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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

EDWARDS LIFESCIENCES AG and )
EDWARDS LIFESCIENCES LLC, )
)
Plaintiffs, )
) C.A. No.
v. )
) DEMAND FOR JURY TRIAL
COREVALVE, INC., )
)
Defendant. )
COMPLAINT

Plaintiffs Edwards Lifesciences AG (“Edwards AG”) and Edwards Lifesciences
LLC (“Edwards LLC”) (collectively, “Plaintiffs”), for their Complaint against Defendant
CoreValve, Inc. (“CoreValve”), allege as follows:

JURISDICTION AND VENUE

1. This action arises under the Patent Laws of the United States, 35 U.S.C.
§ 1 et seq. This Court has jurisdiction over the subject matter of this action based on 28 U.S.C.
§§ 1338(a) and 1331. Venue is proper under 28 U.S.C. §§ 1391(b) and (c) and 1400(b), because
CoreValve resides in this Judicial District.

THE PARTIES

2. Plaintiff Edwards AG is a corporation organized and existing under the
laws of Switzerland and having its principal executive offices in St.-Prex, Switzerland.

3. Plaintiff Edwards LLC is a limited liability company organized and
existing under the laws of the State of Delaware and having its principal executive offices in
Irvine, California.

4. Edwards AG is the assignee of the following United States Patents

covering pioneering percutaneous heart valve products and methods of their use: U.S. Patent
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No. 5,411,552, U.S. Patent No. 6,168,614, and U.S. Patent No. 6,582,462 (collectively,
“Patents”). The Patents disclose and claim, inter alia, collapsible and expandable tissue valve
prostheses and methods for replacing human heart valves using minimally invasive
catheterization procedures.

5. Edwards LLC is the exclusive licensee of the Patents for the field of all
cardiovascular applications.

6. Upon information and belief, Defendant CoreValve is a corporation
organized and existing under the laws of the State of Delaware and having its principal place of
business in Irvine, California.

7. Upon information and belief, CoreValve manufactures in the United States
heart valve prostheses known as the “ReValving” system that infringe the Patents.

8. Upon information and belief, CoreValve has obtained European CE mark
approval for its ReValving heart valve prostheses, and is currently offering its ReValving system
for commercial sale in Europe.

FIRST CAUSE OF ACTION
(For Infringement of the ‘552 Patent)

0. Plaintiffs repeat and reallege the allegations of paragraphs 1 through 8
above.

10. On May 2, 1995, U.S. Patent No. 5,411,552 (““552 Patent”) (Exh. 1
hereto), entitled “Valve Prothesis for Implantation in the Body and a Catheter for Implanting
such Valve Prothesis,” was duly and legally issued to Drs. Henning Rud Andersen, John Michael
Hasenkam, and Lars Lyhne Knudsen. Edwards AG is the assignee, and Edwards LLC is the

exclusive licensee of the ‘552 Patent for the field of all cardiovascular applications. Plaintiffs are
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the owners of all rights, title and interest in and to the 552 Patent, including all rights to recover
for any and all past infringement thereof, in the field of all cardiovascular applications.

11.  Upon information and belief, and in violation of 35 U.S.C. §271,
CoreValve has been and is now infringing the ‘552 Patent by manufacturing, using, importing,
selling, offering to sell and/or supplying heart valve prostheses covered by one or more claims of
the *552 Patent, including without limitation products designated as the ReValving system.

12 CoreValve’s foregoing infringement has been willful and deliberate,
rendering this case exceptional within the meaning of 35 U.S.C. § 285.

13.  Plaintiffs have been damaged and will be irreparably injured by
CoreValve’s continuing infringement, for which Plaintiffs have no adequate remedy at law.
CoreValve’s infringing activities will continue unless enjoined by this Court.

SECOND CAUSE OF ACTION
(For Infringement of the ‘614 Patent)

14.  Plaintiffs repeat and reallege the allegations of paragraphs 1 through 13
above.

15.  On January 2, 2001, U.S. Patent No. 6,168,614 (““614 Patent™) (Exh.2
hereto), entitled “Valve Prosthesis for Implantation in the Body,” was duly and legally issued to
Drs. Henning Rud Andersen, John Michael Hasenkam, and Lars Lyhne Knudsen. Edwards AG
is the assignee, and Edwards LLC is the exclusive licensee of the ‘614 Patent for the field of all
cardiovascular applications. Plaintiffs are the owners of all rights, title and interest in and to the
‘614 Patent, including all rights to recover for any and all past infringement thereof, in the field
of all cardiovascular applications.

16.  Upon information and belief, and in violation of 35 U.S.C. §271,

CoreValve has been and is now infringing the ‘614 Patent by supplying or causing to be supplied
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in or from the United States a component of the invention claimed in the ‘614 Patent, including
without limitation supplying the ReValving system, that is especially made or especially adapted
for use in the invention and not a staple article or commodity of commerce suitable for
substantial noninfringing use, knowing that such component is so made or adapted and intending
that such component will be combined outside of the United States in a manner that would
infringe the *614 Patent if such combination occurred in the United States.

17. CoreValve’s foregoing infringement has been willful and deliberate,
rendering this case exceptional within the meaning of 35 U.S.C. § 285.

18.  Plaintiffs have been damaged and will be irreparably injured by
CoreValve’s continuing infringement, for which Plaintiffs have no adequate remedy at law.
CoreValve’s infringing activities will continue unless enjoined by this Court.

THIRD CAUSE OF ACTION
(For Infringement of the ‘462 Patent)

19.  Plaintiffs repeat and reallege the allegations of paragraphs 1 through 18
above.

20.  On June 24, 2003, U.S. Patent No. 6,582,462 (““462 Patent”) (Exh. 3
hereto), entitled “Valve Prosthesis for Implantation in the Body and a Catheter for Implanting

b

such Valve Prosthesis,” was duly and legally issued to Drs. Henning Rud Andersen, John
Michael Hasenkam, and Lars Lyhne Knudsen. Edwards AG is the assignee, and Edwards LLC
is the exclusive sublicensee of the ‘462 Patent for the field of all cardiovascular applications.
Plaintiffs are the owners of all rights, title and interest in and to the ‘462 Patent, including all

rights to recover for any and all past infringement thereof, in the field of all cardiovascular

applications.
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21.  Upon information and belief, and in violation of 35 U.S.C. §271,
CoreValve has been and is now infringing the ‘462 Patent by manufacturing, using, importing,
selling, offering to sell and/or supplying heart valve prostheses covered by one or more claims of
the ‘462 Patent, including without limitation products designated as the ReValving system.

22, CoreValve’s foregoing infringement has been willful and deliberate,
rendering this case exceptional within the meaning of 35 U.S.C. § 285.

23.  Plamtiffs have been damaged and will be irreparably injured by
CoreValve’s continuing infringement, for which Plaintiffs have no adequate remedy at law.
CoreValve’s infringing activities will continue unless enjoined by this Court.

PRAYER FOR RELIEF

WHEREFORE Plamtiffs demand judgment as follows:

(a) Finding that CoreValve has infringed the ‘552 Patent, the ‘614 Patent and
the ‘462 Patent;

(b) Finding that CoreValve’s infringement has been willful and deliberate;

(©) Preliminarily and permanently enjoining and restraining CoreValve, its
officers, agents, servants, employees and attorneys, all parent, subsidiary and affiliate
corporations and other related business entities, and all other persons or entities acting in concert,
participation or in privity with one or more of them, and their successors and assigns, from
infringing, contributing to the infringement of, or inducing others to infringe the ‘552 Patent, the
‘614 Patent and the ‘462 Patent;

(d Awarding Plaintiffs damages, in an amount to be determined at trial,
together with interest and costs as fixed by the Court;

(e) Awarding Plaintiffs enhanced damages under 35 U.S.C. § 284;
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® Awarding Plaintiffs their reasonable attorneys’ fees and their costs and
disbursements in this action, as provided by 35 U.S.C. § 285; and

(2) Granting Plaintiffs such other and further relief as the Court deems just

and proper.
JURY DEMAND
Plaintiffs demand a trial by jury on all issues so triable in this Complaint.
MORRIS, NICHOLS, ARSHT & TUNNELL LLP
th foh_ /J
B. Blumenfeld #1014)
aryellen Noreika (#3208)
1201 North Market Street
P.O. Box 1347
Wilmington, DE 19899-1347
(302) 658-9200
Attorneys for Plaintiffs
Of Counsel.
John E. Nathan
Michael Beck
PAUL, WEISS, RIFKIND,
WHARTON & GARRISON LLP

1285 Avenue of the Americas
New York, NY 10019
(212) 373-3000

February 12, 2008
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Attorney, Agent, or Firm-—Watson, Cole, Grindle &
Watson

[57] ABSTRACT

A valve prosthesis (9) for implantation in the body by .
use of catheter (11) comprises a stent made from an
expandable cylinder-shaped thread structure (2,3) com-
prising several spaced apices (4). The elastically collaps-
ible valve (4) is mounted on the stent as the commissural
points (5) of the valve (6) are secured to the projecting
apices (4).

The valve prosthesis (9) can be compressed around the
balloon means (13) of the balloon catheter (11) and be
inserted in a channel, for instance in the aorta (10).
When the valve prosthesis is placed correctly the bal-
loon means (13) is inflated thereby expanding the stent
and wedging it against the wall of aorta. The balloon
means, is provided with beads (14) to ensure a steady
fastening of the valve prosthesis on the balloon means
during insertion and expansion. .

The valve prosthesis (9) and the balloon catheter (11)
make it possible to insert a cardiac valve prosthesis
without a surgical operation comprising opening the
thoracic cavity.

8 Claims, 4 Drawing Sheets
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VALVE PROTHESIS FOR IMPLANTATION IN
THE BODY AND A CATHETER FOR
IMPLANTING SUCH VALVE PROTHESIS

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of application Ser.
No. 961,891, filed Jan. 11, 1993, now abandoned.

" BACKGROUND OF THE INVENTION

The present invention relates to a valve prosthesis,
preferably a cardiac valve prosthesis, for implantation
in the body and comprising a collapsible elastical valve
which is mounted on an elastical stent wherein the com-
missural points of the elastical collapsible valve are
mounted on the cylinder surface of the elastical stent.

Valve prostheses of this type are usually implanted in
one of the channels of the body to replace a natural
valve. In the present description the invention will be
explained in connection with an cardiac valve prosthe-
sis for implantation in aorta. However, it will be possi-
ble to use a valve prosthesis according to the invention
in connection with implantation in other channels in the
body by using the same technique as the one used for
implantation of cardiac valve prosthesis. Such an im-
plantation may, e.g., comprise the implantation of:

1. a valve (for instance a cardiac valve) in the veins,
2. a valve in the oesophagus and at the stomach,

3. a valve in the ureter and/or the vesica,

4. a valve in the biliary passages, )

. 5. a valve in the lymphatic system, and

6. a valve in the intestines.

An existing natural valve in the body is traditionally 35
replaced with a valve prosthesis by a surgical implanta- .
tion. However, a surgical implantation is often an exact-
ing operation. Thus, today the implantation of cardiac
valves are solely made by surgical technique where the
thoracic :cavity is opened. The operation calls for the 4
use of a heart and lung machine for external circulation
of the blood as the heart is stopped and opened during
the surgical intervention and the artificial cardiac
valves are subsequently sewed in.

Due to its exacting character, it is impossible to offer
such operation to certain people. For instance, this is
due to the fact that the person is physically weak be-
cause of age or illness. Moreover, the number of heart
and lung machines available at a hospital will be a sub-
stantially limiting factor.

Cardiac valve prostheses that need no surgical inter-
vention are known as there are used for implantation by
means of a technique of catheterization. Examples of
such valve prostheses are described in U.S. Pat. Nos.
3,671,979 and 4,056,854. However, both of these valve
prostheses are connected to means which lead to the
surface of the patient either for a subsequent activation
of the valve or for a subsequent reposition or removal of
the valve prosthesis. With these valve prostheses it is
impossible to make an implantation which makes it 60
possible for the patient to resume a substantially normal
life in the same way as it is possible in connection with
a surgical implantation of a cardiac valve. :

From U.S. Pat. No. 3,755,823 an elastic stent for a
cardiac valve prosthesis is known. However, this valve 65
prosthesis is not designed for implantation in the body
by catheterization. Even though this patent contains no
detailed explanation, the description indicates that this
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valve prosthesis is designed for implantation and sewer-
ing on by a surgical intervention.

Moreover, from U.S. Pat. Nos. 4,856,516 and
4,733,665 different shapes of expandable stents are
known. These stents are made to be expanded by im-
pression of a radially outward force coming from a
balloon catheter or the like. These stents are made to
reinforce the wall when there is a risk that the channel
is closed and/or compressed.

The nearest prior art may be that described in GB-A-
2,056,023. This document discloses an elastic stent as
described by way of introduction. Thus, the stent de-
scribed comprises an elastic collapsible valve mounted
on the cylinder surface of a cylindrical stent. However,
the valve prosthesis including the stent is designated for
mounting through a surgical intervention. Even though
the stent is slightly collapsible, it will not be suited for
implantation by a catheterization procedure.

SUMMARY OF THE INVENTION

It is the object of the present invention to provide a
valve prosthesis of the type mentioned in the introduc-
tory part, which permits implantation without surgical
intervention in the body and by using a catheter tech-
nique known per se and which makes it possible for the
patient to resume a substantially normal life.

This is achieved according to the invention with a
valve prosthesis of the type mentioned in the introduc-
tory part, which is characterized in that the stent is
made from a radially collapsible and re-expandable
cylindrical support means for folding and expanding
together with the collapsible valve for implantation in
the body by means of a technique of catheterization.

The collapsible elastic valve is mounted on the stent
for instance by gluing, welding or by means of a number
of suitable sutures.

If the support means are made from a thread struc-
ture, this can for instance be grate shaped, loop shaped
or helical. This makes it possible to compress the stent
and the collapsible valve mounted thereon for placing
on the insertion catheter. The use of a non-self-expanda-
ble stent may, e.g., be effected by a compression of the
stent around the expansion arrangement of the catheter
which. preferably consists of a balloon. When using a
self-expandable stent, a catheter with an expansion ar-
rangement is not used. In this case the stent is com-
pressed and is inserted into an insertion or protection
cap from which the stent is eliminated after implanta-
tion in order to obtain an expansion due to the stresses
in the compressed support means, which for instance
may be made from plastics or metal. After the compres-
sion the entire outer dimension is relatively small,
which makes it possible to introduce the valve prosthe-
sis through a channel in the body.

When the valve prosthesis is introduced and placed

' correctly, the stent is expanded by self-expansion or by

means of the expansion arrangement until the stent is
given an outer dimension which is slightly larger than
the channel in which it is placed. As the stent is elastic,
a contraction of the stent is prevented once it is ex-
panded. The stiffness in the material of the support
means contributes to maintain the expanded shape of
the stent. After the expansion is made, the expansion .
arrangement of the catheter is contracted and the cathe-
ter can be removed from the channel. The inlet opening
can subsequently be closed and the patient will then be

able to resume a normal life. :
: . Exhibit A, Page 14
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The valve prosthesis according to the invention does
not require-an actual operation but merely a small inter-
vention to optionally expose the body channel, e.g., a
vein, through which the insertion takes place. Thus,
patients for whom' an operation would be associated
with high risk can be offered implantation of, for in-
stance, cardiac valves. After the implantation has taken
place, the after-treatment will advantageously be
shorter than normally, which means fewer hospital days
for the patient. Moreover, it is assumed that it will be
possible to implantate the valve prosthesis under local
anaesthetic.

The valve prosthesis can be used to replace a natural
valve or to establish a new valve function in one of the
channels in the body which do not naturally contain a
valve. For instance this goes for veins (arteries and
veins) on a place without natural valves. The function
of the valve prosthesis is then to ensure that the blood
flows in one direction. only. The valve is meant to be
used in veins in the legs of persons suffering from vari-
cose veins (varices).

In persons having varicose veins the blood flows in a
wrong direction, viz. from the central veins in the cen-
tre of the leg towards the superficial veins. Among
other things, this is due to the changed pressure in the
legs, upright working position and other conditions. A
valve prosthesis according to the invention may easily
be placed in the veins and prevent the flow of the blood
in a wrong direction. _

Also, the valve prosthesis can be used in connection
with diseases, for instance cancerous tumors, where too
much humour is produced. If the humour is able to flow
from the cancerous tumor through several channels, it
is possible to drain the humour in one desired direction
through the channels of the body by an appropriate
placing of the valve prosthesis.

When the valve prosthesis is used as a cardiac valve
prosthesis in the aorta, it is possible to mount it in three
positions, viz., in the descending part of the aorta, in a
position between the coronary arteries and the left ven-
tricle of the heart, or in the aorta in a position immedi-
ately after the mouth of the coronary arteries.

The cardiac valve prosthesis can also be used in other
places than in the aorta. Thus, the valve prosthesis can
be used in the pulmonary artery and/or the right ventri-
cle of the heart for replacing the pulmonary valves.
Likewise, the cardiac valve prosthesis can be used in the
passage between the right auricle of the heart and the
right ventricle of the heart (tricuspidalostium) and the
passage between the left auricle of the heart and the left
ventricle of the heart (mistralostium) for replacing the
tricuspidal valve and the mitral valve, respectively.

Even though the cardiac valve preferably is meant to
be used for patients suffering from aorta insufficiency
and who cannot be offered an open heart surgery, the
valve prosthesis can also be used for patients in connec-
tion with treatment of aorta stenosis. Several of the
patients with dorta stenosis are elderly people who
cannot be offered a surgical cardiac operation. The
patients are offered balloon dilatation of the aorta steno-
sis which may result in an aorta insufficiency as a side
effect of the treatment. .

As to these patients it is possible to insert a valve
prosthesis in the descending or ascending part of the
aorta thoracalis a few days or weeks before the balloon
dilatation. As a result thereof, the left ventricle is pro-
tected against weight if the subsequent balloon dilata-
tion of the stenosis results in aorta insufficiency. In
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certain cases the weight (reflux) on the left ventricle is
reduced by up to approximately 75%.

Furthermore, the stent may be made with a relatively
great height and with a cylinder surface which is closed
by a suitable material. Thus, a vascular prosthesis
known per se is formed wherein the valve is mounted.
This may facilitate the implantation of the valve pros-
thesis, for instance in the arcus aorta. Moreover, the
great surface which abuts the inner wall of the channel
contributes to ensure the securing of the valve prosthe-
sis in the channel. This embodiment is also suitable as
valve prothesis which is inserted in veins. As veins have
relatively thin and weaker walls than arteries, it is desir-
able that the valve prothesis has a greater surface to
distribute the outward pressure which is necessary to
secure the valve prosthesis.

Moreover, the invention relates to a balloon catheter
for implantating a valve prosthesis according to the
invention and comprising a channel for injection of a
fluid for the inflation of the balloon means of the cathe-
ter and an insertion cap wherein the balloon means of
the catheter and a collapsible valve prosthesis mounted
thereon are located during the injection, characterized
in that the balloon means are provided with a profiled
surface which is made to ensure a steady fastening of
the valve prosthesis during the withdrawal of the bal--
loon means from the protection cap and the subsequent
inflation for the expansion of the stent.

Different balloon catheters for implantating cores in
the body are known. For instance, such balloon cathe-
ters are known from U.S. Pat. Nos. 4,856,516, 4,733,665
and 4,796,629 and from DE publication No. 2,246,526.
However, the known balloon catheters have a smooth

-or a slightly wavy surface. The use of such balloon

catheter is disadvantageous for mounting a valve pros-
thesis in a channel having a large flow as for instance
the aorta. A large humour flow is able to displace the
stent on the smooth surface of the balloon and makes an
accurate positioning difficult. This drawback has been
remedied with the balloon catheter according to the
present invention as the profiled surface prevents a
displacement of the valve prosthesis in relation to the
balloon means during introduction and the subsequent
inflation of the balloon means.

In connection with the implantation, any prior art
technique may be used to supervise an accurate intro-
duction and positioning of the valve prosthesis. Thus,
guide wires for the catheter, X-ray supervision, injec-
tion of X-ray traceable liquids, ultrasonic measuring,
etc., may be used.

DESCRIPTION OF THE DRAWINGS

The invention will now be explained in detail with
reference to the accompanying schematical drawing,
wherein

FIG. 1 shows a perspective view of a stent without a
valve,

FIG. 2 is a perspective view of a valve prosthesis
according to the invention made from the stent shown
in FIG. 1 having a biological valve mounted thereon,

FIG. 3 is a partial view through the aorta illustrating
a partially inflated balloon catheter,

- FIG. 4 is a cross section through the embodiment
shown in FIG. 9,

FIG. 5-7 are views illustrating the introduction and

implantation of a valve prosthesis of the invention in the
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FIG. 8-10 are views illustrating three possible posi-
tions of a cardiac valve prosthesis, and

FIG. 11-12 are perspective views illustrating two
further embodiments of a valve prosthesis having a
closed cylindrical wall. 5

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a stent 1 made by support means in the
form of two 0.55 mm surgical stainless steel wires 2,3. 10
The wires are folded in 15 loops. Three loops 4 are 14
mm in height and are intended to secure the commis-
sural points 5 (see FIG. 2) from a biological cardiac
valve 6 which is mounted in the stent 1. The remaining
loops have a height of 8 mm. These loops form circum- 15
ferentially expandable sections 25 between the commis-
sural points 5 forming commissural supports. Each of
the two folded wires 2,3 is bent to form rings 7,8 which
are closed by welding the ends. The two rings are
placed on top of each other as will appear from FIG. 1 20
and they are mutually secured by means of a2 number of
sutures (not shown). The lower ring is circumferentially
expandable at least along sections thereof which corre-
spond to the circumferentially expandable sections 25.
By using a substantially cylindrical thread structure 25
with projecting apices, a reduction in weight is obtained
as compared to a stent which is exclusively cylindrical
with the same loop heights for all the loops.

The biological valve 6 was removed from a slaugh-
tered pig of 100 kg. The vaive was cleaned before 30
mounting in the stent 1. The cleaned valve has an outer
diameter of 25-27 mm and the height of the three com-
missural points 5 is 8 mm. The valve 6 is mounted in the
stent by means of a suitable number of sutures to form
the cardiac valve prosthesis 9 shown in FIG. 2. The 35
valve prosthesis produced is used for performing tests in
pigs by implantation of cardiac valve prosthesis. How-
ever, the cardiac valve prosthesis for use in human
beings has a corresponding form.

FIG. 3 shows a partial view through the aorta 10. A 40
balloon catheter 11 is introduced in the aorta according
to the direction of an arrow 12. In the Figure shown the
balloon means 13 of the balloon catheter is led out of the
protection cap 11A and is partly inflated through a fluid
channel 15, which is led to the surface of the patient. 45
The balloon means 13 constitutes a tri-sectional balloon
upon which the cardiac valve prosthesis is placed. In
the form shown, the cardiac valve prosthesis is ex-
panded exactly to be in contact with the aorta 10. The
balloon means 13 is provided with three projecting 50
beads 14 which are engaged with the one side of the
cardiac valve prosthesis 9. The blood flowing through
the aorta according to the direction of an arrow 16 will
thus cause the cardiac valve prosthesis 9 to abut on the
beads 14 and the valve cannot be displaced in relation to 55
the balloon means 13. Moreover, the balloon catheter
used comprises a central channel 17 to receive a guide
wire 18 which is used in a way known per se for super-
vising the introduction of the catheter through fluoro-
scopi. In the shown embodiment beads 14 are only used 60
at one side of the valve prosthesis, but, however, it will -
often be desirable to use the beads in pairs placed along
lines parallel to the longitudinal axes 19 through the
balloon means 13. In this case the spacing of the pair of
beads 14 will correspond to the height of the loops of 65
the stent. This makes it possible to make an effective
fastening of a valve prosthesis on balloon means. More-
over, the fastening on the balloon means may be pro-

vided by using balloon means with an indentation in the
surface (not shown).

FIG. 4 shows a cross section through the embodi-
ment shown in FIG. 3 illustrating the placing of the
beads 14 on the tri-sectional balloon means 13.

A balloon catheter of the above-described type
which was used in tests of implantating the cardiac
valve prosthesis 9 in pigs had the following dimensions.
Each of the three balloons was 60 mm in length and 15
mm in diameter. The total diameter for the three in-
flated balloons was 31 mm and in the balloon catheter
used two beads 14 having a height of 3 mm were
mounted on each side of the three balloons. The beads
had a spacing of 15 mm. The protection cap 11A of the
balloon catheter had an outer diameter of 13.6 mm and
an inner diameter of 12.5 mm and a length of 75 cm. The
balloon catheter was provided with a standard guide
wire having a diameter of 0.9 mm and a length of 300
cm.
FIGS. 5-7 show the valve prosthesis 9 at different
steps in introducing and implantating in the aorta 10 by
means of the catheter 11 having the inflatable balloon
means 13. The cardiac valve prosthesis 9 is initially
placed above the deflated balloon means 13 and com-
pressed manually around the balloon means (FIG. 5),
whereafter the outer diameter for the valve prosthesis is
approximately 10 mm. After the introduction and posi-
tioning, the balloon means 13 is inflated (FIG. 6),
thereby contributing an outer dimension of approxi-
mately 30 mm to the cardiac valve prosthesis. To obtain
an effective fastening in the aorta, the outer dimension
of the cardiac valve prosthesis is greater than the diame-
ter of the aorta. This means that the prosthesis is tight
against the inner wall of the aorta with a pressure which
is sufficiently large to counteract a detachment due to
the flow of the blood. The balloon catheter 11 may
subsequently be removed from the aorta 10 (FIG. 7).
Due to the stiffness of the metal the valve prosthesis
will prevent a contraction. However, smaller contrac-
tions may occur (<10% diameter reduction) after the
deflation and removal of the balloon catheter 13. When
the valve prosthesis is mounted as shown in FIG. 7, the
patient will be able to resume a substantially normal life
after a few days.

FIGS. 8-10 show the positioning of the valve pros-
thesis 9 as cardiac valve prosthesis in the aorta 10 in
three different positions, i.e., in a position between the
coronary arteries 20 and the left ventricle of the heart
21 (FIG. 8), in a position immediately after the mouth of
the coronary arteries in the ascending part of the aorta
(FIG. 9), and in a position in the descending part of the
aorta 10. The positioning of the valve prosthesis is
chosen in accordance with the diagnosis of the illness of
the patient. By placing the cardiac valve prosthesis as
shown in FIG. 8, there is a risk of detachment and/or
covering the mouth of the coronary arteries, and there-
fore it is preferred to use a higher stent which, for in-
stance, comprises several rings 7,8 placed on top of each
other. This allows a fixation of the prosthesis at a place -
after the mouth of coronary arteries even though the
valve itself is in the position between the coronary ar-
teries and the left ventricle. FIGS. 8 and 9 show how a
contrast medium 23 is injected by means of a so-cailed
pigtail catheter for registration of the tightness of the
implantated valve prosthesis 9.

A specific embodiment for a valve prosthesis and a
balloon catheter for implantating the valve prosthesis
has been explained above. However, it is obvious that it
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is possible to modify the valve prosthesis depending on

the desired use, and moreover, it is possible to modify .

the catheter used in the implantation. Thus, the stent of
the valve prosthesis may be made solely of one closed
ring folded in @ number of loops or with three or more
mutually secured loop-shaped rings placed on top of
each other. Moreover, it is possible to make the stent
having a thread structure which instead of loops is grate
shaped, helical or is formed otherwise if only it is en-
sured that the form of the stent permits the compression
and expansion of the stent and fastening of the collaps-
ible valve. Instead of a biological valve it might be
possible to use other collapsible valves, such as valves
made from synthetic materials, e.g., polyurethane. It is
also possible to use valves with more or fewer flaps than
three.

It is possible to make the valve prosthesis with a
closed cylinder surface as illustrated in FIGS. 11 and
12. In both Figures the support means of the valve
prosthesis is made of an elongated tubular means 24
having a closed cylinder surface. This valve prosthesis
is intended to expand by self-expansion or by means of
a catheter according to the invention. This prosthesis is
especially suitable for placing in veins and other chan-
nels where only a small pressure is exerted against he
wall of the channel. In FIG. 11 the valve 6 is mounted
at the end of the tubular means 24. In FIG. 12 an em-
bodiment is shown where the valve 6 is mounted in a
central position in the tubular means 24.

" An explanation of a method of implantating a valve
prosthesis according to the invention is given below:

a valve prosthesis 9 made of a stent 1 and a collapsible
valve 6, as described above, is placed on a deflated
balloon means and is- manually compressed
thereon, .

the balloon means 13 and the valve prosthesis are
drawn into an insertion cover 11A,

a guide wire 18 is inserted into the left ventricle of the
heart through the central opening 17 of the balloon
catheter under continuous fluoroscopi,

the insertion cover 11A conveys the guide wire 18 to
a point in the channe] in the immediate vicinity of
the desired position of the valve prosthesis,

the balloon means 13 is pushed out of the protection
cap 11A and the valve prosthesis is positioned in
the desired position if necessary by use of further
registration means to ensure .an accurate position-
ing, .

the balloon means 13 is inflated with a certain over-
stretching of the channel,

the balloon means 13 is deflatated, and

the balloon means 13, the guide wire 18 and the pro-
tection cap 11A are drawn out and the opening in
the channel, if any, wherein the valve prosthesis is
inserted can be closed.

We claim:

1. A valve prosthesis for implantation in a body chan-

nel, the valve prosthesis comprising a collapsible elasti-
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elastical valve having a plurality of commissura! points,
wherein the stent comprises: -

cylindrical support means' which is radially collaps-

ible for introduction within the body channel and
which has a plurality of circumferentially-expanda-
ble sections such that the cylindrical support means -
is radially expandable for being secured within the
body channel; and

a plurality of commissural supports projecting from

one side of the cylindrical support means in a direc-
tion generally parallel to the longitudinal axis
thereof for supporting the commissural points of
the collapsible valve, at least one circumferentially-
expandable section of the cylindrical support
means lying between each of the commissural sup-
ports, such that the collapsible valve may be col-
lapsed and expanded together with the cylindrical
support means for implantation in the body channel
by means of a technique of catheterization.

2. A valve prosthesis according to claim 1, wherein
the cylindrical support means is made of a thread struc-
ture. .

3. A valve prosthesis according to claim 2, wherein
the thread structure comprises several spaced apices
projecting from the one side of the cylindrical structure
and in a direction along the longitudinal axis of the
cylinder and that the commissural points of the valve
are attached to the projecting apices.

4. A valve prosthesis according to claim 3, wherein
the elastically collapsible valve is a biological trilobate
valve.

5. A valve prosthesis to claim 4, wherein the stent is
made from a stainless steel wire folded in a number of
loops and bent into a circle and welded to form a closed
ring, wherein the stent comprises two or more such
closed rings which are mutually connected end to end -
to form the cylindrical thread structure, and wherein
three of the loops in a ring at an end of said stent are
folded with a greater height than the remaining loops to
form the apices to which the commissural points of the
biological valve are attached.

6. A valve prosthesis according to claim 5, wherein
each of the rings of the stent is made from a wire having
a diameter of 0.55 mm and a loop height of approxi-.
mately 8 mm and approximately 14 mm for the three
greater loops, and wherein the cylindrical thread struc-
ture produced and the collapsible valve mounted
thereon in a folded state have an outer diameter of
approximately 10 mm and in expanded state an outer
diameter of approximately 30 mm,

7. A valve prosthesis according to claim 5, wherein
the stent is made to be fixed through the expansion at
one point in the channel wherein the valve prosthesis is .
inserted, which point is different from the point where
the valve is mounted in the stent.

8. A valve prosthesis according to claim 1, wherein
the cylinder surface of the support means is closed to

form a tubular element.
* ® . & * X
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D)) ABSTRACT

A valve prosthesis (9) for implantation in the body by use of
catheter (11) comprises a stent made from an expandable
cylinder-shaped thread structure (2,3) comprising several
spaced apices (4). The elastically collapsible valve (6) is
mounted on the stent as the commissural points (5) of the
valve (6) is secured to the projecting apices (4).

The valve prosthesis (9) can be compressed around the
balloon means (13) of the balloon catheter (11) and be
inserted in a channel, for instance in the aorta (10). When the
valve prosthesis is placed correctly the balloon means (13)
is inflated thereby expanding the stent and wedging it
against the wall of the aorta. The balloon means is provided
with beads (14) to ensure a steady fastening of the valve
prosthesis on the balloon means during insertion and expan-
sion.

The valve prosthesis (9) and the balloon catheter (11) make
it possible to insert a cardiac valve prosthesis without a
surgical operation comprising opening the thoracic cavity.

25 Claims, 4 Drawing Sheets
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1

VALVE PROSTHESIS FOR IMPLANTATION
IN THE BODY

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of application Ser. No.
08/955,228 filed Oct. 21, 1997, now abandoned, which is a
division of application Ser. No. 08/801,036 filed Feb. 19,
1997, now U.S. Pat. No. 5,840,081, which is a continuation
of application Ser. No. 08/352,127, filed Dec. 1, 1994, now
abandoned, which is a divisional of Ser. No. 08/261,235,
filed Jun. 14, 1994, now U.S. Pat. No. 5,411,552 which is a
371 of PCT/DK91/00134 filed Mar. 16, 1991.

BACKGROUND OF THE INVENTION

The present invention relates to a valve prosthesis, pref-
erably a cardiac valve prosthesis, for implantation in the
body and comprising a collapsible elastic valve which is
mounted on an elastic stent wherein the commissural points
of the elastic collapsible valve are mounted on the cylinder
surface of the elastic stent.

Valve prostheses of this type are usually implanted in one
of the channels of the body to replace a natural valve. In the
present description the invention will be explained in con-
nection with a cardiac valve prosthesis for implantation in
aorta. However, it will be possible to use a valve prosthesis
according to the invention in connection with implantation
in other channels in the body by using the same technique as
the one used for implantation of cardiac valve prosthesis.
Such an implantation may, e.g., comprise the implantation
of:

1. a valve (for instance a cardiac valve) in the veins,

2. a valve in the esophagus and at the stomach,

3. a valve in the ureter and/or the vesica,

4. a valve in the biliary passages,

5. a valve in the lymphatic system, and

6. a valve in the intestines.

An existing natural valve in the body is traditionally
replaced with a valve prosthesis by a surgical implantation.
However, a surgical implantation is often an exacting opera-
tion. Thus, today the implantation of cardiac valves are
solely made by surgical technique where the thoracic cavity
is opened. The operation calls for the use of a heart and lung
machine for external circulation of the blood as the heart is
stopped and opened during the surgical intervention and the
artificial cardiac valves are subsequently sewed in.

Due to its exacting character, it is impossible to offer such
operation to certain people. For instance, this is due to the
fact that the person is physically weak because of age or
illness. Moreover, the number of heart and lung machines
available at a hospital will be a substantially limiting factor.

Cardiac valve prostheses that need no surgical interven-
tion are known as there are used for implantation by means
of a technique of catheterization. Examples of such valve
prostheses are described in U.S. Pat. Nos. 3,671,979 and
4,056,854. However, both of these valve prostheses are
connected to means which lead to the surface of the patient
either for a subsequent activation of the valve or for a
subsequent reposition or removal of the valve prosthesis.
With these valve prostheses it is impossible to make an
implantation which makes it possible for the patient to
resume a substantially normal life in the same way as it is
possible in connection with a surgical implantation of a
cardiac valve.

From U.S. Pat. No. 3,755,823 an elastic stent for a cardiac
valve prosthesis is known. However, this valve prostheses is
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not designed for implantation in the body by catheterization.
Even though this patent contains no detailed explanation, the
description indicates that this valve prosthesis is designed
for implantation and sewing on by a surgical intervention.

Moreover, from U.S. Pat. Nos. 4,856,516 and 4,733,665
different shapes of expandable stents are known. These
stents are made to be expanded by impression of a radially
outward force coming from a balloon catheter or the like.
These stents are made to reinforce the wall when there is a
risk that the channel is closed and/or compressed.

The nearest prior art may be that the described in GB-A-
2,056,023. This document discloses an elastic stent as
described by way of introduction. Thus, the stent described
comprises an elastic collapsible valve mounted on the cyl-
inder surface of a cylindrical stent. However, the valve
prosthesis including the stent is designated for mounting
through a surgical intervention. Even though the stent is
slightly collapsible, it will not be suited for implantation by
a catheterization procedure.

SUMMARY OF THE INVENTION

It is the object of the present invention to provide a valve
prosthesis of the type mentioned in the introductory part,
which permits implantation without surgical intervention in
the body and by using a catheter technique known per se and
which makes it possible for the patient to resume a substan-
tially normal life.

This is achieved according to the invention with a valve
prosthesis of the type mentioned in the introductory part,
which is characterized in that the stent is made from a
radially collapsible and re-expandable cylindrical support
means for folding and expanding together with the collaps-
ible valve for implantation in the body by means of a
technique of catheterization.

The collapsible elastic valve is mounted on the stent for
instance by gluing, welding or by means of a number of
suitable sutures.

If the support means are made from a thread structure, this
can for instance be grate shaped, loop shaped or helical .
This makes it possible to compress the stent and the col-
lapsible valve mounted thereon for placing on the insertion
catheter. The use of a non-self-cxpandable stent may, e.g., be
effected by a compression of the stent around the expansion
arrangement of the catheter which preferably consists of a
balloon. When using a self-expandable stent, a catheter with
an expansion arrangement is not used. In this case the stent
is compressed and is inserted into an insertion or protection
cap from which the stent is eliminated after implantation in
order to obtain an expansion due to the stresses in the
compressed support means, which for instance may be made
from plastics or metal. After the compression the entire outer
dimension is relatively small, which makes it possible to
introduce the valve prostheses through a channel in the body.

When the valve prosthesis is introduced and placed
correctly, the stent is expanded by self-expansion or by
means of the expansion arrangement until the stent is given
an outer dimension which is slightly larger than the channel
in which it is placed. As the stent is elastic, a contraction of
the stent is prevented once it is expanded. The stiffness in the
material of the support means contributes to maintain the
expanded shape of the stent. After the expansion is made, the
expansion arrangement of the catheter is contracted and the
catheter can be removed from the channel. The inlet opening
can subsequently be closed and the patient will then be able
to resume a normal life.

The valve prosthesis according to the invention does not
require an actual operation but merely a small intervention
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to optionally expose the body channel, e.g., a vein, through
which the insertion takes place. Thus, patients for whom an
operation would be associated with high risk can be offered
implantation of, for instance, cardiac valves. After the
implantation has taken place, the after-treatment will advan-
tageously be shorter than normal, which means fewer hos-
pital days for the patient. Moreover, it is assumed that it will
be possible to implant the valve prosthesis under local
anaesthetic.

The valve prosthesis can be used to replace a natural valve
or to establish a new valve function in one of the channels
in the body which do not naturally contain a valve. For
instance this goes for veins (arteries and veins) on a place
without natural valves. The function of the valve prosthesis
is then to ensure that the blood flows in one direction only.
The valve is meant to be used in veins in the legs of persons
suffering from varicose veins (varices).

In persons having varicose veins the blood flows in a
wrong direction, viz. from the central veins in the center of
the leg towards the superficial veins. Among other things,
this is due to the changed pressure in the legs, upright
working position and other conditions. A valve prosthesis
according to the invention may easily be placed in the veins
and prevent the flow of the blood in a wrong direction.

Also, the valve prosthesis can be used in connection with
diseases, for instance cancerous tumors, where too much
humour is produced. If the humour is able to flow from the
cancerous tumor through several channels, it is possible to
drain the humour in one desired direction through the
channels of the body by an appropriate placing of the valve
prosthesis.

When the valve prosthesis is used as a cardiac valve
prosthesis in the aorta, it is possible to mount it in three
positions, viz., in the descending part of the aorta in a
position between the coronary arteries and the left ventricle
of the heart, or in the aorta in a position immediately after
the mouth of the coronary arteries.

The cardiac valve prosthesis can also be used in other
places than in the aorta. Thus, the valve prosthesis can be
used in the pulmonary artery and/or the right ventricle of the
heart for replacing the pulmonary valves. Likewise, the
cardiac valve prosthesis can be used in the passage between
the right auricle of the heart and the right ventricle of the
heart (tricuspidalostium) and the passage between the left
auricle of the heart and the left ventricle of the heart
(mistralostium) for replacing the tricuspidal valve and the
mitral valve, respectively.

Even though the cardiac valve preferably is meant to be
used for patients suffering from aorta insufficiency and who
cannot be offered an open heart surgery, the valve prosthesis
can also be used for patents in connection with treatment of
aorta stenosis. Several of the patients with aorta stenosis are
elderly people who cannot be offered a surgical cardiac
operation. The patients are offered balloon dilatation of the
aorta stenosis which may result in an aorta insufficiency as
a side effect of the treatment.

As to these patients it is possible to insert a valve
prosthesis in the descending or ascending part of the aorta
thoracalis a few days or weeks before the balloon dilatation.
As a result thereof, the left ventricle is protected against
weight if the subsequent balloon dilatation of the stenosis
results in aorta insufficiency. In certain cases the weight
(reflux) on the left ventricle is reduced by up to approxi-
mately 75%.

Furthermore, the stent may be made with a relatively great
height and with a cylinder surface which is closed by a
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suitable material. Thus, a vascular prosthesis known per se
is formed wherein the valve is mounted. This may facilitate
the implantation of the valve prosthesis, for instance in the
arcus aorta. Moreover, the great surface which abuts the
inner wall of the channel contributes to ensure the securing
of the valve prosthesis in the channel. This embodiment is
also suitable as valve prosthesis which is inserted in veins.
As veins have relatively thin and weaker walls than arteries,
it is desirable that the valve prosthesis has a greater surface
to distribute the outward pressure which is necessary to
secure the valve prosthesis.

Moreover, the invention relates to a balloon catheter for
implanting a valve prosthesis according to the invention and
comprising a channel for injection of a fluid for the inflation
of the balloon means of the catheter and an insertion cap
wherein the balloon means of the catheter and a collapsible
valve prosthesis mounted thereon are located during the
injection, characterized in that the balloon means are pro-
vided with profiled surface which is made to ensure a steady
fastening of the valve prosthesis during the withdrawal of
the balloon means from the protection cap and the subse-
quent inflation for the expansion of the stent.

Different balloon catheters for implanting cores in the
body are known. For instance, such balloon catheters are
known from U.S. Pat. Nos. 4,856,516, 4,733,665 and
4,796.629 and from DE publication No. 2,246,526.
However, the known balloon catheters have a smooth or a
slightly wavy surface. The use of such balloon catheter is
disadvantageous for mounting a valve prosthesis in a chan-
nel having a large flow as for instance the aorta. A large
humour flow is able to displace the stent on the smooth
surface of the balloon and makes an accurate positioning
difficult. This drawback has been remedied with the balloon
catheter according to the present invention as the profiled
surface prevents a displacement of the valve prosthesis in
relation to the balloon means during introduction and the
subsequent inflation of the balloon means.

In connection with the implantation, any prior art tech-
nique may be used to supervise an accurate introduction and
positioning of the valve prosthesis. Thus, guide wires for the
catheter, X-ray supervision, injection of X-ray traceable
liquids, ultrasonic measuring, etc. may be used.

DESCRIPTION OF THE DRAWINGS

The invention will now be explained in detail with
reference to the accompanying schematical drawing,
wherein

FIG. 1 shows a perspective view of a stent without a
valve,

FIG. 2 is a perspective view of a valve prosthesis accord-
ing to the invention made from the stent shown in FIG. 1
having a biological valve mounted thereon,

FIG. 3 is a partial view through the aorta illustrating a
partially inflated balloon catheter,

FIG. 4 is a cross section through the embodiment shown
in FIG. 9,

FIGS. 5-7 are views illustrating the introduction and
implantation of a valve prosthesis of the invention in the
aorta,

FIGS. 8-10 are views illustrating three possible positions
of a cardiac valve prosthesis, and

FIGS. 11-12 are perspective views illustrating two further
embodiments of a valve prosthesis having a closed cylin-
drical wall.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a stent 1 made by support means in the form
of two 0.55 mm surgical stainless steel wires 2,3. The wires
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are folded in 15 loops. Threc loops 4 are 14 mm in height
and are intended to secure the commissural points 5 (see
FIG. 2) from a biological cardiac valve 6 which is mounted
in the stent 1. The remaining loops have a height of 8 mm.
These loops form circumferentially expandable sections 25
between the commissural points 5 forming commissural
supports. Each of the two folded wires 2,3 is bent to form
rings 7,8 which are closed by welding the ends. The two
rings are placed on top of each other as will appear from
FIG. 1 and they are mutually secured by means of a number
of sutures (not shown). The lower ring is circumferentially
cxpandable at least along sections thereof which correspond
circumferentially expandable sections 25. By using a sub-
stantially cylindrical thread structure with projecting apices,
a reduction in weight is obtained as compared to a stent
which is exclusively cylindrical with the same loop heights
for all the loops.

The biological valve 6 was removed from a slaughtered
pig of 100 kg. The valve was cleaned before mounting in the
stent 1. The cleaned valve has an outer diameter of 25-27
mm and the height of the threec commissural points 5 is 8
mm. The valve 6 is mounted in the stent by means of a
suitable number of sutures to form the cardiac valve pros-
thesis 9 shown in FIG. 2. The valve prosthesis produced is
used for performing tests in pigs by implantation of cardiac
valve prosthesis. However, the cardiac valve prosthesis for
use in human beings has a corresponding form.

FIG. 3 shows a partial view through the aorta 10. A
balloon catheter 11 is introduced in the aorta according to the
direction of an arrow 12. In the Figure shown the balloon
means 13 of the balloon catheter is led out of the protection
cap 11 A and is partly inflated through a fluid channel 15,
which is led to the surface of the patient. The balloon means
13 constitutes a tri-sectional balloon upon which the cardiac
valve prosthesis is placed. In the form shown, the cardiac
valve prosthesis is expanded exactly to be in contact with the
aorta 10. The balloon means 13 is provided with three
projecting beads 14 which are engaged with the one side of
the cardiac valve prosthesis 9. The blood flowing through
the aorta according to the direction of an arrow 16 will thus
cause the cardiac valve prosthesis 9 to abut on the beads 14
and the valve cannot be displaced in relation to the balloon
means 13. Moreover, the balloon catheter used comprises a
central channel 17 to receive a guide wire 18 which is used
in a way known per se for supervising the introduction of the
catheter through fluoroscopi. In the shown embodiment
beads 14 are only used at one side of the valve prosthesis,
but, however, it will often be desirable to use the beads in
pairs placed along lines parallel to the longitudinal axes 19
through the balloon means 13. In this case the spacing of the
pair of beads 14 will correspond to the height of the loops
of the stent. This makes it possible to make an effective
fastening of a valve prosthesis on balloon means. Moreover,
the fastening on the balloon means may be provided by
using balloon means with an indentation in the surface (not
shown).

FIG. 4 shows a cross section through the embodiment
shown in FIG. 3 illustrating the placing of the beads 14 on
the tri-sectional balloon means 13.

Aballoon catheter of the above-described type which was
used in tests of implanting of cardiac valve prosthesis 9 in
pigs had the following dimensions. Each of the three bal-
loons was 60 mm in length and 15 mm in diameter. The total
diameter for the three inflated balloons was 31 mm and in
the balloon catheter used two beads 14 having a height of 3
mm were mounted on each side of the three balloons. The
beads had a spacing of 15 mm. The protection cap 11A of the
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balloon catheter had an outer diameter of 13.6 mm and an
inner diameter of 12.5 mm and a length of 75 cm. The
balloon catheter was provided with a standard guide wire
having a diameter of 0.9 mm and a length 300 cm.

FIGS. 5-7 show the valve prosthesis 9 at different steps
in introducing and implanting in the aorta 10 by means of the
catheter 11 having the inflatable balloon means 13. The
cardiac valve prosthesis 9 is initially placed above the
deflated balloon means 13 and compressed manually around
the balloon means (FIG. 5), whereafter the outer diameter
for the valve prosthesis is approximately 10 mm. After the
introduction and positioning, the balloon means 13 is
inflated (FIG. 6), thereby contributing an outer dimension of
approximately 30 mm to the cardiac valve prosthesis. To
obtain an effective fastening in the aorta, the outer dimen-
sion of the cardiac valve prosthesis is greater than the
diameter of the aorta. This means that the prosthesis is tight
against the inner wall of the aorta with a pressure which is
sufficiently large to counteract a detachment due to the flow
of the blood. The balloon catheter 11 may subsequently be
removed from the aorta 10 (FIG. 7). Due to the stiffness of
the metal the valve prosthesis will prevent a contraction.
However, smaller contractions may occur (<10% diameter
reduction) after the deflation and removal of the balloon
catheter 13. When the valve prosthesis is mounted as shown
in FIG. 7, the patient will be able to resume a substantially
normal life after a few days.

FIGS. 8-10 show the positioning of the valve prosthesis
9 as cardiac valve prosthesis in the aorta 10 in three different
positions, i.e., in a position between the coronary arteries 20
and the left ventricle of the heart 21 (FIG. 8), in a position
immediately after the mouth of the coronary arteries in the
ascending part of the aorta (FIG. 9), and in a position in the
descending part of the aorta 10. The positioning of the valve
prosthesis is chosen in accordance with the diagnosis of the
illness of the patient. By placing the cardiac valve prosthesis
as shown in FIG. 8, there is a risk of detachment and/or
covering the mouth of the coronary arteries, and therefore it
is preferred to use a higher stent which, for instance,
comprises several ranges placed on top of each other. This
allows a fixation of the prosthesis at a place after the mouth
of coronary arteries even though the valve itself is in the
position between the coronary arteries and the left ventricle.
FIGS. 8 and 9 show how a contrast medium 23 is injected
by means of a so-called pigtail catheter 22 for registration of
tightness of the implanted valve prosthesis 9.

A specific embodiment for a valve prosthesis and a
balloon catheter for implanting the valve prosthesis has been
explained above. However, it is obvious that it is possible to
modify the valve prosthesis depending on the desired use,
and moreover, it is possible to modify the catheter used in
the implantation. Thus, the stent of the valve prosthesis may
be made solely of one closed ring folded in a number of
loops or with three or more mutually secured loop-shaped
rings placed on top of each other. Moreover, it is possible to
make the stent having a thread structure which instead of
loops is grate shaped, helical or is formed otherwise if only
it is ensured that the form of the stent permits the compres-
sion and expansion of the stent and fastening of the collaps-
ible valve. Instead of a biological valve it might be possible
to use other collapsible valves, such as valves made from
synthetic materials, e.g., polyurethane. It is also possible to
use valves with more or fewer flaps than three.

It is possible to make the valve prosthesis with a closed
cylinder surface as illustrated in FIGS. 11 and 12. In both
Figures the support means of the valve prosthesis is made of
an elongated tubular means 24 having a closed cylinder
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surface. This valve prosthesis is intended to expand by
self-expansion or by means of a catheter according to the
invention. This prosthesis is especially suitable for placing
in veins and other channels where only a small pressure is
exerted against the wall of the channel. In FIG. 11 the valve
6 is mounted at the end of the tubular means 24. In FIG. 12
an embodiment is shown where the valve 6 is mounted in a
central position in the tubular means 24.
An explanation of a method of implanting a valve pros-
thesis according to the invention is given below:
a valve prosthesis 9 made of a stent 1 and a collapsible
valve 6, as described above, is placed on a deflated
balloon means and is manually compressed thereon,

the balloon means 13 and the valve prosthesis are drawn
into an insertion cover 11A,

a guide wire 18 is inserted into the left ventricle of the
heart through the central opening 17 of the balloon
catheter under continuous flucroscopi,

the insertion cover 11A conveys the guide wire 18 to a
point in the channel in the immediate vicinity of the
desired position of the valve prosthesis,

the balloon means 13 is pushed out of the protection cap
11A and the valve prosthesis is positioned in the desired
position if necessary by use of further registration
means to ensure an accurate positioning,

the balloon means 13 is inflated with a certain overstretch-
ing of the channel,

the balloon means 13 is deflated, and

the balloon means 13, the guide wire 18 and the protection
cap 11A are drawn out and the opening in the channel,
if any, wherein the valve prosthesis is inserted can be
closed.

What is claimed is:

1. A method of endovascularly delivering a valve through

a blood vessel, comprising the step of:

providing a tissue valve and a support structure, the
support structure being movable from a collapsed shape
to an expanded shape, the tissue valve being configured
to permit blood flow in a direction and prevent blood
flow in an opposite direction;

connecting the tissue valve to the support structure;

passing the support structure through a blood vessel with
the support structure in the collapsed position; and

securing the tissue valve and the support structure to a
desired valve location with the support structure in the
expanded shape.

2. The method of claim 1, wherein:

the providing step is carried out with the support structure
comprising a ring.

3. The method of claim 2, wherein:

the providing step is carried out with the ring being a
cylinder.

4. The method of claim 2, wherein:

the providing step is carried out with the support structure
having at least one commissure support extending
outwardly from the ring.

5. The method of claim 4, wherein:

the providing step is carried out with the support structure
comprising a wire.
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6. The method of claim 5, wherein:

the providing step is carried out with the wire forming a
closed loop.

7. The method of claim 5, wherein:

the providing step is carried out with the wire forming at
least one commissure support extending outwardly
from the ring.

8. The method of claim 1, wherein:

the connecting step is carried out before the passing step.

9. The method of claim 1, further comprising the step of:

expanding the support structure from the collapsed shape
to the expanded shape before the securing step.

10. The method of claim 9, wherein:

the expanding step is carried out by inflating a balloon so
that the balloon moves the support structure from the
collapsed shape to the expanded shape.

11. The method of claim 1, wherein:

the passing step is carried out by coupling the support
structure to a catheter.

12. The method of claim 1, wherein:

the providing step is carried out with the tissue valve
having three valve leaflets.

13. The method of claim 1, wherein:

the passing step is carried out with the desired valve
location being an artery.

14. The method of claim 13, wherein:

the passing step is carried out with the desired valve
location being the descending aorta.

15. The method of claim 1, wherein:

the passing step is carried out with the desired valve
location being the heart.

16. A method of endovascularly delivering a valve

through a blood vessel, comprising the step of:

providing a valve having a support structure movable
from a collapsed shape to an expanded shape, the valve
being configured to permit blood flow in a direction and
prevent blood flow in an opposite direction, the support
structure having a ring with at least one commissure
support extending from the ring, the commissure sup-
port supporting the valve;

passing the support structure through a vessel to a desired
valve location with the support structure in the col-
lapsed position;

expanding the support structure to the expanded shape
with an expandable device thereby securing the valve
to the desired valve location; and

removing the expandable device after the expanding step
is completed thereby leaving the valve in the desired
valve location.

17. The method of claim 16, wherein:

the expanding step is carried out with the expandable
device being an inflatable balloon.

18. The method of claim 16, further comprising the step

of:

mounting the support structure to the expandable device
before the passing step.

19. The method of claim 16, wherein:

the providing step is carried out with the support structure
having a wire.

20. The method of claim 19, wherein:

the providing step is carried out with the wire forming a
closed loop.
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21. The method of claim 16, wherein: 24. The method of claim 23, wherein:

the providing step is carried out with the valve having a
tissue portion mounted to the support structure.
22. The method of claim 16, wherein:

the expanding step is carried out so that the ring continu-

the passing step is carried out with the desired valve
location being the descending aorta.

25. The method of claim 16, wherein:

ously engages the desired valve location. the passing step is carried out with the desired valve
23. The method of claim 16, wherein: location being the heart.
the passing step is carried out with the desired valve

location being an artery. ook ok ko
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VALVE PROSTHESIS FOR IMPLANTATION
IN THE BODY AND A CATHETER FOR
IMPLANTING SUCH VALVE PROSTHESIS

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of application Ser. No.
09/026,574, filed Feb. 20, 1998, now U.S. Pat. No. 6,168,
614, which is a continuation of application Ser. No. 08/955,
228, filed Oct. 21, 1997, now abandoned, which is a division
of application Ser. No. 08/801,036, filed Feb. 19, 1997, now
U.S. Pat. No. 5,840,081, which is a continuation of appli-
cation Ser. No. 08/569,314, filed Dec. 8, 1995, now
abandoned, which is a continuation of application Ser. No.
08/352,127, filed Dec. 1, 1994, now abandoned, which is a
division of application Ser. No. 08/261,235, filed Jun. 14,
1994, now U.S. Pat. No. 5,411,552, which is a continuation
of application Ser. No. 07/961,891, filed Jan. 11, 1993, now
abandoned which is based on PCT/DK91/00134, filed Mar.
16, 1991.

BACKGROUND OF THE INVENTION

The present invention relates to a valve prosthesis, pref-
erably a cardiac valve prosthesis, for implantation in the
body and comprising a collapsible elastic valve which is
mounted on an elastic stent wherein the commissural points
of the elastic collapsible valve are mounted on the cylinder
surface of the elastic stent.

Valve prostheses of this type are usually implanted in one
of the channels of the body to replace a natural valve. In the
present description the invention will be explained in con-
nection with a cardiac valve prosthesis for implantation in
aorta. However, it will be possible to use a valve prosthesis
according to the invention in connection with implantation
in other channels in the body by using the same technique as
the one used for implantation of cardiac valve prosthesis.
Such an implantation may, e.g., comprise the implantation
of:

. a valve (for instance a cardiac valve) in the veins,
. a valve in the esophagus and at the stomach,

. a valve in the ureter and/or the vesica,

. a valve in the biliary passages,

. a valve in the lymphatic system, and

6. a valve in the intestines.

An existing natural valve in the body is traditionally
replaced with a valve prosthesis by a surgical implantation.
However, a surgical implantation is often an exacting opera-
tion. Thus, today the implantation of cardiac valves are
solely made by surgical technique where the thoracic cavity
is opened. The operation calls for the use of a heart and lung
machine for external circulation of the blood as the heart is
stopped and opened during the surgical intervention and the
artificial cardiac valves are subsequently sewed in.

Due to its exacting character, it is impossible to offer such
operation to certain people. For instance, this is due to the
fact that the person is physically weak because of age or
illness. Moreover, the number of heart and lung machines
available at a hospital will be a substantially limiting factor.

Cardiac valve prostheses that need no surgical interven-
tion are known as there are used for implantation by means
of a technique of catheterization. Examples of such valve
prostheses are described in U.S. Pat. Nos. 3,671,979 and
4,056,854. However, both of these valve prostheses are
connected to means which lead to the surface of the patient
either for a subsequent activation of the valve or for a
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subsequent reposition or removal of the valve prosthesis.
With these valve prostheses it is impossible to make an
implantation which makes it possible for the patient to
resume a substantially normal life in the same way as it is
possible in connection with a surgical implantation of a
cardiac valve.

From U.S. Pat. No. 3,755,823 an elastic stent for a cardiac
valve prosthesis is known. However, this valve prostheses is
not designed for implantation in the body by catheterization.
Even though this patent contains no detailed explanation, the
description indicates that this valve prosthesis is designed
for implantation and sewing on by a surgical intervention.

Moreover, from U.S. Pat. Nos. 4,856,516 and 4,733,665
different shapes of expandable stents are known. These
stents are made to be expanded by impression of a radially
outward force coming from a balloon catheter or the like.
These stents are made to reinforce the wall when there is a
risk that the channel is closed and/or compressed.

The nearest prior art may be that the described in GB-A-
2.056,023. This document discloses an elastic stent as
described by way of introduction. Thus, the stent described
comprises an elastic collapsible valve mounted on the cyl-
inder surface of a cylindrical stent. However, the valve
prosthesis including the stent is designated for mounting
through a surgical intervention. Even though the stent is
slightly collapsible, it will not be suited for implantation by
a catheterization procedure.

SUMMARY OF THE INVENTION

It is the object of the present invention to provide a valve
prosthesis of the type mentioned in the introductory part,
which permits implantation without surgical intervention in
the body and by using a catheter technique known per se and
which makes it possible for the patient to resume a substan-
tially normal life.

This is achieved according to the invention with a valve
prosthesis of the type mentioned in the introductory part,
which is characterized in that the stent is made from a
radially collapsible and re-expandable cylindrical support
means for folding and expanding together with the collaps-
ible valve for implantation in the body by means of a
technique of catheterization.

The collapsible elastic valve is mounted on the stent for
instance by gluing, welding or by means of a number of
suitable sutures.

If the support means are made from a thread structure, this
can for instance be grate shaped, loop shaped or helical. This
makes it possible to compress the stent and the collapsible
valve mounted thereon for placing on the insertion catheter.
The use of a non-self-expandable stent may, e.g., be effected
by a compression of the stent around the expansion arrange-
ment of the catheter which preferably consists of a balloon.
When using a self-expandable stent, a catheter with an
expansion arrangement is not used. In this case the stent is
compressed and is inserted into an insertion or protection
cap from which the stent is eliminated after implantation in
order to obtain an expansion due to the stresses in the
compressed support means, which for instance may be made
from plastics or metal. After the compression the entire outer
dimension is relatively small, which makes it possible to
introduce the valve prostheses through a channel in the body.

When the valve prosthesis is introduced and placed
correctly, the stent is expanded by self-expansion or by
means of the expansion arrangement until the stent is given
an outer dimension which is slightly larger than the channel
in which it is placed. As the stent is elastic, a contraction of
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the stent is prevented once it is expanded. The stiffness in the
material of the support means contributes to maintain the
expanded shape of the stent. After the expansion is made, the
cxpansion arrangement of the catheter is contracted and the
catheter can be removed from the channel. The inlet opening
can subsequently be closed and the patient will then be able
to resume a normal life.

The valve prosthesis according to the invention does not
require an actual operation but merely a small intervention
to optionally expose the body channel, e.g., a vein, through
which the insertion takes place. Thus, patients for whom an
operation would be associated with high risk can be offered
implantation of, for instance, cardiac valves. After the
implantation has taken place, the after-treatment will advan-
tageously be shorter than normal, which means fewer hos-
pital days for the patient. Moreover, it is assumed that it will
be possible to implant the valve prosthesis under local
anaesthetic.

The valve prosthesis can be used to replace a natural valve
or to establish a new valve function in one of the channels
in the body which do not naturally contain a valve. For
instance this goes for veins (arteries and veins) on a place
without natural valves. The function of the valve prosthesis
is then to ensure that the blood flows in one direction only.
The valve is meant to be used in veins in the legs of persons
suffering from varicose veins (varices).

In persons having varicose veins the blood flows in a
wrong direction, viz. from the central veins in the center of
the leg towards the superficial veins. Among other things,
this is due to the changed pressure in the legs, upright
working position and other conditions. A valve prosthesis
according to the invention may easily be placed in the veins
and prevent the flow of the blood in a wrong direction.

Also, the valve prosthesis can be used in connection with
diseases, for instance cancerous tumors, where too much
humour is produced. If the humour is able to flow from the
cancerous . tumor through several channels, it is possible to
drain the humour in one desired direction through the
channelsof the body by an appropriate placing of the valve
prosthesis.

When the valve prosthesis is used as a cardiac valve
prosthesis in the aorta, it is possible to mount it in three
positions, viz., in the descending part of the aorta in a
position between the coronary arteries and the left ventricle
of the heart, or in the aorta in a position immediately after
the mouth of the coronary arteries.

The cardiac valve prosthesis can also be used in other
places than in the aorta. Thus, the valve prosthesis can be
used in the pulmonary artery and/or the right ventricle of the
heart for replacing the pulmonary valves. Likewise, the
cardiac valve prosthesis can be used in the passage between
the right auricle of the heart and the right ventricle of the
heart (tricuspidalostium) and the passage between the left
auricle of the heart and the left ventricle of the heart
(mistralostium) for replacing the tricuspidal valve and the
mitral valve, respectively.

Even though the cardiac valve preferably is meant to be
used for patients suffering from aorta insufficiency and who
cannot be offered an open heart surgery, the valve prosthesis
can also be used for patents in connection with treatment of
aorta stenosis. Several of the patients with aorta stenosis are
elderly people who cannot be offered a surgical cardiac
operation. The patients are offered balloon dilatation of the
aorta stenosis which may result in an aorta insufficiency as
a side effect of the treatment.

As to these patients it is possible to insert a valve
prosthesis in the descending or ascending part of the aorta
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thoracalis a few days or weeks before the balloon dilatation.
As a result thereof, the left ventricle is protected against
weight if the subsequent balloon dilatation of the stenosis
results in aorta insufficiency. In certain cases the weight
(reflux) on the left ventricle is reduced by up to approxi-
mately 75%.

Furthermore, the stent may be made with a relatively great
height and with a cylinder surface which is closed by a
suitable material. Thus, a vascular prosthesis known per se
is formed wherein the valve is mounted. This may facilitate
the implantation of the valve prosthesis, for instance in the
arcus aorta. Moreover, the great surface which abuts the
inner wall of the channel contributes to ensure the securing
of the valve prosthesis in the channel. This embodiment is
also suitable as valve prosthesis which is inserted in veins.
As veins have relatively thin and weaker walls than arteries,
it is desirable that the valve prosthesis has a greater surface
to distribute the outward pressure which is necessary to
secure the valve prosthesis.

Moreover, the invention relates to a balloon catheter for
implanting a valve prosthesis according to the invention and
comprising a channel for injection of a fluid for the inflation
of the balloon means of the catheter and an insertion cap
wherein the balloon means of the catheter and a collapsible
valve prosthesis mounted thereon are located during the
injection, characterized in that the balloon means are pro-
vided with profiled surface which is made to ensure a steady
fastening of the valve prosthesis during the withdrawal of
the balloon means from the protection cap and the subse-
quent inflation for the expansion of the stent.

Different balloon catheters for implanting cores in the
body are known. For instance. such balloon catheters are
known from U.S. Pat. Nos. 4,856,516, 4,733,665 and 4,796,
629 and from DE publication No. 2,246,526. However, the
known balloon catheters have a smooth or a slightly wavy
surface. The use of such balloon catheter is disadvantageous
for mounting a valve prosthesis in a channel having a large
flow as for instance the aorta. A large humour flow is able to
displace the stent on the smooth surface of the balloon and
makes an accurate positioning difficult. This drawback has
been remedied with the balloon catheter according to the
present invention as the profiled surface prevents a displace-
ment of the valve prosthesis in relation to the balloon means
during introduction and the subsequent inflation of the
balloon means.

In connection with the implantation, any prior art tech-
nique may be used to supervise an accurate introduction and
positioning of the valve prosthesis. Thus, guide wires for the
catheter, X-ray supervision, injection of X-ray traceable
liquids, ultrasonic measuring, etc. may be used.

DESCRIPTION OF THE DRAWINGS

The invention will now be explained in detail with
reference to the accompanying schematical drawing,
wherein

FIG. 1 shows a perspective view of a stent without a
valve,

FIG. 2 is a perspective view of a valve prosthesis accord-
ing to the invention made from the stent shown in FIG. 1
having a biological valve mounted thereon,

FIG. 3 is a partial view through the aorta illustrating a
partially inflated balloon catheter,

FIG. 4 is a cross section through the embodiment shown
in FIG. 9,

FIGS. 5-7 are views illustrating the introduction and
implantation of a valve prosthesis of the invention in the
aorta,
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FIGS. 8-10 are views illustrating three possible positions
of a cardiac valve prosthesis, and

FIGS. 11-12 are perspective views illustrating two further
embodiments of a valve prosthesis having a closed cylin-
drical wall.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a stent 1 made by support means in the form
of two 0.55 mm surgical stainless steel wires 2,3. The wires
are folded in 15 loops. Three loops 4 are 14 mm in height
and are intended to secure the commissural points 5 (see
FIG. 2) from a biological cardiac valve 6 which is mounted
in the stent 1. The remaining loops have a height of 8 mm.
These loops form circumferentially expandable sections 25
between the commissural points 5 forming commissural
supports. Each of the two folded wires 2,3 is bent to form
rings 7,8 which are closed by welding the ends. The two
rings are placed on top of each other as will appear from
FIG. 1 and they are mutually secured by means of a number
of sutures (not shown). The lower ring is circumferentially
expandable at least along sections thereof which correspond
to the circumferentially expandable sections 25. By using a
substantially cylindrical thread structure with projecting
apices. a reduction in weight is obtained as compared to a
stent which is exclusively cylindrical with the same loop
heights for all the loops.

The biological valve 6 was removed from a slaughtered
pig of 100 kg. The valve was cleaned before mounting in the
stent 1. The cleaned valve has an outer diameter of 25-27
mm and the height of the three commissural points 5 is 8
mm. The valve 6 is mounted in the stent by means of a
suitable number of sutures to form the cardiac valve pros-
thesis 9 shown in FIG. 2. The valve prosthesis produced is
used for performing tests in pigs by implantation of cardiac
valve prosthesis. However, the cardiac valve prosthesis for
use in human beings has a corresponding form.

FIG. 3 shows a partial view through the aorta 10. A
balloon catheter 11 is introduced in the aorta according to the
direction of an arrow 12. In the Figure shown the balloon
means 13 of the balloon catheter is led out of the protection
cap 11A and is partly inflated through a fluid channel 15,
which is led to the surface of the patient. The balloon means
13 constitutes a tri-sectional balloon upon which the cardiac
valve prosthesis is placed. In the form shown, the cardiac
valve prosthesis is expanded exactly to be in contact with the
aorta 10. The balloon means 13 is provided with three
projecting beads 14 which are engaged with the one side of
the cardiac valve prosthesis 9. The blood flowing through
the aorta according to the direction of an arrow 16 will thus
cause the cardiac valve prosthesis 9 to abut on the beads 14
and the valve cannot be displaced in relation to the balloon
means 13. Moreover, the balloon catheter used comprises a
central channel 17 to receive a guide wire 18 which is used
in a way known per sc for supervising the introduction of the
catheter through fluoroscopi. In the shown embodiment
beads 14 are only used at one side of the valve prosthesis,
but, however, it will often be desirable to use the beads in
pairs placed along lines parallel to the longitudinal axes 19
through the balloon means 13. In this case the spacing of the
pair of beads 14 will correspond to the height of the loops
of the stent. This makes it possible to make an effective
fastening of a valve prosthesis on balloon means. Moreover,
the fastening on the balloon means may be provided by
using balloon means with an indentation in the surface (not
shown).
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FIG. 4 shows a cross section through the embodiment
shown in FIG. 3 illustrating the placing of the beads 14 on
the tri-sectional balloon means 13.

Aballoon catheter of the above-described type which was
used in tests of implanting of cardiac valve prosthesis 9 in
pigs had the following dimensions. Each of the three bal-
loons was 60 mm in length and 15 mm in diameter. The total
diameter for the three inflated balloons was 31 mm and in
the balloon catheter used two beads 14 having a height of 3
mm were mounted on each side of the three balloons. The
beads had a spacing of 15 mm. The protection cap 11A of the
balloon catheter had an outer diameter of 13.6 mm and an
inner diameter of 12.5 mm and a length of 75 cm. The
balloon catheter was provided with a standard guide wire
having a diameter of 0.9 mm and a length 300 cm.

FIGS. §-7 show the valve prosthesis 9 at different steps
in introducing and implanting in the aorta 10 by means of the
catheter 11 having the inflatable balloon means 13. The
cardiac valve prosthesis 9 is initially placed above the
deflated balloon means 13 and compressed manually around
the balloon means (FIG. 5), whereafter the outer diameter
for the valve prosthesis is approximately 10 mm. After the
introduction and positioning, the balloon means 13 is
inflated (FIG. 6), thereby contributing an outer dimension of
approximately 30 mm to the cardiac valve prosthesis. To
obtain an effective fastening in the aorta, the outer dimen-
sion of the cardiac valve prosthesis is greater than the
diameter of the aorta. This means that the prosthesis is tight
against the inner wall of the aorta with a pressure which is
sufficiently large to counteract a detachment due to the flow
of the blood. The balloon catheter 11 may subsequently be
removed from the aorta 10 (FIG. 7). Due to the stiffness of
the metal the valve prosthesis will prevent a contraction.
However, smaller contractions may occur (<10% diameter
reduction) after the deflation and removal of the balloon
catheter 13. When the valve prosthesis is mounted as shown
in FIG. 7, the patient will be able to resume a substantially
normal life after a few days.

FIGS. 8-10 show the positioning of the valve prosthesis
9 as cardiac valve prosthesis in the aorta 10 in three different
positions, i.e., in a position between the coronary arteries 20
and the left ventricle of the heart 21 (FIG. 8), in a position
immediately after the mouth of the coronary arteries in the
ascending part of the aorta (FIG. 9), and in a position in the
descending part of the aorta 10. The positioning of the valve
prosthesis is chosen in accordance with the diagnosis of the
illness of the patient. By placing the cardiac valve prosthesis
as shown in FIG. 8, there is a risk of detachment and/or
covering the mouth of the coronary arteries, and therefore it
is preferred to use a higher stent which, for instance,
comprises several ranges placed on top of each other. This
allows a fixation of the prosthesis at a place after the mouth
of coronary arteries even though the valve itself is in the
position between the coronary arteries and the left ventricle.
FIGS. 8 and 9 show how a contrast medium 23 is injected
by means of a so-called pigtail catheter for registration of
tightness of the implanted valve prosthesis 9.

A specific embodiment for a valve prosthesis and a
balloon catheter for implanting the valve prosthesis has been
explained above. However, it is obvious that it is possible to
modify the valve prosthesis depending on the desired use,
and moreover, it is possible to modify the catheter used in
the implantation. Thus, the stent of the valve prosthesis may
be made solely of one closed ring folded in a number of
loops or with three or more mutually secured loop-shaped
rings placed on top of each other. Moreover, it is possible to
make the stent having a thread structure which instead of
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loops is grate shaped, helical or is formed otherwise if only
it is ensured that the form of the stent permits the compres-
sion and expansion of the stent and fastening of the collaps-
ible valve. Instead of a biological valve it might be possible
to use other collapsible valves, such as valves made from
synthetic materials, e.g., polyurethane. It is also possible to
use valves with more or fewer flaps than three.

It is possible to make the valve prosthesis with a closed
cylinder surface as illustrated in FIGS. 11 and 12. In both
Figures the support means of the valve prosthesis is made of
an elongated tubular means 24 having a closed cylinder
surface. This valve prosthesis is intended to expand by
self-expansion or by means of a catheter according to the
invention. This prosthesis is especially suitable for placing
in veins and other channels where only a small pressure is
exerted against the wall of the channel. In FIG. 11 the valve
6 is mounted at the end of the tubular means 24. In FIG. 12
an embodiment is shown where the valve 6 is mounted in a
central position in the tubular means 24.

An explanation of a method of implanting a valve pros-
thesis according to the invention is given below:

a valve prosthesis 9 made of a stent 1 and a collapsible
valve 6, as described above, is placed on a deflated
balloon means and is manually compressed thereon,

the balloon means 13 and the valve prosthesis are drawn
into an insertion cover 11A,

a guide wire 18 is inserted into the left ventricle of the
heart through the central opening 17 of the balloon
catheter under continuous fluoroscopi,

the insertion cover 11A conveys the guide wire 18 to a
point in the channel in the immediate vicinity of the
desired position of the valve prosthesis,

the balloon means 13 is pushed out of the protection cap
11A and the valve prosthesis is positioned in the desired
position if necessary by use of further registration
means to ensure an accurate positioning,

the balloon means 13 is inflated with a certain overstretch-
ing of the channel,

the balloon means 13 is deflated, and

the balloon means 13, the guide wire 18 and the protection
cap 11A are drawn out and the opening in the channel,
if any, wherein the valve prosthesis is inserted can be
closed.
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What is claimed is:
1. A valve prosthesis for implantation in a body channel
having an inner wall, the prosthesis comprising;

a radially collapsible and expandable cylindrical stent, the
stent including a cylindrical support means having a
cylinder surface; and

a collapsible and expandable valve having commissural
points, the valve mounted to the stent at the commis-
sural points, wherein the stent and valve are configured
to be implanted in the body by way of catheterization.

2. The valve prosthesis according to claim 1, wherein the
support means is made of thread structure.

3. The valve prosthesis according to claim 2, wherein the
thread structure comprises several spaced apices that extend
from one end of the cylindrical support means in a direction
along a longitudinal axis of the cylindrical support means,
the commissural points of the valve being attached to the
apices.

4. The valve prosthesis according to claim 3, wherein the
collapsible valve is a biologically trilobate valve.

5. The valve prosthesis according to claim 1, wherein the
stent comprises at least two closed rings, each formed from
more than three loops, the rings connected one to another,
and wherein three of the loops in at least one of the rings has
a greater height than the remaining loops.

6. The valve prosthesis according to claim 5, wherein each
of the rings of the stent is made from a wire having a
diameter of 0.05 mm and a loop height of approximately 8
mm and approximately 14 mm for the three greater height
loops, and that the cylindrical wire structure produced and
the collapsible valve mounted thereon in a folded state have
an outer diameter of approximately 10 mm and in an
expanded state an outer diameter of approximately 30 mm.

7. The valve prosthesis according to claim 5, wherein
three or more mutually attached rings placed on top of each
other are used in that the stent is made to be fixed through
the expansion at one point in the channel where the valve
prosthesis is inserted, which point is different from the point
where the valve is mounted in the stent.

8. The valve prosthesis according to claim 1, wherein the
cylinder surface of the support means is closed to form a
tubular element.
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VII.  Requested in Complaint. Class Action. Place an “X” in this box if you are filing a class action under Rule 23, F.R.Cv.P.
Demand. In this space enter the dollar amount (in thousands of dollars) being demanded or indicate other demand such as a preliminary injunction.
Jury Demand. Check the appropriate box to indicate whether or not a jury is being demanded.

VIII. Related Cases. This section of the IS 44 is used to reference related pending cases if any. If there are related pending cases, insert the docket numbers
ind the corresponding judge names for such cases.

Date and Attorney Signature. Date and sign the civil cover sheet.
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

EDWARDS LIFESCIENCES AG and
EDWARDS LIFESCIENCES LLC,

Plaintiffs,
C.A. No. 08-91 (GMYS)
V.

COREVALVE, INC,,

R e s

Defendant.

MOTION FOR LEAVE TO FILE SUPPLEMENTAL COMPLAINT

Pursuant to Rule 15(d) of the Federal Rules of Civil Procedure, plaintiffs Edwards
Lifesciences AG and Edwards Lifesciences LL.C (collectively “Edwards”) respectively move for
leave to file the Supplemental Complaint attached as Exhibit 1. A black-line comparison
illustrating the proposed amendments is attached as Exhibit 2. The grounds for this motion are
as follows:

1. This action concerns CoreValve Inc.’s (“CoreValve”) alleged willful
infringement of three U.S. patents that involve medical technology for implanting prosthetic
valves using a catheter. The product at issue in this case is CoreValve’s ReValving heart valve
prosthesis (the “ReValving system”).

2. Edwards seeks leave to supplement its Complaint to add two additional
parties, both of which are related to the current defendant:

o Medtronic, Inc. (successor in interest to CoreValve)

o Medtronic CoreValve LLC (a wholly owned subsidiary of, and controlled
by, Medtronic Inc.)

Exhibit B, Page 2
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3. “The standard applicable to motions to amend under Fed. R. Civ. P. 15(d)
is essentially the same standard that applies to Fed. R. Civ. P. 15(a).” Medeva Pharma Ltd. v.
American Home Products Corp., 201 F.R.D. 103, 104 n. 3 (D. Del. 2001) (citing Epstein v.
Township of Whitehall, 1989 WL 73741, at *2 (E.D. Pa. June 29, 1989)). Rule 15(a)(2) allows a
party to amend its complaint by leave of court, and states that “[t]he court should freely give
leave when justice so requires.” Fed. R. Civ. P. 15(a)(2); see also Fed. R. Civ. P. 21 (“On
motion or on its own, the court may at any time, on just terms, add or drop a party.”). “Leave to
supplement should be granted if it will promote the just disposition of the case, will not cause
undue prejudice or delay and will not prejudice the rights of any parties.” Medeva Pharma Ltd.,
201 F.R.D. at 104. The proposed Supplemental Complaint would promote the just disposition of
the case, would not cause undue delay, and does not prejudice the rights of any parties.

4. Edwards seeks leave to supplement its Complaint within a reasonable
timeframe following Medtronic, Inc.’s acquisition of CoreValve and Medtronic CoreValve’s
acquisition of the interest in the ReValving system. Medtronic CoreValve acquired CoreValve’s
interest in the ReValving system on April 9, 2009. At the same time, Medtronic, Inc. became the
successor in interest to CoreValve. Thus, the timing of Medtronic, Inc. and Medtronic
CoreValve’s acquisitions made it impossible for Edwards to amend its Complaint prior to the
January 9, 2009 deadline set forth in the Court’s Scheduling Order. (D.I. 31).

5. Edwards requested consent to this motion on July 2, 2009. (Ex. 3.)
During a July 15, 2009 telephone conference, CoreValve’s counsel advised Edwards’ counsel
CoreValve would not consent. CoreValve took this position despite the fact that on June 24,
2009, CoreValve’s counsel indicated to the Court that CoreValve had produced a redacted

version of the merger agreement between CoreValve and Medtronic, Inc. so that Edwards “can
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join parties as may be necessary.” (Ex. 4.) Further, your Honor ordered CoreValve to produce
an unredacted version of the merger agreement just three weeks ago. See id.

6. Through its review of the merger agreement, Edwards has learned that
Medtronic, Inc. is inducing the infringement of the patents-in-suit. Thus, the Supplemental
Complaint would add claims including inducement of infringement based on 35 U.S.C. § 271(b).
Edwards however, does not anticipate the need for additional discovery from either Medtronic
entity to prove these additional claims. Therefore, adding these parties and claims to the
Supplemental Complaint will not result in unreasonable delay or prejudice to any party. Further,
inclusion of the Medtronic entities in this matter serves the interests of efficient litigation and
judicial economy.

7. Edwards’ leave to supplement is sought in good faith on the basis of
information learned through the course of discovery. Edwards’ motion should therefore be
granted. A proposed Order is attached.

MORRIS, NICHOLS, ARSHT & TUNNELL LLP

/5/ Maryellen Noreika

Jack B. Blumenfeld (#1014)
Maryellen Noreika (#3208)

OF COUNSEL: 1201 North Market Street
P.O. Box 1347

John E. Nathan Wilmington, DE 19899-1347

Catherine Nyarady (302) 658-9200

Brian P. Egan Attorneys for Plaintiffs

Joseph D. Etra

PauL, WEISS, RIFKIND,
WHARTON & GARRISON LLP
1285 Avenue of the Americas

New York, NY 10019

(212) 373-3000

July 17, 2009
3016267
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RULE 7.1.1 CERTIFICATE

I hereby certify that the subject of the foregoing motion has been discussed with

counsel for the defendant, and that no agreement was reached.

/s/ Maryellen Noreika
Maryellen Noreika (#3208)
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

EDWARDS LIFESCIENCES AG and
EDWARDS LIFESCIENCES LLC,

Plaintiffs,
C.A. No. 08-91 (GMYS)
V.

COREVALVE, INC,,

R e s

Defendant.

PROPOSED ORDER

Having considered Edwards’ Motion for Leave to File a Supplemental Complaint,
as well as Defendant’s response thereto,

IT IS ORDERED THAT:

1. Edwards’ Motion is Granted; and
2. Edwards’ Supplemental Complaint is deemed served and filed as of the
date of this Order.
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CERTIFICATE OF SERVICE

I hereby certify that on July 17, 2009 I electronically filed the foregoing with the
Clerk of the Court using CM/ECF, which will send notification of such filing to:

Frederick L. Cottrell, 111, Esquire
Chad M. Shandler, Esquire
RICHARDS, LAYTON & FINGER, P.A.

I further certify that I caused copies of the foregoing document to be served on
July 17, 2009 upon the following in the manner indicated:

Frederick L. Cottrell, 111, Esquire VIA ELECTRONIC MAIL
Chad M. Shandler, Esquire and HAND DELIVERY
RICHARDS, LAYTON & FINGER, P.A.

One Rodney Square

920 North King Street

Wilmington, DE 19801

J. David Evered, Esquire VIA ELECTRONIC MAIL
Joseph R. Re, Esquire

Joseph S. Cianfrani, Esquire

KNOBBE, MARTENS, OLSON & BEAR, LLP

2040 Main Street

Fourteenth Floor

Irvine, CA 92614

/5/ Maryellen Noreika

Maryellen Noreika (#3208)
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EXHIBIT 1
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

EDWARDS LIFESCIENCES AG and
EDWARDS LIFESCIENCES LLC,

Plaintiffs, Z C.A. No. 08-91 (GMS)
v. . DEMAND FOR JURY TRIAL
COREVALVE, INC.,
MEDTRONIC COREVALVE LLC
and MEDTRONIC, INC.,

Defendants.

SUPPLEMENTAL COMPLAINT

Plaintiffs Edwards Lifesciences AG (“Edwards AG”) and Edwards Lifesciences
LLC (“Edwards LLC”) (collectively, “Plaintiffs”), for their Supplemental Complaint against
CoreValve, Inc. (“CoreValve”), Medtronic CoreValve LLC (“Medtronic CoreValve”), and
Medtronic, Inc. (“Medtronic”) (collectively, “Defendants”) allege as follows:

JURISDICTION AND VENUE

1. This action arises under the Patent Laws of the United States, 35 U.S.C.
§ 1 et seq. This Court has jurisdiction over the subject matter of this action based on 28 U.S.C.
§§ 1338(a) and 1331. Venue is proper under 28 U.S.C. §§ 1391(b) and (c) and 1400(b), because
CoreValve, Medtronic CoreValve and Medtronic reside in this Judicial District.

THE PARTIES

2. Plaintift Edwards AG is a corporation organized and existing under the

laws of Switzerland and having its principal executive offices in St.-Prex, Switzerland.
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3. Plaintift Edwards LLC is a limited liability company organized and
existing under the laws of the State of Delaware and having its principal executive offices in
Irvine, California.

4. Edwards AG is the assignee of the following United States Patents
covering pioneering percutaneous heart valve products and methods of their use: U.S. Patent
No. 5,411,552, U.S. Patent No. 6,168,614, and U.S. Patent No. 6,582,462 (collectively,
“Patents”). The Patents disclose and claim, inter alia, collapsible and expandable tissue valve
prostheses and methods for replacing human heart valves using minimally invasive
catheterization procedures.

5. Edwards LLC is the exclusive licensee of the Patents for the field of all
cardiovascular applications.

6. Upon information and belief, Defendant CoreValve is a corporation
organized and existing under the laws of the State of Delaware and having its principal place of
business in Irvine, California.

7. Upon information and belief, CoreValve has manufactured in the United
States heart valve prostheses known as the “ReValving” system that infringe the Patents.

8. Upon information and belief, CoreValve obtained European CE mark
approval for its ReValving heart valve prostheses, and has offered for commercial sale and has
commercially sold its ReValving system in Europe and elsewhere outside the United States.

9. Upon information and belief, Defendant Medtronic CoreValve is a
company organized and existing under the State of Delaware and having its principal place of

business in Irvine, California.
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10. Upon information and belief, on or about April 9, 2009, Medtronic
CoreValve acquired CoreValve’s interest in the ReValving system that infringes the Patents and
thereafter continues to infringe the Patents.

11.  Upon information and belief, Medtronic CoreValve manufactures in the
United States heart valve prostheses known as the ReValving system that infringe the Patents.

12. Upon information and belief, Medtronic CoreValve is currently offering
for commercial sale and has commercially sold its ReValving system in Europe and elsewhere
outside the United States.

13.  Upon information and belief, Defendant Medtronic is a corporation
organized and existing under the laws of the State of Minnesota and having its principal place of
business in Minneapolis, Minnesota.

14.  Upon information and belief, Medtronic CoreValve is a wholly owned
subsidiary of, and controlled by, Medtronic.

15. Upon information and belief, on or about April 9, 2009, Medtronic
became the successor in interest to CoreValve, and as such is liable for the satisfaction of any
judgment against CoreValve for its past infringement of the Patents.

16.  Upon information and belief, Medtronic is liable for Medtronic
CoreValve’s infringement of the Patents because Medtronic CoreValve is the alter ego of
Medtronic and Medtronic is directing the activities of Medtronic CoreValve, resulting in a
limited agency relationship for the purposes of infringing the Patents.

17.  Upon information and belief, Medtronic is knowingly and actively
directing and encouraging Medtronic CoreValve to continue manufacturing the ReValving

system and to engage in related conduct that infringes the Patents.
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18.  Upon information and belief, Medtronic is knowingly and actively
inducing Medtronic CoreValve’s continued infringement of the Patents by encouraging
Medtronic CoreValve to engage in conduct that infringes the Patents.

19.  Upon information and belief, Medtronic is actively participating in and/or
controlling the defense of this litigation on behalf of CoreValve and Medtronic CoreValve.

FIRST CAUSE OF ACTION
(For Infringement of the ‘552 Patent)

20.  Plaintiffs repeat and reallege the allegations of paragraphs 1 through 19
above.

21.  On May 2, 1995, U.S. Patent No. 5,411,552 (“*552 Patent”) (Exh. 1
hereto), entitled “Valve Prothesis for Implantation in the Body and a Catheter for Implanting
such Valve Prothesis,” was duly and legally issued to Drs. Henning Rud Andersen, John Michael
Hasenkam, and Lars Lyhne Knudsen. Edwards AG is the assignee, and Edwards LLC is the
exclusive licensee of the ‘552 Patent for the field of all cardiovascular applications. Plaintiffs are
the owners of all rights, title and interest in and to the ‘552 Patent, including all rights to recover
for any and all past infringement thereof, in the field of all cardiovascular applications.

22, Upon information and belief, and in wviolation of 35 U.S.C. § 271,
CoreValve has willfully and deliberately infringed the 552 Patent by manufacturing, using,
importing, selling, offering to sell and/or supplying heart valve prostheses covered by one or
more claims of the ‘552 Patent, including without limitation products designated as the
ReValving system.

23.  Upon information and belief, and in wviolation of 35 U.S.C. § 271,
Medtronic CoreValve, which acquired CoreValve’s interest in the ReValving system, continues

to engage in willful and deliberate infringement of the ‘552 Patent by manufacturing, using,
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importing, selling, offering to sell and/or supplying heart valve prostheses covered by one or
more of claims of the ‘552 Patent, including without limitation, products designated as the
ReValving system.

24. Upon information and belief, and in violation of 35 U.S.C. §271,
Medtronic is willfully and deliberately infringing the 552 Patent, including at least by its
knowing and active inducement of the continued willful and deliberate infringement of the ‘552
Patent as the successor in interest to CoreValve.

25. Upon information and belief, and in wviolation of 35 U.S.C. § 271,
Medtronic is willfully and deliberately infringing the 552 Patent, including at least by its
knowing and active inducement of Medtronic CoreValve’s continued willful and deliberate
infringement of the ‘552 Patent.

26.  CoreValve’s, Medtronic CoreValve’s and Medtronic’s foregoing
infringement and/or active inducement of infringement has been willful and deliberate, rendering
this case exceptional within the meaning of 35 U.S.C. § 285.

27.  Plaintiffs have been damaged and will be irreparably injured by
CoreValve’s past infringement and Medtronic CoreValve’s and Medtronic’s continuing
infringement and/or active inducement of infringement, for which Plaintiffs have no adequate
remedy at law. Medtronic CoreValve’s and Medtronic’s continued infringement and/or active
inducement of infringement will continue unless enjoined by this Court.

SECOND CAUSE OF ACTION
(For Infringement of the ‘614 Patent)

28.  Plaintiffs repeat and reallege the allegations of paragraphs 1 through 27

above.
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29. On January 2, 2001, U.S. Patent No. 6,168,614 (“*614 Patent”) (Exh. 2
hereto), entitled “Valve Prosthesis for Implantation in the Body,” was duly and legally issued to
Drs. Henning Rud Andersen, John Michael Hasenkam, and Lars Lyhne Knudsen. Edwards AG
is the assignee, and Edwards LLC is the exclusive licensee of the ‘614 Patent for the field of all
cardiovascular applications. Plaintiffs are the owners of all rights, title and interest in and to the
‘614 Patent, including all rights to recover for any and all past infringement thereof, in the field
of all cardiovascular applications.

30. Upon information and belief, and in violation of 35 U.S.C. §271,
CoreValve has infringed the ‘614 Patent by supplying or causing to be supplied in or from the
United States a component of the invention claimed in the ‘614 Patent, including without
limitation supplying the ReValving system, that is especially made or especially adapted for use
in the invention and not a staple article or commodity of commerce suitable for substantial
noninfringing use, knowing that such component is so made or adapted and intending that such
component will be combined outside of the United States in a manner that would infringe the
’614 Patent if such combination occurred in the United States.

31. Upon information and belief, and in violation of 35 U.S.C. §271,
Medtronic CoreValve, which acquired CoreValve’s interest in the ReValving system, continues
to engage in willful and deliberate infringement of the ‘614 Patent by supplying or causing to be
supplied in or from the United States a component of the invention claimed in the ‘614 Patent,
including without limitation supplying the ReValving system, that is especially made or
especially adapted for use in the invention and not a staple article or commodity of commerce

suitable for substantial noninfringing use, knowing that such component is so made or adapted
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and intending that such component will be combined outside of the United States in a manner
that would infringe the 614 Patent if such combination occurred in the United States.

32. Upon information and belief, and in violation of 35 U.S.C. §271,
Medtronic is willfully and deliberately infringing the ‘614 Patent, including at least by its
knowing and active inducement of the continued willful and deliberate infringement of the ‘614
Patent as the successor in interest to CoreValve.

33. Upon information and belief, and in wviolation of 35 U.S.C. § 271,
Medtronic is willfully and deliberately infringing the ‘614 Patent, including at least by its
knowing and active inducement of Medtronic CoreValve’s continued willful and deliberate
infringement of the ‘614 Patent.

34.  CoreValve’s, Medtronic CoreValve’s and Medtronic’s foregoing
infringement and/or active inducement of infringement has been willful and deliberate, rendering
this case exceptional within the meaning of 35 U.S.C. § 285.

35.  Plaintiffs have been damaged and will be irreparably injured by
CoreValve’s past infringement and Medtronic CoreValve’s and Medtronic’s continuing
infringement and/or active inducement of infringement, for which Plaintiffs have no adequate
remedy at law. Medtronic CoreValve’s and Medtronic’s continued infringement and/or active
inducement of infringement will continue unless enjoined by this Court.

THIRD CAUSE OF ACTION
(For Infringement of the ‘462 Patent)

36.  Plaintiffs repeat and reallege the allegations of paragraphs 1 through 35
above.
37. On June 24, 2003, U.S. Patent No. 6,582,462 (“‘462 Patent”) (Exh. 3

hereto), entitled “Valve Prosthesis for Implantation in the Body and a Catheter for Implanting
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such Valve Prosthesis,” was duly and legally issued to Drs. Henning Rud Andersen, John
Michael Hasenkam, and Lars Lyhne Knudsen. Edwards AG is the assignee, and Edwards LLC
is the exclusive licensee of the ‘462 Patent for the field of all cardiovascular applications.
Plaintiffs are the owners of all rights, title and interest in and to the ‘462 Patent, including all
rights to recover for any and all past infringement thereof, in the field of all cardiovascular
applications.

38. Upon information and belief, and in violation of 35 U.S.C. §271,
CoreValve has infringed the ‘462 Patent by manufacturing, using, importing, selling, offering to
sell and/or supplying heart valve prostheses covered by one or more claims of the ‘462 Patent,
including without limitation products designated as the ReValving system.

39. Upon information and belief, and in violation of 35 U.S.C. §271,
Medtronic CoreValve, which acquired CoreValve’s interest in the ReValving system, continues
to engage in willful and deliberate infringement of the ‘462 Patent by manufacturing, using,
importing, selling, offering to sell and/or supplying heart valve prostheses covered by one or
more of claims of the ‘462 Patent, including without limitation, products designated as the
ReValving system.

40. Upon information and belief, and in violation of 35 U.S.C. §271,
Medtronic is willfully and deliberately infringing the ‘462 Patent, including at least by its
knowing and active inducement of the continued willful and deliberate infringement of the ‘462
Patent as the successor in interest to CoreValve.

41. Upon information and belief, and in wviolation of 35 U.S.C. § 271,

Medtronic is willfully and deliberately infringing the ‘462 Patent, including at least by its
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knowing and active inducement of Medtronic CoreValve’s continued willful and deliberate
infringement of the ‘462 Patent.

42, CoreValve’s, Medtronic CoreValve’s and Medtronic’s foregoing
infringement and/or active inducement of infringement has been willful and deliberate, rendering
this case exceptional within the meaning of 35 U.S.C. § 285.

43.  Plaintiffs have been damaged and will be irreparably injured by
CoreValve’s past infringement and Medtronic CoreValve’s and Medtronic’s continuing
infringement and/or active inducement of infringement, for which Plaintiffs have no adequate
remedy at law. Medtronic CoreValve’s and Medtronic’s continued infringement and/or active
inducement of infringement will continue unless enjoined by this Court.

PRAYER FOR RELIEF

WHEREFORE Plaintiffs demand judgment as follows:

(a) Finding that CoreValve, Medtronic CoreValve, and Medtronic have
infringed the ‘552 Patent, the ‘614 Patent and the 462 Patent;

(b) Finding that CoreValve’s, Medtronic CoreValve’s, and Medtronic’s
infringement has been willful and deliberate;

(©) Preliminarily and permanently enjoining and restraining CoreValve,
Medtronic CoreValve, and Medtronic and their officers, agents, servants, employees and
attorneys, all parent, subsidiary and affiliate corporations and other related business entities, and
all other persons or entities acting in concert, participation or in privity with one or more of
them, and their successors and assigns, from infringing, contributing to the infringement of, or

inducing others to infringe the ‘552 Patent, the ‘614 Patent and the ‘462 Patent;
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(d) Awarding Plaintiffs damages, in an amount to be determined at trial,
together with interest and costs as fixed by the Court, for which Defendants are jointly and
severally liable;

(e) Awarding Plaintiffs enhanced damages under 35 U.S.C. § 284, for which
Defendants are jointly and severally liable;

(f) Awarding Plaintiffs their reasonable attorneys’ fees and their costs and
disbursements in this action, as provided by 35 U.S.C. § 285, for which Defendants are jointly
and severally liable; and

(2) Granting Plaintiffs such other and further relief as the Court deems just
and proper.

JURY DEMAND
Plaintiffs demand a trial by jury on all issues so triable in this Supplemental

Complaint.

MORRIS, NICHOLS, ARSHT & TUNNELL LLP

/5/ Maryellen Noreika

Jack B. Blumenfeld (#1014)
Maryellen Noreika (#3208)
1201 North Market Street
P.O. Box 1347

Wilmington, DE 19899-1347
(302) 658-9200

Attorneys for Plaintiffs

10
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OF COUNSEL:

John E. Nathan

Catherine Nyarady

Kripa Raman

Joseph D. Etra

Brian P. Egan

PAUL, WEISS, RIFKIND, WHARTON & GARRISON LLP
1285 Avenue of the Americas

New York, New York 10019

(212) 373-3000

July 17, 2009
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

EDWARDS LIFESCIENCES AG and
EDWARDS LIFESCIENCES LLC

Plaintiffs Z C.A. No. 08-91 (GMS)

V. DEMAND FOR JURY TRIAL

COREVALVE, INC.
MEDTRONIC COREVALVELLC
and MEDTRONIC. INC.

Defendants.

EDWARDS LIFESCIENCES AG and )
EDWARDS LIFESCIENCES LLC. )
)
Plaintiffs, 3

3 C A Nao

B Sy it e ek 1L 4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 53 v" }

3 DEMAND EQR JURY. TRIAL

COREVALVE, ING., )
3
J
Defendant. 3

SUPPLEMENTAL COMPLAINT

Defendant CoreValve, Inc. (“CoreValve”), Medtronic CoreValve LLC (“Medtronic

CoreValve”), and Medtronic, Inc. (“Medtronic”) (collectively, “Defendants™) allege as follows:

JURISDICTION AND VENUE

1. This action arises under the Patent Laws of the United States, 35 U.S.C. §

1 et seq. This Court has jurisdiction over the subject matter of this action based on 28 U.S.C. §§
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1338(a) and 1331. Venue is proper under 28 U.S.C. §§ 1391(b) and (c) and 1400(b), because

THE PARTIES

2. Plaintift Edwards AG is a corporation organized and existing under the
laws of Switzerland and having its principal executive offices in St.-Prex, Switzerland.

3. Plaintift Edwards LLC is a limited liability company organized and
existing under the laws of the State of Delaware and having its principal executive offices in
Irvine, California.

4. Edwards AG is the assignee of the following United States Patents
covering pioneering percutaneous heart valve products and methods of their use: U.S. Patent
No. 5,411,552, U.S. Patent No. 6,168,614, and U.S. Patent No. 6,582,462 (collectively,
“Patents”). The Patents disclose and claim, inter alia, collapsible and expandable tissue valve
prostheses and methods for replacing human heart valves using minimally invasive
catheterization procedures.

5. Edwards LLC is the exclusive licensee of the Patents for the field of all
cardiovascular applications.

6. Upon information and belief, Defendant CoreValve is a corporation
organized and existing under the laws of the State of Delaware and having its principal place of
business in Irvine, California.

7. Upon information and belief, CoreValve manufactureshas manufactured in
the United States heart valve prostheses known as the “ReValving” system that infringe the
Patents.

8. Upon information and belief, CoreValve-has obtained European CE mark

approval for its ReValving heart valve prostheses, and is-currently-efferin
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FIRST CAUSE OF ACTION
(For Infringement of the ‘552 Patent)

20.  9-Plaintiffs repeat and reallege the allegations of paragraphs 1 through

21, 10.0n May 2, 1995, U.S. Patent No. 5,411,552 (“*552 Patent”) (Exh. 1
hereto), entitled “Valve Prothesis for Implantation in the Body and a Catheter for Implanting
such Valve Prothesis,” was duly and legally issued to Drs. Henning Rud Andersen, John Michael
Hasenkam, and Lars Lyhne Knudsen. Edwards AG is the assignee, and Edwards LLC is the
exclusive licensee of the ‘552 Patent for the field of all cardiovascular applications. Plaintiffs are

the owners of all rights, title and interest in and to the ‘552 Patent, including all rights to recover

for any and all past infringement thereof, in the field of all cardiovascular applications.

manufacturing, using, importing, selling, offering to sell and/or supplying heart valve prostheses
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covered by one or more claims of the ‘552 Patent, including without limitation products

designated as the ReValving system.

........................................................................................................................................................................................ T A T o e e R T T e e e,

more of claims _of the ‘552 Patent. including without limitation, products designated as the

ReValving system.

this case exceptional within the meaning of 35 U.S.C. § 285.
27.  13.-Plaintiffs have been damaged and will be irreparably injured by

CoreValve’s continuingpast infrincement and Medtronic CoreValve’s and Medtronic’s
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SECOND CAUSE OF ACTION
(For Infringement of the ‘614 Patent)
28.  14.-Plaintiffs repeat and reallege the allegations of paragraphs 1 through
1327 above.

29.  15:OnJanuary 2, 2001, U.S. Patent No. 6,168,614 (“‘614 Patent”) (Exh. 2
hereto), entitled “Valve Prosthesis for Implantation in the Body,” was duly and legally issued to
Drs. Henning Rud Andersen, John Michael Hasenkam, and Lars Lyhne Knudsen. Edwards AG
is the assignee, and Edwards LLC is the exclusive licensee of the ‘614 Patent for the field of all
cardiovascular applications. Plaintiffs are the owners of all rights, title and interest in and to the

‘614 Patent, including all rights to recover for any and all past infringement thereof, in the field

of all cardiovascular applications.

supplied in or from the United States a component of the invention claimed in the ‘614 Patent,

including without limitation supplying the ReValving system, that is especially made or
especially adapted for use in the invention and not a staple article or commodity of commerce
suitable for substantial noninfringing use, knowing that such component is so made or adapted
and intending that such component will be combined outside of the United States in a manner
that would infringe the 614 Patent if such combination occurred in the United States.

31. Upon_information and belief, and in violation of 35 U.S.C. § 271
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THIRD CAUSE OF ACTION
(For Infringement of the ‘462 Patent)

36.  19-Plaintiffs repeat and reallege the allegations of paragraphs 1 through

37. 20:-On June 24, 2003, U.S. Patent No. 6,582,462 (“‘462 Patent”) (Exh. 3

hereto), entitled “Valve Prosthesis for Implantation in the Body and a Catheter for Implanting
such Valve Prosthesis,” was duly and legally issued to Drs. Henning Rud Andersen, John
Michael Hasenkam, and Lars Lyhne Knudsen. Edwards AG is the assignee, and Edwards LLC

is the exclusive sublicenseelicensee of the ‘462 Patent for the field of all cardiovascular

applications. Plaintiffs are the owners of all rights, title and interest in and to the ‘462 Patent,
including all rights to recover for any and all past infringement thereof, in the field of all

cardiovascular applications.

importing, selling, offering to sell and/or supplying heart valve prostheses covered by one or

more claims of the ‘462 Patent, including without limitation products designated as the

ReValving system.
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Court.

PRAYER FOR RELIEF

WHEREFORE Plaintiffs demand judgment as follows:

(a) Finding that CoreValve-has

infringed the ‘552 Patent, the ‘614 Patent and the 462 Patent;

(b) Finding that CoreValve’s, Medtronic CoreValve’s, and Medtronic’s

infringement has been willful and deliberate;
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(©) Preliminarily and permanently enjoining and restraining CoreValve,
itsMedtronic_CoreValve, and Medtronic_and. their officers, agents, servants, employees and
attorneys, all parent, subsidiary and affiliate corporations and other related business entities, and
all other persons or entities acting in concert, participation or in privity with one or more of
them, and their successors and assigns, from infringing, contributing to the infringement of, or
inducing others to infringe the ‘552 Patent, the ‘614 Patent and the ‘462 Patent;

(d) Awarding Plaintiffs damages, in an amount to be determined at trial,

for which Defendants are jointly and

together with interest and costs as fixed by the Court

severally liable:

(f) Awarding Plaintiffs their reasonable attorneys’ fees and their costs and

disbursements in this action, as provided by 35 U.S.C. § 285285, for which Defendants are

(2) Granting Plaintiffs such other and further relief as the Court deems just
and proper.

JURY DEMAND

Plaintiffs demand a trial by jury on all issues so triable in this

Complaint.
MORRIS; NICHOLS; ARSHT-& TUNNELL-LLP

MORRIS, NICHOLS, ARSHT & TUNNELL LLP

................................................. ot AT ) LAINNIT L L O AN N

Jack B. Blumenfeld (#1014)
Maryellen Noreika (#3208)
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1201 North Market Street
P.O. Box 1347

Wilmington, DE 19899-1347
(302) 658-9200

Attorneys for Plaintiffs

QF COUNSEL.:

John E. Nathan
]\,/[1 (‘]’\0 Ol D Q(‘]f

IVITUITANDT L O

PAUL, WEISS, RIFKRID,

SRVYS HARTGN & GARRISON-LLP

1285 Avenue of the Amerlcas
New York, NY--New York 10019

(212) 373-3000

February-12;-2008
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PAUL, WEISS, RIFKIND, WHARTON & GARRIS&BNMbLP

2001 K STREET, NW
WASHINGTON, DC 20006-1047
TELEPHONE (202) 223-7300
FACSIMILE (202) 223-7420

1285 AVENUE OF THE AMERICAS
NEW YORK, NEW YORK 10019-6064
TELEPHONE (212) 373-3000

FACSIMILE (212) 757-3990

FUKOKU SEIMEI BUILDING

2-2 UCHISAIWAICHO 2-CHOME
CHIYODA-KU, TOKYO 100-0011, JAPAN

LLOYD K. GARRISON (1946-1991)
RANDOLPH E. PAUL (1946-1956)

SIMON H. RIFKIND (1950-19958)
LOUIS S. WEISS (1927-1950) TELEPHONE (81-3) 3597-8101
JOHN F. WHARTON  (1927-1977) FACSIMILE (81-3) 3597-8120

UNIT 3601, FORTUNE PLAZA OFFICE TOWER A
NO. 7 DONG SANHUAN ZHONGLU

CHAO YANG DISTRICT

BEIJING 100020

PEOPLE’S REPUBLIC OF CHINA

TELEPHONE (86-10) 5828-6300

FACSIMILE (86-10) 6530-9070/9080

(212) 373-3156

WRITER'S DIRECT FACSIMILE 12TH FLOOR, HONG KONG CLUB BUILDING
3A CHATER ROAD, CENTRAL

HONG KONG

TELEPHONE (852) 2536-9933

WRITER’S DIRECT E-MAIL ADDRESS FACSIMILE (852) 2536-9622
jnathan@paulweiss.com ALDER CASTLE
10 NOBLE STREET

LONDON EC2V 7JU, U.K.
TELEPHONE (44 20) 7367 1600
FACSIMILE (44 20) 7367 1650

July 2, 2009

Via Electronic Mail

Joseph R. Re, Esq.

Knobbe Martens Olson & Baer LLP
2040 Main Street, 14th Floor
Irvine, California 92614-3641

MATTHEW W.
MARK H. AL
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MARK S. BERGMAN
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HENK BR DS

2
[e]
G
()
B
25 3
o-m
T4
2,3
T
Q
z
»
=
m
P4

xZ
>

Ip
m
Zmnz
3
<mn
mxa 3

<Izm

JE.
YVON
W

o3
Er;mow
wp

wpm

e
mz>2

> 2
it m
me~e

rp2z 0>
oL <

I3}
7
v
Q

JOHN C.
ALAN W. KORNBERG
DANIEL J. KRAMER

*NOT ADMITTED TO THE NEW YORK BAR

Edwards Lifesciences v. CoreValve, Inc.
Civ. A. No. 08-91 (D. Del.) (GMS)

Dear Joe:

A@ D K. LAKHE!IR
. LANGE

D,

JOHN E

DANIEL J. LEFFELL
XIAQOYU GREG LIU
JEFFREY D. MARELL
JULIA TARVER MASON
MARCO V. MASOTTI
EDWIN S. MAYNARD
DAVID W. MAYO

TOBY S. MYERSON
JOHN E, NATHAN
CATHERINE NYARADY
ALEX YOUNG K. OH
JOHN J. O’NEIL
KELLEY D. PARKER

MAR: .

MARK F, POMER

VALERIE E. RADWANER
R. IEAMOS

ISNER
ICCIARDI
MAN

STEVEN J. WILLIAMS
LAWRENCE |I. WITDORCHIC
JORDAN E. YARETT

KAYE N. YOSHINO

TONG YU

TRACEY A. ZACCONE

T. ROBERT ZOCHOWSKI, JR.

Edwards intends to move pursuant to Rule 15(d) for leave to serve the

enclosed Supplemental Complaint.

Please advise me promptly if you will consent to this motion.

JEN:¢jr
Enclosure
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