elevation view of a self-expanding outer 
frame of the proximal prosthetic component of FIG. 8; 

FIG. 10 is an elevation view of a balloon-expandable 
inner frame of the proximal prosthetic component of FIG. 8; 

FIG. 11 is a perspective view a proximal end of the 
proximal prosthetic component of FIG. 8; 

Terms representing anatomical references, such as ante-
3o rior, posterior, medial, lateral, superior, inferior, distal, 

proximal, etcetera, may be used throughout the specification 
in reference to the orthopaedic implants and surgical instru­
ments described herein as well as in reference to the 
patient's natural anatomy. Such terms have well-understood 

35 
meanings in both the study of anatomy and the field of 
orthopaedics. Use of such anatomical reference terms in the 
written description and claims is intended to be consistent 
with their well-understood meanings unless noted otherwise. 

40 For example, the term "proximal" refers to the direction that 
is generally closest to the heart, and the term "distal" refers 
to the direction that is generally furthest from the heart. 

Referring to FIGS. 2-16, exemplary designs of an endo­
vascular prosthetic device or endograft device 10 (herein-

45 after device 10) are shown. The device 10 is intended for the 
treatment of most ascending aortic aneurysms and is con­
figured to treat any type of ascending aneurysm regardless of 
involvement of the aortic valve and the sinuses ofValsalva. 
As described in greater detail below, the device 10 permits 

50 future coronary and aortic valve interventions as well as 
extension of a fenestrated/branch graft into the aortic arch. 
Part of the device 10 may also be modified and used as a 
transcatheter valve, as described in greater detail below in 
regard to FIGS. 17-22. Such a valve may be introduced 

55 transfemorally or through the subclavian artery or the apex 
of the heart. 

Referring now to FIGS. 2-7, the device 10 includes a 

FIG. 12 is a cross-sectional elevation view of the proximal 60 

prosthetic component of FIG. 8 taken along the line 12-12 

proximal component 12 that is attached to a distal compo­
nent 14. As shown in FIG. 2, the distal component 14 may 
be secured to the proximal component 12 when implanted 
into a patient's aorta 16. When implanted, the proximal 

in FIG. 11; 
FIG. 13 is a plan view of the proximal prosthetic com­

ponent of FIG. 8 showing the inner frame in an unexpanded 
position; 

FIG. 14 is a plan view similar to FIG. 13 showing the 
inner frame in an expanded position; 

component 12 is positioned in the patient's ascending aorta 
18, while the distal component 14 extends distally into the 
arch 20 of the patient's aorta 16. The distal component 14 

65 includes a pair of "Endo-cabrol conduits" or conduits 22, 
and each conduit 22 is sized to receive a catheter or stent 24 
for coronary blood flow, as described in greater detail below. 
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The device 10 is configured to treat all ascending aneurysms 
with or without dilated sinutubular junctions and aortic 
valve disease. 

As shown in FIG. 3, the proximal component 12 includes 
a frame 26 that extends from a proximal end 28 to a distal 5 

end 30. The frame 26 is attached to a valve 32 (shown in 
phantom), which is positioned at the proximal end 28 of the 
component 12. In the illustrative embodiment, the valve 32 
is configured as a bicuspid valve. It should be appreciated 
that in other embodiments the valve 32 may be tricuspid or 10 

quadracuspid. The valve 32 may be constructed from treated 
bovine pericardium or other suitable proven biological or 
synthetic material. When the proximal component 12 is 
implanted into the patient's aorta 16, the valve 32 replaces 
the aortic valve and permits fluid (i.e., blood) to selectively 15 

pass from the heart and into a passageway 36 extending 
through the proximal component 12. 

The valve 32 is housed in a balloon-expandable frame 34 
of the frame 26. As shown in FIG. 3, the balloon-expandable 
frame 34 is embodied as a balloon-expandable stent 38 that 20 

extends distally from the proximal end 28 of the component 
12 and has a length 40 of approximately 15 mm. In other 
embodiments, the stent 38 may be longer or shorter depend­
ing on, for example, the patient's anatomy. The stent 38 is 
tubular and is constructed of a metallic material, such as, 25 

nitinol, stainless steel, or other implant grade metallic mate­
rial, in an open-cell configuration. It should be appreciated 
that in other embodiments the stent 38 may be formed from 
a polymeric material and may be formed in, for example, a 
Z-stent configuration. In the illustrative embodiment, the 30 

outer surface 42 of the stent 38 is covered with low-profile 
polyester, ePTFE, or other nonporous covering material 44 
that prevents fluid from passing through the outer surface 42. 
However, it should be appreciated that the stent 38 may be 
covered with standard polyester or other nonporous mate- 35 

rials. 
As shown in FIG. 3, the stent 38 of the balloon-expand­

able frame 34 has a diameter 46. As described in greater 
detail below, the balloon-expandable frame 34 is expandable 
during implantation from an unexpanded diameter (not 40 

shown) to the expanded diameter 46. In the illustrative 
embodiment, the expanded diameter 46 is equal to approxi­
mately 26 mm when the frame 34 is expanded. In other 
embodiments, the expanded diameter may be greater than or 
less than 26 mm depending on, for example, the patient's 45 

anatomy. Examples of balloon-expandable stents are 
described in U.S. Pat. No. 5,102,417 entitled "Expandable 
Intraluminal Graft, and Method and Apparatus for Implant­
ing an Expandable Intraluminal Graft" by Julio C. Palmaz 
and U.S. Pat. No. 6,582,462 entitled "Valve Prosthesis for 50 

Implantation in the Body and a Catheter for Implanting Such 
Valve Prosthesis" by Henning Rud Andersen et al., which 
are expressly incorporated herein by reference. In the illus­
trative embodiment, the diameter 46 is oversized relative to 
the diameter of the aortic arnmlus 210 (see FIG. 1) such that 55 

an interference fit is created between the stent 38 and the 
annulus 210 when the component 12 is implanted and the 
stent 38 is expanded, as described in greater detail below. 

The balloon-expandable frame 34 is attached to a self­
expanding frame 50. In the illustrative embodiment, the 60 

distal end 52 of the balloon-expandable frame 34 is secured 
to the proximal end 54 of the frame 50 by stitching or sewing 
the frames 34, 50 together, thereby forming the frame 26 of 
the component 12. It should be appreciated that in other 
embodiments the frames 34, 50 may be secured together via 65 

welding or other fasteners. The frames 34, 50 may also be 
formed as a single, monolithic frame. 

8 
As shown in FIG. 3, the self-expanding frame 50 has a 

generally hourglass shape and is formed from a metallic 
material, such as, nitinol, stainless steel, or other implant 
grade metallic material. It should be appreciated that in other 
embodiments the frame 50 may be formed from a polymeric 
material. The frame 50 includes an inwardly tapered proxi­
mal section 60, an outwardly tapered middle section 62, and 
an elongated distal section 64. The section 60 includes the 
proximal end 54 of the frame 50 and has a distal end 66 
connected to the proximal end 68 of the outwardly tapered 
middle section 62. The section 60 tapers inwardly between 
the ends 54, 66 from approximately 26 mm at the end 54 to 
approximately 22 mm at the end 66. In the illustrative 
embodiment, the proximal section 60 has a length 70 of 
approximately 10 mm. It should be appreciated that in other 
embodiments the dimensions of the section 60 may vary 
depending on, for example, the patient's anatomy. 

The outwardly tapered middle section 62 of the self­
expanding frame 50 has the proximal end 68 and a distal end 
72 connected to the proximal end 74 of the elongated distal 
section 64. The section 62 tapers outwardly from a diameter 
of approximately 22 mm at the end 68 to a diameter of 
approximately 28 mm at the end 72. In the illustrative 
embodiment, the middle section 62 has a length 76 of 
approximately 10 mm. In other embodiments, the dimen­
sions of the section 62 may vary depending on, for example, 
the patient's anatomy. Among other things, the tapered 
sections 60, 62 of the proximal component 12 permit the 
placement of the stents 24 that extend from the distal 
component 14 to the coronary arteries, as described in 
greater detail below. 

The elongated distal section 64 of the self-expanding 
frame 50 extends distally from the proximal end 74 to the 
distal end 30 of the component 12. In the illustrative 
embodiment, the section 64 has a length 78 that is greater 
than the combined length of the tapered sections 60, 62. In 
one particular non-limiting example, the length 78 of the 
elongated distal section 64 is approximately 25 mm and has 
a diameter 80 of approximately 28 mm. In other embodi­
ments, the dimensions of the section 64 may vary depending 
on, for example, the patient's anatomy. In one exemplary 
embodiment, the distal section 64 may taper between the 
proximal end 74 and the distal end 30. 

As shown in FIG. 3, the proximal section 60 of the 
self-expanding frame 50 is formed in an open-cell stent 
configuration, and the sections 62, 64 are formed in a Z-stent 
configuration. It should be appreciated that in other embodi­
ments the sections 60, 62, 64 may be formed in a single 
configuration, including an open-cell stent configuration or 
Z-stent configuration. The sections 60, 62, 64 may also be 
formed as a single monolithic component. The outer surface 
82 of the self-expanding frame 50 is covered with low 
profile polyester, ePTFE, or other nonporous covering mate­
rial 84 such that fluid is prevented from passing through the 
surface 82. In that way, the entire outer surface of the 
component 12 is covered to prevent fluid from passing 
therethrough. The covering material 84 immediately distal 
to the balloon-expandable frame 34 is equipped with a "trap 
door" 86, which may be opened to permit the passage of one 
or more surgical instruments for embolization of possible 
paravalvular leaks. The entire outer surface of component 12 
may be also covered with low-profile Dacron or other 
synthetic material. It should also be appreciated that all or 
part of the component 12 may be covered with hydro gel or 
other sealing material. 

As described above, the device 10 also includes a distal 
component 14, which is secured to the distal end 30 of the 
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proximal component 12 when the device 10 is implanted in 
the patient's aorta 16. Referring now to FIG. 4, the distal 
component 14 includes a frame 100 that extends from a 
proximal end 102 configured to be secured to the proximal 
component 12 to a distal end 104. The frame 100 has a 5 

passageway 106 defined therein, which extends through the 
ends 102, 104 of the component 14. The passageway 106 has 
a diameter 108 and is sized to receive the distal end 30 of the 
proximal component 12 when the device 10 is assembled. 

10 
152 of between approximately 44 mm and 48 mm. In other 
embodiments, the dimensions of the section 130 may vary 
depending on, for example, the patient's anatomy. 

As described above, the distal component 14 also includes 

In the illustrative embodiment, the components 12, 14 are 
secured together via an interference fit between the frame 
100 and the distal end 30 of the proximal component 12. 
Specifically, the diameter 108 of the passageway 106 is less 
than the diameter 80 of the proximal component 12. In the 
illustrative embodiment, the diameter 108 is equal to 
approximately 26 mm. It should be appreciated that in other 
embodiments the components 12, 14 may be secured 
together via stitching or other fastening means. 

a pair of conduits 22, which are connected to the proximal 
frame 110. Each conduit 22 has a distal end 160 secured to 
the tapered section 128 of the frame 110 and a proximal end 
162 positioned adjacent to the proximal end 102 of the 
component 12. As shown in FIG. 4, the conduit 22 does not 

10 extend beyond the proximal end 102 of the component 12. 
Each conduit 22 has a passageway 164 that extends through 
the ends 160, 162 and is sized to receive a stent 24. 

The passageway 164 has a proximal opening 166 defined 

15 
in the end 162. The opening 166 has a diameter 168 that in 
the exemplary embodiment is equal to approximately 5 mm. 
As shown in FIG. 5, the passageway 164 has a distal opening 
170 that is defined in the end 160 and the tapered section 128 
of the frame 110. The distal opening 170 has a diameter 172 As shown in FIG. 4, the component 14 includes a proxi­

mal frame 110 that is connected to an elongated distal frame 
112. The proximal frame 110 and the distal frame 112 are 
formed from metallic materials, such as, nitinol, stainless 
steel, or other implant grade metallic materials. It should be 
appreciated that in other embodiments the frames 110, 112 
may be formed from a polymeric material. The proximal 
frame 110 is formed in a Z-stent configuration, and the distal 
frame 112 is formed in an open-cell configuration. Each of 
the frames 110, 112 is self-expanding. In the illustrative 
embodiment, the distal frame 112 is secured to the distal end 
114 of the proximal frame 110 by stitching or sewing the 30 

frames 110, 112 together. It should be appreciated that in 
other embodiments the frames 110, 112 may be secured 
together via welding or other fasteners. The frames 110, 112 
may also be formed as a single, monolithic frame. 

20 that is greater than the diameter 168. In the illustrative 
embodiment, the diameter 172 is equal to approximately 8 
mm. The passageway 164 measures approximately 8 mm in 
diameter over a distance 174 of approximately 5 mm and 
tapers smoothly into the approximately 5 mm diameter 168 

25 at a junction 176. The passageway 164 maintains the diam­
eter 168 between the junction 176 and the proximal opening 
166. In the illustrative embodiment, the passageway 164 has 
a length 180 of approximately 2 cm between the junction 

The proximal frame 110 has an outer surface 120 that is 35 

covered with low profile polyester, ePTFE, or other nonpo­
rous covering material 122. As a result, fluid is prevented 
from passing through the surface 120. The distal frame 112 
is uncovered such that fluid is permitted to pass through the 
openings 124 formed therein. 40 

As shown in FIG. 4, the proximal frame 110 includes a 
proximal section 126, an outwardly tapered section 128 
extending distally from the proximal section 126, and an 
elongated distal section 130. The proximal section 126 
includes the proximal end 102 of the component 14 and has 45 

a distal end 132 connected to the proximal end 134 of the 
outwardly tapered section 128. In the illustrative embodi­
ment, the proximal section 126 has a length 136 of approxi­
mately 25 mm. It should be appreciated that in other 
embodiments the dimensions of the section 126 may vary 50 

depending on, for example, the patient's anatomy. 
The tapered section 128 of the frame 110 has the proximal 

end 134 and a distal end 140 connected to the proximal end 
142 of the elongated distal section 130. The section 128 
tapers outwardly from a diameter of approximately 26 mm 55 

at the end 132 to a diameter between approximately 44 mm 
and 48 mm at the end 140. In the illustrative embodiment, 
the tapered section 128 has a length 146 of approximately 10 
mm. It should be appreciated that in other embodiments the 
dimensions of the section 128 may vary depending on, for 60 

example, the patient's anatomy. 
The elongated distal section 130 of the frame 110 extends 

distally from the proximal end 142 to the distal end 114 of 
the frame 110. In the illustrative embodiment, the section 
130 has a length 150. In one particular non-limiting 65 

example, the length 150 of the elongated distal section 130 
is approximately 20 mm. The section 130 also has a diameter 

176 and the proximal opening 166. 
Each conduit 22 is wire reinforced and allows for passage 

of catheters or stents 24 and easier cannulation of the 
coronary ostia, regardless of deployment orientation. This 
configuration allows stenting of the coronary arteries 182 
(see FIG. 1) prior to the deployment of component 12, as 
described in greater detail below. In the illustrative embodi­
ment, the tapered section 128 permits the uncompromised 
passage of stents 24 into the coronary arteries 182 in such a 
way that the stents are not compressed between the sinutu­
bular junction and the device 10 itself. 

As shown in FIG. 4, the elongated distal frame 112 of the 
component 14 extends distally from the distal end 114 of the 
frame 110 to the distal end 104 of the component 14. In the 
illustrative embodiment, the frame 112 has a length 190. In 
one particular non-limiting example, the length 190 of the 
elongated frame 112 is approximately 10 cm, which is 
sufficient to cover the arch 20 of the aorta 18 when 
implanted therein. In other embodiments, the dimensions of 
the frame 112 may vary depending on, for example, the 
patient's anatomy. The distal frame 112 permits the accurate 
deployment of component 14 without compromising the 
circulation to supra-aortic branches. It also allows for can-
nulation of the supra-aortic branches, if placement of a 
fenestrated/branch arch device is necessary. 

To implant the device 10 in the patient's aorta 16, a 
surgeon may obtain open exposure or percutaneous access to 
the common femoral artery. The iliac arteries or an iliac 
conduit may also be used. After obtaining access and placing 
a stiff wire in the ascending aorta 18, the device 10 and the 
delivery system are prepared. In the illustrative embodiment, 
the delivery system is composed of a 100-105 cm hydro­
philic sheath. As shown in FIG. 6, the distal component 14 
is delivered first. After performing a lateral oblique thoracic 
aortogram, the component 14 is deployed such that the distal 
end 114 of the proximal frame 110 is positioned proximal to 
the innominate artery 200, thereby ensuring that the distal 
openings 170 of the conduits 22 are at 12 and 6 o'clock 
positions in relationship to the innominate artery 200. 
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Using the contralateral connnon femoral artery wires, 
standard coronary guide catheters are introduced through the 
distal frame 112 of the component 14 into each conduit 22. 
The conduits 22 may then be cannulated with the catheters 
prior to insertion of the stents 24. Alternatively, the conduits 5 

22 may be pre-cannulated. Using the catheters, access is 
obtained to the right and left coronary arteries 182. The 
stents 24 are advanced into the passageways 164 through the 
distal openings 170 and out of the conduits 22 to bridge the 
arteries 182 and the conduits 22, as shown in FIG. 7. In that 10 

way, each artery 182 is connected to its respective conduit 
22. Each stent 24 is covered and may be embodied as a 
balloon-expandable stent or a self-expanding stent. It should 
be appreciated that coronary artery bypasses may be per­
formed to the right and left coronary systems prior to the 15 

placement of the component 14. 
The proximal component 12 may be deployed after the 

implantation of the distal component 14. The components 
12, 14 may be deployed in a single surgical procedure taking 
place on a single day or the component 14 may be deployed 20 

in one procedure, and the component 12 may be deployed in 
another, separate procedure at a later date. As shown in FIG. 
1, the proximal component 12 is deployed into the position 
across the native aortic valve 202. 

12 
positioned in the patient's ascending aorta 18, while the 
distal component 14 extends distally into the arch 20 of the 
patient's aorta 16. 

As shown in FIG. 8, the proximal component 212 
includes a dual-frame 214 that extends from a proximal end 
28 to a distal end 30. The frame 214 is attached to a valve 
32 (shown in phantom), which is positioned at the proximal 
end 28 of the component 212. In the illustrative embodi­
ment, the valve 32 is configured as a bicuspid valve. It 
should be appreciated that in other embodiments the valve 
32 may be tricuspid or quadracuspid. The valve 32 may be 
constructed from treated bovine pericardium or other suit­
able proven biological or synthetic material. When the 
proximal component 212 is implanted into the patient's 
aorta 16, the valve 32 replaces the aortic valve and permits 
fluid (i.e., blood) to selectively pass from the heart and into 
a passageway 36 extending through the proximal component 
212. 

The dual-frame 214 of the proximal component 212 
includes a self-expanding outer frame 216 and a balloon­
expandable inner frame 218 that is secured to the self­
expanding outer frame 216 and houses the valve 32. Refer­
ring now to FIG. 9, the self-expanding outer frame 216 has 
a generally hourglass shape and is formed from a metallic 

25 material, such as, nitinol, stainless steel, or other implant 
grade metallic material. It should be appreciated that in other 
embodiments the outer frame 216 may be formed from a 
polymeric material. The outer frame 216 includes an elon­
gated proximal section 220, an inwardly tapered section 222, 

To do so, a stiff wire is passed through the aortic valve 202 
into the left ventricle 204. The delivery system for the 
proximal component 12 is passed through the valve 202. An 
example of a delivery system is described in U.S. Pat. No. 
5,102,417 entitled "Expandable Intraluminal Graft, and 
Method and Apparatus for Implanting an Expandable 
Intraluminal Graft" by Julio C. Palmaz, which is incorpo­
rated herein by reference. When the delivery system is in 
position, the proximal component 12 is released by 
unsheathing the system, thereby permitting expansion of the 
self-expanding frame 50. As described above, the self- 35 

expanding frame 50 engages the proximal end 102 of the 
distal component 14 to secure the components 12, 14 
together and seal the distal end 30 of the component 12 
within the distal component 14. As shown in FIG. 2, the 
proximal end 28 of the proximal component 12 is positioned 40 

in the aortic annulus, and the hour-glass shape of the 
component 12 provides a space for the native aortic valve 
leaflets such that the leaflets are not pressed against or over 
the openings of coronary arteries 182. 

30 an outwardly tapered middle section 62, and an elongated 
distal section 64. 

The balloon-expandable frame 34 may be now deployed 45 

by inflating the balloon within the delivery system. This 
deploys the frame 34 to the predetermined expanded diam­
eter 46 and advances the frame 34 into engagement with the 
aortic annulus 210, thereby sealing the aortic annulus 210 
such that fluid is permitted to pass from the left ventricle 204 50 

only through the valve 32. As shown FIG. 1, the valve 32 is 
positioned in the aortic annulus 210 proximal to the coro­
nary arteries 182. It should be appreciated that the deploy­
ment of the component 12 may be performed during rapid 
ventricular pacing (RVP). In cases with aortic stenosis, the 55 

valve 32 may be dilated with balloon angioplasty prior to the 
introduction of the proximal component 12. 

Referring now to FIGS. 8-16, another embodiment of a 
proximal component 212 of the device 10 is shown. Some 
features of the embodiment illustrated in FIGS. 8-16 are 60 

substantially similar to those described above in reference to 
the embodiment of FIGS. 1-7. Such features are designated 
in FIGS. 8-16 with the same reference numbers as those 
used in FIGS. 1-7. Similar to the proximal component 12 of 
FIGS. 1-7, the proximal component 212 may be secured to 65 

the distal component 14 when implanted into a patient's 
aorta 16. When implanted, the proximal component 212 is 

The elongated proximal section 220 of the outer frame 
216 includes the proximal end 28 of the component 212 and 
has a distal end 224 connected to a proximal end 226 of the 
inwardly tapered section 222. The proximal section 220 is 
embodied as a tubular stent. It should be appreciated that in 
other embodiments the section 220 may be shaped as a 
prism, cone, or other geometric shape depending on the 
patient's anatomy. 

In the illustrative embodiment, the proximal section 220 
has a length 228 that is equal to approximately 15 nnn. The 
proximal section 220 also has a diameter 230 of approxi­
mately 32 nnn. It should be appreciated that in other 
embodiments the dimensions of the frame 216 may vary 
according to the anatomy of the patient. In the illustrative 
embodiment, the diameter 230 is oversized relative to the 
diameter of the aortic annulus 210 such that an interference 
fit is created between the proximal section 220 and the 
annulus 210 when the component 212 is implanted, as 
described in greater detail below. As shown in FIG. 9, the 
proximal section 220 defines a passageway 232 in the outer 
frame 216. 

In the illustrative embodiment, collagen fibers 234 are 
attached to the proximal section 220 to aid in preventing 
paravalvular leaks and migration of the valve component 
412 within the aortic walls. The fibers 234 extend outwardly 
from the proximal section 220 and inwardly into the pas­
sageway 232. As illustrated, the fibers 234 are arcuate. It 
should be appreciated that in other embodiments the outer 
frame 216 may be covered with hydrogel or other sealing 
materials. In other embodiments, a plurality of barbs or 
hooks may be attached to the proximal section 220. The 
hooks may be configured to further engage the tissue of the 
aorta and inhibit or prevent migration of the device 10. 

The inwardly tapered section 222 of the outer frame 216 
includes the proximal end 226 and has a distal end 236 
connected to the proximal end 68 of the outwardly tapered 
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middle section 62. The section 222 tapers inwardly between 
the ends 226, 236 from approximately 32 mm at the end 226 

14 
appreciated that the stent 244 may be covered with standard 
polyester, ePTFE or other nonporous materials. 

As shown in FIG. 10, the stent 244 of the inner frame 218 
has a diameter 252. As described in greater detail below, the 

to approximately 22 mm at the end 236. In the illustrative 
embodiment, the inwardly tapered section 222 has a length 
238 of approximately 10 mm. 

The outwardly tapered middle section 62 of the self­
expanding frame 216 has the proximal end 68 and a distal 
end 72 connected to the proximal end 74 of the elongated 
distal section 64. The section 62 tapers outwardly from a 
diameter of approximately 22 mm at the end 68 to a diameter 

5 balloon-expandable frame 218 is expandable during implan­
tation from an unexpanded diameter (not shown) to the 
expanded diameter 252. In the illustrative embodiment, the 
expanded diameter 252 is equal to approximately 26 mm 
when the inner frame 218 is expanded. In other embodi-

10 ments, the expanded diameter may be equal to, or greater 
than, the diameter 230 of the proximal section 220 of the 
outer frame 216. In the illustrative embodiment, the 
expanded diameter 252 is oversized relative to the diameter 

of approximately 28 mm at the end 72. In the illustrative 
embodiment, the middle section 62 has a length 76 of 
approximately 10 mm. In other embodiments, the dimen­
sions of the section 62 may vary depending on, for example, 

15 
the patient's anatomy. 

The elongated distal section 64 of the self-expanding 
frame 216 extends distally from the proximal end 74 to the 
distal end 30 of the component 212. In the illustrative 
embodiment, the section 64 has a length 78 that is greater 20 

than the combined length of the tapered sections 60, 62. In 
one particular non-limiting example, the length 78 of the 
elongated distal section 64 is approximately 30 mm and has 
a diameter 80 of approximately 34 mm. In other embodi­
ments, the dimensions of the section 64 may vary depending 25 

on, for example, the patient's anatomy. In one exemplary 
embodiment, the distal section 64 may taper between the 
proximal end 74 and the distal end 30. 

of the aortic arnmlus 210 such that an interference fit is 
created between the proximal section 220 and the arnmlus 
210 when the component 212 is implanted, and the inner 
frame 218 is expanded, as described in greater detail below. 

Referring now to FIG. 11, the inner frame 218 of the 
dual-frame component 214 is secured to the outer frame 216 
via a plurality of stitches 260. It should be appreciated that 
in other embodiments soldering, welding or other fasteners 
may be used to secure the inner frame 218 to the outer frame 
216. As shown in FIGS. 11-14, the inner frame 218 and the 
valve component 32 are positioned in the passageway 232 
defined in the self-expanding frame 216. When the inner 
frame 218 is unexpanded, the outer surface 248 of the stent 
244 is spaced apart from the fibers 234 attached to the outer 
frame 216. In the illustrative embodiment, a gap 264 is 
defined therebetween, and the gap 264 has a magnitude of 
about 2 mm to about 3 mm. 

As shown in FIG. 14, the balloon-expandable inner frame 
218 may be expanded in the direction indicated by arrows 
266. As described above, the diameter 230 of the proximal 
section 220 of the outer frame 216 is oversized relative to the 

As shown in FIG. 9, the proximal section 220 and the 
inwardly tapered section 222 of the self-expanding frame 30 

216 are formed in an open-cell stent configuration, and the 
sections 62, 64 are formed in a Z-stent configuration. It 
should be appreciated that in other embodiments the sections 
62, 64, 220, 222 may be formed in a single configuration, 
including an open-cell stent configuration or Z-stent con­
figuration. The sections 62, 64, 220, 222 may also be formed 
as a single monolithic component. The outer surface 240 of 
the sections 62, 64, 222 are covered with low profile 
polyester, ePTFE, or other nonporous covering material 242 
such that fluid is prevented from passing through the surface 40 

240. The covering material 242 immediately distal to the 
proximal section 220 is equipped with a "trap door" 86, 
which may be opened to permit the passage of one or more 
surgical instruments for embolization of possible paraval­
vular leaks. The outer surface 240 of the sections 62, 64,222 45 

may be also covered with low-profile Dacron or other 
synthetic material. It should also be appreciated that all or 
part of the frame 216 may be covered with hydrogel or other 
sealing material. 

35 diameter of the aortic arnmlus 210. As such, when the 
component 212 is implanted, the proximal section 220 is 
reduced to the diameter of the arnmlus 210. Because the 
expanded diameter 252 of the stent 244 is greater than the 
diameter of the arnmlus, the outer surface 248 of the stent 
244 engages the fibers 234 (and hence the inner surface of 
the proximal section 220 of the outer frame 216) through the 
covering material 250. In that way, the gap 264 is closed, and 
the fibers 234 and the covering material 250 create a seal 
between the inner frame 218 and the outer frame 216. 

To implant an endograft device 10 that includes proximal 
component 212 in the patient's aorta 16, a surgeon may 
obtain open exposure or percutaneous access to the common 
femoral artery. The surgeon may then implant the distal 
component 14 in the manner described above in regard to 
FIGS. 1-7 and advance the stents 24 into position in the 
arteries 182. The proximal component 212 may be deployed 
after the implantation of the distal component 14. To do so, 
a stiff wire is passed through the aortic valve 202 into the left 
ventricle 204. The delivery system for the proximal com­
ponent 212 is then passed through the valve 202. 

When the delivery system is in position, the proximal 
component 212 is released by unsheathing the system, 
thereby permitting expansion of the self-expanding frame 
216. The self-expanding frame 216 engages the proximal 

As described above, the outer frame 216 of the dual-frame 50 

214 is secured to a balloon-expandable inner frame 218, 
which is positioned in the passageway 232. As shown in 
FIG. 10, the frame 218 houses the valve 32. The balloon­
expandable frame 218 is embodied as a balloon-expandable 
tubular stent 244 that has a length 246 of approximately 15 55 

mm. In other embodiments, the stent 244 may be longer or 
shorter depending on, for example, the patient's anatomy. 
The stent 244 is tubular and is constructed of a metallic 
material, such as, nitinol, stainless steel, or other implant 
grade metallic material, in an open-cell configuration. It 
should be appreciated that in other embodiments the stent 
244 may be formed from a polymeric material and may be 
formed in, for example, a Z-stent configuration. In the 
illustrative embodiment, the outer surface 248 of the stent 
244 is covered with low-profile polyester, ePTFE, or other 
nonporous covering material 250 that prevents fluid from 
passing through the outer surface 248. However, it should be 

60 end 102 of the distal component 14 to secure the components 
212, 14 together and seal the distal end 30 of the component 
212 within the distal component 14. 

When the frame 216 is unsheathed, the proximal section 
220 expands into engagement with the aortic arnmlus 210, 

65 thereby creating an interference fit between the frame 216 
and the annulus 210 and stabilizing the device 10 in place. 
As shown in FIG. 15, the inner frame 218 is initially 
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unexpanded within the outer frame 216. The inner frame 218 
may be deployed by expanding the balloon assembly. 
Expansion of the balloon-expandable inner frame 218 
engages the inner frame 218 with the outer frame 216 and 
compresses the collagen fiber/hydrogel coated proximal 5 

section 220 of the outer frame 216 against the aortic annulus 
210. As shown in FIG. 16, the combined engagement of the 
frames 216, 218 seals the annulus 210 and the paravalvular 
areas, and thus, prevents paravalvular leakage. As such, fluid 
is permitted to pass from the left ventricle 204 only through 10 

the valve 32 of the component 212. As shown FIGS. 15-16, 
the valve 32 is positioned in the aortic annulus 210 proximal 
to the coronary arteries 182. It should be appreciated that the 
deployment of the component 212 may be performed during 
rapid ventricular pacing (RVP). In cases with aortic stenosis, 15 

the valve 32 may be dilated with balloon angioplasty prior 
to the introduction of the proximal component 212. 

In each of the embodiments described above, the self­
expanding frame portion of proximal components 12, 212 
significantly improves the accuracy and control of the 20 

deployment of the device 10. The bicuspid configuration of 
the valve 32 serves three distinct purposes, including (1) by 
reducing the number of valve commissures to two, the 
profile will be reduced, (2) the valve 32 may conform better 
to the aortic annulus, and (3) when the annulus is asym- 25 

metrical, the incidence of aortic insufficiency may be 
reduced. 

Referring now to FIGS. 17-22, the proximal component 
12 or the proximal component 212 may be used as a 
transcatheter valve with slight modification. Such a valve 30 

may be deployed via a transfemoral or trans-axillary route, 
as will be described in further detail below. 

Referring now to FIGS. 17-19, one embodiment of a 
transcatheter valve component 312 is shown. Some features 
of the embodiment illustrated in FIGS. 17-19 are substan- 35 

tially similar to those described above in reference to the 
proximal component 12 of FIGS. 1-7. Such features are 
designated in FIGS. 17-19 with the same reference numbers 
as those used in FIGS. 1-7. Similar to the proximal com­
ponent 12 of FIGS. 1-7, the transcatheter valve component 40 

312 includes a frame 26 that extends from a proximal end 28 
to a distal end 30. The frame 326 is attached to a valve 32 
(shown in phantom), which is positioned at the proximal end 

16 
As shown in FIG. 17, the stent 38 of the balloon­

expandable frame 34 has a diameter 46. As described in 
greater detail below, the balloon-expandable frame 34 is 
expandable during implantation from an unexpanded diam­
eter (not shown) to the expanded diameter 46. In the 
illustrative embodiment, the expanded diameter 46 is equal 
to approximately 26 mm when the frame 34 is expanded. In 
other embodiments, the expanded diameter may be greater 
than or less than 26 mm depending on, for example, the 
patient's anatomy. In the illustrative embodiment, the diam­
eter 46 is oversized relative to the diameter of the aortic 
annulus 210 such that an interference fit is created between 
the stent 38 and the annulus 210 when the transcatheter 
valve component 312 is implanted. 

The balloon-expandable frame 34 is attached to a self­
expanding frame 350. In the illustrative embodiment, the 
distal end 52 of the balloon-expandable frame 34 is secured 
to the proximal end 54 of the frame 350 by stitching or 
sewing the frames 34, 350 together, thereby forming the 
frame 26 of the transcatheter valve component 312. It should 
be appreciated that in other embodiments the frames 34, 350 
may be secured together via welding or other fasteners. The 
frames 34, 350 may also be formed as a single, monolithic 
frame. 

As shown in FIG. 17, the self-expanding frame 350 has a 
generally hourglass shape and is formed from a metallic 
material, such as, nitinol, stainless steel, or other implant 
grade metallic material. It should be appreciated that in other 
embodiments the frame 350 may be formed from a poly­
meric material. The frame 350 includes an inwardly tapered 
proximal section 360, an outwardly tapered middle section 
62, and an elongated distal section 64. The section 360 
includes the proximal end 54 of the frame 350 and has a 
distal end 66 connected to the proximal end 68 of the 
outwardly tapered middle section 62. The section 360 tapers 
inwardly between the ends 54, 66 from approximately 26 
mm at the end 54 to approximately 22 mm at the end 66. In 
the illustrative embodiment, the proximal section 360 has a 
length 70 of approximately 15 mm. 

The outwardly tapered middle section 62 of the self-
expanding frame 350 has the proximal end 68 and a distal 
end 72 connected to the proximal end 74 of the elongated 
distal section 64. The section 62 tapers outwardly from a 
diameter of approximately 22 mm at the end 68 to a diameter 28 of the valve component 312. When the valve component 

312 is implanted into the patient's aorta 16, the valve 32 
replaces the aortic valve and permits fluid (i.e., blood) to 
selectively pass from the heart and into a passageway 36 
extending through the valve component 312. 

45 of approximately 28 mm at the end 72. In the illustrative 
embodiment, the middle section 62 has a length 76 of 
approximately 10 mm. In other embodiments, the dimen­
sions of the section 62 may vary depending on, for example, 

The valve 32 is housed in a balloon-expandable frame 34 the patient's anatomy. 
The elongated distal section 64 of the self-expanding 

frame 350 extends distally from the proximal end 74 to the 
distal end 30 of the valve component 312. In the illustrative 
embodiment, the section 64 has a length 78 that is greater 
than the combined length of the tapered sections 60, 62. In 

of the frame 26. As shown in FIG. 17, the balloon-expand- 50 

able frame 34 is embodied as a balloon-expandable stent 38 
that extends distally from the proximal end 28 of the 
transcatheter valve component 312 and has a length 40 of 
approximately 15 mm. In other embodiments, the stent 38 
may be longer or shorter depending on, for example, the 
patient's anatomy. The stent 38 is tubular and is constructed 

55 one particular non-limiting example, the length 78 of the 
elongated distal section 64 is approximately 30 mm and has 
a diameter 80 of approximately 34 mm. In other embodi­
ments, the dimensions of the section 64 may vary depending 
on, for example, the patient's anatomy. In one exemplary 

of a metallic material, such as, nitinol, stainless steel, or 
other implant grade metallic material, in an open-cell con­
figuration. It should be appreciated that in other embodi­
ments the stent 38 may be formed from a polymeric material 
and may be formed in, for example, a Z-stent configuration. 
In the illustrative embodiment, the outer surface 42 of the 
stent 38 is covered with low-profile polyester, ePTFE, or 
other nonporous covering material 44 that prevents fluid 
from passing through the outer surface 42. However, it 
should be appreciated that the stent 38 may be covered with 
standard polyester, ePTFE or other nonporous materials. 

60 embodiment, the distal section 64 may taper between the 
proximal end 74 and the distal end 30. 

As shown in FIG. 3, the proximal section 360 of the 
self-expanding frame 350 is formed in an open-cell stent 
configuration, and each of the sections 62, 64 is formed in 

65 a Z-stent configuration. It should be appreciated that in other 
embodiments the sections 360, 62, 64 may be formed in a 
single configuration, including the open-cell stent configu-
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ration, mesh-like stent configuration, or Z-stent configura­
tion. The sections 60, 62, 64 may also be formed as a single 
monolithic component. 

18 
The dual-frame 414 includes a self-expanding outer frame 

416 and a balloon-expandable inner frame 218 that is 
secured to the self-expanding outer frame 416 and houses 
the valve 32. Referring now to FIG. 9, the self-expanding 
outer frame 416 has a generally hourglass shape and is 
formed from a metallic material, such as, nitinol, stainless 
steel, or other implant grade metallic material. It should be 
appreciated that in other embodiments the outer frame 416 
may be formed from a polymeric material. The outer frame 
416 includes an elongated proximal section 220, an inwardly 
tapered section 422, an outwardly tapered middle section 62, 
and an elongated distal section 64. 

The elongated proximal section 220 of the outer frame 
416 includes the proximal end 28 of the component 412 and 
has a distal end 224 connected to a proximal end 226 of the 
inwardly tapered section 222. The proximal section 220 is 
embodied as a tubular stent. It should be appreciated that in 
other embodiments the section 220 may be shaped as a 
prism, cone, or other geometric shape depending on the 

As shown in FIG. 17, the outer surface 314 of the 
proximal section 360 of the frame 350 is uncovered such that 5 

fluid is permitted to pass through the openings 318. The 
outer surface 316 of the sections 62, 64 are covered with low 
profile polyester, ePTFE, or other nonporous covering mate­
rial 84 such that fluid is prevented from passing through the 
surface 320. The outer surface 320 of the valve component 10 

312 may also be covered with low-profile Dacron or other 
synthetic material. The uncovered, open cell stent section 
360 is configured to allow for coronary artery perfusion. The 
covered sections 62, 64 serve to stabilize the valve compo­
nent 312 against the aorta 18 and provide a docking station 15 

to ascending aortic extensions or fenestrated/branch arch 
grafts. The covered sections 62, 64 would also permit 
endograft extension of the valve component 312 for suitable 
type B aneurysms without dilation of the sinutubular junc­
tion. 20 patient's anatomy. 

In the illustrative embodiment, the proximal section 220 
has a length 228 that is equal to approximately 15 mm. The 
proximal section 220 also has a diameter 230 of approxi­
mately 32 mm. It should be appreciated that in other 

25 embodiments the dimensions of the frame 416 may vary 
according to the anatomy of the patient. In the illustrative 
embodiment, the diameter 230 is oversized relative to the 
diameter of the aortic annulus 210 such that an interference 

The delivery of the transcatheter valve component 312 
may begin by gaining access to the left ventricle across the 
native aortic valve. An ascending aortogram may be per­
formed to locate the right and left coronary arteries. An over 
the wire introducer system, including a guidewire, is used to 
introduce the valve component 312 into the aorta 18. After 
the guidewire has been placed into the left ventricle 204 via 
the iliofemoral, subclavian, or carotid vessels, the valve 
component 312 may be delivered through the common 
femoral artery and passed across the native aortic valve 202. 30 

After performing an angiogram to delineate the location of 
the coronary arteries 182, the valve component 312 is 
released by unsheathing the delivery system, thereby per­
mitting expansion of the self-expanding frame 350, as 
shown in FIGS. 18-19. 

fit is created between the proximal section 220 and the 
annulus 210 when the valve component 412 is implanted, as 
described in greater detail below. As shown in FIG. 9, the 
proximal section 220 defines a passageway 232 in the outer 
frame 416. 

In the illustrative embodiment, collagen fibers 234 are 
35 attached to the proximal section 220 to aid in preventing 

paravalvular leaks and migration of the valve component 
412 within the aortic walls. The fibers 234 extend outwardly 
from the proximal section 220 and inwardly into the pas­
sageway 232. It should be appreciated that in other embodi-

The balloon-expandable frame 34 may be now deployed 
by inflating the balloon within the delivery system. This 
deploys the frame 34 to the predetermined expanded diam­
eter 46 and advances the frame 34 into engagement with the 
aortic annulus 210, thereby sealing the aortic annulus 210 
such that fluid is permitted to pass from the left ventricle 204 
only through the valve 32 and the valve 32 is positioned in 
the aortic annulus 210 proximal to the coronary arteries 182, 

40 ments the outer frame 216 may be covered with hydrogel or 
other sealing materials. In other embodiments, a plurality of 
barbs or hooks may be attached to the proximal section 220. 
The hooks may be configured to further engage the tissue of 

as shown in FIGS. 18-19. The openings 318 of the uncov­
ered section 360 of the valve component 312 permit blood 45 

flow to the coronary arteries 182 for promote circulation. It 
should be appreciated that the deployment of the valve 
component 312 may be performed during rapid ventricular 
pacing (RVP). 

the aorta and inhibit or prevent migration of the device 10. 
The inwardly tapered section 422 of the outer frame 416 

includes the proximal end 226 and a distal end 236 con­
nected to the proximal end 68 of the outwardly tapered 
middle section 62. The section 422 tapers inwardly between 
the ends 226, 236 from approximately 32 mm at the end 226 

Referring now to FIGS. 20-22, another embodiment of a 
transcatheter valve component (hereinafter valve component 
412) is shown. Some features of the embodiment illustrated 
in FIGS. 20-22 are substantially similar to those described 
above in reference to the proximal component 212 of FIGS. 
8-16. Such features are designated in FIGS. 20-22 with the 
same reference numbers as those used in FIGS. 8-16. 
Similar to the proximal component 212 of FIGS. 8-16, the 
valve component 412 includes a dual-frame 414 that extends 
from a proximal end 28 to a distal end 30. The frame 414 is 
attached to a valve 32 (shown in phantom), which is 
positioned at the proximal end 28 of the component 412. In 
the illustrative embodiment, the valve 32 is configured as a 
bicuspid valve. When the valve component 412 is implanted 
into the patient's aorta 16, the valve 32 replaces the aortic 
valve and permits fluid (i.e., blood) to selectively pass from 
the heart and into a passageway 36 extending through the 
valve component 412. 

50 to approximately 22 mm at the end 236. In the illustrative 
embodiment, the inwardly tapered section 422 has a length 
238 of approximately 10 mm. 

The outwardly tapered middle section 62 of the self­
expanding frame 416 has the proximal end 68 and a distal 

55 end 72 connected to the proximal end 74 of the elongated 
distal section 64. The section 62 tapers outwardly from a 
diameter of approximately 22 mm at the end 68 to a diameter 
of approximately 28 mm at the end 72. In the illustrative 
embodiment, the middle section 62 has a length 76 of 

60 approximately 10 mm. In other embodiments, the dimen­
sions of the section 62 may vary depending on, for example, 
the patient's anatomy. 

The elongated distal section 64 of the self-expanding 
frame 416 extends distally from the proximal end 74 to the 

65 distal end 30 of the component 412. In the illustrative 
embodiment, the section 64 has a length 78 that is greater 
than the combined length of the tapered sections 60, 62. In 
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one particular non-limiting example, the length 78 of the 
elongated distal section 64 is approximately 30 mm and has 
a diameter 80 of approximately 34 mm. In other embodi­
ments, the dimensions of the section 64 may vary depending 
on, for example, the patient's anatomy. In one exemplary 5 

embodiment, the distal section 64 may taper between the 
proximal end 74 and the distal end 30. 

As shown in FIG. 20, each of the proximal section 220 
and the inwardly tapered section 422 of the self-expanding 
frame 416 is formed in an open-cell stent configuration, and 10 

each of the sections 62, 64 is formed in a Z-stent configu­
ration. It should be appreciated that in other embodiments 
the sections 62, 64, 220, 422 may be formed in a single 
configuration, including the open-cell stent configuration, 
mesh-like stent configuration, or Z-stent configuration. The 15 

sections 62, 64, 220, 422 may also be formed as a single 
monolithic component. The outer surfaces 440 of the sec­
tions 62, 64 are covered with low profile polyester, ePTFE, 
or other nonporous covering material 442 such that fluid is 
prevented from passing through the surface 440. The outer 20 

surface 444 of the section 422 is uncovered such that fluid 
is permitted to pass through openings 446 defined in the 
surface 444. The uncovered, open cell section 422 is con­
figured to allow for coronary artery perfusion. The covered 
sections 62, 64 serve to stabilize the valve component 412 25 

against the aorta 18 and provide a docking station to 
ascending aortic extensions or fenestrated/branch arch 
grafts. 

As described above, the outer frame 416 of the dual-frame 
414 is secured to a balloon-expandable inner frame 218, 30 

which is positioned in the passageway 232 and houses the 
valve 32. As described above, the balloon-expandable frame 
218 is expandable during implantation from an unexpanded 
diameter 450 to the expanded diameter (not shown). 

To deploy the valve component 412, a stiff wire is passed 35 

through the aortic valve 202 into the left ventricle 204. The 
delivery system for the valve component 412 is then passed 
through the valve 202. When the delivery system is in 
position, the valve component 412 is released by unsheath­
ing the system, thereby permitting expansion of the self- 40 

expanding frame 416. The proximal section 220 of the frame 
416 expands into engagement with the aortic annulus 210, 
thereby creating an interference fit between the frame 416 
and the annulus 210 and stabilizing the valve component 
412 in place. As shown in FIG. 21, the inner frame 218 is 45 

initially unexpanded within the outer frame 416. The inner 
frame 218 may be deployed by expanding the balloon 
assembly. Expansion of the balloon-expandable inner frame 
218 engages the inner frame 218 with the outer frame 416 
and compresses the collagen fiber/hydrogel coated proximal 50 

section 220 of the outer frame 416 against the aortic annulus 
210. 

20 
valve 32 would act as a type Ia endoleak. The trapdoors 86 
in components 12,312 would allow for coil embolization of 
the area of the leak. Two trapdoors at 180 degree location 
would allow access to the entire area above the aortic 
annulus. Since the coronary arteries 182 are protected by the 
conduits 22 in the distal component 14, coil embolization of 
this area would not compromise the coronary blood flow. 
Coil embolization of paravalvular leaks are already being 
performed clinically after heart valve surgery if there are 
additional leaks around the valve. 

Aortic insufficiency (AI) after implantation may also be 
corrected. Significant AI has been documented in up to 17% 
of patients after transcatheter valve implantation. Except 
heavy annular calcification, the tricuspid morphology of the 
current valves and the ovoid shape of the aortic annulus can 
cause malcoaptation of the valve leaflets causing AI. The 
bicuspid valve nature of the designs discussed herein poten­
tially eliminates the problem with malcoaptation and AI 
secondary to that. 

Structural valve degeneration may also be corrected. 
More specifically, the bicuspid valve design allows for 
placement of another transcatheter valve across the first 
device without compromising valvular flow area. 

Coronary insufficiency may also be corrected. The Cabral 
endo-conduits 22 in conjunction with the tapered section 
128 of component 14 ensure uninterrupted coronary blood 
flow. By first deploying the component 14, the surgeon will 
be able to work through the Cabral conduits 22 and using 
standard catheters and guidewires to cannulate the right and 
left coronary arteries. Stents 24 are deployed from the 
coronary arteries into the Cabral conduits 22. Deployment 
the component 12 or component 212 may be delayed until 
coronary blood flow is secured. The tapered design will 
mitigate the risk of compression of the coronary stents 
between the device 10 and the aortic wall. 

For the transcatheter valves 312, 412, paravalvular leaks 
may also be corrected in that the open cell midsections 360, 
422 of the valve allow the cannulation and stenting of the 
coronary arteries with potential coil embolization of the leak 
after the protection of the coronary artery if necessary. 

Structural valve degeneration in the transcatheter valves 
312, 412 may be corrected in that the bicuspid valve design 
permit for placement of another transcatheter valve across 
the first device without compromising valvular flow area. 

The dual frame component may also take the form of 
other transcatheter valvular replacement devices such as, for 
example, prosthetic mitral and tricuspid valves. The dual 
frame component may also be used to enhance sealing zones 
of endovascular devices to treat abdominal and thoracic 
aneurysms, and in applications to treat peripheral vascular 
disease. 

It will be appreciated that the devices and methods 
described herein have broad applications. The foregoing 
embodiments were chosen and described in order to illus-

As shown in FIG. 22, the combined engagement of the 
frames 218, 416 seals the annulus 210 and the paravalvular 
areas, and thus, prevents paravalvular leakage. As such, fluid 
is permitted to pass from the left ventricle 204 only through 
the valve 32 of the component 412. The openings 446 of the 
uncovered section 422 of the valve component 412 permit 
blood flow to the coronary arteries 182 for promote circu­
lation. 

55 trate principles of the methods and apparatuses as well as 
some practical applications. The preceding description 
enables others skilled in the art to utilize methods and 
apparatuses in various embodiments and with various modi­
fications as are suited to the particular use contemplated. In 

60 accordance with the provisions of the patent statutes, the 
principles and modes of operation of this disclosure have 
been explained and illustrated in exemplary embodiments. 

It should be appreciated that the design of components 12, 
14, 212 and the transcatheter valves 312, 412 has intention­
ally taken into account the potential failure modes and 
allows for correction of any such failure modes. For 
example, with respect to components 12, 14, 212, paraval- 65 

vular leaks may be corrected. More specifically, with respect 
to a paravalvular leak (type Ia endoleak), leakage around the 

It is intended that the scope of the present methods and 
apparatuses be defined by the following claims. However, it 
must be understood that this disclosure may be practiced 
otherwise than is specifically explained and illustrated with-
out departing from its spirit or scope. It should be under-
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stood by those skilled in the art that various alternatives to 
the embodiments described herein may be employed in 
practicing the claims without departing from the spirit and 
scope as defined in the following claims. 

The scope of the disclosure should be determined, not 5 

with reference to the above description, but should instead 
be determined with reference to the appended claims, along 
with the full scope of equivalents to which such claims are 
entitled. It is anticipated and intended that future develop­
ments will occur in the arts discussed herein, and that the 10 

disclosed sy stems and methods will be incorporated into 
such future examples. Furthermore, all terms used in the 
claims are intended to be given their broadest reasonable 
constructions and their ordinary meanings as understood by 
those skilled in the art unless an explicit indication to the 15 

contrary is made herein. In particular, use of the singular 
articles such as "a," "the," "said," etc. should be read to 
recite one or more of the indicated elements unless a claim 
recites an explicit limitation to the contrary. It is intended 
that the following claims define the scope of the disclosure 20 

and that the method and apparatus within the scope of these 
claims and their equivalents be covered thereby. In sum, it 
should be understood that the disclosure is capable of 
modification and variation and is limited only by the fol-
lowing claims. 25 

The invention claimed is: 
1. An endovascular prosthetic heart valve assembly hav­

ing improved sealing for addressing paravalvular leakage for 
use in a patient, comprising: 

a frame formed of a plurality of cells, 30 

wherein the plurality of cells defines at least two rows of 
cells at an inflow end of the frame, 

wherein the frame is radially expandable from a radially 
compressed orientation to a radially expanded orienta-

22 
wherein the sealing assembly extends over each of the at 

least two rows of cells, 

wherein the sealing assembly lays against the frame when 
the prosthetic heart valve assembly is in the radially 
compressed orientation and the radially expanded ori­
entation, 

wherein the prosthetic heart valve assembly is sized and 
shaped to be endovascularly deployed through a femo­
ral artery of the patient, 

wherein the prosthetic heart valve assembly defines spac­
ings extending through a thickness of the sealing 
assembly that allow fluid to pass therethrough when the 
prosthetic heart valve assembly is in an undeployed 
state, 

wherein, in operation, expansion of the prosthetic heart 
valve assembly to the radially expanded orientation in 
a deployed state: 

presses the sealing assembly against the native leaflets 
of the aorta to impart compression of the sealing 
assembly that compresses the plurality of fibers 
relative to the spacings thereby reducing the spac­
ings; and 

expands the polymer covering radially outwardly, 

wherein the compression of the plurality of fibers 
relative to the spacings and the expansion of the 
polymer covering cooperatively create a paravalvu­
lar seal about the frame and the native leaflets by 
reducing the spaces in the sealing assembly. 

2. The prosthetic heart valve assembly of claim 1, wherein 
the frame is self-expanding. 

3. The prosthetic heart valve assembly of claim 1, wherein 
the frame defines an hour glass shape. 

tion; 35 4. The prosthetic heart valve assembly of claim 1, wherein 
a leaflet assembly within the frame; 
a polymer covering about the leaflet assembly that is 

positioned radially inwardly of the frame and engaged 
with the leaflet assembly for providing sealing against 
paravalvular leakage; and 

a sealing assembly that includes a plurality of arcuate 
fibers that extend away from the frame for providing 
sealing against paravalvular leakage, 

the plurality of cells are a same shape. 

5. The prosthetic heart valve assembly of claim 1, wherein 
the frame is integrally formed. 

40 
6. The prosthetic heart valve assembly of claim 1, wherein 

the plurality of fibers define fibers that extend outwardly to 
a tip of each respective fiber. 

* * * * * 
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TRANSCATHETER VALVE REPAIR HAVING sinutubular junction , and the tubular portion . The challenge 
IMPROVED PARAVALVULAR SEAL facing practitioners of endovascular repair of ascending 

aortic aneurysms is that there is a very short proximal This application is a continuation of U.S. patent applica landing zone at the level of the sinutubular junction , there is 
tion Ser . No. 17 / 213,251 entitled TRANSCATHETER 5 variable coronary anatomy from patient to patient , and , in 
VALVE REPAIR HAVING IMPROVED PARAVALVU many cases , there is involvement of the aortic valve with LAR SEAL , which was filed on Mar. 26 , 2021 , which is a either stenosis or insufficiency . Generally speaking , and as continuation of U.S. patent application Ser . No. 17 / 096,253 discussed in the article SURGERY INSIGHT : THE entitled “ DEVICE FOR ENDOVASCULAR AORTIC DILATED ASCENDING AORTA — INDICATIONS FOR REPAIR ” , which was filed on Nov. 12 , 2020 , and issued as 
U.S. Pat . No. 10,966,846 on Apr. 6 , 2021 , which is a 10 SURGICAL INTERVENTION , by James E. Davies and 
continuation of U.S. patent application Ser . No. 17 / 060,557 Thralf M. Sundt published in Nature Clinical Practice Car 
entitled “ DEVICE FOR ENDOVASCULAR AORTIC diovascular Medicine ( 2007 ) , the contents of which are 
REPAIR ” , which was filed on Oct. 1 , 2020 and issued as incorporated herein by reference in its entirety , there are 
U.S. Pat . No. 10,888,441 on Jan. 12 , 2021 , which is a three basic types of involvement of the ascending aorta , 
continuation of U.S. patent application Ser . No. 16 / 910,189 15 designated as Type A , B , or C. These will be discussed in 
entitled “ DEVICE FOR ENDOVASCULAR AORTIC further detail below and are shown in FIGS . 1A - 1C , which 
REPAIR AND METHOD OF USING THE SAME ” , which have been reproduced from the referenced article . 
was filed on Jun . 24 , 2020 and issued as U.S. Pat . No. Type A aneurysms are most commonly found in younger 
10,857,011 on Dec. 8 , 2020 , which is a continuation of U.S. patients and patients with connective tissue disorders such as 
patent application Ser . No. 16 / 808,137 entitled “ HEART 20 Marfan syndrome . The anatomical characteristics of Type A 
VALVE REPLACEMENT DEVICE FOR ENDOVASCU aneurysms are dilatation of the sinuses of Valsalva with or 
LAR AORTIC REPAIR AND METHOD OF USING THE without dilatation of the aortic annulus . The sinutubular 
SAME ” , which was filed on Mar. 3 , 2020 and issued as U.S. junction is most often dilated . The valve could be normal , 
Pat . No. 10,792,172 on Oct. 6 , 2020 , which is a continuation stenotic or insufficient . An example of a Type A aneurysm is 
of U.S. patent application Ser . No. 16 / 736,879 entitled 25 shown in FIG . 1A . 
" DEVICE FOR ENDOVASCULAR AORTIC REPAIR The anatomical characteristics of Type B aneurysms are AND METHOD OF USING THE SAME ” , which was filed dilatation of the tubular portion . Initially the sinutubular on Jan. 8 , 2020 and issued as U.S. Pat . No. 10,842,655 on 
Nov. 24 , 2020 , which is a continuation of U.S. patent junction may be normal or mildly dilated , however as the 
application Ser . No. 16 / 042,286 entitled “ DEVICE FOR aneurysm grows , it stretches the sinutubular junction and 
ENDOVASCULAR AORTIC REPAIR AND METHOD OF may eventually lead to aortic insufficiency . The valve could 
USING THE SAME ” , which was filed on Jul . 23 , 2018 and be normal , stenotic or insufficient . The bulk of the aneurysm 
issued as U.S. Pat . No. 10,555,823 on Feb. 11 , 2020 , which is at the level of the tubular aorta . An example of a Type B 
is a continuation of U.S. patent application Ser . No. 14/614 , aneurysm is shown in FIG . 1B . 
628 entitled “ Device for Endovascular Aortic Repair and The anatomical characteristics of Type C aneurysms are 
Method of Using the Same ” , which was filed on Feb. 5 , 2015 35 dilatation of the sinuses of Valsalva , sinutubular junction and 
and issued as U.S. Pat . No. 10,028,848 on Jul . 24 , 2018 , the tubular portion of the aorta . The valve could be normal , 
which is a continuation of U.S. patent application Ser . No. stenotic or insufficient . Type B and C aneurysms are most 
14 / 569,306 entitled “ Device for Endovascular Aortic Repair commonly found in an older group of patients . An example 
and Method of Using the Same ” , which was filed on Dec. 12 , of a Type C aneurysm is shown in FIG . 1C . 
2014 and issued as U.S. Pat . No. 9,339,399 on May 17 , 40 There are devices clinically used for endovascular repair 
2016 , which is a divisional of U.S. patent application Ser . of ascending aortic aneurysms . Although transcatheter 
No. 13 / 706,896 entitled “ Device for Endovascular Aortic valves are a clinical reality , none in clinical use have been Repair and Method of Using the Same ” , which was filed on designed with the purpose of endovascular repair of multiple 
Dec. 6 , 2012 and issued as U.S. Pat . No. 8,940,040 on Jan. 
27 , 2015 , which claims the benefit under 35 U.S.C. § 119 to 45 needed that can treat different anatomical variations of 

types of ascending aortic aneurysms . Indeed , a device is 
U.S. Provisional Application Ser . No. 61 / 567,458 entitled 
“ Transcathetar Aortic Valve for Endovascular Aortic ascending aortic aneurysms , create effective proximal and 

distal seal zones within the aorta , and have a durable valve Repair ” , which was filed on Dec. 6 , 2011. Application Ser . 
No. 13 / 706,896 also claims priority under $ 119 to U.S. component , but that also allows for future valve re - inter 
Provisional Application Ser . No. 61 / 723,446 entitled “ Tran ventions . A device is also needed that would allow for 
scathetar Aortic Valve for Endovascular Aortic Repair ” , 50 treatment of different coronary anatomical variations among 
which was filed on Nov. 7 , 2012. Each of the applications the patient population , allow future coronary re - interven 
referenced herein are incorporated by reference in their tion , but that also avoids coronary compression , and enables 
entirety . treatment of possible paravalvular leaks . 

30 

a 

TECHNICAL FIELD 55 SUMMARY 

a 

The present disclosure relates to a device and method of According to one aspect of the disclosure , an endograft 
using same for endovascular aortic repair , including repair device for endovascular repair of ascending aortic aneu 
of aortic valve disease , aortic stenosis , ascending aortic rysms is disclosed . The endograft device includes first 
aneurysms , aortic insufficiency , aortic regurgitation , ascend- 60 prosthetic component that has a proximal frame and a distal 
ing aneurysm , bicuspid valve disease , and / or Type A dis- frame that is secured to the proximal frame and extends to 
sections . a distal end of the first prosthetic component . The endograft 

device also includes at least one conduit that is secured to the 
BACKGROUND first prosthetic component and that is positioned adjacent to 

65 the proximal frame , and a second prosthetic component that 
The normal aortic root and the ascending aorta are com- is secured to a proximal end of the first prosthetic compo 

posed of the aortic annulus , the sinuses of Valsalva , the nent . The second prosthetic component includes a balloon a 
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expandable frame extending distally from a proximal end of from a proximal end of the frame component and a self 
the second prosthetic component and a self - expanding frame expanding frame secured to the balloon - expandable frame . 
that is connected to the balloon - expandable frame and The self - expanding frame includes a first section that tapers 
extends to a distal end of the second prosthetic component . inwardly between a proximal end and a distal end , and a 
The endograft device also includes a valve element that is 5 second section that tapers outwardly between a proximal end 
secured to the balloon - expandable frame at the proximal end secured to the distal end of the first section and a distal end . 
of the second prosthetic component . A valve element is positioned in the balloon - expandable 

In some embodiments , the self - expanding frame may frame at the proximal end of the frame component . 
have an hourglass shape . In some embodiments , the self In some embodiments , the frame component may be a expanding frame may include a first section that tapers 10 dual - frame component . The self - expanding frame may inwardly between a proximal end and a distal end . The outer frame of the dual - frame component and may have a endograft device may also include a second section having 
a proximal end that is secured to the distal end of the first passageway defined therein . The balloon - expandable frame 
section . The second section may taper outwardly between may be an inner frame of the dual - frame component that is 
the proximal end of the second section and a distal end of the 15 positioned in the passageway defined in the self - expanding 
second section . Additionally , in some embodiments , the frame . Additionally , the balloon - expandable frame may be 
proximal end of the first section may be connected to a distal expandable between an unexpanded position in which an 
end of the balloon - expandable frame . outer surface of the balloon - expandable frame is spaced 

In some embodiments , the self - expanding frame may apart from an inner surface of the self - expanding frame and 
include a third section that extends proximally from the 20 an expanded position in which the outer surface of the 
proximal end of the first section . The third section may have balloon - expandable frame is engaged with the inner surface 
a passageway defined therein , and the balloon - expandable of the self - expanding frame . 
frame may be positioned in the passageway of the third In some embodiments , a plurality of fibers may be 
section of the self - expanding frame . In some embodiments , attached to the self - expanding frame . When the balloon 
the balloon - expandable frame may be expandable between 25 expandable frame is in the expanded position , the outer 
an unexpanded position in which an outer surface of the surface of the balloon - expandable frame may be engaged 
balloon - expandable frame is spaced apart from an inner with the plurality of fibers . Additionally , in some embodi 
surface of the self - expanding frame and an expanded posi- ments , an outer surface of the first section of the self 
tion in which the outer surface of the balloon - expandable expanding frame may be uncovered such that fluid is per 
frame is engaged with the inner surface of the self - expand- 30 mitted to pass therethrough and an outer surface of the 
ing frame . second section of the self - expanding frame may be covered 

In some embodiments , a plurality of fibers may be such that fluid is prevented from passing therethrough . 
attached to the third section of the self - expanding frame . In some embodiments , the self - expanding frame may 
When the balloon - expandable frame is in the expanded include an elongated section extending distally from the 
position , the outer surface of the balloon - expandable frame 35 second section . The elongated section may have a length that 
may be engaged with the plurality of fibers . is greater than a combined length of the first section and the 

In some embodiments , the proximal frame of the first second section . Additionally , in some embodiments , the 
prosthetic component may have a passageway defined self - expanding frame may be covered with at least one of a 
therein , and the distal end of the second prosthetic compo- collagen and hydrogel . In some embodiments , the valve 
nent may be positioned in the passageway of the first 40 element may be one of a bicuspid valve and a tricuspid 
prosthetic component . valve . 

In some embodiments , the conduit may include a pair of According to another aspect , a method of repairing a 
conduits positioned on opposite sides of the first prosthetic patient's aorta is disclosed . The method includes introducing 
component . Additionally , in some embodiments , the conduit a first prosthetic component into the patient's aorta such that 
may have a proximal opening that is positioned adjacent to 45 a proximal frame of the first prosthetic component is posi 
a proximal end of the first prosthetic component . tioned in the ascending aorta and a distal frame of the first 

In some embodiments , the proximal frame may include a prosthetic component is positioned in the aortic arch of the 
first section secured to the distal end of the second prosthetic patient's aorta , advancing a covered stent through a conduit 
component , and a second section connected to the first defined in the first prosthetic component into a coronary 
section . The second section may taper outward between a 50 artery of the patient's aorta , securing a second prosthetic 
proximal end connected to the first section and a distal end . component to a proximal end of the first prosthetic compo 
The conduit may have a distal opening defined in the second nent in the patient's aorta , and expanding a proximal section 
section of the proximal frame . of the second prosthetic component into engagement with 

Additionally , in some embodiments , the endograft device the aortic annulus of the patient's aorta such that a valve 
may include a stent having a distal end positioned in the 55 secured to the proximal section is positioned in the aortic 
proximal opening of the at least one conduit and a proximal annulus proximal to the coronary arteries . 
end configured to be positioned in a coronary artery . In some embodiments , expanding the proximal section of 

In some embodiments , an outer surface of the second the second prosthetic component may include operating a 
prosthetic component and an outer surface of the proximal balloon - expandable frame . Additionally , in some embodi 
frame of the first prosthetic component may be covered such 60 ments , expanding the proximal section of the second pros 
that fluid is prevented from passing therethrough . Addition- thetic component may include permitting a self - expanding 
ally , an outer surface of the distal frame of the first prosthetic frame to expand into engagement with the aortic annulus , 
component may be uncovered such that is fluid permitted to and operating the balloon - expandable frame may include 
pass therethrough . advancing an outer surface of the balloon - expandable frame 

According to another aspect , a transcatheter valve is 65 into engagement with an inner surface of the self - expanding 
disclosed . The transcatheter valve includes a frame compo- frame after the self - expanding frame is engaged with the 
nent having a balloon - expandable frame extending distally aortic annulus . 

a 

? 

a 
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In some embodiments , operating the balloon - expandable FIG . 15 is a partial cutaway view of the aorta with the 
frame may include advancing an outer surface of the bal- distal prosthetic component of FIG . 4 secured to the proxi 
loon - expandable frame into engagement with the aortic mal prosthetic component of FIG . 8 ; 
annulus . FIG . 16 is a view similar to FIG . 15 showing the inner 

In some embodiments , an outer surface of the second 5 frame in an expanded position ; 
prosthetic component and an outer surface of the proximal FIG . 17 is an embodiment of a transcatheter valve device 
frame of the first prosthetic component may be covered such similar to the proximal prosthetic component of FIG . 3 ; 
that fluid is prevented from passing therethrough . Addition- FIGS . 18-19 are partial cutaway views of the aorta with 
ally , an outer surface of the distal frame of the first prosthetic the transcatheter valve of FIG . 17 implanted therein ; 
component may be uncovered such that is permitted to pass FIG . 20 is another embodiment of a transcatheter valve 
therethrough device similar to the proximal prosthetic component of FIG . 

In some embodiments , introducing the first prosthetic 8 ; and 
component into the patient's aorta and advancing the cov- FIGS . 21-22 are partial cutaway views of the aorta with 
ered stent through the conduit defined in the first prosthetic the transcatheter valve of FIG . 20 implanted therein . 
component into the coronary artery of the patient's aorta 
may be performed during a first surgical procedure . In some DETAILED DESCRIPTION OF THE DRAWINGS 
embodiments , securing the second prosthetic component to 
the proximal end of the first prosthetic component and While the concepts of the present disclosure are suscep 
expanding the proximal section of the second prosthetic 20 tible to various modifications and alternative forms , specific 
component into engagement with the aortic annulus of the exemplary embodiments thereof have been illustrated by 
patient's aorta may be performed during a second surgical way of example in the drawings and will herein be described 
procedure different from the first surgical procedure . in detail . It should be understood , however , that there is no 

In some embodiments , the method may also include intent to limit the concepts of the present disclosure to the 
introducing the second prosthetic component into the 25 particular forms disclosed , but on the contrary , the intention 
ascending aorta prior to introducing the first prosthetic is to cover all modifications , equivalents , and alternatives 
component . falling within the spirit and scope of the invention as defined 

by the appended claims . 
BRIEF DESCRIPTION OF THE DRAWINGS Terms representing anatomical references , such as ante 

rior , posterior , medial , lateral , superior , inferior , distal , 
Embodiments of the present disclosure will now be proximal , etcetera , may be used throughout the specification described by way of example in greater detail with reference in reference to the orthopaedic implants and surgical instru to the attached figures , in which : ments described herein as well as in reference to the 
FIG . 1 is an illustrative aorta ; 
FIG . 1A is an example of a Type A aneurysm ; patient's natural anatomy . Such terms have well - understood 
FIG . 1B is an example of a Type B aneurysm ; meanings in both the study of anatomy and the field of 
FIG . 1C is an example of a Type C aneurysm ; orthopaedics . Use of such anatomical reference terms in the 
FIG . 2 is partial cutaway view of an aorta with an written description and claims is intended to be consistent 

embodiment of an endovascular prosthetic device implanted with their well - understood meanings unless noted otherwise . 
therein ; For example , the term “ proximal ” refers to the direction that 
FIG . 3 is an elevation view of a proximal prosthetic is generally closest to the heart , and the term " distal ” refers 

component of the endovascular prosthetic device of FIG . 2 ; to the direction that is generally furthest from the heart . 
FIG . 4 is an elevation view of a distal prosthetic compo Referring to FIGS . 2-16 , exemplary designs of an endo 

nent of the endovascular prosthetic device of FIG . 2 ; vascular prosthetic device or endograft device 10 ( herein 
FIG . 5 is a cross sectional view of the distal prosthetic 45 after device 10 ) are shown . The device 10 is intended for the 

component of FIG . 4 taken along the line 5-5 in FIG . 4 ; treatment of most ascending aortic aneurysms and is con 
FIG . 6 is a partial cutaway view of the aorta with the distal figured to treat any type of ascending aneurysm regardless of 

prosthetic component of FIG . 3 implanted therein ; involvement of the aortic valve and the sinuses of Valsalva . 
FIG . 7 is a view similar to FIG . 6 showing stents extend- As described in greater detail below , the device 10 permits 

ing from the distal prosthetic component ; 50 future coronary and aortic valve interventions as well as 
FIG . 8 is an elevation view of another embodiment of a extension of a fenestrated / branch graft into the aortic arch . 

proximal prosthetic component of the endovascular pros- Part of the device 10 may also be modified and used as a 
thetic device of FIG . 2 ; transcatheter valve , as described in greater detail below in 
FIG . 9 is an elevation view of a self - expanding outer regard to FIGS . 17-22 . Such a valve may be introduced 

frame of the proximal prosthetic component of FIG . 8 ; 55 transfemorally or through the subclavian artery or the apex 
FIG . 10 is an elevation view of a balloon - expandable of the heart . 

inner frame of the proximal prosthetic component of FIG . 8 ; Referring now to FIGS . 2-7 , the device 10 includes a 
FIG . 11 is a perspective view a proximal end of the proximal component 12 that is attached to a distal compo 

proximal prosthetic component of FIG . 8 ; nent 14. As shown in FIG . 2 , the distal component 14 may 
FIG . 12 is a cross - sectional elevation view of the proximal 60 be secured to the proximal component 12 when implanted 

prosthetic component of FIG . 8 taken along the line 12-12 into a patient's aorta 16. When implanted , the proximal 
in FIG . 11 ; component 12 is positioned in the patient's ascending aorta 
FIG . 13 is a plan view of the proximal prosthetic com- 18 , while the distal component 14 extends distally into the 

ponent of FIG . 8 showing the inner frame in an unexpanded arch 20 of the patient's aorta 16. The distal component 14 
position ; 65 includes a pair of “ Endo - cabrol conduits ” or conduits 22 , 
FIG . 14 is a plan view similar to FIG . 13 showing the and each conduit 22 is sized to receive a catheter or stent 24 

inner frame in an expanded position ; for coronary blood flow , as described in greater detail below . 

35 

40 
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The device 10 is configured to treat all ascending aneurysms As shown in FIG . 3 , the self - expanding frame 50 has a 
with or without dilated sinutubular junctions and aortic generally hourglass shape and is formed from a metallic 
valve disease . material , such as , nitinol , stainless steel , or other implant 
As shown in FIG . 3 , the proximal component 12 includes grade metallic material . It should be appreciated that in other 

a frame 26 that extends from a proximal end 28 to a distal 5 embodiments the frame 50 may be formed from a polymeric 
end 30. The frame 26 is attached to a valve 32 ( shown in material . The frame 50 includes an inwardly tapered proxi 
phantom ) , which is positioned at the proximal end 28 of the mal section 60 , an outwardly tapered middle section 62 , and 
component 12. In the illustrative embodiment , the valve 32 an elongated distal section 64. The section 60 includes the 
is configured as a bicuspid valve . It should be appreciated proximal end 54 of the frame 50 and has a distal end 66 
that in other embodiments the valve 32 may be tricuspid or 10 connected to the proximal end 68 of the outwardly tapered 
quadracuspid . The valve 32 may be constructed from treated middle section 62. The section 60 tapers inwardly between 
bovine pericardium or other suitable proven biological or the ends 54 , 66 from approximately 26 mm at the end 54 to 
synthetic material . When the proximal component 12 is approximately 22 mm at the end 66. In the illustrative 
implanted into the patient's aorta 16 , the valve 32 replaces embodiment , the proximal section 60 has a length 70 of 
the aortic valve and permits fluid ( i.e. , blood ) to selectively 15 approximately 10 mm . It should be appreciated that in other 
pass from the heart and into a passageway 36 extending embodiments the dimensions of the section 60 may vary 
through the proximal component 12 . depending on , for example , the patient's anatomy . 

The valve 32 is housed in a balloon - expandable frame 34 The outwardly tapered middle section 62 of the self 
of the frame 26. As shown in FIG . 3 , the balloon - expandable expanding frame 50 has the proximal end 68 and a distal end 
frame 34 is embodied as a balloon - expandable stent 38 that 20 72 connected to the proximal end 74 of the elongated distal 
extends distally from the proximal end 28 of the component section 64. The section 62 tapers outwardly from a diameter 
12 and has a length 40 of approximately 15 mm . In other of approximately 22 mm at the end 68 to a diameter of 
embodiments , the stent 38 may be longer or shorter depend- approximately 28 mm at the end 72. In the illustrative 
ing on , for example , the patient's anatomy . The stent 38 is embodiment , the middle section 62 has a length 76 of 
tubular and is constructed of a metallic material , such as , 25 approximately 10 mm . In other embodiments , the dimen 
nitinol , stainless steel , or other implant grade metallic mate- sions of the section 62 may vary depending on , for example , 
rial , in an open - cell configuration . It should be appreciated the patient's anatomy . Among other things , the tapered 
that in other embodiments the stent 38 may be formed from sections 60 , 62 of the proximal component 12 permit the 
a polymeric material and may be formed in , for example , a placement of the stents 24 that extend from the distal 
Z - stent configuration . In the illustrative embodiment , the 30 component 14 to the coronary arteries , as described in 
outer surface 42 of the stent 38 is covered with low - profile greater detail below . 
polyester , ePTFE , or other nonporous covering material 44 The elongated distal section 64 of the self - expanding 
that prevents fluid from passing through the outer surface 42 . frame 50 extends distally from the proximal end 74 to the 
However , it should be appreciated that the stent 38 may be distal end 30 of the component 12. In the illustrative 
covered with standard polyester or other nonporous mate- 35 embodiment , the section 64 has a length 78 that is greater 
rials . than the combined length of the tapered sections 60 , 62. In 
As shown in FIG . 3 , the stent 38 of the balloon - expand- one particular non - limiting example , the length 78 of the 

able frame 34 has a diameter 46. As described in greater elongated distal section 64 is approximately 25 mm and has 
detail below , the balloon - expandable frame 34 is expandable a diameter 80 of approximately 28 mm . In other embodi 
during implantation from an unexpanded diameter ( not 40 ments , the dimensions of the section 64 may vary depending 
shown ) to the expanded diameter 46. In the illustrative on , for example , the patient's anatomy . In one exemplary 
embodiment , the expanded diameter 46 is equal to approxi- embodiment , the distal section 64 may taper between the 
mately 26 mm when the frame 34 is expanded . In other proximal end 74 and the distal end 30 . 
embodiments , the expanded diameter may be greater than or As shown in FIG . 3 , the proximal section 60 of the 
less than 26 mm depending on , for example , the patient's 45 self - expanding frame 50 is formed in an open - cell stent 
anatomy . Examples of balloon - expandable stents configuration , and the sections 62 , 64 are formed in a Z - stent 
described in U.S. Pat . No. 5,102,417 entitled “ Expandable configuration . It should be appreciated that in other embodi 
Intraluminal Graft , and Method and Apparatus for Implant- ments the sections 60 , 62 , 64 may be formed in a single 
ing an Expandable Intraluminal Graft ” by Julio C. Palmaz configuration , including an open - cell stent configuration or 
and U.S. Pat . No. 6,582,462 entitled “ Valve Prosthesis for 50 Z - stent configuration . The sections 60 , 62 , 64 may also be 
Implantation in the Body and a Catheter for Implanting Such formed as a single monolithic component . The outer surface 
Valve Prosthesis ” by Henning Rud Andersen et al . , which 82 of the self - expanding frame 50 is covered with low 
are expressly incorporated herein by reference . In the illus- profile polyester , ePTFE , or other nonporous covering mate 
trative embodiment , the diameter 46 is oversized relative to rial 84 such that fluid is prevented from passing through the 
the diameter of the aortic annulus 210 ( see FIG . 1 ) such that 55 surface 82. In that way , the entire outer surface of the 
an interference fit is created between the stent 38 and the component 12 is covered to prevent fluid from passing 
annulus 210 when the component 12 is implanted and the therethrough . The covering material 84 immediately distal 
stent 38 is expanded , as described in greater detail below . to the balloon - expandable frame 34 is equipped with a “ trap 
The balloon - expandable frame 34 is attached to a self- door ” 86 , which may be opened to permit the passage 

expanding frame 50. In the illustrative embodiment , the 60 or more surgical instruments for embolization of possible 
distal end 52 of the balloon - expandable frame 34 is secured paravalvular leaks . The entire outer surface of component 12 
to the proximal end 54 of the frame 50 by stitching or sewing may be also covered with low - profile Dacron or other 
the frames 34 , 50 together , thereby forming the frame 26 of synthetic material . It should also be appreciated that all or 
the component 12. It should be appreciated that in other part of the component 12 may be covered with hydrogel or 
embodiments the frames 34 , 50 may be secured together via 65 other sealing material . 
welding or other fasteners . The frames 34 , 50 may also be As described above , the device 10 also includes a distal 
formed as a single , monolithic frame . component 14 , which is secured to the distal end 30 of the 
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proximal component 12 when the device 10 is implanted in 152 of between approximately 44 mm and 48 mm . In other 
the patient's aorta 16. Referring now to FIG . 4 , the distal embodiments , the dimensions of the section 130 may vary 
component 14 includes a frame 100 that extends from a depending on , for example , the patient's anatomy . 
proximal end 102 configured to be secured to the proximal As described above , the distal component 14 also includes 
component 12 to a distal end 104. The frame 100 has a a pair of conduits 22 , which are connected to the proximal passageway 106 defined therein , which extends through the frame 110. Each conduit 22 has a distal end 160 secured to 
ends 102 , 104 of the component 14. The passageway 106 has the tapered section 128 of the frame 110 and a proximal end a diameter 108 and is sized to receive the distal end 30 of the 162 positioned adjacent to the proximal end 102 of the proximal component 12 when the device 10 is assembled . 

In the illustrative embodiment , the components 12 , 14 are 10 extend beyond the proximal end 102 of the component 12 . 
component 12. As shown in FIG . 4 , the conduit 22 does not 

secured together via an interference fit between the frame 
100 and the distal end 30 of the proximal component 12 . Each conduit 22 has a passageway 164 that extends through 

the ends 160 , 162 and is sized to receive a stent 24 . Specifically , the diameter 108 of the passageway 106 is less 
than the diameter 80 of the proximal component 12. In the The passageway 164 has a proximal opening 166 defined 
illustrative embodiment , the diameter 108 is equal to 15 in the end 162. The opening 166 has a diameter 168 that in 
approximately 26 mm . It should be appreciated that in other the exemplary embodiment is equal to approximately 5 mm . 
embodiments the components 12 , 14 may be secured As shown in FIG . 5 , the passageway 164 has a distal opening 
together via stitching or other fastening means . 170 that is defined in the end 160 and the tapered section 128 
As shown in FIG . 4 , the component 14 includes a proxi- of the frame 110. The distal opening 170 has a diameter 172 

mal frame 110 that is connected to an elongated distal frame 20 that is greater than the diameter 168. In the illustrative 
112. The proximal frame 110 and the distal frame 112 are embodiment , the diameter 172 is equal to approximately 8 
formed from metallic materials , such as , nitinol , stainless mm . The passageway 164 measures approximately 8 mm in 
steel , or other implant grade metallic materials . It should be diameter over a distance 174 of approximately 5 mm and 
appreciated that in other embodiments the frames 110 , 112 tapers smoothly into the approximately 5 mm diameter 168 
may be formed from a polymeric material . The proximal 25 at a junction 176. The passageway 164 maintains the diam 
frame 110 is formed in a Z - stent configuration , and the distal eter 168 between the junction 176 and the proximal opening 
frame 112 is formed in an open - cell configuration . Each of 166. In the illustrative embodiment , the passageway 164 has 
the frames 110 , 112 is self - expanding . In the illustrative a length 180 of approximately 2 cm between the junction 
embodiment , the distal frame 112 is secured to the distal end 176 and the proximal opening 166 . 
114 of the proximal frame 110 by stitching or sewing the 30 Each conduit 22 is wire reinforced and allows for passage 
frames 110 , 112 together . It should be appreciated that in of catheters or stents 24 and easier cannulation of the 
other embodiments the frames 110 , 112 may be secured coronary ostia , regardless of deployment orientation . This 
together via welding or other fasteners . The frames 110 , 112 configuration allows stenting of the coronary arteries 182 
may also be formed as a single , monolithic frame . ( see FIG . 1 ) prior to the deployment of component 12 , as 

The proximal frame 110 has an outer surface 120 that is 35 described in greater detail below . In the illustrative embodi 
covered with low profile polyester , ePTFE , or other nonpo- ment , the tapered section 128 permits the uncompromised 
rous covering material 122. As a result , fluid is prevented passage of stents 24 into the coronary arteries 182 in such a 
from passing through the surface 120. The distal frame 112 way that the stents are not compressed between the sinutu 
is uncovered such that fluid is permitted to pass through the bular junction and the device 10 itself . 
openings 124 formed therein . As shown in FIG . 4 , the elongated distal frame 112 of the 
As shown in FIG . 4 , the proximal frame 110 includes a component 14 extends distally from the distal end 114 of the 

proximal section 126 , an outwardly tapered section 128 frame 110 to the distal end 104 of the component 14. In the 
extending distally from the proximal section 126 , and an illustrative embodiment , the frame 112 has a length 190. In 
elongated distal section 130. The proximal section 126 one particular non - limiting example , the length 190 of the 
includes the proximal end 102 of the component 14 and has 45 elongated frame 112 is approximately 10 cm , which is 
a distal end 132 connected to the proximal end 134 of the sufficient to cover the arch 20 of the aorta 18 when 
outwardly tapered section 128. In the illustrative embodi- implanted therein . In other embodiments , the dimensions of 
ment , the proximal section 126 has a length 136 of approxi- the frame 112 may vary depending on , for example , the 
mately 25 mm . It should be appreciated that in other patient's anatomy . The distal frame 112 permits the accurate 
embodiments the dimensions of the section 126 may vary 50 deployment of component 14 without compromising the 
depending on , for example , the patient's anatomy . circulation to supra - aortic branches . It also allows for can 

The tapered section 128 of the frame 110 has the proximal nulation of the supra - aortic branches , if placement of a 
end 134 and a distal end 140 connected to the proximal end fenestrated / branch arch device is necessary . 
142 of the elongated distal section 130. The section 128 To implant the device 10 in the patient's aorta 16 , a 
tapers outwardly from a diameter of approximately 26 mm 55 surgeon may obtain open exposure or percutaneous access to 
at the end 132 to a diameter between approximately 44 mm the common femoral artery . The iliac arteries or an iliac 
and 48 mm at the end 140. In the illustrative embodiment , conduit may also be used . After obtaining access and placing 
the tapered section 128 has a length 146 of approximately 10 a stiff wire in the ascending aorta 18 , the device 10 and the 
mm . It should be appreciated that in other embodiments the delivery system are prepared . In the illustrative embodiment , 
dimensions of the section 128 may vary depending on , for 60 the delivery system is composed of a 100-105 cm hydro 
example , the patient's anatomy . philic sheath . As shown in FIG . 6 , the distal component 14 

The elongated distal section 130 of the frame 110 extends is delivered first . After performing a lateral oblique thoracic 
distally from the proximal end 142 to the distal end 114 of aortogram , the component 14 is deployed such that the distal 
the frame 110. In the illustrative embodiment , the section end 114 of the proximal frame 110 is positioned proximal to 
130 has a length 150. In one particular non - limiting 65 the innominate artery 200 , thereby ensuring that the distal 
example , the length 150 of the elongated distal section 130 openings 170 of the conduits 22 are at 12 and 6 o'clock 
is approximately 20 mm . The section 130 also has a diameter positions in relationship to the innominate artery 200 . 
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Using the contralateral common femoral artery wires , positioned in the patient's ascending aorta 18 , while the 
standard coronary guide catheters are introduced through the distal component 14 extends distally into the arch 20 of the 
distal frame 112 of the component 14 into each conduit 22 . patient's aorta 16 . 
The conduits 22 may then be cannulated with the catheters As shown in FIG . 8 , the proximal component 212 
prior to insertion of the stents 24. Alternatively , the conduits 5 includes a dual - frame 214 that extends from a proximal end 
22 may be pre - cannulated . Using the catheters , access is 28 to a distal end 30. The frame 214 is attached to a valve 
obtained to the right and left coronary arteries 182. The 32 ( shown in phantom ) , which is positioned at the proximal 
stents 24 are advanced into the passageways 164 through the end 28 of the component 212. In the illustrative embodi 
distal openings 170 and out of the conduits 22 to bridge the ment , the valve 32 is configured as a bicuspid valve . It 
arteries 182 and the conduits 22 , as shown in FIG . 7. In that 10 should be appreciated that in other embodiments the valve 
way , each artery 182 is connected to its respective conduit 32 may be tricuspid or quadracuspid . The valve 32 may be 
22. Each stent 24 is covered and may be embodied as a constructed from treated bovine pericardium or other suit 
balloon - expandable stent or a self - expanding stent . It should able proven biological or synthetic material . When the 
be appreciated that coronary artery bypasses may be per- proximal component 212 is implanted into the patient's 
formed to the right and left coronary systems prior to the 15 aorta 16 , the valve 32 replaces the aortic valve and permits 
placement of the component 14 . fluid ( i.e. , blood ) to selectively pass from the heart and into 

The proximal component 12 may be deployed after the a passageway 36 extending through the proximal component 
implantation of the distal component 14. The components 212 . 
12 , 14 may be deployed in a single surgical procedure taking The dual - frame 214 of the proximal component 212 
place on a single day or the component 14 may be deployed 20 includes a self - expanding outer frame 216 and a balloon 
in one procedure , and the component 12 may be deployed in expandable inner frame 218 that is secured to the self 
another , separate procedure at a later date . As shown in FIG . expanding outer frame 216 and houses the valve 32. Refer 
1 , the proximal component 12 is deployed into the position ring now to FIG . 9 , the self - expanding outer frame 216 has 
across the native aortic valve 202 . a generally hourglass shape and is formed from a metallic 

To do so , a stiff wire is passed through the aortic valve 202 25 material , such as , nitinol , stainless steel , or other implant 
into the left ventricle 204. The delivery system for the grade metallic material . It should be appreciated that in other 
proximal component 12 is passed through the valve 202. An embodiments the outer frame 216 may be formed from a 
example of a delivery system is described in U.S. Pat . No. polymeric material . The outer frame 216 includes an elon 
5,102,417 entitled “ Expandable Intraluminal Graft , and gated proximal section 220 , an inwardly tapered section 222 , 
Method and Apparatus for Implanting an Expandable 30 an outwardly tapered middle section 62 , and an elongated 
Intraluminal Graft ” by Julio C. Palmaz , which is incorpo- distal section 64 . 
rated herein by reference . When the delivery system is in The elongated proximal section 220 of the outer frame 
position , the proximal component 12 is released by 216 includes the proximal end 28 of the component 212 and 
unsheathing the system , thereby permitting expansion of the has a distal end 224 connected to a proximal end 226 of the 
self - expanding frame 50. As described above , the self- 35 inwardly tapered section 222. The proximal section 220 is 
expanding frame 50 engages the proximal end 102 of the embodied as a tubular stent . It should be appreciated that in 
distal component 14 to secure the components 12 , 14 other embodiments the section 220 may be shaped as a 
together and seal the distal end 30 of the component 12 prism , cone , or other geometric shape depending on the 
within the distal component 14. As shown in FIG . 2 , the patient's anatomy . 
proximal end 28 of the proximal component 12 is positioned 40 In the illustrative embodiment , the proximal section 220 
in the aortic annulus , and the hour - glass shape of the has a length 228 that is equal to approximately 15 mm . The 
component 12 provides a space for the native aortic valve proximal section 220 also has a diameter 230 of approxi 
leaflets such that the leaflets are not pressed against or over mately 32 mm . It should be appreciated that in other 
the openings of coronary arteries 182 . embodiments the dimensions of the frame 216 may vary 

The balloon - expandable frame 34 may be now deployed 45 according to the anatomy of the patient . In the illustrative 
by inflating the balloon within the delivery system . This embodiment , the diameter 230 is oversized relative to the 
deploys the frame 34 to the predetermined expanded diam- diameter of the aortic annulus 210 such that an interference 
eter 46 and advances the frame 34 into engagement with the fit is created between the proximal section 220 and the 
aortic annulus 210 , thereby sealing the aortic annulus 210 annulus 210 when the component 212 is implanted , as 
such that fluid is permitted to pass from the left ventricle 204 50 described in greater detail below . As shown in FIG . 9 , the 
only through the valve 32. As shown FIG . 1 , the valve 32 is proximal section 220 defines a passageway 232 in the outer 
positioned in the aortic annulus 210 proximal to the coro- frame 216 . 
nary arteries 182. It should be appreciated that the deploy- In the illustrative embodiment , collagen fibers 234 are 
ment of the component 12 may be performed during rapid attached to the proximal section 220 to aid in preventing 
ventricular pacing ( RVP ) . In cases with aortic stenosis , the 55 paravalvular leaks and migration of the proximal component 
valve 32 may be dilated with balloon angioplasty prior to the 212 within the aortic walls . The fibers 234 extend outwardly 
introduction of the proximal component 12 . from the proximal section 220 and inwardly into the pas 

Referring now to FIGS . 8-16 , another embodiment of a sageway 232. It should be appreciated that in other embodi 
proximal component 212 of the device 10 is shown . Some ments the outer frame 216 may be covered with hydrogel or 
features of the embodiment illustrated in FIGS . 8-16 are 60 other sealing materials . In other embodiments , a plurality of 
substantially similar to those described above in reference to barbs or hooks may be attached to the proximal section 220 . 
the embodiment of FIGS . 1-7 . Such features are designated The hooks may be configured to further engage the tissue of 
in FIGS . 8-16 with the same reference numbers as those the aorta and inhibit or prevent migration of the device 10 . 
used in FIGS . 1-7 . Similar to the proximal component 12 of The inwardly tapered section 222 of the outer frame 216 
FIGS . 1-7 , the proximal component 212 may be secured to 65 includes the proximal end 226 and has a distal end 236 
the distal component 14 when implanted into a patient's connected to the proximal end 68 of the outwardly tapered 
aorta 16. When implanted , the proximal component 212 is middle section 62. The section 222 tapers inwardly between 
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the ends 226 , 236 from approximately 32 mm at the end 226 As shown in FIG . 10 , the stent 244 of the inner frame 218 
to approximately 22 mm at the end 236. In the illustrative has a diameter 252. As described in greater detail below , the 
embodiment , the inwardly tapered section 222 has a length balloon - expandable frame 218 is expandable during implan 
238 of approximately 10 mm . tation from an unexpanded diameter ( not shown ) to the 

The outwardly tapered middle section 62 of the self- 5 expanded diameter 252. In the illustrative embodiment , the 
expanding frame 216 has the proximal end 68 and a distal expanded diameter 252 is equal to approximately 26 mm 
end 72 connected to the proximal end 74 of the elongated when the inner frame 218 is expanded . In other embodi 
distal section 64. The section 62 tapers outwardly from a ments , the expanded diameter may be equal to , or greater 
diameter of approximately 22 mm at the end 68 to a diameter than , the diameter 230 of the proximal section 220 of the 
of approximately 28 mm at the end 72. In the illustrative 10 outer frame 216. In the illustrative embodiment , the 
embodiment , the middle section 62 has a length 76 of expanded diameter 252 is oversized relative to the diameter 
approximately 10 mm . In other embodiments , the dimen- of the aortic annulus 210 such that an interference fit is 
sions of the section 62 may vary depending on , for example , created between the proximal section 220 and the annulus 
the patient's anatomy . 210 when the component 212 is implanted , and the inner 

The elongated distal section 64 of the self - expanding 15 frame 218 is expanded , as described in greater detail below . 
frame 216 extends distally from the proximal end 74 to the Referring now to FIG . 11 , the inner frame 218 of the 
distal end 30 of the component 212. In the illustrative dual - frame component 214 is secured to the outer frame 216 
embodiment , the section 64 has a length 78 that is greater via a plurality of stitches 260. It should be appreciated that 
than the combined length of the tapered sections 60 , 62. In in other embodiments soldering , welding or other fasteners 
one particular non - limiting example , the length 78 of the 20 may be used to secure the inner frame 218 to the outer frame 
elongated distal section 64 is approximately 30 mm and has 216. As shown in FIGS . 11-14 , the inner frame 218 and the 
a diameter 80 of approximately 34 mm . In other embodi- valve component 32 are positioned in the passageway 232 
ments , the dimensions of the section 64 may vary depending defined in the self - expanding frame 216. When the inner 
on , for example , the patient's anatomy . In one exemplary frame 218 is unexpanded , the outer surface 248 of the stent 
embodiment , the distal section 64 may taper between the 25 244 is spaced apart from the fibers 234 attached to the outer 
proximal end 74 and the distal end 30 . frame 216. In the illustrative embodiment , a gap 264 is 
As shown in FIG . 9 , the proximal section 220 and the defined therebetween , and the gap 264 has a magnitude of 

inwardly tapered section 222 of the self - expanding frame about 2 mm to about 3 mm . 
216 are formed in an open - cell stent configuration , and the As shown in FIG . 14 , the balloon - expandable inner frame 
sections 62 , 64 are formed in a Z - stent configuration . It 30 218 may be expanded in the direction indicated by arrows 
should be appreciated that in other embodiments the sections 266. As described above , the diameter 230 of the proximal 
62 , 64 , 220 , 222 may be formed in a single configuration , section 220 of the outer frame 216 is oversized relative to the 
including an open - cell stent configuration or Z - stent con- diameter of the aortic annulus 210. As such , when the 
figuration . The sections 62 , 64 , 220 , 222 may also be formed component 212 is implanted , the proximal section 220 is 
as a single monolithic component . The outer surface 240 of 35 reduced to the diameter of the annulus 210. Because the 
the sections 62 , 64 , 222 are covered with low profile expanded diameter 252 of the stent 244 is greater than the 
polyester , ePTFE , or other nonporous covering material 242 diameter of the annulus , the outer surface 248 of the stent 
such that fluid is prevented from passing through the surface 244 engages the fibers 234 ( and hence the inner surface of 
240. The covering material 242 immediately distal to the the proximal section 220 of the outer frame 216 ) through the 
proximal section 220 is equipped with a “ trap door ” 86 , 40 covering material 250. In that way , the gap 264 is closed , and 
which may be opened to permit the passage of one or more the fibers 234 and the covering material 250 create a seal 
surgical instruments for embolization of possible paraval- between the inner frame 218 and the outer frame 216 . 
vular leaks . The outer surface 240 of the sections 62 , 64 , 222 To implant an endograft device 10 that includes proximal 
may be also covered with low - profile Dacron or other component 212 in the patient's aorta 16 , a surgeon may 
synthetic material . It should also be appreciated that all or 45 obtain open exposure or percutaneous access to the common 
part of the frame 216 may be covered with hydrogel or other femoral artery . The surgeon may then implant the distal 
sealing material . component 14 in the manner described above in regard to 
As described above , the outer frame 216 of the dual - frame FIGS . 1-7 and advance the stents 24 into position in the 

214 is secured to a balloon - expandable inner frame 218 , arteries 182. The proximal component 212 may be deployed 
which is positioned in the passageway 232. As shown in 50 after the implantation of the distal component 14. To do so , 
FIG . 10 , the frame 218 houses the valve 32. The balloon- a stiff wire is passed through the aortic valve 202 into the left 
expandable frame 218 is embodied as a balloon - expandable ventricle 204. The delivery system for the proximal com 
tubular stent 244 that has a length 246 of approximately 15 ponent 212 is then passed through the valve 202 . 
mm . In other embodiments , the stent 244 may be longer or When the delivery system is in position , the proximal 
shorter depending on , for example , the patient's anatomy . 55 component 212 is released by unsheathing the system , 
The stent 244 is tubular and is constructed of a metallic thereby permitting expansion of the self - expanding frame 
material , such as , nitinol , stainless steel , or other implant 216. The self - expanding frame 216 engages the proximal 
grade metallic material , in an open - cell configuration . It end 102 of the distal component 14 to secure the components 
should be appreciated that in other embodiments the stent 212 , 14 together and seal the distal end 30 of the component 
244 may be formed from a polymeric material and may be 60 212 within the distal component 14 . 
formed in , for example , a Z - stent configuration . In the When the frame 216 is unsheathed , the proximal section 
illustrative embodiment , the outer surface 248 of the stent 220 expands into engagement with the aortic annulus 210 , 
244 is covered with low - profile polyester , ePTFE , or other thereby creating an interference fit between the frame 216 
nonporous covering material 250 that prevents fluid from and the annulus 210 and stabilizing the device 10 in place . 
passing through the outer surface 248. However , it should be 65 As shown in FIG . 15 , the inner frame 218 is initially 
appreciated that the stent 244 may be covered with standard unexpanded within the outer frame 216. The inner frame 218 
polyester , ePTFE or other nonporous materials . may be deployed by expanding the balloon assembly . 
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Expansion of the balloon - expandable inner frame 218 greater detail below , the balloon - expandable frame 34 is 
engages the inner frame 218 with the outer frame 216 and expandable during implantation from an unexpanded diam 
compresses the collagen fiber / hydrogel coated proximal eter ( not shown ) to the expanded diameter 46. In the 
section 220 of the outer frame 216 against the aortic annulus illustrative embodiment , the expanded diameter 46 is equal 
210. As shown in FIG . 16 , the combined engagement of the 5 to approximately 26 mm when the frame 34 is expanded . In 
frames 216 , 218 seals the annulus 210 and the paravalvular other embodiments , the expanded diameter may be greater 
areas , and thus , prevents paravalvular leakage . As such , fluid than or less than 26 mm depending on , for example , the is permitted to pass from the left ventricle 204 only through patient's anatomy . In the illustrative embodiment , the diam the valve 32 of the component 212. As shown FIGS . 15-16 , eter 46 is oversized relative to the diameter of the aortic 
the valve 32 is positioned in the aortic annulus 210 proximal 10 annulus 210 such that an interference fit is created between to the coronary arteries 182. It should be appreciated that the 
deployment of the component 212 may be performed during the stent 38 and the annulus 210 when the transcatheter 
rapid ventricular pacing ( RVP ) . In cases with aortic stenosis , valve component 312 is implanted . 
the valve 32 may be dilated with balloon angioplasty prior The balloon - expandable frame 34 is attached to a self 
to the introduction of the proximal component 212 . 15 expanding frame 350. In the illustrative embodiment , the 

In each of the embodiments described above , the self distal end 52 of the balloon - expandable frame 34 is secured 
expanding frame portion of proximal components 12 , 212 to the proximal end 54 of the frame 350 by stitching or 
significantly improves the accuracy and control of the sewing the frames 34 , 350 together , thereby forming the 
deployment of the device 10. The bicuspid configuration of frame 26 of the transcatheter valve component 312. It should 
the valve 32 serves three distinct purposes , including ( 1 ) by 20 be appreciated that in other embodiments the frames 34 , 350 
reducing the number of valve commissures to two , the may be secured together via welding or other fasteners . The 
profile will be reduced , ( 2 ) the valve 32 may conform better frames 34 , 350 may also be formed as a single , monolithic 
to the aortic annulus , and ( 3 ) when the annulus is asym- frame . 
metrical , the incidence of aortic insufficiency may be As shown in FIG . 17 , the self - expanding frame 350 has a 
reduced . 25 generally hourglass shape and is formed from a metallic 

Referring now to FIGS . 17-22 , the proximal component material , such as , nitinol , stainless steel , or other implant 
12 or the proximal component 212 may be used as a grade metallic material . It should be appreciated that in other 
transcatheter valve with slight modification . Such a valve embodiments the frame 350 may be formed from a poly may be deployed via a transfemoral or trans - axillary route , meric material . The frame 350 includes an inwardly tapered as will be described in further detail below . proximal section 360 , an outwardly tapered middle section Referring now to FIGS . 17-19 , one embodiment of a 62 , and an elongated distal section 64. The section 360 transcatheter valve component 312 is shown . Some features includes the proximal end 54 of the frame 350 and has a of the embodiment illustrated in FIGS . 17-19 are substan 
tially similar to those described above in reference to the distal end 66 connected to the proximal end 68 of the 
proximal component 12 of FIGS . 1-7 . Such features are 35 outwardly tapered middle section 62. The section 360 tapers 
designated in FIGS . 17-19 with the same reference numbers inwardly between the ends 54 , 66 from approximately 26 
as those used in FIGS . 1-7 . Similar to the proximal com mm at the end 54 to approximately 22 mm at the end 66. In 
ponent 12 of FIGS . 1-7 , the transcatheter valve component the illustrative embodiment , the proximal section 360 has a 
312 includes a frame 26 that extends from a proximal end 28 length 70 of approximately 15 mm . 
to a distal end 30. The frame 326 is attached to a valve 32 40 The outwardly tapered middle section 62 of the self 
( shown in phantom ) , which is positioned at the proximal end expanding frame 350 has the proximal end 68 and a distal 
28 of the valve component 312. When the valve component end 72 connected to the proximal end 74 of the elongated 
312 is implanted into the patient's aorta 16 , the valve 32 distal section 64. The section 62 tapers outwardly from a 
replaces the aortic valve and permits fluid ( i.e. , blood ) to diameter of approximately 22 mm at the end 68 to a diameter 
selectively pass from the heart and into a passageway 36 45 of approximately 28 mm at the end 72. In the illustrative 
extending through the valve component 312 . embodiment , the middle section 62 has a length 76 of 

The valve 32 is housed in a balloon - expandable frame 34 approximately 10 mm . In other embodiments , the dimen 
of the frame 26. As shown in FIG . 17 , the balloon - expand- sions of the section 62 may vary depending on , for example , 
able frame 34 is embodied as a balloon - expandable stent 38 the patient's anatomy . 
that extends distally from the proximal end 28 of the 50 The elongated distal section 64 of the self - expanding 
transcatheter valve component 312 and has a length 40 of frame 350 extends distally from the proximal end 74 to the 
approximately 15 mm . In other embodiments , the stent 38 distal end 30 of the valve component 312. In the illustrative 
may be longer or shorter depending on , for example , the embodiment , the section 64 has a length 78 that is greater 
patient's anatomy . The stent 38 is tubular and is constructed than the combined length of the tapered sections 60 , 62. In 
of a metallic material , such as , nitinol , stainless steel , or 55 one particular non - limiting example , the length 78 of the 
other implant grade metallic material , in an open - cell con- elongated distal section 64 is approximately 30 mm and has 
figuration . It should be appreciated that in other embodi- a diameter 80 of approximately 34 mm . In other embodi 
ments the stent 38 may be formed from a polymeric material ments , the dimensions of the section 64 may vary depending 
and may be formed in , for example , a Z - stent configuration . on , for example , the patient's anatomy . In one exemplary 
In the illustrative embodiment , the outer surface 42 of the 60 embodiment , the distal section 64 may taper between the 
stent 38 is covered with low - profile polyester , ePTFE , or proximal end 74 and the distal end 30 . 
other nonporous covering material 44 that prevents fluid As shown in FIG . 3 , the proximal section 360 of the 
from passing through the outer surface 42. However , it self - expanding frame 350 is formed in an open - cell stent 
should be appreciated that the stent 38 may be covered with configuration , and each of the sections 62 , 64 is formed in 
standard polyester , ePTFE or other nonporous materials . 65 a Z - stent configuration . It should be appreciated that in other 
As shown in FIG . 17 , the stent 38 of the balloon- embodiments the sections 360 , 62 , 64 may be formed in a 

expandable frame 34 has a diameter 46. As described in single configuration , including the open - cell stent configu 
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ration , mesh - like stent configuration , or Z - stent configura- The dual - frame 414 includes a self - expanding outer frame 
tion . The sections 60 , 62 , 64 may also be formed as a single 416 and a balloon - expandable inner frame 218 that is 
monolithic component . secured to the self - expanding outer frame 416 and houses 
As shown in FIG . 17 , the outer surface 314 of the the valve 32. Referring now to FIG . 9 , the self - expanding 

proximal section 360 of the frame 350 is uncovered such that 5 outer frame 416 has a generally hourglass shape and is 
fluid is permitted to pass through the openings 318. The formed from a metallic material , such as , nitinol , stainless 
outer surface 316 of the sections 62 , 64 are covered with low steel , or other implant grade metallic material . It should be 
profile polyester , ePTFE , or other nonporous covering mate- appreciated that in other embodiments the outer frame 416 
rial 84 such that fluid is prevented from passing through the may be formed from a polymeric material . The outer frame 
surface 320. The outer surface 320 of the valve component 10 416 includes an elongated proximal section 220 , an inwardly 
312 may also be covered with low - profile Dacron or other tapered section 422 , an outwardly tapered middle section 62 , 
synthetic material . The uncovered , open cell stent section and an elongated distal section 64 . 
360 is configured to allow for coronary artery perfusion . The The elongated proximal section 220 of the outer frame 
covered sections 62 , 64 serve to stabilize the valve compo- 416 includes the proximal end 28 of the component 412 and 
nent 312 against the aorta 18 and provide a docking station 15 has a distal end 224 connected to a proximal end 226 of the 
to ascending aortic extensions or fenestrated / branch arch inwardly tapered section 222. The proximal section 220 is 
grafts . The covered sections 62 , 64 would also permit embodied as a tubular stent . It should be appreciated that in 
endograft extension of the valve component 312 for suitable other embodiments the section 220 may be shaped as a 
type B aneurysms without dilation of the sinutubular junc- prism , cone , or other geometric shape depending on the 
tion . 20 patient's anatomy . 

The delivery of the transcatheter valve component 312 In the illustrative embodiment , the proximal section 220 
may begin by gaining access to the left ventricle across the has a length 228 that is equal to approximately 15 mm . The 
native aortic valve . An ascending aortogram may be per- proximal section 220 also has a diameter 230 of approxi 
formed to locate the right and left coronary arteries . An over mately 32 mm . It should be appreciated that in other 
the wire introducer system , including a guidewire , is used to 25 embodiments the dimensions of the frame 416 may vary 
introduce the valve component 312 into the aorta 18. After according to the anatomy of the patient . In the illustrative 
the guidewire has been placed into the left ventricle 204 via embodiment , the diameter 230 is oversized relative to the 
the iliofemoral , subclavian , or carotid vessels , the valve diameter of the aortic annulus 210 such that an interference 
component 312 may be delivered through the common fit is created between the proximal section 220 and the 
femoral artery and passed across the native aortic valve 202. 30 annulus 210 when the valve component 412 is implanted , as 
After performing an angiogram to delineate the location of described in greater detail below . As shown in FIG . 9 , the 
the coronary arteries 182 , the valve component 312 is proximal section 220 defines a passageway 232 in the outer 
released by unsheathing the delivery system , thereby per frame 416 . 
mitting expansion of the self - expanding frame 350 , as In the illustrative embodiment , collagen fibers 234 are 
shown in FIGS . 18-19 . 35 attached to the proximal section 220 to aid in preventing 
The balloon - expandable frame 34 may be now deployed paravalvular leaks and migration of the valve component 

by inflating the balloon within the delivery system . This 412 within the aortic walls . The fibers 234 extend outwardly 
deploys the frame 34 to the predetermined expanded diam- from the proximal section 220 and inwardly into the pas 
eter 46 and advances the frame 34 into engagement with the sageway 232. It should be appreciated that in other embodi 
aortic annulus 210 , thereby sealing the aortic annulus 210 40 ments the outer frame 216 may be covered with hydrogel or 
such that fluid is permitted to pass from the left ventricle 204 other sealing materials . In other embodiments , a plurality of 
only through the valve 32 and the valve 32 is positioned in barbs or hooks may be attached to the proximal section 220 . 
the aortic annulus 210 proximal to the coronary arteries 182 , The hooks may be configured to further engage the tissue of 
as shown in FIGS . 18-19 . The openings 318 of the uncov- the aorta and inhibit or prevent migration of the device 10 . 
ered section 360 of the valve component 312 permit blood 45 The inwardly tapered section 422 of the outer frame 416 
flow to the coronary arteries 182 for promote circulation . It includes the proximal end 226 and a distal end 236 con 
should be appreciated that the deployment of the valve nected to the proximal end 68 of the outwardly tapered 
component 312 may be performed during rapid ventricular middle section 62. The section 422 tapers inwardly between 
pacing ( RVP ) . the ends 226 , 236 from approximately 32 mm at the end 226 

Referring now to FIGS . 20-22 , another embodiment of a 50 to approximately 22 mm at the end 236. In the illustrative 
transcatheter valve component ( hereinafter valve component embodiment , the inwardly tapered section 422 has a length 
412 ) is shown . Some features of the embodiment illustrated 238 of approximately 10 mm . 
in FIGS . 20-22 are substantially similar to those described The outwardly tapered middle section 62 of the self 
above in reference to the proximal component 212 of FIGS . expanding frame 416 has the proximal end 68 and a distal 
8-16 . Such features are designated in FIGS . 20-22 with the 55 end 72 connected to the proximal end 74 of the elongated 
same reference numbers as those used in FIGS . 8-16 . distal section 64. The section 62 tapers outwardly from a 
Similar to the proximal component 212 of FIGS . 8-16 , the diameter of approximately 22 mm at the end 68 to a diameter 
valve component 412 includes a dual - frame 414 that extends of approximately 28 mm at the end 72. In the illustrative 
from a proximal end 28 to a distal end 30. The frame 414 is embodiment , the middle section 62 has a length 76 of 
attached to a valve 32 ( shown in phantom ) , which is 60 approximately 10 mm . In other embodiments , the dimen 
positioned at the proximal end 28 of the component 412. In sions of the section 62 may vary depending on , for example , 
the illustrative embodiment , the valve 32 is configured as a the patient's anatomy . 
bicuspid valve . When the valve component 412 is implanted The elongated distal section 64 of the self - expanding 
into the patient's aorta 16 , the valve 32 replaces the aortic frame 416 extends distally from the proximal end 74 to the 
valve and permits fluid ( i.e. , blood ) to selectively pass from 65 distal end 30 of the component 412. In the illustrative 
the heart and into a passageway 36 extending through the embodiment , the section 64 has a length 78 that is greater 
valve component 412 . than the combined length of the tapered sections 60 , 62. In 

2 
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one particular non - limiting example , the length 78 of the valve 32 would act as a type la endoleak . The trapdoors 86 
elongated distal section 64 is approximately 30 mm and has in components 12 , 312 would allow for coil embolization of 
a diameter 80 of approximately 34 mm . In other embodi- the area of the leak . Two trapdoors at 180 degree location 
ments , the dimensions of the section 64 may vary depending would allow access to the entire area above the aortic 
on , for example , the patient's anatomy . In one exemplary 5 annulus . Since the coronary arteries 182 are protected by the 
embodiment , the distal section 64 may taper between the conduits 22 in the distal component 14 , coil embolization of 
proximal end 74 and the distal end 30 . this area would not compromise the coronary blood flow . 
As shown in FIG . 20 , each of the proximal section 220 Coil embolization of paravalvular leaks are already being 

and the inwardly tapered section 422 of the self - expanding performed clinically after heart valve surgery if there are 
frame 416 is formed in an open - cell stent configuration , and 10 additional leaks around the valve . 
each of the sections 62 , 64 is formed in a Z - stent configu- Aortic insufficiency ( AI ) after implantation may also be 
ration . It should be appreciated that in other embodiments corrected . Significant Al has been documented in up to 17 % 
the sections 62 , 64 , 220 , 422 may be formed in a single of patients after transcatheter valve implantation . Except 
configuration , including the open - cell stent configuration , heavy annular calcification , the tricuspid morphology of the 
mesh - like stent configuration , or Z - stent configuration . The 15 current valves and the ovoid shape of the aortic annulus can 
sections 62 , 64 , 220 , 422 may also be formed as a single cause malcoaptation of the valve leaflets causing Al . The 
monolithic component . The outer surfaces 440 of the sec- bicuspid valve nature of the designs discussed herein poten 
tions 62 , 64 are covered with low profile polyester , ePTFE , tially eliminates the problem with malcoaptation and AI 
or other nonporous covering material 442 such that fluid is secondary to that . 
prevented from passing through the surface 440. The outer 20 Structural valve degeneration may also be corrected . 
surface 444 of the section 422 is uncovered such that fluid More specifically , the bicuspid valve design allows for 
is permitted to pass through openings 446 defined in the placement of another transcatheter valve across the first 
surface 444. The uncovered , open cell section 422 is con- device without compromising valvular flow area . 
figured to allow for coronary artery perfusion . The covered Coronary insufficiency may also be corrected . The Cabrol 
sections 62 , 64 serve to stabilize the valve component 412 25 endo - conduits 22 in conjunction with the tapered section 
against the aorta 18 and provide a docking station to 128 of component 14 ensure uninterrupted coronary blood 
ascending aortic extensions or fenestrated / branch arch flow . By first deploying the component 14 , the surgeon will 
grafts . be able to work through the Cabrol conduits 22 and using 
As described above , the outer frame 416 of the dual - frame standard catheters and guidewires to cannulate the right and 

414 is secured to a balloon - expandable inner frame 218 , 30 left coronary arteries . Stents 24 are deployed from the 
which is positioned in the passageway 232 and houses the coronary arteries into the Cabrol conduits 22. Deployment 
valve 32. As described above , the balloon - expandable frame the component 12 or component 212 may be delayed until 
218 is expandable during implantation from an unexpanded coronary blood flow is secured . The tapered design will 
diameter 450 to the expanded diameter ( not shown ) . mitigate the risk of compression of the coronary stents 

To deploy the valve component 412 , a stiff wire is passed 35 between the device 10 and the aortic wall . 
through the aortic valve 202 into the left ventricle 204. The For the transcatheter valves 312 , 412 , paravalvular leaks 
delivery system for the valve component 412 is then passed may also be corrected in that the open cell midsections 360 , 
through the valve 202. When the delivery system is in 422 of the valve allow the cannulation and stenting of the 
position , the valve component 412 is released by unsheath- coronary arteries with potential coil embolization of the leak 
ing the system , thereby permitting expansion of the self- 40 after the protection of the coronary artery if necessary . 
expanding frame 416. The proximal section 220 of the frame Structural valve degeneration in the transcatheter valves 
416 expands into engagement with the aortic annulus 210 , 312 , 412 may be corrected in that the bicuspid valve design 
thereby creating an interference fit between the frame 416 permit for placement of another transcatheter valve across 
and the annulus 210 and stabilizing the valve component the first device without compromising valvular flow area . 
412 in place . As shown in FIG . 21 , the inner frame 218 is 45 The dual frame component may also take the form of 
initially unexpanded within the outer frame 416. The inner other transcatheter valvular replacement devices such as , for 
frame 218 may be deployed by expanding the balloon example , prosthetic mitral and tricuspid valves . The dual 
assembly . Expansion of the balloon - expandable inner frame frame component may also be used to enhance sealing zones 
218 engages the inner frame 218 with the outer frame 416 of endovascular devices to treat abdominal and thoracic 
and compresses the collagen fiber / hydrogel coated proximal 50 aneurysms , and in applications to treat peripheral vascular 
section 220 of the outer frame 416 against the aortic annulus disease . 
210 . It will be appreciated that the devices and methods 
As shown in FIG . 22 , the combined engagement of the described herein have broad applications . The foregoing 

frames 218 , 416 seals the annulus 210 and the paravalvular embodiments were chosen and described in order to illus 
areas , and thus , prevents paravalvular leakage . As such , fluid 55 trate principles of the methods and apparatuses as well as 
is permitted to pass from the left ventricle 204 only through some practical applications . The preceding description 
the valve 32 of the component 412. The openings 446 of the enables others skilled in the art to utilize methods and 
uncovered section 422 of the valve component 412 permit apparatuses in various embodiments and with various modi 
blood flow to the coronary arteries 182 for promote circu- fications as are suited to the particular use contemplated . In 
lation . 60 accordance with the provisions of the patent statutes , the 

It should be appreciated that the design of components 12 , principles and modes of operation of this disclosure have 
14 , 212 and the transcatheter valves 312 , 412 has intention- been explained and illustrated in exemplary embodiments . 
ally taken into account the potential failure modes and It is intended that the scope of the present methods and 
allows for correction of any such failure modes . For apparatuses be defined by the following claims . However , it 
example , with respect to components 12 , 14 , 212 , paraval- 65 must be understood that this disclosure may be practiced 
vular leaks may be corrected . More specifically , with respect otherwise than is specifically explained and illustrated with 
to a paravalvular leak ( type Ia endoleak ) , leakage around the out departing from its spirit or scope . It should be under 
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stood by those skilled in the art that various alternatives to such that fluid is permitted to pass therethrough when 
the embodiments described herein may be employed in the valve assembly is in an uncompressed state , 
practicing the claims without departing from the spirit and wherein an end of the apices of the frame that are most 
scope as defined in the following claims . proximal are uncovered by the fibers and the graft 

The scope of the disclosure should be determined , not 5 covering such that an end of the most proximal apices 
with reference to the above description , but should instead of the frame extends more proximally than a most 
be determined with reference to the appended claims , along proximal one of the plurality of fibers , 
with the full scope of equivalents to which such claims are wherein the plurality of spaced - apart fibers is compressed entitled . It is anticipated and intended that future develop when the heart valve assembly is pressed against native ments will occur in the arts discussed herein , and that the 10 valve leaflets of the aorta to form a seal against the disclosed systems and methods will be incorporated into native valve leaflets and the frame by compression of such future examples . Furthermore , all terms used in the the fibers into the radially extending spacings , 
claims are intended to be given their broadest reasonable 
constructions and their ordinary meanings as understood by wherein the graft covering is engaged with fibers of the 
those skilled in the art unless an explicit indication to the 15 plurality of fibers , 
contrary is made herein . In particular , use of the singular wherein , in operation the heart valve assembly is config 
articles such as “ a , ” “ the , " " said , " etc. should be read to ured to be deployed endovascularly through a femoral 
recite one or more of the indicated elements unless a claim artery of the patient after obtaining access to the 
recites an explicit limitation to the contrary . It is intended femoral artery . 
that the following claims define the scope of the disclosure 20 2. The valve assembly of claim 1 , wherein the frame 
and that the method and apparatus within the scope of these extends distally further than the prosthetic heart valve leaf 
claims and their equivalents be covered thereby . In sum , it lets . 
should be understood that the disclosure is capable of 3. The valve assembly of claim 1 , wherein the frame is a 
modification and variation and is limited only by the fol- singular , integral component . 
lowing claims . 4. The valve assembly of claim 1 , wherein the frame and The invention claimed is : the graft covering are attached by stitching at a top and 1. A transcatheter aortic heart valve assembly comprising : bottom portion of the graft covering . a graft covering engaged with prosthetic heart valve 

leaflets , wherein the graft covering extends about the 5. The valve assembly of claim 1 , wherein the valve 
prosthetic heart valve leaflets for providing sealing 30 assembly is balloon expandable . 
thereto ; 6. The valve assembly of claim 1 , wherein the graft 

a frame formed from a metallic material and defining a covering forms an inner frame for housing the prosthetic 
plurality of continuously extending struts that extend heart valve leaflets . 
through a circumference of the frame , the struts adjoin- 7. The valve assembly of claim 1 , wherein the valve 
ing each other at an inflow end of the frame to form 35 assembly is configured for being received within a catheter 
apices , and the struts cooperatively forming an open that is delivered through the femoral artery of the patient . 
cell configuration , 8. The valve assembly of claim 1 , wherein the fibers are 

wherein the frame is secured to the graft covering , collagen fibers . 
wherein the graft covering is made of a polymer ; and 9. The valve assembly of claim 1 , wherein a row of cells a plurality of fibers in contact with a plurality of rows of 40 distal to the graft covering is uncovered by the graft covering open cells at the inflow end of the frame , and the fibers . 
wherein the fibers are arcuate , spaced - apart , and out 

wardly extending , 10. The valve assembly of claim 1 , further including a 
wherein the fibers are spaced - apart to define spacings in plurality of fibers that extend radially inwardly from the 

frame . a radially extending direction from the outermost 45 
aspect of the fibers to the outer surface of the frame 

25 
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TRANSCATHETER VALVE REPAIR HAVING 
IMPROVED PARAVALVULAR SEAL 

This application is a continuation of U.S. patent applica­
tion Ser. No. 17/096,253 entitled "DEVICE FOR ENDO- 5 

VASCULAR AORTIC REPAIR", which was filed on Nov. 

2 
landing zone at the level of the sinutubular junction, there is 
variable coronary anatomy from patient to patient, and, in 
many cases, there is involvement of the aortic valve with 
either stenosis or insufficiency. Generally speaking, and as 
discussed in the article SURGERY INSIGHT: THE 
DILATED ASCENDING AORTA-INDICATIONS FOR 
SURGICAL INTERVENTION, by James E. Davies and 
Thralf M. Sundt published in Nature Clinical Practice Car­
diovascular Medicine (2007), the contents of which are 
incorporated herein by reference in its entirety, there are 
three basic types of involvement of the ascending aorta, 
designated as Type A, B, or C. These will be discussed in 
further detail below and are shown in FIGS. lA-lC, which 
have been reproduced from the referenced article. 

Type A aneurysms are most commonly found in younger 
patients and patients with connective tissue disorders such as 
Marfan syndrome. The anatomical characteristics of Type A 
aneurysms are dilatation of the sinuses of Valsalva with or 
without dilatation of the aortic annulus. The sinutubular 

12, 2020, which is issuing as U.S. Pat. No. 10,966,846 on 
Apr. 6, 2021, which is a continuation of U.S. patent appli­
cation Ser. No. 17/060,557 entitled "DEVICE FOR ENDO­
VASCULARAORTIC REPAIR", which was filed on Oct. 1, 10 

2020 and issued as U.S. Pat. No. 10,888,441 on Jan. 12, 
2021, which is a continuation of U.S. patent application Ser. 
No. 16/910,189 entitled "DEVICE FOR ENDOVASCU­
LAR AORTIC REPAIR AND METHOD OF USING THE 
SAME", which was filed on Jun. 24, 2020, which is a 15 

continuation of U.S. patent application Ser. No. 16/808,137 
entitled "HEART VALVE REPLACEMENT DEVICE FOR 
ENDOVASCULARAORTIC REPAIR AND METHOD OF 
USING THE SAME", which was filed on Mar. 3, 2020 and 
issued as U.S. Pat. No. 10,792,172 on Oct. 6, 2020, which 
is a continuation of U.S. patent application Ser. No. 16/736, 
879 entitled "DEVICE FOR ENDOVASCULAR AORTIC 
REPAIR AND METHOD OF USING THE SAME", which 
was filed on Jan. 8, 2020, which is a continuation of U.S. 
patent application Ser. No. 16/042,286 entitled "DEVICE 25 

FOR ENDOVASCULAR AORTIC REPAIR AND 

20 junction is most often dilated. The valve could be normal, 
stenotic or insufficient. An example of a Type A aneurysm is 
shown in FIG. lA. 

METHOD OF USING THE SAME", which was filed on Jul. 
23, 2018 and issued as U.S. Pat. No. 10,555,823 on Feb. 11, 
2020, which is a continuation of U.S. patent application Ser. 
No. 14/614,628 entitled "Device for Endovascular Aortic 
Repair and Method of Using the Same", which was filed on 
Feb. 5, 2015 and issued as U.S. Pat. No. 10,028,848 on Jul. 
24, 2018, which is a continuation of U.S. patent application 
Ser. No. 14/569,306 entitled "Device for Endovascular 
Aortic Repair and Method of Using the Same", which was 
filed on Dec. 12, 2014 and issued as U.S. Pat. No. 9,339,399 
on May 17, 2016, which is a divisional of U.S. patent 
application Ser. No. 13/706,896 entitled "Device for Endo­
vascular Aortic Repair and Method of Using the Same", 
which was filed on Dec. 6, 2012 and issued as U.S. Pat. No. 
8,940,040 on Jan. 27, 2015, which claims the benefit under 

The anatomical characteristics of Type B aneurysms are 
dilatation of the tubular portion. Initially the sinutubular 
junction may be normal or mildly dilated, however as the 
aneurysm grows, it stretches the sinutubular junction and 
may eventually lead to aortic insufficiency. The valve could 
be normal, stenotic or insufficient. The bulk of the aneurysm 
is at the level of the tubular aorta. An example of a Type B 

30 aneurysm is shown in FIG. 1B. 
The anatomical characteristics of Type C aneurysms are 

dilatation of the sinuses ofValsalva, sinutubular junction and 
the tubular portion of the aorta. The valve could be normal, 
stenotic or insufficient. Type B and C aneurysms are most 

35 commonly found in an older group of patients. An example 
of a Type C aneurysm is shown in FIG. lC. 

There are devices clinically used for endovascular repair 
of ascending aortic aneurysms. Although transcatheter 
valves are a clinical reality, none in clinical use have been 

40 designed with the purpose of endovascular repair of multiple 
types of ascending aortic aneurysms. Indeed, a device is 
needed that can treat different anatomical variations of 
ascending aortic aneurysms, create effective proximal and 

35 U.S.C. § 119 to U.S. Provisional Application Ser. No. 
61/567,458 entitled "Transcathetar Aortic Valve for Endo­
vascular Aortic Repair", which was filed on Dec. 6, 2011. 
Application Ser. No. 13/706,896 also claims priority under 45 

§ 119 to U.S. Provisional Application Ser. No. 61/723,446 
entitled "Transcathetar Aortic Valve for Endovascular Aortic 
Repair", which was filed on Nov. 7, 2012. Each of the 
applications referenced herein are incorporated by reference 

distal seal zones within the aorta, and have a durable valve 
component, but that also allows for future valve re-inter­
ventions. A device is also needed that would allow for 
treatment of different coronary anatomical variations among 
the patient population, allow future coronary re-interven­
tion, but that also avoids coronary compression, and enables 

in their entirety. 

TECHNICAL FIELD 

The present disclosure relates to a device and method of 
using same for endovascular aortic repair, including repair 
of aortic valve disease, aortic stenosis, ascending aortic 
aneurysms, aortic insufficiency, aortic regurgitation, ascend­
ing aneurysm, bicuspid valve disease, and/or Type A dis­
sections. 

BACKGROUND 

The normal aortic root and the ascending aorta are com­
posed of the aortic annulus, the sinuses of Valsalva, the 
sinutubular junction, and the tubular portion. The challenge 
facing practitioners of endovascular repair of ascending 
aortic aneurysms is that there is a very short proximal 

50 treatment of possible paravalvular leaks. 

SUMMARY 

According to one aspect of the disclosure, an endograft 
55 device for endovascular repair of ascending aortic aneu­

rysms is disclosed. The endograft device includes a first 
prosthetic component that has a proximal frame and a distal 
frame that is secured to the proximal frame and extends to 
a distal end of the first prosthetic component. The endograft 

60 device also includes at least one conduit that is secured to the 
first prosthetic component and that is positioned adjacent to 
the proximal frame, and a second prosthetic component that 
is secured to a proximal end of the first prosthetic compo­
nent. The second prosthetic component includes a balloon-

65 expandable frame extending distally from a proximal end of 
the second prosthetic component and a self-expanding frame 
that is connected to the balloon-expandable frame and 
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extends to a distal end of the second prosthetic component. 
The endograft device also includes a valve element that is 
secured to the balloon-expandable frame at the proximal end 
of the second prosthetic component. 

In some embodiments, the self-expanding frame may 5 

have an hourglass shape. In some embodiments, the self­
expanding frame may include a first section that tapers 
inwardly between a proximal end and a distal end. The 
endograft device may also include a second section having 

4 
inwardly between a proximal end and a distal end, and a 
second section that tapers outwardly between a proximal end 
secured to the distal end of the first section and a distal end. 
A valve element is positioned in the balloon-expandable 
frame at the proximal end of the frame component. 

In some embodiments, the frame component may be a 
dual-frame component. The self-expanding frame may be an 
outer frame of the dual-frame component and may have a 
passageway defined therein. The balloon-expandable frame 
may be an inner frame of the dual-frame component that is 
positioned in the passageway defined in the self-expanding 
frame. Additionally, the balloon-expandable frame may be 
expandable between an unexpanded position in which an 
outer surface of the balloon-expandable frame is spaced 

a proximal end that is secured to the distal end of the first 10 

section. The second section may taper outwardly between 
the proximal end of the second section and a distal end of the 
second section. Additionally, in some embodiments, the 
proximal end of the first section may be connected to a distal 
end of the balloon-expandable frame. 15 apart from an inner surface of the self-expanding frame and 

an expanded position in which the outer surface of the 
balloon-expandable frame is engaged with the inner surface 
of the self-expanding frame. 

In some embodiments, the self-expanding frame may 
include a third section that extends proximally from the 
proximal end of the first section. The third section may have 
a passageway defined therein, and the balloon-expandable 
frame may be positioned in the passageway of the third 20 

section of the self-expanding frame. In some embodiments, 
the balloon-expandable frame may be expandable between 
an unexpanded position in which an outer surface of the 
balloon-expandable frame is spaced apart from an inner 
surface of the self-expanding frame and an expanded posi- 25 

tion in which the outer surface of the balloon-expandable 
frame is engaged with the inner surface of the self-expand­
ing frame. 

In some embodiments, a plurality of fibers may be 
attached to the third section of the self-expanding frame. 30 

When the balloon-expandable frame is in the expanded 
position, the outer surface of the balloon-expandable frame 
may be engaged with the plurality of fibers. 

In some embodiments, the proximal frame of the first 
prosthetic component may have a passageway defined 35 

therein, and the distal end of the second prosthetic compo­
nent may be positioned in the passageway of the first 
prosthetic component. 

In some embodiments, the conduit may include a pair of 
conduits positioned on opposite sides of the first prosthetic 40 

component. Additionally, in some embodiments, the conduit 
may have a proximal opening that is positioned adjacent to 
a proximal end of the first prosthetic component. 

In some embodiments, a plurality of fibers may be 
attached to the self-expanding frame. When the balloon­
expandable frame is in the expanded position, the outer 
surface of the balloon-expandable frame may be engaged 
with the plurality of fibers. Additionally, in some embodi­
ments, an outer surface of the first section of the self-
expanding frame may be uncovered such that fluid is per­
mitted to pass therethrough and an outer surface of the 
second section of the self-expanding frame may be covered 
such that fluid is prevented from passing therethrough. 

In some embodiments, the self-expanding frame may 
include an elongated section extending distally from the 
second section. The elongated section may have a length that 
is greater than a combined length of the first section and the 
second section. Additionally, in some embodiments, the 
self-expanding frame may be covered with at least one of a 
collagen and hydrogel. In some embodiments, the valve 
element may be one of a bicuspid valve and a tricuspid 
valve. 

According to another aspect, a method of repairing a 
patient's aorta is disclosed. The method includes introducing 
a first prosthetic component into the patient's aorta such that 
a proximal frame of the first prosthetic component is posi-
tioned in the ascending aorta and a distal frame of the first 
prosthetic component is positioned in the aortic arch of the 
patient's aorta, advancing a covered stent through a conduit 
defined in the first prosthetic component into a coronary 
artery of the patient's aorta, securing a second prosthetic 
component to a proximal end of the first prosthetic compo­
nent in the patient's aorta, and expanding a proximal section 
of the second prosthetic component into engagement with 

In some embodiments, the proximal frame may include a 
first section secured to the distal end of the second prosthetic 45 

component, and a second section connected to the first 
section. The second section may taper outward between a 
proximal end connected to the first section and a distal end. 
The conduit may have a distal opening defined in the second 
section of the proximal frame. 50 the aortic annulus of the patient's aorta such that a valve 

secured to the proximal section is positioned in the aortic 
annulus proximal to the coronary arteries. 

Additionally, in some embodiments, the endograft device 
may include a stent having a distal end positioned in the 
proximal opening of the at least one conduit and a proximal 
end configured to be positioned in a coronary artery. 

In some embodiments, an outer surface of the second 55 

prosthetic component and an outer surface of the proximal 
frame of the first prosthetic component may be covered such 
that fluid is prevented from passing therethrough. Addition­
ally, an outer surface of the distal frame of the first prosthetic 
component may be uncovered such that is fluid permitted to 60 

pass therethrough. 
According to another aspect, a transcatheter valve is 

disclosed. The transcatheter valve includes a frame compo­
nent having a balloon-expandable frame extending distally 
from a proximal end of the frame component and a self- 65 

expanding frame secured to the balloon-expandable frame. 
The self-expanding frame includes a first section that tapers 

In some embodiments, expanding the proximal section of 
the second prosthetic component may include operating a 
balloon-expandable frame. Additionally, in some embodi­
ments, expanding the proximal section of the second pros-
thetic component may include permitting a self-expanding 
frame to expand into engagement with the aortic annulus, 
and operating the balloon-expandable frame may include 
advancing an outer surface of the balloon-expandable frame 
into engagement with an inner surface of the self-expanding 
frame after the self-expanding frame is engaged with the 
aortic annulus. 

In some embodiments, operating the balloon-expandable 
frame may include advancing an outer surface of the bal­
loon-expandable frame into engagement with the aortic 
annulus. 
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In some embodiments, an outer surface of the second 
prosthetic component and an outer surface of the proximal 
frame of the first prosthetic component may be covered such 
that fluid is prevented from passing therethrough. Addition­
ally, an outer surface of the distal frame of the first prosthetic 5 

component may be uncovered such that is permitted to pass 
therethrough. 

FIG. 17 is an embodiment of a transcatheter valve device 
similar to the proximal prosthetic component of FIG. 3; 

FIGS. 18-19 are partial cutaway views of the aorta with 
the transcatheter valve of FIG. 17 implanted therein; 

FIG. 20 is another embodiment of a transcatheter valve 
device similar to the proximal prosthetic component of FIG. 
8; and 

In some embodiments, introducing the first prosthetic 
component into the patient's aorta and advancing the cov­
ered stent through the conduit defined in the first prosthetic 10 

component into the coronary artery of the patient's aorta 
may be performed during a first surgical procedure. In some 
embodiments, securing the second prosthetic component to 
the proximal end of the first prosthetic component and 
expanding the proximal section of the second prosthetic 15 

component into engagement with the aortic annulus of the 
patient's aorta may be performed during a second surgical 
procedure different from the first surgical procedure. 

FIGS. 21-22 are partial cutaway views of the aorta with 
the transcatheter valve of FIG. 20 implanted therein. 

DETAILED DESCRIPTION OF THE DRAWINGS 

While the concepts of the present disclosure are suscep­
tible to various modifications and alternative forms, specific 
exemplary embodiments thereof have been illustrated by 
way of example in the drawings and will herein be described 
in detail. It should be understood, however, that there is no 
intent to limit the concepts of the present disclosure to the 
particular forms disclosed, but on the contrary, the intention 
is to cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as defined 

In some embodiments, the method may also include 
introducing the second prosthetic component into the 20 

ascending aorta prior to introducing the first prosthetic 
component. by the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the present disclosure will now be 
described by way of example in greater detail with reference 
to the attached figures, in which: 

FIG. 1 is an illustrative aorta; 
FIG. lA is an example of a Type A aneurysm; 
FIG. 1B is an example of a Type B aneurysm; 
FIG. lC is an example of a Type C aneurysm; 
FIG. 2 is partial cutaway view of an aorta with an 

embodiment of an endovascular prosthetic device implanted 
therein; 

FIG. 3 is an elevation view of a proximal prosthetic 
component of the endovascular prosthetic device of FIG. 2; 

FIG. 4 is an elevation view of a distal prosthetic compo­
nent of the endovascular prosthetic device of FIG. 2; 

FIG. 5 is a cross sectional view of the distal prosthetic 
component of FIG. 4 taken along the line 5-5 in FIG. 4; 

FIG. 6 is a partial cutaway view of the aorta with the distal 
prosthetic component of FIG. 3 implanted therein; 

FIG. 7 is a view similar to FIG. 6 showing stents extend­
ing from the distal prosthetic component; 

FIG. 8 is an elevation view of another embodiment of a 
proximal prosthetic component of the endovascular pros­
thetic device of FIG. 2; 

FIG. 9 is an elevation view of a self-expanding outer 
frame of the proximal prosthetic component of FIG. 8; 

FIG. 10 is an elevation view of a balloon-expandable 
inner frame of the proximal prosthetic component of FIG. 8; 

FIG. 11 is a perspective view a proximal end of the 
proximal prosthetic component of FIG. 8; 

Terms representing anatomical references, such as ante­
rior, posterior, medial, lateral, superior, inferior, distal, 

25 proximal, etcetera, may be used throughout the specification 
in reference to the orthopaedic implants and surgical instru­
ments described herein as well as in reference to the 
patient's natural anatomy. Such terms have well-understood 
meanings in both the study of anatomy and the field of 

30 orthopaedics. Use of such anatomical reference terms in the 
written description and claims is intended to be consistent 
with their well-understood meanings unless noted otherwise. 
For example, the term "proximal" refers to the direction that 
is generally closest to the heart, and the term "distal" refers 

35 to the direction that is generally furthest from the heart. 
Referring to FIGS. 2-16, exemplary designs of an endo­

vascular prosthetic device or endograft device 10 (herein­
after device 10) are shown. The device 10 is intended for the 
treatment of most ascending aortic aneurysms and is con-

40 figured to treat any type of ascending aneurysm regardless of 
involvement of the aortic valve and the sinuses ofValsalva. 
As described in greater detail below, the device 10 permits 
future coronary and aortic valve interventions as well as 
extension of a fenestrated/branch graft into the aortic arch. 

45 Part of the device 10 may also be modified and used as a 
transcatheter valve, as described in greater detail below in 
regard to FIGS. 17-22. Such a valve may be introduced 
transfemorally or through the subclavian artery or the apex 
of the heart. 

50 

FIG. 12 is a cross-sectional elevation view of the proximal 55 

prosthetic component of FIG. 8 taken along the line 12-12 

Referring now to FIGS. 2-7, the device 10 includes a 
proximal component 12 that is attached to a distal compo­
nent 14. As shown in FIG. 2, the distal component 14 may 
be secured to the proximal component 12 when implanted 
into a patient's aorta 16. When implanted, the proximal 
component 12 is positioned in the patient's ascending aorta 
18, while the distal component 14 extends distally into the 

in FIG. 11; 
FIG. 13 is a plan view of the proximal prosthetic com­

ponent of FIG. 8 showing the inner frame in an unexpanded 
position; 

FIG. 14 is a plan view similar to FIG. 13 showing the 
inner frame in an expanded position; 

FIG. 15 is a partial cutaway view of the aorta with the 
distal prosthetic component of FIG. 4 secured to the proxi­
mal prosthetic component of FIG. 8; 

FIG. 16 is a view similar to FIG. 15 showing the inner 
frame in an expanded position; 

arch 20 of the patient's aorta 16. The distal component 14 
includes a pair of "Endo-cabrol conduits" or conduits 22, 
and each conduit 22 is sized to receive a catheter or stent 24 

60 for coronary blood flow, as described in greater detail below. 
The device 10 is configured to treat all ascending aneurysms 
with or without dilated sinutubular junctions and aortic 
valve disease. 

As shown in FIG. 3, the proximal component 12 includes 
65 a frame 26 that extends from a proximal end 28 to a distal 

end 30. The frame 26 is attached to a valve 32 (shown in 
phantom), which is positioned at the proximal end 28 of the 
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component 12. In the illustrative embodiment, the valve 32 
8 

an elongated distal section 64. The section 60 includes the 
proximal end 54 of the frame 50 and has a distal end 66 
connected to the proximal end 68 of the outwardly tapered 
middle section 62. The section 60 tapers inwardly between 
the ends 54, 66 from approximately 26 mm at the end 54 to 
approximately 22 mm at the end 66. In the illustrative 
embodiment, the proximal section 60 has a length 70 of 
approximately 10 mm. It should be appreciated that in other 
embodiments the dimensions of the section 60 may vary 

is configured as a bicuspid valve. It should be appreciated 
that in other embodiments the valve 32 may be tricuspid or 
quadracuspid. The valve 32 may be constructed from treated 
bovine pericardium or other suitable proven biological or 5 

synthetic material. When the proximal component 12 is 
implanted into the patient's aorta 16, the valve 32 replaces 
the aortic valve and permits fluid (i.e., blood) to selectively 
pass from the heart and into a passageway 36 extending 
through the proximal component 12. 10 depending on, for example, the patient's anatomy. 

The valve 32 is housed in a balloon-expandable frame 34 
of the frame 26. As shown in FIG. 3, the balloon-expandable 
frame 34 is embodied as a balloon-expandable stent 38 that 
extends distally from the proximal end 28 of the component 
12 and has a length 40 of approximately 15 mm. In other 15 

embodiments, the stent 38 may be longer or shorter depend­
ing on, for example, the patient's anatomy. The stent 38 is 
tubular and is constructed of a metallic material, such as, 
nitinol, stainless steel, or other implant grade metallic mate­
rial, in an open-cell configuration. It should be appreciated 20 

that in other embodiments the stent 38 may be formed from 
a polymeric material and may be formed in, for example, a 
Z-stent configuration. In the illustrative embodiment, the 
outer surface 42 of the stent 38 is covered with low-profile 
polyester, ePTFE, or other nonporous covering material 44 25 

that prevents fluid from passing through the outer surface 42. 
However, it should be appreciated that the stent 38 may be 
covered with standard polyester or other nonporous mate­
rials. 

As shown in FIG. 3, the stent 38 of the balloon-expand- 30 

able frame 34 has a diameter 46. As described in greater 
detail below, the balloon-expandable frame 34 is expandable 
during implantation from an unexpanded diameter (not 
shown) to the expanded diameter 46. In the illustrative 
embodiment, the expanded diameter 46 is equal to approxi- 35 

mately 26 mm when the frame 34 is expanded. In other 
embodiments, the expanded diameter may be greater than or 
less than 26 mm depending on, for example, the patient's 
anatomy. Examples of balloon-expandable stents are 
described in U.S. Pat. No. 5,102,417 entitled "Expandable 40 

Intraluminal Graft, and Method and Apparatus for Implant­
ing an Expandable Intraluminal Graft" by Julio C. Palmaz 
and U.S. Pat. No. 6,582,462 entitled "Valve Prosthesis for 
Implantation in the Body and a Catheter for Implanting Such 
Valve Prosthesis" by Henning Rud Andersen et al., which 45 

are expressly incorporated herein by reference. In the illus­
trative embodiment, the diameter 46 is oversized relative to 
the diameter of the aortic arnmlus 210 (see FIG. 1) such that 
an interference fit is created between the stent 38 and the 
annulus 210 when the component 12 is implanted and the 50 

stent 38 is expanded, as described in greater detail below. 
The balloon-expandable frame 34 is attached to a self­

expanding frame 50. In the illustrative embodiment, the 
distal end 52 of the balloon-expandable frame 34 is secured 

The outwardly tapered middle section 62 of the self­
expanding frame 50 has the proximal end 68 and a distal end 
72 connected to the proximal end 74 of the elongated distal 
section 64. The section 62 tapers outwardly from a diameter 
of approximately 22 mm at the end 68 to a diameter of 
approximately 28 mm at the end 72. In the illustrative 
embodiment, the middle section 62 has a length 76 of 
approximately 10 mm. In other embodiments, the dimen­
sions of the section 62 may vary depending on, for example, 
the patient's anatomy. Among other things, the tapered 
sections 60, 62 of the proximal component 12 permit the 
placement of the stents 24 that extend from the distal 
component 14 to the coronary arteries, as described in 
greater detail below. 

The elongated distal section 64 of the self-expanding 
frame 50 extends distally from the proximal end 74 to the 
distal end 30 of the component 12. In the illustrative 
embodiment, the section 64 has a length 78 that is greater 
than the combined length of the tapered sections 60, 62. In 
one particular non-limiting example, the length 78 of the 
elongated distal section 64 is approximately 25 mm and has 
a diameter 80 of approximately 28 mm. In other embodi­
ments, the dimensions of the section 64 may vary depending 
on, for example, the patient's anatomy. In one exemplary 
embodiment, the distal section 64 may taper between the 
proximal end 74 and the distal end 30. 

As shown in FIG. 3, the proximal section 60 of the 
self-expanding frame 50 is formed in an open-cell stent 
configuration, and the sections 62, 64 are formed in a Z-stent 
configuration. It should be appreciated that in other embodi­
ments the sections 60, 62, 64 may be formed in a single 
configuration, including an open-cell stent configuration or 
Z-stent configuration. The sections 60, 62, 64 may also be 
formed as a single monolithic component. The outer surface 
82 of the self-expanding frame 50 is covered with low 
profile polyester, ePTFE, or other nonporous covering mate-
rial 84 such that fluid is prevented from passing through the 
surface 82. In that way, the entire outer surface of the 
component 12 is covered to prevent fluid from passing 
therethrough. The covering material 84 immediately distal 
to the balloon-expandable frame 34 is equipped with a "trap 
door" 86, which may be opened to permit the passage of one 
or more surgical instruments for embolization of possible 
paravalvular leaks. The entire outer surface of component 12 
may be also covered with low-profile Dacron or other 
synthetic material. It should also be appreciated that all or 
part of the component 12 may be covered with hydro gel or 
other sealing material. 

As described above, the device 10 also includes a distal 

to the proximal end 54 of the frame 50 by stitching or sewing 55 

the frames 34, 50 together, thereby forming the frame 26 of 
the component 12. It should be appreciated that in other 
embodiments the frames 34, 50 may be secured together via 
welding or other fasteners. The frames 34, 50 may also be 
formed as a single, monolithic frame. 

As shown in FIG. 3, the self-expanding frame 50 has a 
generally hourglass shape and is formed from a metallic 
material, such as, nitinol, stainless steel, or other implant 
grade metallic material. It should be appreciated that in other 
embodiments the frame 50 may be formed from a polymeric 65 

material. The frame 50 includes an inwardly tapered proxi­
mal section 60, an outwardly tapered middle section 62, and 

60 component 14, which is secured to the distal end 30 of the 
proximal component 12 when the device 10 is implanted in 
the patient's aorta 16. Referring now to FIG. 4, the distal 
component 14 includes a frame 100 that extends from a 
proximal end 102 configured to be secured to the proximal 
component 12 to a distal end 104. The frame 100 has a 
passageway 106 defined therein, which extends through the 
ends 102, 104 of the component 14. The passageway 106 has 
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a diameter 108 and is sized to receive the distal end 30 of the 
proximal component 12 when the device 10 is assembled. 

In the illustrative embodiment, the components 12, 14 are 
secured together via an interference fit between the frame 
100 and the distal end 30 of the proximal component 12. 5 

Specifically, the diameter 108 of the passageway 106 is less 
than the diameter 80 of the proximal component 12. In the 
illustrative embodiment, the diameter 108 is equal to 
approximately 26 mm. It should be appreciated that in other 
embodiments the components 12, 14 may be secured 10 

together via stitching or other fastening means. 
As shown in FIG. 4, the component 14 includes a proxi­

mal frame 110 that is connected to an elongated distal frame 
112. The proximal frame 110 and the distal frame 112 are 
formed from metallic materials, such as, nitinol, stainless 15 

steel, or other implant grade metallic materials. It should be 
appreciated that in other embodiments the frames 110, 112 
may be formed from a polymeric material. The proximal 
frame 110 is formed in a Z-stent configuration, and the distal 
frame 112 is formed in an open-cell configuration. Each of 20 

the frames 110, 112 is self-expanding. In the illustrative 
embodiment, the distal frame 112 is secured to the distal end 
114 of the proximal frame 110 by stitching or sewing the 
frames 110, 112 together. It should be appreciated that in 
other embodiments the frames 110, 112 may be secured 25 

together via welding or other fasteners. The frames 110, 112 
may also be formed as a single, monolithic frame. 

The proximal frame 110 has an outer surface 120 that is 
covered with low profile polyester, ePTFE, or other nonpo­
rous covering material 122. As a result, fluid is prevented 30 

from passing through the surface 120. The distal frame 112 
is uncovered such that fluid is permitted to pass through the 
openings 124 formed therein. 

As shown in FIG. 4, the proximal frame 110 includes a 
proximal section 126, an outwardly tapered section 128 35 

extending distally from the proximal section 126, and an 
elongated distal section 130. The proximal section 126 
includes the proximal end 102 of the component 14 and has 
a distal end 132 connected to the proximal end 134 of the 
outwardly tapered section 128. In the illustrative embodi- 40 

ment, the proximal section 126 has a length 136 of approxi­
mately 25 mm. It should be appreciated that in other 
embodiments the dimensions of the section 126 may vary 
depending on, for example, the patient's anatomy. 

The tapered section 128 of the frame 110 has the proximal 45 

end 134 and a distal end 140 connected to the proximal end 
142 of the elongated distal section 130. The section 128 
tapers outwardly from a diameter of approximately 26 mm 
at the end 132 to a diameter between approximately 44 mm 
and 48 mm at the end 140. In the illustrative embodiment, 50 

the tapered section 128 has a length 146 of approximately 10 
mm. It should be appreciated that in other embodiments the 
dimensions of the section 128 may vary depending on, for 
example, the patient's anatomy. 

The elongated distal section 130 of the frame 110 extends 55 

distally from the proximal end 142 to the distal end 114 of 
the frame 110. In the illustrative embodiment, the section 
130 has a length 150. In one particular non-limiting 
example, the length 150 of the elongated distal section 130 
is approximately 20 mm. The section 130 also has a diameter 60 

152 of between approximately 44 mm and 48 mm. In other 
embodiments, the dimensions of the section 130 may vary 
depending on, for example, the patient's anatomy. 

As described above, the distal component 14 also includes 
a pair of conduits 22, which are connected to the proximal 65 

frame 110. Each conduit 22 has a distal end 160 secured to 
the tapered section 128 of the frame 110 and a proximal end 

10 
162 positioned adjacent to the proximal end 102 of the 
component 12. As shown in FIG. 4, the conduit 22 does not 
extend beyond the proximal end 102 of the component 12. 
Each conduit 22 has a passageway 164 that extends through 
the ends 160, 162 and is sized to receive a stent 24. 

The passageway 164 has a proximal opening 166 defined 
in the end 162. The opening 166 has a diameter 168 that in 
the exemplary embodiment is equal to approximately 5 mm. 
As shown in FIG. 5, the passageway 164 has a distal opening 
170 that is defined in the end 160 and the tapered section 128 
of the frame 110. The distal opening 170 has a diameter 172 
that is greater than the diameter 168. In the illustrative 
embodiment, the diameter 172 is equal to approximately 8 
mm. The passageway 164 measures approximately 8 mm in 
diameter over a distance 174 of approximately 5 mm and 
tapers smoothly into the approximately 5 mm diameter 168 
at a junction 176. The passageway 164 maintains the diam­
eter 168 between the junction 176 and the proximal opening 
166. In the illustrative embodiment, the passageway 164 has 
a length 180 of approximately 2 cm between the junction 
176 and the proximal opening 166. 

Each conduit 22 is wire reinforced and allows for passage 
of catheters or stents 24 and easier cannulation of the 
coronary ostia, regardless of deployment orientation. This 
configuration allows stenting of the coronary arteries 182 
(see FIG. 1) prior to the deployment of component 12, as 
described in greater detail below. In the illustrative embodi­
ment, the tapered section 128 permits the uncompromised 
passage of stents 24 into the coronary arteries 182 in such a 
way that the stents are not compressed between the sinutu­
bular junction and the device 10 itself. 

As shown in FIG. 4, the elongated distal frame 112 of the 
component 14 extends distally from the distal end 114 of the 
frame 110 to the distal end 104 of the component 14. In the 
illustrative embodiment, the frame 112 has a length 190. In 
one particular non-limiting example, the length 190 of the 
elongated frame 112 is approximately 10 cm, which is 
sufficient to cover the arch 20 of the aorta 18 when 
implanted therein. In other embodiments, the dimensions of 
the frame 112 may vary depending on, for example, the 
patient's anatomy. The distal frame 112 permits the accurate 
deployment of component 14 without compromising the 
circulation to supra-aortic branches. It also allows for can­
nulation of the supra-aortic branches, if placement of a 
fenestrated/branch arch device is necessary. 

To implant the device 10 in the patient's aorta 16, a 
surgeon may obtain open exposure or percutaneous access to 
the common femoral artery. The iliac arteries or an iliac 
conduit may also be used. After obtaining access and placing 
a stiff wire in the ascending aorta 18, the device 10 and the 
delivery system are prepared. In the illustrative embodiment, 
the delivery system is composed of a 100-105 cm hydro­
philic sheath. As shown in FIG. 6, the distal component 14 
is delivered first. After performing a lateral oblique thoracic 
aortogram, the component 14 is deployed such that the distal 
end 114 of the proximal frame 110 is positioned proximal to 
the innominate artery 200, thereby ensuring that the distal 
openings 170 of the conduits 22 are at 12 and 6 o'clock 
positions in relationship to the innominate artery 200. 

Using the contralateral common femoral artery wires, 
standard coronary guide catheters are introduced through the 
distal frame 112 of the component 14 into each conduit 22. 
The conduits 22 may then be cannulated with the catheters 
prior to insertion of the stents 24. Alternatively, the conduits 
22 may be pre-cannulated. Using the catheters, access is 
obtained to the right and left coronary arteries 182. The 
stents 24 are advanced into the passageways 164 through the 
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distal openings 170 and out of the conduits 22 to bridge the 
arteries 182 and the conduits 22, as shown in FIG. 7. In that 
way, each artery 182 is connected to its respective conduit 
22. Each stent 24 is covered and may be embodied as a 
balloon-expandable stent or a self-expanding stent. It should 5 

be appreciated that coronary artery bypasses may be per­
formed to the right and left coronary systems prior to the 
placement of the component 14. 

The proximal component 12 may be deployed after the 
implantation of the distal component 14. The components 10 

12, 14 may be deployed in a single surgical procedure taking 
place on a single day or the component 14 may be deployed 
in one procedure, and the component 12 may be deployed in 
another, separate procedure at a later date. As shown in FIG. 
1, the proximal component 12 is deployed into the position 15 

across the native aortic valve 202. 

12 
ment, the valve 32 is configured as a bicuspid valve. It 
should be appreciated that in other embodiments the valve 
32 may be tricuspid or quadracuspid. The valve 32 may be 
constructed from treated bovine pericardium or other suit­
able proven biological or synthetic material. When the 
proximal component 212 is implanted into the patient's 
aorta 16, the valve 32 replaces the aortic valve and permits 
fluid (i.e., blood) to selectively pass from the heart and into 
a passageway 36 extending through the proximal component 
212. 

The dual-frame 214 of the proximal component 212 
includes a self-expanding outer frame 216 and a balloon­
expandable inner frame 218 that is secured to the self­
expanding outer frame 216 and houses the valve 32. Refer­
ring now to FIG. 9, the self-expanding outer frame 216 has 
a generally hourglass shape and is formed from a metallic 
material, such as, nitinol, stainless steel, or other implant 
grade metallic material. It should be appreciated that in other 
embodiments the outer frame 216 may be formed from a 

20 polymeric material. The outer frame 216 includes an elon­
gated proximal section 220, an inwardly tapered section 222, 
an outwardly tapered middle section 62, and an elongated 
distal section 64. 

To do so, a stiff wire is passed through the aortic valve 202 
into the left ventricle 204. The delivery system for the 
proximal component 12 is passed through the valve 202. An 
example of a delivery system is described in U.S. Pat. No. 
5,102,417 entitled "Expandable Intraluminal Graft, and 
Method and Apparatus for Implanting an Expandable 
Intraluminal Graft" by Julio C. Palmaz, which is incorpo­
rated herein by reference. When the delivery system is in 
position, the proximal component 12 is released by 25 

unsheathing the system, thereby permitting expansion of the 
self-expanding frame 50. As described above, the self­
expanding frame 50 engages the proximal end 102 of the 
distal component 14 to secure the components 12, 14 
together and seal the distal end 30 of the component 12 30 

within the distal component 14. As shown in FIG. 2, the 
proximal end 28 of the proximal component 12 is positioned 
in the aortic annulus, and the hour-glass shape of the 
component 12 provides a space for the native aortic valve 
leaflets such that the leaflets are not pressed against or over 35 

the openings of coronary arteries 182. 
The balloon-expandable frame 34 may be now deployed 

by inflating the balloon within the delivery system. This 
deploys the frame 34 to the predetermined expanded diam­
eter 46 and advances the frame 34 into engagement with the 40 

aortic annulus 210, thereby sealing the aortic annulus 210 
such that fluid is permitted to pass from the left ventricle 204 
only through the valve 32. As shown FIG. 1, the valve 32 is 
positioned in the aortic annulus 210 proximal to the coro­
nary arteries 182. It should be appreciated that the deploy- 45 

ment of the component 12 may be performed during rapid 
ventricular pacing (RVP). In cases with aortic stenosis, the 
valve 32 may be dilated with balloon angioplasty prior to the 
introduction of the proximal component 12. 

Referring now to FIGS. 8-16, another embodiment of a 50 

proximal component 212 of the device 10 is shown. Some 
features of the embodiment illustrated in FIGS. 8-16 are 
substantially similar to those described above in reference to 
the embodiment of FIGS. 1-7. Such features are designated 

The elongated proximal section 220 of the outer frame 
216 includes the proximal end 28 of the component 212 and 
has a distal end 224 connected to a proximal end 226 of the 
inwardly tapered section 222. The proximal section 220 is 
embodied as a tubular stent. It should be appreciated that in 
other embodiments the section 220 may be shaped as a 
prism, cone, or other geometric shape depending on the 
patient's anatomy. 

In the illustrative embodiment, the proximal section 220 
has a length 228 that is equal to approximately 15 mm. The 
proximal section 220 also has a diameter 230 of approxi­
mately 32 mm. It should be appreciated that in other 
embodiments the dimensions of the frame 216 may vary 
according to the anatomy of the patient. In the illustrative 
embodiment, the diameter 230 is oversized relative to the 
diameter of the aortic annulus 210 such that an interference 
fit is created between the proximal section 220 and the 
annulus 210 when the component 212 is implanted, as 
described in greater detail below. As shown in FIG. 9, the 
proximal section 220 defines a passageway 232 in the outer 
frame 216. 

In the illustrative embodiment, collagen fibers 234 are 
attached to the proximal section 220 to aid in preventing 
paravalvular leaks and migration of the proximal component 
212 within the aortic walls. The fibers 234 extend outwardly 
from the proximal section 220 and inwardly into the pas­
sageway 232. As illustrated, the fibers 234 are arcuate. It 
should be appreciated that in other embodiments the outer 
frame 216 may be covered with hydrogel or other sealing 
materials. In other embodiments, a plurality of barbs or 
hooks may be attached to the proximal section 220. The 

in FIGS. 8-16 with the same reference numbers as those 
used in FIGS. 1-7. Similar to the proximal component 12 of 
FIGS. 1-7, the proximal component 212 may be secured to 
the distal component 14 when implanted into a patient's 
aorta 16. When implanted, the proximal component 212 is 
positioned in the patient's ascending aorta 18, while the 
distal component 14 extends distally into the arch 20 of the 
patient's aorta 16. 

55 hooks may be configured to further engage the tissue of the 
aorta and inhibit or prevent migration of the device 10. 

As shown in FIG. 8, the proximal component 212 
includes a dual-frame 214 that extends from a proximal end 

The inwardly tapered section 222 of the outer frame 216 
includes the proximal end 226 and has a distal end 236 
connected to the proximal end 68 of the outwardly tapered 

60 middle section 62. The section 222 tapers inwardly between 
the ends 226, 236 from approximately 32 mm at the end 226 
to approximately 22 mm at the end 236. In the illustrative 
embodiment, the inwardly tapered section 222 has a length 
238 of approximately 10 mm. 

28 to a distal end 30. The frame 214 is attached to a valve 65 The outwardly tapered middle section 62 of the self­
expanding frame 216 has the proximal end 68 and a distal 
end 72 connected to the proximal end 74 of the elongated 

32 (shown in phantom), which is positioned at the proximal 
end 28 of the component 212. In the illustrative embodi-
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distal section 64. The section 62 tapers outwardly from a 
diameter of approximately 22 mm at the end 68 to a diameter 
of approximately 28 mm at the end 72. In the illustrative 
embodiment, the middle section 62 has a length 76 of 
approximately 10 mm. In other embodiments, the dimen- 5 

sions of the section 62 may vary depending on, for example, 
the patient's anatomy. 

The elongated distal section 64 of the self-expanding 
frame 216 extends distally from the proximal end 74 to the 
distal end 30 of the component 212. In the illustrative 10 

embodiment, the section 64 has a length 78 that is greater 
than the combined length of the tapered sections 60, 62. In 
one particular non-limiting example, the length 78 of the 
elongated distal section 64 is approximately 30 mm and has 
a diameter 80 of approximately 34 mm. In other embodi- 15 

ments, the dimensions of the section 64 may vary depending 
on, for example, the patient's anatomy. In one exemplary 
embodiment, the distal section 64 may taper between the 
proximal end 74 and the distal end 30. 

As shown in FIG. 9, the proximal section 220 and the 20 

inwardly tapered section 222 of the self-expanding frame 
216 are formed in an open-cell stent configuration, and the 
sections 62, 64 are formed in a Z-stent configuration. It 
should be appreciated that in other embodiments the sections 
62, 64, 220, 222 may be formed in a single configuration, 25 

including an open-cell stent configuration or Z-stent con­
figuration. The sections 62, 64, 220, 222 may also be formed 

14 
ments, the expanded diameter may be equal to, or greater 
than, the diameter 230 of the proximal section 220 of the 
outer frame 216. In the illustrative embodiment, the 
expanded diameter 252 is oversized relative to the diameter 
of the aortic arnmlus 210 such that an interference fit is 
created between the proximal section 220 and the arnmlus 
210 when the component 212 is implanted, and the inner 
frame 218 is expanded, as described in greater detail below. 

Referring now to FIG. 11, the inner frame 218 of the 
dual-frame component 214 is secured to the outer frame 216 
via a plurality of stitches 260. It should be appreciated that 
in other embodiments soldering, welding or other fasteners 
may be used to secure the inner frame 218 to the outer frame 
216. As shown in FIGS. 11-14, the inner frame 218 and the 
valve component 32 are positioned in the passageway 232 
defined in the self-expanding frame 216. When the inner 
frame 218 is unexpanded, the outer surface 248 of the stent 
244 is spaced apart from the fibers 234 attached to the outer 
frame 216. In the illustrative embodiment, a gap 264 is 
defined therebetween, and the gap 264 has a magnitude of 
about 2 mm to about 3 mm. 

As shown in FIG. 14, the balloon-expandable inner frame 
218 may be expanded in the direction indicated by arrows 
266. As described above, the diameter 230 of the proximal 
section 220 of the outer frame 216 is oversized relative to the 
diameter of the aortic arnmlus 210. As such, when the 
component 212 is implanted, the proximal section 220 is 
reduced to the diameter of the arnmlus 210. Because the 
expanded diameter 252 of the stent 244 is greater than the 
diameter of the arnmlus, the outer surface 248 of the stent 
244 engages the fibers 234 (and hence the inner surface of 
the proximal section 220 of the outer frame 216) through the 
covering material 250. In that way, the gap 264 is closed, and 
the fibers 234 and the covering material 250 create a seal 
between the inner frame 218 and the outer frame 216. 

To implant an endograft device 10 that includes proximal 
component 212 in the patient's aorta 16, a surgeon may 
obtain open exposure or percutaneous access to the common 
femoral artery. The surgeon may then implant the distal 

as a single monolithic component. The outer surface 240 of 
the sections 62, 64, 222 are covered with low profile 
polyester, ePTFE, or other nonporous covering material 242 30 

such that fluid is prevented from passing through the surface 
240. The covering material 242 immediately distal to the 
proximal section 220 is equipped with a "trap door" 86, 
which may be opened to permit the passage of one or more 
surgical instruments for embolization of possible paraval- 35 

vular leaks. The outer surface 240 of the sections 62, 64,222 
may be also covered with low-profile Dacron or other 
synthetic material. It should also be appreciated that all or 
part of the frame 216 may be covered with hydrogel or other 
sealing material. 

As described above, the outer frame 216 of the dual-frame 
214 is secured to a balloon-expandable inner frame 218, 
which is positioned in the passageway 232. As shown in 
FIG. 10, the frame 218 houses the valve 32. The balloon­
expandable frame 218 is embodied as a balloon-expandable 45 

tubular stent 244 that has a length 246 of approximately 15 
mm. In other embodiments, the stent 244 may be longer or 
shorter depending on, for example, the patient's anatomy. 
The stent 244 is tubular and is constructed of a metallic 
material, such as, nitinol, stainless steel, or other implant 
grade metallic material, in an open-cell configuration. It 
should be appreciated that in other embodiments the stent 
244 may be formed from a polymeric material and may be 
formed in, for example, a Z-stent configuration. In the 
illustrative embodiment, the outer surface 248 of the stent 
244 is covered with low-profile polyester, ePTFE, or other 
nonporous covering material 250 that prevents fluid from 
passing through the outer surface 248. However, it should be 
appreciated that the stent 244 may be covered with standard 
polyester, ePTFE or other nonporous materials. 

40 component 14 in the manner described above in regard to 
FIGS. 1-7 and advance the stents 24 into position in the 
arteries 182. The proximal component 212 may be deployed 
after the implantation of the distal component 14. To do so, 

As shown in FIG. 10, the stent 244 of the inner frame 218 
has a diameter 252. As described in greater detail below, the 
balloon-expandable frame 218 is expandable during implan­
tation from an unexpanded diameter (not shown) to the 
expanded diameter 252. In the illustrative embodiment, the 
expanded diameter 252 is equal to approximately 26 mm 
when the inner frame 218 is expanded. In other embodi-

a stiff wire is passed through the aortic valve 202 into the left 
ventricle 204. The delivery system for the proximal com­
ponent 212 is then passed through the valve 202. 

When the delivery system is in position, the proximal 
component 212 is released by unsheathing the system, 
thereby permitting expansion of the self-expanding frame 

50 216. The self-expanding frame 216 engages the proximal 
end 102 of the distal component 14 to secure the components 
212, 14 together and seal the distal end 30 of the component 
212 within the distal component 14. 

When the frame 216 is unsheathed, the proximal section 
55 220 expands into engagement with the aortic arnmlus 210, 

thereby creating an interference fit between the frame 216 
and the annulus 210 and stabilizing the device 10 in place. 
As shown in FIG. 15, the inner frame 218 is initially 
unexpanded within the outer frame 216. The inner frame 218 

60 may be deployed by expanding the balloon assembly. 
Expansion of the balloon-expandable inner frame 218 
engages the inner frame 218 with the outer frame 216 and 
compresses the collagen fiber/hydrogel coated proximal 
section 220 of the outer frame 216 against the aortic arnmlus 

65 210 such that the fibers are flexible. As shown in FIG. 16, the 
combined engagement of the frames 216, 218 seals the 
annulus 210 and the paravalvular areas, and thus, prevents 
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paravalvular leakage. As such, fluid is permitted to pass 
from the left ventricle 204 only through the valve 32 of the 
component 212. As shown FIGS. 15-16, the valve 32 is 
positioned in the aortic annulus 210 proximal to the coro­
nary arteries 182. It should be appreciated that the deploy- 5 

ment of the component 212 may be performed during rapid 
ventricular pacing (RVP). In cases with aortic stenosis, the 
valve 32 may be dilated with balloon angioplasty prior to the 
introduction of the proximal component 212. 

In each of the embodiments described above, the self- 10 

expanding frame portion of proximal components 12, 212 
significantly improves the accuracy and control of the 
deployment of the device 10. The bicuspid configuration of 
the valve 32 serves three distinct purposes, including (1) by 
reducing the number of valve commissures to two, the 15 

profile will be reduced, (2) the valve 32 may conform better 
to the aortic annulus, and (3) when the annulus is asym­
metrical, the incidence of aortic insufficiency may be 
reduced. 

Referring now to FIGS. 17-22, the proximal component 20 

12 or the proximal component 212 may be used as a 
transcatheter valve with slight modification. Such a valve 
may be deployed via a transfemoral or trans-axillary route, 
as will be described in further detail below. 

Referring now to FIGS. 17-19, one embodiment of a 25 

transcatheter valve component 312 is shown. Some features 

16 
than or less than 26 mm depending on, for example, the 
patient's anatomy. In the illustrative embodiment, the diam­
eter 46 is oversized relative to the diameter of the aortic 
annulus 210 such that an interference fit is created between 
the stent 38 and the annulus 210 when the transcatheter 
valve component 312 is implanted. 

The balloon-expandable frame 34 is attached to a self-
expanding frame 350. In the illustrative embodiment, the 
distal end 52 of the balloon-expandable frame 34 is secured 
to the proximal end 54 of the frame 350 by stitching or 
sewing the frames 34, 350 together, thereby forming the 
frame 26 of the transcatheter valve component 312. It should 
be appreciated that in other embodiments the frames 34, 350 
may be secured together via welding or other fasteners. The 
frames 34, 350 may also be formed as a single, monolithic 
frame. 

As shown in FIG. 17, the self-expanding frame 350 has a 
generally hourglass shape and is formed from a metallic 
material, such as, nitinol, stainless steel, or other implant 
grade metallic material. It should be appreciated that in other 
embodiments the frame 350 may be formed from a poly-
meric material. The frame 350 includes an inwardly tapered 
proximal section 360, an outwardly tapered middle section 
62, and an elongated distal section 64. The section 360 
includes the proximal end 54 of the frame 350 and has a 
distal end 66 connected to the proximal end 68 of the 
outwardly tapered middle section 62. The section 360 tapers 
inwardly between the ends 54, 66 from approximately 26 
mm at the end 54 to approximately 22 mm at the end 66. In 

of the embodiment illustrated in FIGS. 17-19 are substan­
tially similar to those described above in reference to the 
proximal component 12 of FIGS. 1-7. Such features are 
designated in FIGS. 17-19 with the same reference numbers 
as those used in FIGS. 1-7. Similar to the proximal com­
ponent 12 of FIGS. 1-7, the transcatheter valve component 
312 includes a frame 26 that extends from a proximal end 28 

30 the illustrative embodiment, the proximal section 360 has a 
length 70 of approximately 15 mm. 

to a distal end 30. The frame 326 is attached to a valve 32 

The outwardly tapered middle section 62 of the self-
expanding frame 350 has the proximal end 68 and a distal 
end 72 connected to the proximal end 74 of the elongated 
distal section 64. The section 62 tapers outwardly from a 
diameter of approximately 22 mm at the end 68 to a diameter 
of approximately 28 mm at the end 72. In the illustrative 
embodiment, the middle section 62 has a length 76 of 
approximately 10 mm. In other embodiments, the dimen-

(shown in phantom), which is positioned at the proximal end 35 

28 of the valve component 312. When the valve component 
312 is implanted into the patient's aorta 16, the valve 32 
replaces the aortic valve and permits fluid (i.e., blood) to 
selectively pass from the heart and into a passageway 36 
extending through the valve component 312. 40 sions of the section 62 may vary depending on, for example, 

the patient's anatomy. The valve 32 is housed in a balloon-expandable frame 34 
of the frame 26. As shown in FIG. 17, the balloon-expand­
able frame 34 is embodied as a balloon-expandable stent 38 
that extends distally from the proximal end 28 of the 
transcatheter valve component 312 and has a length 40 of 45 

approximately 15 mm. In other embodiments, the stent 38 
may be longer or shorter depending on, for example, the 
patient's anatomy. The stent 38 is tubular and is constructed 
of a metallic material, such as, nitinol, stainless steel, or 
other implant grade metallic material, in an open-cell con- 50 

figuration. It should be appreciated that in other embodi­
ments the stent 38 may be formed from a polymeric material 
and may be formed in, for example, a Z-stent configuration. 
In the illustrative embodiment, the outer surface 42 of the 
stent 38 is covered with low-profile polyester, ePTFE, or 55 

other nonporous covering material 44 that prevents fluid 
from passing through the outer surface 42. However, it 
should be appreciated that the stent 38 may be covered with 
standard polyester, ePTFE or other nonporous materials. 

As shown in FIG. 17, the stent 38 of the balloon- 60 

expandable frame 34 has a diameter 46. As described in 
greater detail below, the balloon-expandable frame 34 is 
expandable during implantation from an unexpanded diam­
eter (not shown) to the expanded diameter 46. In the 
illustrative embodiment, the expanded diameter 46 is equal 65 

to approximately 26 mm when the frame 34 is expanded. In 
other embodiments, the expanded diameter may be greater 

The elongated distal section 64 of the self-expanding 
frame 350 extends distally from the proximal end 74 to the 
distal end 30 of the valve component 312. In the illustrative 
embodiment, the section 64 has a length 78 that is greater 
than the combined length of the tapered sections 60, 62. In 
one particular non-limiting example, the length 78 of the 
elongated distal section 64 is approximately 30 mm and has 
a diameter 80 of approximately 34 mm. In other embodi­
ments, the dimensions of the section 64 may vary depending 
on, for example, the patient's anatomy. In one exemplary 
embodiment, the distal section 64 may taper between the 
proximal end 74 and the distal end 30. 

As shown in FIG. 3, the proximal section 360 of the 
self-expanding frame 350 is formed in an open-cell stent 
configuration, and each of the sections 62, 64 is formed in 
a Z-stent configuration. It should be appreciated that in other 
embodiments the sections 360, 62, 64 may be formed in a 
single configuration, including the open-cell stent configu-
ration, mesh-like stent configuration, or Z-stent configura­
tion. The sections 60, 62, 64 may also be formed as a single 
monolithic component. 

As shown in FIG. 17, the outer surface 314 of the 
proximal section 360 of the frame 350 is uncovered such that 
fluid is permitted to pass through the openings 318. The 
outer surface 316 of the sections 62, 64 are covered with low 
profile polyester, ePTFE, or other nonporous covering mate-
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rial 84 such that fluid is prevented from passing through the 
surface 320. The outer surface 320 of the valve component 
312 may also be covered with low-profile Dacron or other 
synthetic material. The uncovered, open cell stent section 
360 is configured to allow for coronary artery perfusion. The 5 

covered sections 62, 64 serve to stabilize the valve compo­
nent 312 against the aorta 18 and provide a docking station 
to ascending aortic extensions or fenestrated/branch arch 
grafts. The covered sections 62, 64 would also permit 
endograft extension of the valve component 312 for suitable 10 

type B aneurysms without dilation of the sinutubular junc­
tion. 

The delivery of the transcatheter valve component 312 
may begin by gaining access to the left ventricle across the 
native aortic valve. An ascending aortogram may be per- 15 

formed to locate the right and left coronary arteries. An over 
the wire introducer system, including a guidewire, is used to 
introduce the valve component 312 into the aorta 18. After 
the guidewire has been placed into the left ventricle 204 via 
the iliofemoral, subclavian, or carotid vessels, the valve 20 

component 312 may be delivered through the common 
femoral artery and passed across the native aortic valve 202. 
After performing an angiogram to delineate the location of 
the coronary arteries 182, the valve component 312 is 
released by unsheathing the delivery system, thereby per- 25 

mitting expansion of the self-expanding frame 350, as 
shown in FIGS. 18-19. 

The balloon-expandable frame 34 may be now deployed 

18 
may be formed from a polymeric material. The outer frame 
416 includes an elongated proximal section 220, an inwardly 
tapered section 422, an outwardly tapered middle section 62, 
and an elongated distal section 64. 

The elongated proximal section 220 of the outer frame 
416 includes the proximal end 28 of the component 412 and 
has a distal end 224 connected to a proximal end 226 of the 
inwardly tapered section 222. The proximal section 220 is 
embodied as a tubular stent. It should be appreciated that in 
other embodiments the section 220 may be shaped as a 
prism, cone, or other geometric shape depending on the 
patient's anatomy. 

In the illustrative embodiment, the proximal section 220 
has a length 228 that is equal to approximately 15 mm. The 
proximal section 220 also has a diameter 230 of approxi­
mately 32 mm. It should be appreciated that in other 
embodiments the dimensions of the frame 416 may vary 
according to the anatomy of the patient. In the illustrative 
embodiment, the diameter 230 is oversized relative to the 
diameter of the aortic annulus 210 such that an interference 
fit is created between the proximal section 220 and the 
annulus 210 when the valve component 412 is implanted, as 
described in greater detail below. As shown in FIG. 9, the 
proximal section 220 defines a passageway 232 in the outer 
frame 416. 

In the illustrative embodiment, collagen fibers 234 are 
attached to the proximal section 220 to aid in preventing 
paravalvular leaks and migration of the valve component by inflating the balloon within the delivery system. This 

deploys the frame 34 to the predetermined expanded diam­
eter 46 and advances the frame 34 into engagement with the 
aortic annulus 210, thereby sealing the aortic annulus 210 
such that fluid is permitted to pass from the left ventricle 204 
only through the valve 32 and the valve 32 is positioned in 
the aortic annulus 210 proximal to the coronary arteries 182, 
as shown in FIGS. 18-19. The openings 318 of the uncov­
ered section 360 of the valve component 312 permit blood 
flow to the coronary arteries 182 for promote circulation. It 
should be appreciated that the deployment of the valve 
component 312 may be performed during rapid ventricular 
pacing (RVP). 

30 412 within the aortic walls. The fibers 234 extend outwardly 
from the proximal section 220 and inwardly into the pas­
sageway 232. It should be appreciated that in other embodi­
ments the outer frame 216 may be covered with hydrogel or 
other sealing materials. In other embodiments, a plurality of 

Referring now to FIGS. 20-22, another embodiment of a 
transcatheter valve component (hereinafter valve component 
412) is shown. Some features of the embodiment illustrated 
in FIGS. 20-22 are substantially similar to those described 
above in reference to the proximal component 212 of FIGS. 
8-16. Such features are designated in FIGS. 20-22 with the 
same reference numbers as those used in FIGS. 8-16. 
Similar to the proximal component 212 of FIGS. 8-16, the 
valve component 412 includes a dual-frame 414 that extends 
from a proximal end 28 to a distal end 30. The frame 414 is 
attached to a valve 32 (shown in phantom), which is 
positioned at the proximal end 28 of the component 412. In 
the illustrative embodiment, the valve 32 is configured as a 
bicuspid valve. When the valve component 412 is implanted 
into the patient's aorta 16, the valve 32 replaces the aortic 
valve and permits fluid (i.e., blood) to selectively pass from 
the heart and into a passageway 36 extending through the 
valve component 412. 

The dual-frame 414 includes a self-expanding outer frame 
416 and a balloon-expandable inner frame 218 that is 
secured to the self-expanding outer frame 416 and houses 
the valve 32. Referring now to FIG. 9, the self-expanding 
outer frame 416 has a generally hourglass shape and is 
formed from a metallic material, such as, nitinol, stainless 
steel, or other implant grade metallic material. It should be 
appreciated that in other embodiments the outer frame 416 

35 barbs or hooks may be attached to the proximal section 220. 
The hooks may be configured to further engage the tissue of 
the aorta and inhibit or prevent migration of the device 10. 

The inwardly tapered section 422 of the outer frame 416 
includes the proximal end 226 and a distal end 236 con-

40 nected to the proximal end 68 of the outwardly tapered 
middle section 62. The section 422 tapers inwardly between 
the ends 226, 236 from approximately 32 mm at the end 226 
to approximately 22 mm at the end 236. In the illustrative 
embodiment, the inwardly tapered section 422 has a length 

45 238 of approximately 10 mm. 
The outwardly tapered middle section 62 of the self­

expanding frame 416 has the proximal end 68 and a distal 
end 72 connected to the proximal end 74 of the elongated 
distal section 64. The section 62 tapers outwardly from a 

50 diameter of approximately 22 mm at the end 68 to a diameter 
of approximately 28 mm at the end 72. In the illustrative 
embodiment, the middle section 62 has a length 76 of 
approximately 10 mm. In other embodiments, the dimen­
sions of the section 62 may vary depending on, for example, 

55 the patient's anatomy. 
The elongated distal section 64 of the self-expanding 

frame 416 extends distally from the proximal end 74 to the 
distal end 30 of the component 412. In the illustrative 
embodiment, the section 64 has a length 78 that is greater 

60 than the combined length of the tapered sections 60, 62. In 
one particular non-limiting example, the length 78 of the 
elongated distal section 64 is approximately 30 mm and has 
a diameter 80 of approximately 34 mm. In other embodi­
ments, the dimensions of the section 64 may vary depending 

65 on, for example, the patient's anatomy. In one exemplary 
embodiment, the distal section 64 may taper between the 
proximal end 74 and the distal end 30. 
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As shown in FIG. 20, each of the proximal section 220 
and the inwardly tapered section 422 of the self-expanding 
frame 416 is formed in an open-cell stent configuration, and 
each of the sections 62, 64 is formed in a Z-stent configu­
ration. It should be appreciated that in other embodiments 5 

the sections 62, 64, 220, 422 may be formed in a single 
configuration, including the open-cell stent configuration, 
mesh-like stent configuration, or Z-stent configuration. The 
sections 62, 64, 220, 422 may also be formed as a single 
monolithic component. The outer surfaces 440 of the sec- 10 

tions 62, 64 are covered with low profile polyester, ePTFE, 
or other nonporous covering material 442 such that fluid is 
prevented from passing through the surface 440. The outer 
surface 444 of the section 422 is uncovered such that fluid 
is permitted to pass through openings 446 defined in the 15 

surface 444. The uncovered, open cell section 422 is con­
figured to allow for coronary artery perfusion. The covered 
sections 62, 64 serve to stabilize the valve component 412 
against the aorta 18 and provide a docking station to 
ascending aortic extensions or fenestrated/branch arch 20 

grafts. 
As described above, the outer frame 416 of the dual-frame 

414 is secured to a balloon-expandable inner frame 218, 
which is positioned in the passageway 232 and houses the 
valve 32. As described above, the balloon-expandable frame 25 

218 is expandable during implantation from an unexpanded 
diameter 450 to the expanded diameter (not shown). As 
shown, the balloon-expandable frame 218 is illustrated as a 
graft covering as indicated by the undulating proximal end 
of inner frame 218, and the graft covering engages the 30 

prosthetic heart valve leaflets of the valve 32. 
To deploy the valve component 412, a stiff wire is passed 

through the aortic valve 202 into the left ventricle 204. The 
delivery system for the valve component 412 is then passed 
through the valve 202. When the delivery system is in 35 

position, the valve component 412 is released by unsheath­
ing the system, thereby permitting expansion of the self­
expanding frame 416. The proximal section 220 of the frame 
416 expands into engagement with the aortic annulus 210, 
thereby creating an interference fit between the frame 416 40 

and the annulus 210 and stabilizing the valve component 
412 in place. As shown in FIG. 21, the inner frame 218 is 
initially unexpanded within the outer frame 416. The inner 
frame 218 may be deployed by expanding the balloon 
assembly. Expansion of the balloon-expandable inner frame 45 

218 engages the inner frame 218 with the outer frame 416 
and compresses the collagen fiber/hydrogel coated proximal 
section 220 of the outer frame 416 against the aortic annulus 
210. 

As shown in FIG. 22, the combined engagement of the 50 

frames 218, 416 seals the annulus 210 and the paravalvular 
areas, and thus, prevents paravalvular leakage. As such, fluid 

20 
would allow access to the entire area above the aortic 
annulus. Since the coronary arteries 182 are protected by the 
conduits 22 in the distal component 14, coil embolization of 
this area would not compromise the coronary blood flow. 
Coil embolization of paravalvular leaks are already being 
performed clinically after heart valve surgery if there are 
additional leaks around the valve. 

Aortic insufficiency (AI) after implantation may also be 
corrected. Significant AI has been documented in up to 17% 
of patients after transcatheter valve implantation. Except 
heavy annular calcification, the tricuspid morphology of the 
current valves and the ovoid shape of the aortic annulus can 
cause malcoaptation of the valve leaflets causing AI. The 
bicuspid valve nature of the designs discussed herein poten­
tially eliminates the problem with malcoaptation and AI 
secondary to that. 

Structural valve degeneration may also be corrected. 
More specifically, the bicuspid valve design allows for 
placement of another transcatheter valve across the first 
device without compromising valvular flow area. 

Coronary insufficiency may also be corrected. The Cabral 
endo-conduits 22 in conjunction with the tapered section 
128 of component 14 ensure uninterrupted coronary blood 
flow. By first deploying the component 14, the surgeon will 
be able to work through the Cabral conduits 22 and using 
standard catheters and guidewires to cannulate the right and 
left coronary arteries. Stents 24 are deployed from the 
coronary arteries into the Cabral conduits 22. Deployment 
the component 12 or component 212 may be delayed until 
coronary blood flow is secured. The tapered design will 
mitigate the risk of compression of the coronary stents 
between the device 10 and the aortic wall. 

For the transcatheter valves 312, 412, paravalvular leaks 
may also be corrected in that the open cell midsections 360, 
422 of the valve allow the cannulation and stenting of the 
coronary arteries with potential coil embolization of the leak 
after the protection of the coronary artery if necessary. 

Structural valve degeneration in the transcatheter valves 
312, 412 may be corrected in that the bicuspid valve design 
permit for placement of another transcatheter valve across 
the first device without compromising valvular flow area. 

The dual frame component may also take the form of 
other transcatheter valvular replacement devices such as, for 
example, prosthetic mitral and tricuspid valves. The dual 
frame component may also be used to enhance sealing zones 
of endovascular devices to treat abdominal and thoracic 
aneurysms, and in applications to treat peripheral vascular 
disease. 

It will be appreciated that the devices and methods 
described herein have broad applications. The foregoing 
embodiments were chosen and described in order to illus­
trate principles of the methods and apparatuses as well as 
some practical applications. The preceding description 

is permitted to pass from the left ventricle 204 only through 
the valve 32 of the component 412. The openings 446 of the 
uncovered section 422 of the valve component 412 permit 
blood flow to the coronary arteries 182 for promote circu­
lation. 

55 enables others skilled in the art to utilize methods and 

It should be appreciated that the design of components 12, 
14, 212 and the transcatheter valves 312, 412 has intention­
ally taken into account the potential failure modes and 60 

allows for correction of any such failure modes. For 
example, with respect to components 12, 14, 212, paraval­
vular leaks may be corrected. More specifically, with respect 
to a paravalvular leak (type Ia endoleak), leakage around the 
valve 32 would act as a type la endoleak. The trapdoors 86 65 

in components 12,312 would allow for coil embolization of 
the area of the leak. Two trapdoors at 180 degree location 

apparatuses in various embodiments and with various modi­
fications as are suited to the particular use contemplated. In 
accordance with the provisions of the patent statutes, the 
principles and modes of operation of this disclosure have 
been explained and illustrated in exemplary embodiments. 

It is intended that the scope of the present methods and 
apparatuses be defined by the following claims. However, it 
must be understood that this disclosure may be practiced 
otherwise than is specifically explained and illustrated with­
out departing from its spirit or scope. It should be under­
stood by those skilled in the art that various alternatives to 
the embodiments described herein may be employed in 
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practicing the claims without departing from the spirit and 
scope as defined in the following claims. 

The scope of the disclosure should be determined, not 
with reference to the above description, but should instead 
be determined with reference to the appended claims, along 5 

with the full scope of equivalents to which such claims are 
entitled. It is anticipated and intended that future develop­
ments will occur in the arts discussed herein, and that the 
disclosed systems and methods will be incorporated into 
such future examples. Furthermore, all terms used in the 10 

claims are intended to be given their broadest reasonable 
constructions and their ordinary meanings as understood by 
those skilled in the art unless an explicit indication to the 
contrary is made herein. In particular, use of the singular 
articles such as "a," "the," "said," etc. should be read to 15 

recite one or more of the indicated elements unless a claim 
recites an explicit limitation to the contrary. It is intended 
that the following claims define the scope of the disclosure 
and that the method and apparatus within the scope of these 
claims and their equivalents be covered thereby. In sum, it 20 

should be understood that the disclosure is capable of 
modification and variation and is limited only by the fol­
lowing claims. 

The invention claimed is: 
1. An endovascularly deployed heart valve assembly 25 

comprising: 
a graft covering for engaging prosthetic heart valve leaf­

lets, wherein the graft covering engages the prosthetic 
heart valve leaflets for providing sealing thereto; 

a frame formed from a metallic material and defining an 30 

open cell configuration and having an inflow end 
portion and an outflow end portion, and being secured 
to the graft covering; and 

a sealing material positioned externally to the frame for 
providing sealing between the frame and a patient's 35 

anatomical wall of the aorta to prevent paravalvular 
leaks, 

wherein the sealing material begins at the inflow end 
portion of the frame and extends over at least two rows 
of cells formed in the open cell configuration of the 40 

frame, 
wherein the sealing material includes a plurality of out­

wardly extending fibers that extend outwardly of the 
frame, 

wherein the fibers are arcuate, 45 

wherein the fibers are flexible such that compression of 
the fibers imparts movement thereto, 

wherein the fibers are in contact with the frame along a 
height of the sealing material, 

wherein the fibers are spaced-apart to define spacings in 50 

a circumferentially extending direction and an axially 
extending direction along an outer surface of the frame, 

wherein the spacings extend radially through a thickness 
of the sealing material beginning at an outermost 
portion of the fibers and extending to the frame, 55 

wherein the heart valve assembly has a radially com­
pressed orientation and a radially expanded orientation, 

wherein the sealing material is configured for being 
pressed against native aortic leaflets of the patient and 
compressing in response thereto, wherein being pressed 60 

against the native aortic leaflets forms a seal against the 
native valve leaflets and the frame by compression of 
the fibers into the spacings to reduce the spacings 
extending to the frame, 

wherein the heart valve assembly is sized and shaped for 65 

being delivered endovascularly through a femoral 
artery of a patient. 

22 
2. The endovascularly deployed heart valve assembly of 

claim 1, wherein the fibers are collagen fibers. 
3. The endovascularly deployed heart valve assembly of 

claim 1, wherein open cells formed in the open cell con­
figuration are of a same shape. 

4. The endovascularly deployed heart valve assembly of 
claim 1, wherein the graft covering, prosthetic leaflets, and 
the sealing material are radially overlapping. 

5. The endovascularly deployed heart valve assembly of 
claim 1, further comprising a second plurality of fibers, the 
second plurality of fibers being spaced-radially inwardly of 
the plurality of fibers, 

wherein, expansion of the graft covering closes a gap 
between the graft covering and the second plurality of 
fibers to thereby create a seal therebetween. 

6. The endovascularly deployed heart valve assembly of 
claim 1, wherein the fibers extend outwardly to different 
positions relative to a centerline run through a longitudinal 
of the heart valve assembly. 

7. The endovascularly deployed heart valve assembly of 
claim 1, wherein the graft covering extends to the inflow end 
portion of the frame, wherein, stitching extending between 
the graft covering and through the frame secures the graft 
covering to the inflow end portion of the frame. 

8. The endovascularly deployed heart valve assembly of 
claim 1, wherein an end of the most proximal apices of the 
frame are uncovered by sealing material and the graft 
covering, 

wherein the end of the most proximal apices of the frame 
extends more proximally than a proximal end of the 
sealing material. 

9. The endovascularly deployed heart valve assembly of 
claim 1, wherein the end of the frame in which sealing 
material begins at the inflow end portion of the frame is 
configured for being radially aligned with the aortic annulus 
when the valve assembly is deployed. 

10. An endovascular prosthetic heart valve assembly for 
use in a patient, comprising: 

a frame formed of a plurality of struts that cooperate to 
form a plurality of cells, 

wherein the frame is radially expandable from a radially 
compressed orientation to a radially expanded orienta­
tion; 

a leaflet assembly within the frame; 
a polymer covering carrying the leaflet assembly and 

positioned radially inwardly of the frame and engaging 
the leaflet assembly; 

a first plurality of fibers that extend away from the frame, 
wherein the first plurality of fibers is configured for being 

pressed against native leaflets of the patient when the 
prosthetic heart valve is endovascularly deployed to the 
radially expanded orientation within a native aortic 
heart valve annulus of the patient; and 

a second plurality of fibers that is positioned inwardly 
from the first plurality of fibers, 

wherein the second plurality of fibers is in direct contact 
with the frame, 

wherein the first plurality of fibers radially overlap the 
second plurality of fibers to cooperatively cover the 
frame, 

wherein the heart valve assembly is sized and shaped for 
being delivered endovascularly through a femoral 
artery of a patient into the aorta, 

wherein the prosthetic heart valve defines a spacing 
extending through a thickness of the first plurality of 
fibers that is created by a distance between fibers 
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thereof and through a thickness of the second plurality 
of fibers created by a distance between fibers thereof 

wherein, compression of the first plurality of fibers and 
the second plurality of fibers in response to expansion 
of _the prosthetic heart valve compresses the first plu- 5 
rahty of fibers and the second plurality of fibers relative 
to the spacing to create a seal thereabout. 

11. The endovascularly deployed heart valve assembly of 
claim 1, wherein the frame is self-expanding. 

12. The valve assembly of claim 10, wherein the frame is 
self-expanding. 

10 

13. The endovascularly deployed heart valve assembly of 
claim 1, wherein the frame defines an hour glass shape. 

14. The valve assembly of claim 10, wherein the frame 
defines an hour glass shape. 

15. The valve assembly of claim 10, wherein the plurality 
of cells are a same shape. 

~6. The endovascularly deployed heart valve assembly of 
claim 1, wherein the frame is integrally formed. 

15 

17. The valve assembly of claim 10, wherein the frame is 
integrally formed. 

20 

18. The endovascularly deployed heart valve assembly of 
claim 1, wherein the fibers define fibers that extend out­
wardly to a tip of each respective fiber. 

19. The valve assembly of claim 10, wherein the first 
plurality of fibers define fibers that extend outwardly to a tip 
of each respective fiber. 

~O. The end~vascularly deployed heart valve assembly of 
claim 1, wherem the graft covering forms an inner frame for 
supporting the prosthetic heart valve leaflets. 

21. An endovascular prosthetic heart valve assembly for 
use in a patient, comprising: 

a frame formed of a plurality of struts that cooperate to 
form a plurality of cells, 

25 

30 

wherein the frame is radially expandable from a radially 35 
compressed orientation to a radially expanded orienta­
tion; 

a leaflet assembly within the frame; 
a polymer covering carrying the leaflet assembly and 

positioned radially inwardly of the frame and engaging 
the leaflet assembly; 

24 
a first layer for forming a seal upon compression, 
the first layer configured for being pressed against native 

leaflets of the patient when the prosthetic heart valve is 
endovascularly deployed to the radially expanded ori­
entation within a native aortic heart valve arnmlus of 
the patient, 

wherein the first layer comprises a plurality of fibers that 
extend away from the frame, wherein the plurality of 
fibers is compressed against the native aortic heart 
valve annulus of the patient; and 

a second layer for forming a seal upon compression, 
wherein the second layer is positioned radially inwardly 

from the first layer, 
wherein the second layer is in direct contact with the 

frame, 
wherein the second layer defines a spacing extending 

through a thickness of the second layer for passage of 
fluid therethrough prior to forming a seal upon com­
pression, 

wherein the heart valve assembly is sized and shaped for 
being delivered endovascularly through a femoral 
artery of a patient into the aorta, 

wherein, compression of the first layer and the second 
layer in response to expansion of the prosthetic heart 
valve compresses the fibers of the first layer relative to 
the spacing to create a paravalvular seal. 

22. The valve assembly of claim 21, wherein the first layer 
and the second layer are distinct layers. 

23. The valve assembly of claim 21, wherein the frame is 
self-expanding. 

24. The valve assembly of claim 21, wherein the frame 
defines an hour glass shape. 

25. The valve assembly of claim 21, wherein the plurality 
of cells are a same shape. 

26. The valve assembly of claim 21, wherein the frame is 
integrally formed. 

27. The valve assembly of claim 21, wherein the fibers of 
the first layer define fibers that extend outwardly to a tip of 
each respective fiber. 

* * * * * 
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Geoffrey Smith

From: Geoffrey Smith
Sent: Wednesday, February 15, 2023 5:45 PM
To: John Sganga; Joshua Stowell; Craig Summers; Christy Lea; Brian Horne; Brian Barnes; 

Mark Vorder-Bruegge, Jr.; Matthew M. Lubozynski; Egan, Brian P.; Anthony D. Raucci, 
Esquire (araucci@mnat.com); Keith_Newburry@edwards.com

Cc: John B. Campbell; Aortic-MS; Poff, Adam; Vrana, Robert
Subject: Aortic Innovations' Patents
Attachments: US11337834.pdf; US11389310.pdf; US11491033.pdf; US11497634.pdf; US11523918.pdf

Dear Counsel, 
 
As you may be aware, Aortic Innovations LLC (“Aortic”) filed a complaint earlier this week against Edwards Lifesciences 
Corporation, Edwards Lifesciences LLC, and Edwards Lifesciences (U.S.) Inc. (collectively “Edwards”) in Delaware (1‐23‐
cv‐00158) alleging infringement of at least one claim of U.S. Patent Nos. 11,337,834 and 11,389,310 by Edwards’ SAPIEN 
3 Ultra and SAPIEN 3 Ultra with Resilia leaflets. As you are aware, our Firm represents Aortic. Aortic has been awarded 
multiple other patents related to its transcatheter aortic valve replacement (“TAVR”) technology, including U.S. Patent 
No. 11,491,033 (“the ’033 Patent”), U.S. Patent No. 11,497,634 (“the ’634 Patent”), and U.S. Patent No. 11,523,918 (“the 
’918 Patent”). Copies of the ʼ033, ’634, and ’918 Patents are attached for your reference. Edwards’ SAPIEN 3 Ultra and 
SAPIEN 3 Ultra with Resilia leaflets practice one or more claims of each of the ʼ033, ’634, and ’918 Patents. Accordingly, 
Edwards may be interested in a license to these patents, particularly for the SAPIEN 3 Ultra and SAPIEN 3 Ultra with 
Resilia leaflets.   
 
We look forward to hearing from you. If you have any questions, or would like to discuss further, please let us know. 
 
Enclosures: U.S. Patent Nos. 11,337,834, 11,389,310, 11,491,033, 11,497,634, and 11,523,918 
 
Regards, 
 
Geoff 

McKool Smith  | Geoffrey Smith 
 

Principal |  Austin |  (512) 692‐8728
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See the 10 stocks

*Stock Advisor returns as of September 17, 2021

Mark Wilterding -- Vice President, Investor Relations

Thanks, Diego. Good afternoon and thank you for joining us everyone. With me
on today's call are Mike Mussallem, Chairman and Chief Executive Officer; and
Scott Ullem, Chief Financial Officer. Just after the close of regular trading,
Edwards Lifesciences released fourth quarter 2020 financial results. During
today's call, Management will discuss those results included in the press release
and accompanying financial schedules and then use the remaining time for Q&A.
Please note that Management will be making forward-looking statements that
are based on estimates, assumptions, and projections. These statements include,
but aren't limited to financial guidance and expectations for longer-term growth
opportunities, regulatory approvals, clinical trials, litigation, reimbursement,
competitive matters, and foreign currency fluctuations. These statements speak
only as of the date when they were made and Edwards does not take --
undertake any obligation to update them after today. Additionally, the
statements involve risks and uncertainties, including but not limited to those
associated with the pandemic that could cause actual results to differ materially.
Information concerning factors that could cause these differences and important
safety information may be found in the press release our 2019 Annual Report on
Form 10-K and Edwards' other SEC filings, all of which are available on the
company's website at edwards.com. Finally, a quick reminder that when using
the terms underlying and adjusted, Management is referring to non-GAAP
financial measures, otherwise they are referring to GAAP results. Reconciliations
between GAAP and non-GAAP numbers mentioned during the call are included
in today's press release.

With that, I'd like to turn the call over to Mike for his comments. Mike?

Michael A. Mussallem -- Chairman and Chief Executive Officer

Thank you, Mark. Before we discuss fourth quarter's results and our expectations
for 2021 and beyond, I want to spend a minute reflecting on 2020. Structural
heart patients were severely impacted beginning in March, experiencing
significant difficulties entering the system, which also had a profound impact on
second quarter procedures and even though healthcare systems adapted to the
challenge, the resurgence of COVID that began late in the year continues to
impact structural heart patients, who need care. Despite unprecedented
challenges throughout the year I'm proud of our team's steadfast dedication to
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challenges throughout the year, I m proud of our team s steadfast dedication to
our patient-focused strategy. We continue to invest in developing solutions that
extend lives, improve the quality of life and offer greater value for the healthcare
system. Along those lines, we celebrated some exciting milestones in 2020 that
directly impacted patients. In TAVR, despite headwinds, more than 100,000
patients benefited from treatment with SAPIEN valves worldwide. In Surgical
Structural Heart, we launched our KONECT aortic valved conduit and Inspiris
became the leading aortic surgical valve worldwide. We've seen early positive
clinical evidence across the TMTT platform, physician feedback is encouraging
and patient outcomes have been distinguished. And in Critical Care, we met the
increased demand for core pressure monitoring products due to the pandemic,

and we're proud that we were able to help over 1 million patients globally with
our monitoring technology.

To support our innovation and growth, we continued to invest in our people and
our infrastructure. During the year when job losses impacted many families
across the globe, Edwards prioritized protecting our employees and we grew our
team to 15,000 worldwide. We continue to make strategic R&D investments that
enabled us to fuel progress and despite this unique environment and
extraordinary prior year growth, underlying sales grew 1% in 2020 to $4.4 billion,
which is a reflection of the life-threatening needs of the patients that Edwards
serves. Looking into 2021, while we expect the pandemic to continue to impact
the global healthcare system, we remain optimistic about the year ahead. As we
indicated at our investor conference, we expect full year sales between $4.9
billion and $5.3 billion representing mid-teens underlying growth on a year-
over-year basis. Based on our year-to-date experience, we expect Q1 sales to be
slightly down sequentially, although in line with the first quarter of last year,
which was largely unaffected by COVID.

Our 2021 guidance continues to assume COVID will stress the global healthcare
system, it leads through the winter months with procedures ramping later in the
year. This expectation assumes that vaccines are effective and widely
administered by mid-year 2021 and hospitals continue to improve their ability to
treat non-COVID patients, who need care for conditions such as aortic stenosis
and even though we expect the COVID impact on sales at the start of the year,
we are continuing to invest now in our innovations that have the tremendous
opportunity to enhance patients' lives and bring significant value to the
healthcare system. We recognize the uncertain impact and timeframe for
recovery from this unique global challenge, but we remain confident that our
patient-focused strategy of continued investment positions us well and even
stronger when the world emerges from the pandemic.

Now turning to our quarterly results consistent with our guidance at our
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Now turning to our quarterly results, consistent with our guidance at our
investor conference last month, fourth quarter sales of $1.2 billion were in line
with the year ago period when Edwards' grew nearly 20% on an underlying basis,
reflecting the strength, even during the ongoing pandemic. Full-year 2020 global
sales -- global TAVR sales of 2.9 billion increased 4% on an underlying basis over
the prior year. 2020 growth reflected increased sales in every region lifted by
greater awareness of the benefits of TAVR therapy and increased adoption of our
leading technologies. Based on the strength of the SAPIEN platform, we retained
our strong leadership position while also maintaining our disciplined price
strategy. In the fourth quarter, global TAVR sales were $776 million, up slightly
from the year ago period. We estimate global TAVR procedure growth was

comparable with our growth and globally, average selling prices were stable.
Although the rollout was somewhat impacted, SAPIEN 3 Ultra now represents
more than two-thirds of our global TAVR sales and physician feedback on ease of
use and improved paravalvular leak performance remains outstanding.

In the U.S., our Q4 TAVR sales were approximately level with the third quarter
and declined in the mid-single digit range versus last year. We estimate overall
Q4 U.S. procedures declined at a comparable rate. Recall that our U.S. TAVR sales
in the year ago period increased nearly 40% driven by the strong PARTNER 3
evidence that led to a third quarter 2019 indication expansion and improved
patient access under an updated TAVR NCD. We expect these factors to resume
lifting treatment rates, as the pandemic subsides. Growth at smaller TAVR
centers, which are providing local access to aortic stenosis patients was more
than offset by declines in larger accounts, where referrals have been disrupted by
the resurgence of COVID. Outside the U.S., in the fourth quarter, we estimated
total TAVR procedures grew in the high single digits on a year-over-year basis
and Edwards growth was comparable. Edwards' underlying TAVR growth in
Europe versus the prior year was in the mid-single digit range. Growth was
driven by continued strong adoption of our SAPIEN platform and was more
pronounced in countries that were more severely impacted by the first wave of
COVID in 2020. Outside of the U.S. and Europe, we continue to see very good
TAVR adoption in the fourth quarter. Sales growth in Japan, Australia, and Korea
were strong, where therapy adoption is still low. In Japan, we continue to
anticipate providing SAPIEN 3 for low-risk patients prior to the end of this year.
In China, which was a minor contributor to Q4 sales, we remain focused on
growing our dedicated clinical support team to assist leading hospitals, as they
build their TAVR programs. In addition to geographic expansion of our TAVR
therapies, we remain focused on indication expansion. We talked at our recent
Investor Conference about our early TAVR trial, which is focused on the
treatment of asymptomatic patients. Enrollment is now two-thirds complete and
we remain optimistic that the trial will be fully enrolled in 2021 Separately we
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we remain optimistic that the trial will be fully enrolled in 2021. Separately, we
continue to plan to initiate an important pivotal trial for moderate aortic stenosis
to determine the optimal time to treat patients, who have this progressive
disease. We believe that some patients may benefit from earlier treatment, when
they have moderate AS rather than risking irreversible damage as the disease
progresses. We're optimistic about the potential of this trial and we anticipate
FDA approval to begin enrollment this year.

In November 2020, we are pleased that the American Heart Association
announced the launch of an initiative, called Target Aortic Stenosis, a quality
improvement program aimed to develop optimal standards of care. The program

features a learning collaborative comprised of experts and volunteers from pilot
hospital locations around the nation. AHA noticed that if left untreated, the
condition worsens and patients with severe aortic stenosis have a survival rate as
low as 50% at two years. Aortic stenosis is also a risk factor for heart failure, a
costly disease projected the cost the US Healthcare System $70 billion in 2030.

In summary, we continue to anticipate 2021 underlying TAVR sales growth in the
15% to 20% range, as we shared at our Investor Conference. We expect
continuing COVID related challenges early in 2021, turning to a more normalized
growth environment in the second half of the year. We remain confident in this
large global opportunity will exceed $7 billion by 2024, which implies a
compounded annual growth rate in the low double-digit range.

Turning to Transcatheter Mitral and Tricuspid Therapies or TMTT, we've made
meaningful progress moving from early stage development to clinical use across
all of our platforms with over 3,000 patients treated to-date. To transform
treatment and unlock the significant long-term growth opportunity, we remain
focused on three key value drivers, a portfolio of differentiated therapies,
positive pivotal trial results to support approvals and adoption and favorable
real-world clinical outcomes. In Europe, PASCAL leaflet repair continues to deliver
excellent results. In Q4, we continued the introduction of PASCAL Ace for mitral
and tricuspid patients and we're pleased with the early real world results and
positive physician feedback regarding its differentiated features and narrower
profile. We plan to make both PASCAL Ace and PASCAL available on a single next
generation platform called the PASCAL Precision System. This new system is
designed to elevate the user experience with enhanced maneuverability,
navigation, and stability enabling improved procedural precision. From a clinical
perspective, in this challenging near-term environment, we are experiencing a
negative impact to clinical trial enrollment. However, our team and research
partners are highly motivated to build on the differentiated data presented in
2020 and expand our body of clinical evidence in this exciting field. We will look
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forward to presenting meaningful follow-up data across our portfolio at medical
meetings later this year.

We progressed in the enrollment of our three CLASP pivotal studies. We also
received approval for use of the Edwards PASCAL Precision System in these
pivotal studies. The company is still expects U.S. approval of PASCAL for patients
with DMR late next year. We continue to enrolling SAPIEN M3 pivotal study and
Circle designed to demonstrate strong safety and efficacy for transcatheter mitral
replacement and we're on track to initiate our first clinical experience with our
next generation EVOQUE Mitral Replacement System. The EVOQUE tricuspid
replacement study, TRISCEND continue to enroll in Q4 and we're on track to

initiate the TRISCEND II randomized pivotal study based on FDA's Breakthrough
pathway designation. We look forward to bringing this important treatment
option to more patients that are in significant need.

Turning to recent news, we commenced CMS for ensuring mitral valve disease
patients have improved access to therapy options through the updated NCD.
This update, which includes coverage with Evidence Development achieves the
balance of patient access with high quality outcomes. Fourth quarter global sales
were $13 million, representing sequential improvement versus Q3. Full year 2020
sales were $42 million. We expect continuing COVID related challenges early in
2021, but we anticipate a ramp up through the rest of the year. We maintain our
beliefs that the total TMTT sales will approximately double in 2021. We continue
to estimate the global TMTT opportunity to reach $3 billion by 2025 with
significant growth beyond. We remain committed to transforming the treatment
of these patients and believe our portfolio strategy positions us well for ultimate
leadership.

In Surgical Structural Heart, full-year 2020 global sales of $762 million decreased
10% on an underlying basis over the prior year, in line of our guidance, with our
guidance of 5% to 15% decline. Fourth quarter sales of $204 million held steady
with Q3 and declined 2% year-over-year on an underlying basis, which was
below our previous expectation for positive growth. Over the course of the
quarter, hospitals experience an influx of COVID patients limiting surgical
procedures. Despite this impact, we are encouraged that the U.S. achieve
positive growth in Q4, driven by adoption of our newest premium technologies.
We remain very encouraged by the steady global adoption of Edwards Premium
RESILIA tissue valves, including the Inspiris aortic surgical valve and the recently
launched KONECT aortic valved conduit. In the fourth quarter, Inspiris valve
utilization grew in all regions, and we continue to add new centers.

Sales in the U.S. are ramping for KONECT, the first preassembled ready to
implant aortic tissue valve conduit for patients who require replacement of the
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implant aortic tissue valve conduit for patients, who require replacement of the
aortic valve, root, and the ascending aorta, which is a critical unmet patient need.
We continue to focus on comprehensive physician training and robust data
collection for the HARPOON Beating Heart Mitral Valve Repair System. We are
seeing favorable patient outcomes with faster surgery and recovery times with
this minimally invasive therapy. The U.S. pivotal trial is now under way and the
first patient was treated in December. In summary, we expect full-year 2021
underlying sales growth in the high single-digit range for surgical structural
heart driven by market adoption of our newest technologies. After a challenging
start, we expect improving year-over-year comparisons, as we progress through
the year. We are excited by our ability to provide innovative surgical treatment

options for more patients and to extend our global leadership in premium
Surgical Structural Heart technologies. We believe the current $1.8 billion
Surgical Structural Heart opportunity will grow mid single digits through 2026.

In Critical Care, full year 2020 global sales of $725 million decreased 3% on an
underlying basis versus the prior year, in line with our guidance of flat to down
5%. Fourth quarter Critical Care sales of $198 million decreased 2% on an
underlying basis, driven by the decline in HemoSphere orders in the U.S., as
hospitals limited their capital spending. Sales of our TruWave disposable
pressure monitoring devices used in the ICU were lifted by the increased COVID
hospitalizations late in the fourth quarter in both the U.S. and Europe. Demand
for our products used in more intense surgeries remains strong, but were more
than offset by the impact of delayed elective procedures. In summary, we expect
full-year 2021 underlying sales growth in the high single-digit range for critical
care. We remain excited about our pipeline of Critical Care innovations, as we
continue to shift our focus to smart recovery technologies designed to help
clinicians make better decisions for their patients.

Now, I'll ask Scott to provide some more detail on the company's financial
results.

Scott B. Ullem -- Corporate Vice President, Chief Financial Officer

Hey, thanks a lot Mike. Today, I'll provide a wrap-up of 2020 including detailed
results from the fourth quarter as well as provide an update on guidance for the
first quarter and full year of 2021. Despite the wave of COVID that began during
the fourth quarter, we are pleased that we were able to achieve our sales
guidance ranges across all product lines. Sales in the fourth quarter were flat
year-over-year on an underlying basis and adjusted earnings per share grew 2%
to $0.50 versus the prior year. GAAP earnings per share was similar at $0.49. For
the full year 2020, sales increased 1% on an underlying basis to $4.4 billion,
adjusted earnings per share was flat at $1.86 and we generated over $700 million
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