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(57) A quick-connect heart valve prosthesis that can
be quickly and easily implanted during a surgical proce-
dure is provided. The heart valve includes a substantially
non-expandable, non-compressible prosthetic valve and
a plastically-expandable coupling stent, thereby enabling
attachment to the annulus without sutures. A small
number of guide sutures may be provided for aortic valve
orientation. The prosthetic valve may be a commercially
available valve with a sewing ring with the coupling stent
attached thereto. The coupling stent may expand from a
conical deployment shape to a conical expanded shape,
and may include web-like struts connected between ax-
ially-extending posts. A system and method for deploy-
ment includes a hollow two-piece handle through which
a balloon catheter passes. A valve holder is stored with
the heart valve and the handle easily attaches thereto to
improve valve preparation steps.
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Description

Related Application

[0001] This application claims priority to United States
Provisional Application No.: 61/220,968, filed June 26,
2009, the entire disclosure of which is incorporated by
reference herewith.

Field of the Invention

[0002] The present invention generally relates to pros-
thetic valves for implantation in body channels. More par-
ticularly, the present invention relates to unitary prosthet-
ic heart valves configured to be surgically implanted in
less time than current valves.

Background of the Invention

[0003] In vertebrate animals, the heart is a hollow mus-
cular organ having four pumping chambers as seen in
Figure 1 - the left and right atria and the left and right
ventricles, each provided with its own one-way valve. The
natural heart valves are identified as the aortic, mitral (or
bicuspid), tricuspid and pulmonary, and are each mount-
ed in an annulus comprising dense fibrous rings attached
either directly or indirectly to the atrial and ventricular
muscle fibers. Each annulus defines a flow orifice.
[0004] The atria are the blood-receiving chambers,
which pump blood into the ventricles. The ventricles are
the blood-discharging chambers. A wall composed of fi-
brous and muscular parts, called the interatrial septum
separates the right and left atria (see Figures 2 to 4). The
fibrous interatrial septum is a materially stronger tissue
structure compared to the more friable muscle tissue of
the heart. An anatomic landmark on the interatrial septum
is an oval, thumbprint sized depression called the oval
fossa, or fossa ovalis (shown in Figure 4).
[0005] The synchronous pumping actions of the left
and right sides of the heart constitute the cardiac cycle.
The cycle begins with a period of ventricular relaxation,
called ventricular diastole. The cycle ends with a period
of ventricular contraction, called ventricular systole. The
four valves (see Figures 2 and 3) ensure that blood does
not flow in the wrong direction during the cardiac cycle;
that is, to ensure that the blood does not back flow from
the ventricles into the corresponding atria, or back flow
from the arteries into the corresponding ventricles. The
mitral valve is between the left atrium and the left ventri-
cle, the tricuspid valve between the right atrium and the
right ventricle, the pulmonary valve is at the opening of
the pulmonary artery, and the aortic valve is at the open-
ing of the aorta.
[0006] Figures 2 and 3 show the anterior (A) portion of
the mitral valve annulus abutting the non-coronary leaflet
of the aortic valve. The mitral valve annulus is in the vi-
cinity of the circumflex branch of the left coronary artery,
and the posterior (P) side is near the coronary sinus and

its tributaries.
[0007] The mitral and tricuspid valves are defined by
fibrous rings of collagen, each called an annulus, which
forms a part of the fibrous skeleton of the heart. The an-
nulus provides peripheral attachments for the two cusps
or leaflets of the mitral valve (called the anterior and pos-
terior cusps) and the three cusps or leaflets of the tricus-
pid valve. The free edges of the leaflets connect to chor-
dae tendineae from more than one papillary muscle, as
seen in Figure 1. In a healthy heart, these muscles and
their tendinous chords support the mitral and tricuspid
valves, allowing the leaflets to resist the high pressure
developed during contractions (pumping) of the left and
right ventricles.
[0008] When the left ventricle contracts after filling with
blood from the left atrium, the walls of the ventricle move
inward and release some of the tension from the papillary
muscle and chords. The blood pushed up against the
under-surface of the mitral leaflets causes them to rise
toward the annulus plane of the mitral valve. As they
progress toward the annulus, the leading edges of the
anterior and posterior leaflet come together forming a
seal and closing the valve. In the healthy heart, leaflet
coaptation occurs near the plane of the mitral annulus.
The blood continues to be pressurized in the left ventricle
until it is ejected into the aorta. Contraction of the papillary
muscles is simultaneous with the contraction of the ven-
tricle and serves to keep healthy valve leaflets tightly shut
at peak contraction pressures exerted by the ventricle.
[0009] Various surgical techniques may be used to re-
pair a diseased or damaged valve. In a valve replacement
operation, the damaged leaflets are excised and the an-
nulus sculpted to receive a replacement valve. Due to
aortic stenosis and other heart valve diseases, thou-
sands of patients undergo surgery each year wherein the
defective native heart valve is replaced by a prosthetic
valve, either bioprosthetic or mechanical. Another less
drastic method for treating defective valves is through
repair or reconstruction, which is typically used on mini-
mally calcified valves. The problem with surgical therapy
is the significant insult it imposes on these chronically ill
patients with high morbidity and mortality rates associat-
ed with surgical repair.
[0010] When the valve is replaced, surgical implanta-
tion of the prosthetic valve typically requires an open-
chest surgery during which the heart is stopped and pa-
tient placed on cardiopulmonary bypass (a so-called
"heart-lung machine"). In one common surgical proce-
dure, the diseased native valve leaflets are excised and
a prosthetic valve is sutured to the surrounding tissue at
the valve annulus. Because of the trauma associated with
the procedure and the attendant duration of extracorpor-
eal blood circulation, some patients do not survive the
surgical procedure or die shortly thereafter. It is well
known that the risk to the patient increases with the
amount of time required on extracorporeal circulation.
Due to these risks, a substantial number of patients with
defective valves are deemed inoperable because their
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condition is too frail to withstand the procedure. By some
estimates, about 30 to 50% of the subjects suffering from
aortic stenosis who are older than 80 years cannot be
operated on for aortic valve replacement.
[0011] Because of the drawbacks associated with con-
ventional open-heart surgery, percutaneous and mini-
mally-invasive surgical approaches are garnering in-
tense attention. In one technique, a prosthetic valve is
configured to be implanted in a much less invasive pro-
cedure by way of catheterization. For instance, U.S. Pat-
ent No. 5,411,552 to Andersen et al. describes a collaps-
ible valve percutaneously introduced in a compressed
state through a catheter and expanded in the desired
position by balloon inflation. Although these remote im-
plantation techniques have shown great promise for
treating certain patients, replacing a valve via surgical
intervention is still the preferred treatment procedure.
One hurdle to the acceptance of remote implantation is
resistance from doctors who are understandably anxious
about converting from an effective, if imperfect, regimen
to a novel approach that promises great outcomes but is
relatively foreign. In conjunction with the understandable
caution exercised by surgeons in switching to new tech-
niques of heart valve replacement, regulatory bodies
around the world are moving slowly as well. Numerous
successful clinical trials and follow-up studies are in proc-
ess, but much more experience with these new technol-
ogies will be required before they are completely accept-
ed.
[0012] Accordingly, there is a need for an improved
device and associated method of use wherein a pros-
thetic valve can be surgically implanted in a body channel
in a more efficient procedure that reduces the time re-
quired on extracorporeal circulation. It is desirable that
such a device and method be capable of helping patients
with defective valves that are deemed inoperable be-
cause their condition is too frail to withstand a lengthy
conventional surgical procedure.
[0013] Furthermore, surgeons relate that one of the
most difficult tasks when attempting minimally invasive
heart valve implantation or implantation through a small
incision is tying the suture knots that hold the valve in
position. A typical aortic valve implant utilizes 12-24 su-
tures (commonly 15) distributed evenly around and man-
ually tied on one side of the sewing ring. The knots directly
behind the commissure posts are particularly challenging
because of space constraints. Eliminating the need to tie
suture knots or even reducing the number of knots to
those that are more accessible would greatly facilitate
the use of smaller incisions that reduces infection risk,
reduces the need for blood transfusions and allows more
rapid recovery compared to patients whose valves are
implanted through the full sternotomy commonly used
for heart valve implantation.
[0014] The present invention addresses these needs
and others.

Summary of the Invention

[0015] Various embodiments of the present application
provide prosthetic valves and methods of use for replac-
ing a defective native valve in a human heart. Certain
embodiments are particularly well adapted for use in a
surgical procedure for quickly and easily replacing a heart
valve while minimizing time using extracorporeal circu-
lation (i.e., bypass pump).
[0016] In one embodiment, a method for treating a na-
tive aortic valve in a human heart to replaces the function
of the aortic valve, comprises: 1) accessing a native valve
through an opening in a chest; 2) placing guiding sutures
in the annulus 3) advancing a heart valve within a lumen
of the annulus; and 4) plastically expanding a metallic
coupling stent on the heart valve to mechanically couple
to the annulus in a quick and efficient manner.
[0017] The native valve leaflets may be removed be-
fore delivering the prosthetic valve. Alternatively, the na-
tive leaflets may be left in place to reduce surgery time
and to provide a stable base for fixing the coupling stent
within the native valve. In one advantage of this method,
the native leaflets recoil inward to enhance the fixation
of the metallic coupling stent in the body channel. When
the native leaflets are left in place, a balloon or other
expansion member may be used to push the valve leaf-
lets out of the way and thereby dilate the native valve
before implantation of the coupling stent. The native an-
nulus may be dilated between 1.0-5 mm from their initial
orifice size to accommodate a larger sized prosthetic
valve.
[0018] In accordance with a preferred aspect, a heart
valve includes a prosthetic valve defining therein a non-
expandable, non-collapsible orifice, and an expandable
coupling stent extending from an inflow end thereof. The
coupling stent has a contracted state for delivery to an
implant position and an expanded state configured for
outward connection to the base stent. Desirably, the cou-
pling stent is plastically expandable.
[0019] In another aspect, a prosthetic heart valve for
implant at a heart valve annulus, comprises:

a. a non-expandable, non-collapsible annular sup-
port structure defining a flow orifice, the support
structure including a plurality of commissure posts
projecting in an outflow direction;
b. flexible leaflets attached to the support structure
and commissure posts and mounted to alternately
open and close across the flow orifice;
c. a suture-permeable ring circumscribing an inflow
end of the support structure; and
d. a plastically-expandable coupling stent having a
first end extending around and connected at the in-
flow end of the support structure, the coupling stent
having a second end projecting in the inflow direction
away from the valve support structure and being ca-
pable of assuming a contracted state for delivery to
an implant position and an expanded state wider
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than the first end for outward contact with an annulus.

[0020] In one embodiment, the heart valve comprises
a commercially available prosthetic valve having a sew-
ing ring, and the coupling stent attaches to the sewing
ring. The contracted state of the coupling stent may be
conical, tapering down in a distal direction. The coupling
stent preferably comprises a plurality of radially expand-
able struts at least some of which are arranged in rows,
wherein the distalmost row has the greatest capacity for
expansion from the contracted state to the expanded
state.
[0021] A method of delivery and implant of a prosthetic
heart valve system is also disclosed herein, comprising
the steps of:

providing a heart valve including a prosthetic valve
having a non-expandable, non-collapsible orifice,
the heart valve further including an expandable cou-
pling stent extending from an inflow end thereof, the
coupling stent having a contracted state for delivery
to an implant position and an expanded state con-
figured for outward connection to the annulus;
advancing the heart valve with the coupling stent in
its contracted state to an implant position adjacent
the annulus; and
plastically expanding the coupling stent to the ex-
panded state in contact with and connected to the
annulus.

[0022] One embodiment of the method further includes
mounting the heart valve on a holder having a proximal
hub and lumen therethrough. The holder mounts on the
distal end of a handle having a lumen therethrough, and
the method including passing a balloon catheter through
the lumen of the handle and the holder and within the
heart valve, and inflating a balloon on the balloon catheter
to expand the coupling stent. The heart valve mounted
on the holder may be packaged separately from the han-
dle and the balloon catheter. Desirably, the contracted
state of the coupling stent is conical, and the balloon on
the balloon catheter has a larger distal expanded end
than its proximal expanded end so as to apply greater
expansion deflection to the coupling stent than to the
prosthetic valve.
[0023] In the method where the coupling stent is con-
ical, the coupling stent may comprise a plurality of radially
expandable struts at least some of which are arranged
in rows, wherein the row farthest from the prosthetic valve
has the greatest capacity for expansion from the con-
tracted state to the expanded state.
[0024] The method may employ a coupling stent with
a plurality of radially expandable struts, wherein a row
farthest from the prosthetic valve has alternating peaks
and valleys. The distal end of the coupling stent thus
expands more than the rest of the coupling stent so that
the peaks in the row farthest from the prosthetic valve
project outward into apertures in the base stent.

[0025] Another aspect described herein is a system for
delivering a heart valve including a prosthetic valve hav-
ing a non-expandable, non-collapsible orifice, and an ex-
pandable coupling stent extending from an inflow end
thereof, the coupling stent having a contracted state for
delivery to an implant position and an expanded state.
The delivery system includes a valve holder connected
to a proximal end of the heart valve, a balloon catheter
having a balloon, and a handle configured to attach to a
proximal end of the valve holder and having a lumen for
passage of the catheter, wherein the balloon extends dis-
tally through the handle, past the holder and through the
heart valve. In the system, the prosthetic valve is prefer-
ably a commercially available valve having a sewing ring
to which the coupling stent attaches.
[0026] The contracted state of the coupling stent in the
delivery system may be conical, tapering down in a distal
direction. Furthermore, the balloon catheter further may
include a generally conical nose cone on a distal end
thereof that extends through the heart valve and engages
a distal end of the coupling stent in its contracted state.
Desirably, the handle comprises a proximal section and
a distal section that may be coupled together in series to
form a continuous lumen, wherein the distal section is
adapted to couple to the hub of the holder to enable man-
ual manipulation of the heart valve using the distal section
prior to connection with the proximal handle section. In
one embodiment, the balloon catheter and proximal han-
dle section are packaged together with the balloon within
the proximal section lumen. Alternatively, the heart valve
mounted on the holder is packaged separately from the
handle and the balloon catheter.
[0027] A further understanding of the nature and ad-
vantages of the present invention are set forth in the fol-
lowing description and claims, particularly when consid-
ered in conjunction with the accompanying drawings in
which like parts bear like reference numerals.

Brief Description of the Drawings

[0028] The invention will now be explained and other
advantages and features will appear with reference to
the accompanying schematic drawings wherein:

Figure 1 is an anatomic anterior view of a human
heart, with portions broken away and in section to
view the interior heart chambers and adjacent struc-
tures;
Figure 2 is an anatomic superior view of a section of
the human heart showing the tricuspid valve in the
right atrium, the mitral valve in the left atrium, and
the aortic valve in between, with the tricuspid and
mitral valves open and the aortic and pulmonary
valves closed during ventricular diastole (ventricular
filling) of the cardiac cycle;
Figure 3 is an anatomic superior view of a section of
the human heart shown in Figure 2, with the tricuspid
and mitral valves closed and the aortic and pulmo-
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nary valves opened during ventricular systole (ven-
tricular emptying) of the cardiac cycle;
Figure 4 is an anatomic anterior perspective view of
the left and right atria, with portions broken away and
in section to show the interior of the heart chambers
and associated structures, such as the fossa ovalis,
coronary sinus, and the great cardiac vein;
Figures 5A-5E are sectional views through an iso-
lated aortic annulus showing a portion of the adjacent
left ventricle below the ascending aorta, and illus-
trating a number of steps in sutureless deployment
of an exemplary unitary prosthetic heart valve dis-
closed herein, namely:
Figure 5A shows a unitary prosthetic heart valve
mounted on a balloon catheter advancing into posi-
tion within the aortic annulus;
Figure 5B shows the unitary prosthetic heart valve
in a desired implant position at the aortic annulus,
with the balloon catheter advanced farther to dis-
place a nose cone out of engagement with a coupling
stent;
Figure 5C shows the balloon on the catheter inflated
to expand and deploy the flared coupling stent
against and below the aortic annulus;
Figure 5D shows the deflated balloon on the catheter
along with the nose cone being removed from within
the heart valve; and
Figure 5E shows the fully implanted unitary prosthet-
ic heart valve;
Figure 6 is an exploded view of an exemplary system
for delivering the unitary prosthetic heart valve;
Figure 7 is an assembled view of the delivery system
of Figure 6 showing a nose cone extending over a
distal end of a valve coupling stent;
Figure 8 is a view like Figure 7 but with a balloon
catheter displaced distally to disengage the nose
cone from the coupling stent;
Figures 9A and 9B are perspective views of an ex-
emplary unitary prosthetic heart valve assembled on
a valve holder;
Figure 9C is a side elevational view of the assembly
of Figures 9A and 9B;
Figures 9D and 9E are distal and proximal plan views
of the assembly of Figures 9A and 9B;
Figures 10A and 10B illustrate an exemplary cou-
pling stent shown, respectively, in both a flat and a
tubular expanded configuration;
Figures 11A-11B illustrate an alternative coupling
stent having a discontinuous upper end in both flat
and tubular expanded configurations;
Figure 12A-12D are plan views of still further alter-
native coupling stents;
Figures 13A-13K are perspective cutaway views of
an aortic annulus showing a portion of the adjacent
left ventricle below the ascending aorta, and illus-
trating a number of steps in deployment of an alter-
native unitary prosthetic heart valve disclosed here-
in, namely:

Figure 13A shows the heart valve after removal from
a storage and shipping jar and during attachment of
an internally threaded leaflet parting sleeve to a heart
valve holder;
Figure 13B shows a preliminary step in preparing an
aortic annulus for receiving the heart valve including
installation of guide sutures;
Figure 13C shows the heart valve mounted on distal
section of a delivery handle advancing into position
within the aortic annulus along the guide sutures;
Figure 13D shows the heart valve in a desired im-
plant position at the aortic annulus, and during place-
ment of suture snares;
Figure 13E shows forceps bending upper ends of
the suture snares outward to improve access to the
heart valve and implant site;
Figure 13F shows a balloon catheter descending to-
ward the implant site prior to insertion through the
delivery handle, holder and heart valve;
Figure 13G shows the delivery handle proximal and
distal sections mated and the distal end of the balloon
catheter below a coupling stent of the heart valve
prior to inflation of the balloon;
Figure 13H shows the balloon of the balloon catheter
inflation to expand the coupling stent;
Figure 13I shows the balloon deflated;
Figure 13J shows three fastener clips descending
down the guide sutures after removal of the snares;
Figure 13K shows the fully implanted unitary pros-
thetic heart valve with the fastener clips secured on
the proximal face of a sewing ring during removal of
the guide sutures;
Figures 14 and 15 are upper and lower perspective
views of the alternative unitary prosthetic heart valve
assembled on the valve holder;
Figure 16 is a lower perspective view of the valve
holder of Figure 14;
Figures 17A-17F are a number of plan and eleva-
tional views of the alternative unitary prosthetic heart
valve and holder assembly of Figures 14 and 15;
Figures 18A-18C are elevational and top and bottom
plan views of the coupling stent of the heart valve of
Figures 14-17 with a second end in a contracted state
and forming a conical shape;
Figures 19A-19D are elevational, top and bottom
plan, and perspective views of the coupling stent of
the heart valve of Figures 14-17 with the second end
in an expanded state and also forming a conical
shape;
Figures 20A-20C are perspective, elevational and
longitudinal sectional views of a system for delivering
the heart valve of Figures 14-17 showing a balloon
on a balloon catheter in an inflated configuration and
omitting the coupling stent of the heart valve;
Figure 21 is an elevational view of the delivery sys-
tem of Figures 20A-20C with the coupling stent of
the heart valve;
Figure 22 is an exploded view of several components

7 8 



EP 3 332 742 A1

6

5

10

15

20

25

30

35

40

45

50

55

of the delivery system of Figure 21, without the bal-
loon catheter, heart valve and holder;
Figure 23 is an exploded perspective view of the de-
livery system of Figures 20A-20C, heart valve and
holder; and
Figures 24A-24D are perspective, elevational and
longitudinal sectional views of the balloon catheter
and proximal handle section of the delivery system
of Figures 20A-20C.

Detailed Description of the Preferred Embodiments

[0029] The present invention attempts to overcome
drawbacks associated with conventional, open-heart
surgery, while also adopting some of the techniques of
newer technologies which decrease the duration of the
treatment procedure. The prosthetic heart valves of the
present invention are primarily intended to be delivered
and implanted using conventional surgical techniques,
including the aforementioned open-heart surgery. There
are a number of approaches in such surgeries, all of
which result in the formation of a direct access pathway
to the particular heart valve annulus. For clarification, a
direct access pathway is one that permits direct (i.e., na-
ked eye) visualization of the heart valve annulus. In ad-
dition, it will be recognized that embodiments of the uni-
tary prosthetic heart valves described herein may also
be configured for delivery using percutaneous approach-
es, and those minimally-invasive surgical approaches
that require remote implantation of the valve using indi-
rect visualization.
[0030] One primary aspect of the present invention is
a unitary prosthetic heart valve including implanting a
tissue anchor at the same time as a valve member re-
sulting in certain advantages. The exemplary unitary
prosthetic heart valve of the present invention has a hy-
brid valve member with non-expandable and expandable
portions. By utilizing an expandable stent coupled to a
non-expandable valve member, the duration of the an-
choring operation is greatly reduced as compared with a
conventional sewing procedure utilizing an array of su-
tures. The expandable stent may simply be radially ex-
panded outward into contact with the implantation site,
or may be provided with additional anchoring means,
such as barbs. The operation may be carried out using
a conventional open-heart approach and cardiopulmo-
nary bypass. In one advantageous feature, the time on
bypass is greatly reduced due to the relative speed of
implanting the expandable stent.
[0031] For definitional purposes, the terms "stent" or
"coupling stent" refer to a structural component of a heart
valve that is capable of attaching to tissue of a heart valve
annulus. The coupling stents described herein are most
typically tubular stents, or stents having varying shapes
or diameters. A stent is normally formed of a biocompat-
ible metal frame, such as stainless steel or Nitinol. More
preferably, in the context of the present invention the
stents are made from laser-cut tubing of a plastically-

expandable metal. Other coupling stents that could be
used with valves of the present invention include rigid
rings, spirally-wound tubes, and other such tubes that fit
tightly within a valve annulus and define an orifice there-
through for the passage of blood. It is entirely conceiva-
ble, however, that the coupling stent could be separate
clamps or hooks that do not define a continuous periph-
ery. Although such devices sacrifice some contact uni-
formity, and speed and ease of deployment, these de-
vices could be configured to work in conjunction with a
particular valve member.
[0032] A distinction between self-expanding and bal-
loon-expanding stents exists in the field. A self-expand-
ing stent may be crimped or otherwise compressed into
a small tube and possesses sufficient elasticity to spring
outward by itself when a restraint such as an outer sheath
is removed. In contrast, a balloon-expanding stent is
made of a material that is substantially less elastic, and
indeed must be plastically expanded from the inside out
when converting from a contracted to an expanded di-
ameter. It should be understood that the term balloon-
expanding stents encompasses plastically-expandable
stents, whether or not a balloon is used to actually expand
it (e.g., a device with mechanical fingers could expand
the stent). The material of the stent plastically deforms
after application of a deformation force such as an inflat-
ing balloon or expanding mechanical fingers. Conse-
quently, the term "balloon-expandable stent" should be
considered to refer to the material or type of the stent as
opposed to the specific expansion means.
[0033] The term "valve member" refers to that compo-
nent of a heart valve that possesses the fluid occluding
surfaces to prevent blood flow in one direction while per-
mitting it in another. As mentioned above, various con-
structions of valve members are available, including
those with flexible leaflets and those with rigid leaflets,
or even a ball and cage arrangement. The leaflets may
be bioprosthetic, synthetic, metallic, or other suitable ex-
pedients.
[0034] A primary focus of the present invention is a
unitary prosthetic heart valve having a single stage im-
plantation in which a surgeon secures a hybrid coupling
stent and valve member to a valve annulus as one unit
or part. Certain features of the hybrid coupling stent and
valve member are described in co-pending U.S. Provi-
sional Application No. 61/139,398, filed December 19,
2008, the contents of which are expressly incorporated
herein. It should be noted that "two-stage" prosthetic
valve delivery disclosed in the aforementioned applica-
tion refers to the two primary steps of a) anchoring struc-
ture to the annulus, and then b) connecting a valve mem-
ber, which does not necessarily limit the valve to just two
parts. Likewise, the unitary valve described herein is es-
pecially beneficial in a single stage implant procedure,
but that does not necessarily limit the overall system to
just one part. For instance, the heart valve 30 disclosed
herein could also use an expanding base stent which is
then reinforced by the subsequently implanted heart
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valve. Because the heart valve 30 has a non-expandable
and non-collapsible annular support structure, and a
plastically-expandable coupling stent 36, it effectively re-
sists recoil of a self-expanded base stent. That said, var-
ious claims appended hereto may exclude more than one
part.
[0035] As a point of further definition, the term "expand-
able" is used herein to refer to a component of the heart
valve capable of expanding from a first, delivery diameter
to a second, implantation diameter. An expandable struc-
ture, therefore, does not mean one that might undergo
slight expansion from a rise in temperature, or other such
incidental cause such as fluid dynamics acting on leaflets
or commissures. Conversely, "non-expandable" should
not be interpreted to mean completely rigid or a dimen-
sionally stable, as some slight expansion of conventional
"non-expandable" heart valves, for example, may be ob-
served.
[0036] In the description that follows, the term "body
channel" is used to define a blood conduit or vessel within
the body. Of course, the particular application of the pros-
thetic heart valve determines the body channel at issue.
An aortic valve replacement, for example, would be im-
planted in, or adjacent to, the aortic annulus. Likewise,
a mitral valve replacement will be implanted at the mitral
annulus. Certain features of the present invention are
particularly advantageous for one implantation site or the
other, in particular the aortic annulus. However, unless
the combination is structurally impossible, or excluded
by claim language, any of the heart valve embodiments
described herein could be implanted in any body channel.
[0037] A "quick-connect" aortic valve bio-prosthesis
described herein is a surgically-implanted medical device
for the treatment of aortic valve stenosis. The exemplary
quick-connect device comprises an implantable bio-
prosthesis and a delivery system for its deployment. The
device, delivery system and method of use take advan-
tage of the proven hemodynamic performance and du-
rability of existing commercially available, non-expand-
able prosthetic heart valves, such as the Carpentier-Ed-
wards PERIMOUNT Magna® Aortic Heart Valve availa-
ble from Edwards Lifesciences of Irvine, California, while
improving its ease of use and reducing total procedure
time. This is mainly accomplished by eliminating the need
to suture the bio-prosthesis onto the native annulus as
is currently done per standard surgical practice, and typ-
ically requires 12-24 manually tied sutures around the
valve perimeter. Also, the technique may obviate the
need to excise the leaflets of the calcified valve and de-
bride or smooth the valve annulus.
[0038] Figures 5A-5E are sectional views through an
isolated aortic annulus AA showing a portion of the ad-
jacent left ventricle LV and ascending aorta with sinus
cavities S. The two coronary sinuses CS are also shown.
The series of views show snapshots of a number of steps
in deployment of an exemplary prosthetic heart valve sys-
tem of the present invention, which comprises a unitary
system. A coupling stent of a unitary prosthetic valve is

deployed against the native leaflets or, if the leaflets are
excised, against the debrided aortic annulus AA.
[0039] Figure 5A shows a unitary heart valve 30 mount-
ed on a balloon catheter 32 having a balloon 40 (Figure
5B) in a deflated state near a distal end and advancing
into position so that it is approximately axially centered
at the aortic annulus AA. The unitary heart valve 30 com-
prises a prosthetic valve 34 and a coupling stent 36 at-
tached to and projecting from a distal end thereof. In its
radially constricted or undeployed state, the coupling
stent 36 assumes a conical inward taper in the distal di-
rection. The catheter 32 extends through the heart valve
30 and terminates in a distal nose cone 38 which has a
conical or bell-shape and covers the tapered distal end
of the coupling stent 36. As will be shown below, the
catheter 32 extends through an introducing cannula and
valve holder.
[0040] When used for aortic valve replacement, the
prosthetic valve 34 preferably has three flexible leaflets
which provide the fluid occluding surfaces to replace the
function of the native valve leaflets. In various preferred
embodiments, the valve leaflets may be taken from an-
other human heart (cadaver), a cow (bovine), a pig (por-
cine valve) or a horse (equine). In other preferred varia-
tions, the valve member may comprise mechanical com-
ponents rather than biological tissue. The three leaflets
are supported by a non-expandable, non-collapsible an-
nular support structure and a plurality of commissure
posts projecting in an outflow direction. Typical prosthetic
heart valves with flexible leaflets include a synthetic (me-
tallic and/or polymeric) support structure of one or more
components covered with cloth for ease of attachment
of the leaflets.
[0041] For instance, in a preferred embodiment, the
prosthetic valve 34 comprises a commercially available,
non-expandable prosthetic heart valve, such as the Car-
pentier-Edwards PERIMOUNT Magna® Aortic Heart
Valve available from Edwards Lifesciences. In this sense,
a "commercially available" prosthetic heart valve is an
off-the-shelf (i.e., suitable for stand-alone sale and use)
prosthetic heart valve defining therein a non-expandable,
non-collapsible support structure and having a sewing
ring capable of being implanted using sutures through
the sewing ring in an open-heart, surgical procedure. The
particular approach into the heart used may differ, but in
surgical procedures the heart is stopped and opened, in
contrast to beating heart procedures where the heart re-
mains functional. To reiterate, the terms "non-expanda-
ble" and "non-collapsible" should not be interpreted to
mean completely rigid and dimensionally stable, merely
that the valve is not expandable/collapsible like some
proposed minimally-invasively or percutaneously-deliv-
ered valves.
[0042] The prosthetic valve 34 is provided with an ex-
pandable coupling mechanism in the form of the coupling
stent 36 for securing the valve to the annulus. Although
the coupling stent 36 is shown, the coupling mechanism
may take a variety of different forms, but eliminates the
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need for connecting sutures and provides a rapid con-
nection means as it does not require the time-consuming
process of suturing it to the annulus.
[0043] An implant procedure involves delivering the
heart valve 30 and expanding the coupling stent 36 at
the aortic annulus. Because the valve 34 is non-expand-
able, the entire procedure is typically done using the con-
ventional open-heart technique. However, because the
coupling stent 36 is implanted by simple expansion, with
reduced suturing, the entire operation takes less time.
This hybrid approach will also be much more comfortable
to surgeons familiar with the open-heart procedures and
commercially available heart valves.
[0044] Moreover, the relatively small change in proce-
dure coupled with the use of proven heart valves should
create a much easier regulatory path than strictly expand-
able, remote procedures. Even if the system must be
validated through clinical testing to satisfy the Pre-Market
Approval (PMA) process with the FDA (as opposed to a
510k submission), at least the surgeon acceptance of
the quick-connect heart valve 30 will be greatly stream-
lined with a commercial heart valve that is already proven,
such as the Magna® Aortic Heart Valve.
[0045] In Figure 5B the heart valve 30 has advanced
to a desired implant position at the aortic annulus AA.
The prosthetic valve 34 may include a suture-permeable
ring 42 that desirably abuts the aortic annulus AA. More
preferably, the sewing ring 42 is positioned supra-annu-
larly, or above the narrowest point of the aortic annulus
AA, so as to allow selection of a larger orifice size than
a valve placed intra-annularly. Furthermore, with annulus
expansion using the coupling stent 36, and the supra-
annular placement, the surgeon may select a valve hav-
ing a size one or two increments larger than previously
conceivable. As mentioned, the prosthetic valve 34 is
desirably a commercially available heart valve having a
sewing ring 42. The balloon catheter 32 has advanced
relative to the heart valve 30 to displace the nose cone
38 out of engagement with the coupling stent 36. A dila-
tation balloon 40 on the catheter 32 can be seen just
beyond the distal end of the coupling stent 36.
[0046] Figure 5C shows the balloon 40 on the catheter
32 inflated to expand and deploy the coupling stent 36
against the annulus. The balloon 40 is desirably inflated
using controlled, pressurized, sterile physiologic saline.
The coupling stent 36 transitions between its conical con-
tracted state and its generally tubular or slightly conical
expanded state. Simple interference between the cou-
pling stent 36 and the annulus may be sufficient to anchor
the heart valve 30, or interacting features such as pro-
jections, hooks, barbs, fabric, etc. may be utilized.
[0047] In a preferred embodiment, the coupling stent
36 comprises a plastically-expandable cloth-covered
stainless-steel tubular stent. One advantage of using a
plastically-expandable stent is the ability to expand the
native annulus to receive a larger valve size than would
otherwise be possible with conventional surgery. Desir-
ably, the left ventricular outflow tract (LVOT) is signifi-

cantly expanded by at least 10%, or for example by 1.0-5
mm, and the surgeon can select a heart valve 30 with a
larger orifice diameter relative to an unexpanded annu-
lus. Even a 1 mm increase in annulus size is significant
since the gradient is considered to be proportional to the
radius raised to the 4th power.
[0048] The stent body is preferably configured with suf-
ficient radial strength for pushing aside the native leaflets
and holding the native leaflets open in a dilated condition.
The native leaflets provide a stable base for holding the
stent, thereby helping to securely anchor the stent in the
body. To further secure the stent to the surrounding tis-
sue, the lower portion may be configured with anchoring
members, such as, for example, hooks or barbs (not
shown). It should be understood that the coupling stent
36 is desirably robust enough to anchor the heart valve
30 directly against the native annulus (with or without
leaflet excision) in the absence of a pre-deployed base
stent.
[0049] Also, the balloon 40 may have a larger distal
expanded end than its proximal expanded end so as to
apply more force to the free end of the coupling stent 36
than to the prosthetic valve 34. In this way, the prosthetic
valve 34 and flexible leaflets therein are not subject to
high expansion forces from the balloon 40. Indeed, al-
though balloon deployment is shown, the coupling stent
36 may also be a self-expanding type of stent. In the latter
configuration, the nose cone 38 is adapted to retain the
coupling stent 36 in its constricted state prior to position
in the heart valve 30 within the aortic annulus.
[0050] As noted above, the coupling stent 36 described
herein can be a variety of designs, including having the
diamond/chevron-shaped openings shown or other con-
figurations. Further, the coupling stent 36 may include
barbs or other tissue anchors to further secure the stent
to the tissue. The barbs could be deployable (e.g., con-
figured to extend or be pushed radially outward) by the
expansion of a balloon. Alternatively, shape memory ma-
terial may be utilized such that the barbs bend or curl
upon implant. The material of the coupling stent 36 de-
pends on the mode of delivery (i.e., balloon- or self-ex-
panding), and the stent can be bare strut material or cov-
ered to promote ingrowth and/or to reduce paravalvular
leakage. Preferably, the coupling stent 36 is covered to
promote in-growth and/or to reduce paravalvular leak-
age, such as with a Dacron tube or the like.
[0051] Figure 5D shows the deflated balloon 40 on the
catheter 32 along with the nose cone 38 being removed
from within the heart valve 30. Finally, Figure 5E shows
the fully deployed prosthetic heart valve system of the
present invention including the heart valve 30 coupled to
the aortic annulus AA.
[0052] Figure 6 is an exploded view, and Figures 7 and
8 are assembled views, of an exemplary system 50 for
delivering the prosthetic heart valve of the present inven-
tion. The delivery system 50 includes a balloon catheter
52 having the balloon 40 on its distal end and an obturator
54 on a proximal end. The obturator 54 presents a prox-
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imal coupling 56 that receives a luer connector or other
such fastener of a Y-fitting 58.
[0053] The aforementioned nose cone 38 may attach
to the distalmost end of the catheter 52, but more pref-
erably attaches to a wire (not shown) inserted through
the center lumen of the balloon catheter 52. The nose
cone 38 preferably secures to the end of a 0.035" guide
wire and has a tapered geometry that fits onto the tapered
geometry of the tapered coupling stent 36 to protect it
and prevent accidental calcium dislodgement caused by
the stent catching as it advances into the native calcified
aortic valve. The nose cone 38 assembles onto the distal
end of the heart valve 30 prior to positioning the device
into the aortic root for deployment. The nose cone 38 is
assembled by distally loading the guide wire into the thru
lumen of the balloon catheter 52 and advancing proxi-
mally until the it sits and conforms to the tapered coupling
stent 36. Once the prosthesis is in the desired location
and prior to balloon expansion, the surgeon advances
the nose cone 38 in the ventricular direction to allow bal-
loon expansion. As it advances in the ventricular direction
and disengages the stent frame, the nose cone 38 col-
lapses to a size that allows retrieval through the deployed
aortic valve.
[0054] The catheter 52 and the nose cone 38 pass
through a hollow handle 60 having a proximal section 62
and a distal section 64. A distal end of the distal handle
section 64 firmly attaches to a hub 66 of a valve holder
68, which in turn attaches to the prosthetic heart valve
30. Details of the valve holder 68 will be given below with
reference to Figures 9A-9E.
[0055] The two sections 62, 64 of the handle 60 are
desirably formed of a rigid material, such as a molded
plastic, and coupled to one another to form a relatively
rigid and elongated tube for manipulating the prosthetic
heart valve 30 attached to its distal end. In particular, the
distal section 64 may be easily coupled to the holder hub
66 and therefore provide a convenient tool for managing
the heart valve 30 during pre-surgical rinsing steps. For
this purpose, the distal section 64 features a distal tubular
segment 70 that couples to the holder hub 66, and an
enlarged proximal segment 72 having an opening on its
proximal end that receives a tubular extension 74 of the
proximal handle section 62.
[0056] Figure 6 shows an O-ring 76 that may be pro-
vided on the exterior of the tubular extension 74 for a
frictional interference fit to prevent the two sections from
disengaging. Although not shown, the distal tubular seg-
ment 70 may also have an O-ring for firmly coupling to
the holder hub 66, or may be attached with threading or
the like. In one preferred embodiment, the balloon 40 on
the catheter 52 is packaged within the proximal handle
section 62 for protection and ease of handling. Coupling
the proximal and distal handle sections 62, 64 therefore
"loads" the system 50 such that the balloon catheter 52
may be advanced through the continuous lumen leading
to the heart valve 30.
[0057] In a preferred embodiment, the prosthetic heart

valve 30 incorporates bioprosthetic tissue leaflets and is
packaged and stored attached to the holder 68 but sep-
arate from the other introduction system 50 components.
Typically, bioprosthetic tissue is packaged and stored in
a jar with preservative solution for long shelf life, while
the other components are packaged and stored dry.
[0058] When assembled as seen in Figures 7 and 8,
an elongated lumen (not numbered) extends from the
proximal end of the Y-fitting 58 to the interior of the balloon
40. The Y-fitting 58 desirably includes an internally
threaded connector 80 for attachment to an insufflation
system, or a side port 82 having a luer fitting 84 or similar
expedient may be used for insufflation of the balloon 40.
[0059] Figures 7 and 8 show two longitudinal positions
of the catheter 52 and associated structures relative to
the handle 60 and its associated structures. In a retracted
position shown in Figure 7, the balloon 40 primarily re-
sides within the distal handle section 64. Figure 7 illus-
trates the delivery configuration of the introduction sys-
tem 50, in which the surgeon advances the prosthetic
heart valve 30 from outside the body into a location ad-
jacent the target annulus. The nose cone 38 extends
around and protects a distal end of the conical unde-
ployed coupling stent 36. This configuration is also seen
in Figure 5A, albeit with the holder 68 removed for clarity.
Note the spacing S between the proximal coupling 56
and the proximal end of the handle 60.
[0060] As explained above with respect to Figures 5A-
5E, the surgeon advances the prosthetic heart valve 30
into its desired implantation position at the valve annulus,
and then advances the balloon 40 through the heart valve
and inflates it. To do so, the operator converts the delivery
system 50 from the retracted configuration of Figure 7 to
the deployment configuration of Figure 8, with the balloon
catheter 40 displaced distally as indicated by the arrow
78 to disengage the nose cone 38 from the coupling stent
36. Note that the proximal coupling 56 now contacts the
proximal end of the handle 60, eliminating the space S
indicated in Figure 7.
[0061] Prior to a further description of operation of the
delivery system 50, a more detailed explanation of the
heart valve 30 and valve holder 68 is necessary. Figures
9A-9E show a number of perspective and other views of
the exemplary heart valve 30 mounted on the delivery
holder 68 of the present invention. As mentioned, the
heart valve 30 comprises the prosthetic valve 34 having
the coupling stent 36 attached to an inflow end thereof.
In a preferred embodiment, the prosthetic valve 34 com-
prises a commercially available off-the-shelf non-ex-
pandable, non-collapsible commercial prosthetic valve.
Any number of prosthetic heart valves can be retrofit to
attach the coupling stent 36, and thus be suitable for use
in the context of the present invention. For example, the
prosthetic valve 34 may be a mechanical valve or a valve
with flexible leaflets, either synthetic or bioprosthetic. In
a preferred embodiment, however, the prosthetic valve
34 includes bioprosthetic tissue leaflets 86 (Figure 9A).
Furthermore, as mentioned above, the prosthetic valve
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34 is desirably a Carpentier-Edwards PERIMOUNT
Magna® Aortic Heart Valve (e.g., model 3000TFX) avail-
able from Edwards Lifesciences of Irvine, California.
[0062] The coupling stent 36 preferably attaches to the
ventricular (or inflow) aspect of the valve’s sewing ring
42 during the manufacturing process in a way that pre-
serves the integrity of the sewing ring and prevents re-
duction of the valve’s effective orifice area (EOA). Desir-
ably, the coupling stent 36 will be continuously sutured
to the sewing ring 42 in a manner that maintains the outer
contours of the sewing ring. Sutures may be passed
through apertures or eyelets in the stent skeleton, or
through a cloth covering that in turn is sewn to the skel-
eton. Other connection solutions include prongs or hooks
extending inward from the stent, ties, Velcro, snaps, ad-
hesives, etc. Alternatively, the coupling stent 36 may be
more rigidly connected to rigid components within the
prosthetic valve 34. During implant, therefore, the sur-
geon can seat the sewing ring 42 against the annulus in
accordance with a conventional surgery. This gives the
surgeon familiar tactile feedback to ensure that the prop-
er patient-prosthesis match has been achieved. Moreo-
ver, placement of the sewing ring 42 against the outflow
side of the annulus helps reduce the probability of migra-
tion of the heart valve 30 toward the ventricle.
[0063] The coupling stent 36 may be a pre-crimped,
tapered, 316L stainless steel balloon-expandable stent,
desirably covered by a polyester skirt 88 to help seal
against paravalvular leakage and promote tissue in-
growth once implanted within the annulus (see Figure
5E). The coupling stent 36 transitions between the ta-
pered constricted shape of Figures 5A-5B and 9A-9E to
its flared expanded shape shown in Figures 5C-5E.
[0064] The coupling stent 36 desirably comprises a
plurality of sawtooth-shaped or otherwise angled, ser-
pentine or web-like struts 90 connected to three generally
axially-extending posts 92. As will be seen below, the
posts 92 desirably feature a series of evenly spaced ap-
ertures to which sutures holding the polyester skirt 88 in
place may be anchored. As seen best in Figure 5E, the
stent 36 when expanded flares outward and conforms
closely against the inner surface of the annulus, and has
an axial length as great as or greater than that of the
prosthetic valve 34. Anchoring devices such as barbs or
other protruberances from the coupling stent 36 may be
provided to enhance the frictional hold between the cou-
pling stent and the annulus.
[0065] It should be understood that the particular con-
figuration of the coupling stent, whether possessing
straight or curvilinear struts 90, may be modified as need-
ed. There are numerous stent designs, as described be-
low with reference to Figures 10-12D, any of which po-
tentially may be suitable. Likewise, although the pre-
ferred embodiment incorporates a balloon-expandable
coupling stent 36, a self-expanding stent could be sub-
stituted with certain modifications, primarily to the deliv-
ery system. In a preferred embodiment, the coupling
stent 36 is desirably plastically-expandable to provide a

firmer anchor for the valve 34 to the annulus with or with-
out native leaflets. The stent may be expanded using a
balloon or mechanical expander as described below.
[0066] Still with reference to Figures 9A-9E, the holder
68 comprises the aforementioned proximal hub 66 and
a thinner distal extension 94 thereof forming a central
portion of the holder. Three legs 96a, 96b, 96c circum-
ferentially equidistantly spaced around the central exten-
sion 94 and projecting radially outward therefrom com-
prise inner struts 98 and outer commissure rests 100.
The prosthetic valve 34 preferably includes a plurality,
typically three, commissures 102 that project in an out-
flow direction. Although not shown, the commissure rests
100 preferably incorporate depressions into which the
tips of the commissures 102 can fit.
[0067] In one embodiment, the holder 68 is formed of
a rigid polymer such as Delrin or polypropylene that is
transparent to increase visibility of an implant procedure.
As best seen in Figure 9E, the holder 68 exhibits open-
ings between the legs 96a, 96b, 96c to provide a surgeon
good visibility of the valve leaflets 86, and the transpar-
ency of the legs further facilitates visibility and permits
transmission of light therethrough to minimize shadows.
Although not described in detail herein, Figure 9E also
illustrate a series of through holes in the legs 96a, 96b,
96c permitting connecting sutures to be passed through
fabric in the prosthetic valve 34 and across a cutting guide
in each leg. As is known in the art, severing a middle
length of suture that is connected to the holder 68 and
passes through the valve permits the holder to be pulled
free from the valve when desired.
[0068] Figures 9C and 9D illustrate a somewhat mod-
ified coupling stent 36 from that shown in Figures 9A and
9B, wherein the struts 90 and axially-extending posts 92
are better defined. Specifically, the posts 92 are some-
what wider and more robust than the struts 90, as the
latter provide the stent 36 with the ability to expand from
the conical shape shown to a more tubular configuration.
Also, a generally circular reinforcing ring 104 abuts the
valve sewing ring 42. Both the posts 92 and the ring 104
further include a series of through holes 106 that may be
used to secure the polyester skirt 88 to the stent 36 using
sutures or the like. A number of variants of the coupling
stent 36 are also described below.
[0069] Figures 10A-10B illustrate the exemplary cou-
pling stent 36 in both flat and tubular configurations, the
latter which is generally the expanded shape. As men-
tioned, the web-like struts 90 and a reinforcing ring 104
connect three generally axially-extending posts 92. A plu-
rality of evenly spaced apertures 106 provide anchors
for holding the polyester skirt 88 (see Figure 9B) in place.
In the illustrated embodiment, the web-like struts 90 also
include a series of axially-extending struts 108. An upper
end of the coupling stent 36 that connects to the sewing
ring of the valve and is defined by the reinforcing ring 104
follows an undulating path with alternating arcuate
troughs 110 and peaks 112. As seen from Figure 9C, the
exemplary prosthetic valve 34 has an undulating sewing
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ring 42 to which the upper end of the coupling stent 36
conforms. In a preferred embodiment, the geometry of
the stent 36 matches that of the undulating sewing ring
42. Of course, if the sewing ring of the prosthetic valve
is planar, then the upper end of the coupling stent 36 will
also be planar. It should be noted also that the tubular
version of Figure 10B is an illustration of an expanded
configuration, although the balloon 40 may over-expand
the free (lower) end of the stent 36 such that it ends up
being slightly conical.
[0070] Figures 11A and 11B show an alternative cou-
pling stent 120, again in flattened and tubular configura-
tions, respectively. As with the first embodiment, the cou-
pling stent 120 includes web-like struts 122 extending
between a series of axially-extending struts 124. In this
embodiment, all of the axially-extending struts 124 are
substantially the same thin cross-sectional size. The up-
per or connected end of the stent 120 again includes a
reinforcing ring 126, although this version is interrupted
with a series of short lengths separated by gaps. The
upper end defines a plurality of alternating troughs 128
and peaks 130, with lengths of the reinforcing ring 126
defining the peaks. The axially-extending struts 124 are
in-phase with the scalloped shape of the upper end of
the stent 120, and coincide with the peaks and the middle
of the troughs.
[0071] The gaps between the lengths making up the
reinforcing ring 126 permit the stent 120 to be matched
with a number of different sized prosthetic valves 34. That
is, the majority of the stent 120 is expandable having a
variable diameter, and providing gaps in the reinforcing
ring 126 allows the upper end to also have a variable
diameter so that it can be shaped to match the size of
the corresponding sewing ring. This reduces manufac-
turing costs as correspondingly sized stents need not be
used for each different sized valve.
[0072] Figure 12A is a plan view of a still further alter-
native coupling stent 132 that is very similar to the cou-
pling stent 120, including web-like struts 134 connected
between a series of axially-extending struts 136, and the
upper end is defined by a reinforcing ring 138 formed by
a series of short lengths of struts. In contrast to the em-
bodiment of Figures 11A and 11B, the peaks of the un-
dulating upper end have gaps as opposed to struts. An-
other way to express this is that the axially-extending
struts 136 are out-of-phase with the scalloped shape of
the upper end of the stent 132, and do not correspond
to the peaks and the middle of the troughs.
[0073] Figure 12B illustrates an exemplary coupling
stent 140 again having the expandable struts 142 be-
tween the axially-extending struts 144, and an upper re-
inforcing ring 146. The axially-extending struts 144 are
in-phase with peaks and troughs of the upper end of the
stent. The reinforcing ring 146 is a cross between the
earlier-described such rings as it is continuous around
its periphery but also has a variable thickness or wire
diameter. That is, the ring 146 comprises a series of
lengths of struts 148 of fixed length connected by thinner

bridge portions 150 of variable length, or in other words
which are extendible. The bridge portions 150 are each
formed with a radius so that they can be either straight-
ened (lengthened) or bent more (compressed). A series
of apertures 152 are also formed in an upper end of the
stent 142 provide anchor points for sutures or other at-
tachment means when securing the stent to the sewing
ring of the corresponding prosthetic valve.
[0074] In Figure 12C, an alternative coupling stent 154
is identical to the stent 140 of Figure 12B, although the
axially-extending struts 156 are out-of-phase with the
peaks and troughs of the undulating upper end.
[0075] Figure 12D shows a still further variation on a
coupling stent 160, which has a series of expandable
web-like struts 162 in sawtooth patterns connecting ax-
ially-extending struts 164. As with the version shown in
Figures 10A and 10B, the web-like struts 162 are also
connected by a series of axially-extending struts 166,
although these are thinner than the main axial struts 164.
A reinforcing ring 168 is also thicker than the web-like
struts 162, and features one or more gaps 170 in each
trough such that the ring is discontinuous and expanda-
ble. Barbs 172, 174 on the axially extending struts 164,
166 may be utilized to enhance retention between the
coupling stent 160 and annular tissue within which it
seats.
[0076] As an alternative to a balloon, a mechanical ex-
pander (not shown) may be used to expand the coupling
stent 36 shown above. For instance, a mechanical ex-
pander may include a plurality of spreadable fingers ac-
tuated by a syringe-like apparatus, as seen in U.S. Pro-
visional Application No. 61/139,398, incorporated above.
The fingers are axially fixed but capable of pivoting or
flexing with respect to a barrel. The distal end of a plunger
has an outer diameter that is greater than the diameter
circumscribed by the inner surfaces of the spreadable
fingers, such that distal movement of the plunger with
respect to the barrel gradually cams the fingers outward
within the coupling stent. Therefore, the term "plastically-
expandable" encompasses materials that can be sub-
stantially deformed by an applied force to assume a dif-
ferent shape. Some self-expanding stents may be de-
formed to a degree by an applied force beyond their max-
imum expanded dimension, but the primary cause of the
shape change is elastic rebound as opposed to a plastic
deformation.
[0077] The unitary heart valve 30 described above may
be mounted on a balloon catheter advanced into implant
position thereon, or the balloon catheter may be intro-
duced after the valve has been delivered to the annulus.
Figures 13A-13K illustrate an implant sequence wherein
a surgeon first delivers an alternative unitary heart valve
200 to an aortic annulus and then introduces a balloon
catheter to deploy a coupling stent 202. It should be un-
derstood that the same procedure may be carried out
using the aforementioned heart valve 30, as well as any
combination of valve and coupling stent disclosed herein.
[0078] Figure 13A shows the unitary heart valve 200
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after removal from a storage and shipping jar and during
attachment of an internally threaded leaflet parting sleeve
204 to a heart valve holder 206. The heart valve 200 is
similar to the heart valve 30 described above in that it
comprises a prosthetic valve 208 and the coupling stent
202 attached to and projecting from an inflow end thereof.
The prosthetic valve 208 desirably has three flexible leaf-
lets 210 supported by a non-expandable, non-collapsible
annular support structure 212 and a plurality of commis-
sure posts 214 projecting in an outflow direction. A su-
ture-permeable ring 216 circumscribes an inflow end of
the prosthetic valve 208. As mentioned above, the pros-
thetic valve 208 comprises a synthetic (metallic and/or
polymeric) support structure of one or more components
covered with cloth for ease of attachment of the leaflets.
In one exemplary form, the prosthetic valve 208 is a com-
mercially available, non-expandable prosthetic heart
valve, such as the Carpentier-Edwards PERIMOUNT
Magna® Aortic Heart Valve available from Edwards
Lifesciences. Further details of the unitary heart valve
200 will be described below with reference to Figures
14-19.
[0079] In Figure 13A and in the ensuing procedure
drawings, the unitary heart valve 200 is oriented with an
inflow end down and an outflow end up. Therefore, the
terms inflow and down may be used interchangeably at
times, as well as the terms outflow and up. Furthermore,
the terms proximal and distal are defined from the per-
spective of the surgeon delivering the valve inflow end
first, and thus proximal is synonymous with up or outflow,
and distal with down or inflow.
[0080] The leaflet parting sleeve 204 mounts to one
end of an assembly tube 220. Although not shown, the
sleeve 204 preferably fits snugly over the end of the tube
220 with a slight interference, so that it may be decoupled
therefrom with ease. Some form of minimal latch may
also be provided. The coupling stent 202 has a first end
(not shown) connected to the inflow end of the prosthetic
valve 208 and a lower second end 222 that is shown in
a contracted state for delivery to an implant position. In
the contracted state, the coupling stent 202 assumes a
frusto-conical shape wherein the lower second end 222
defines an opening large enough to receive the leaflet
parting sleeve 204 with clearance therebetween. The
sleeve 204 includes internal threading 224 that matches
external threading on a downwardly-directed boss 226
of the valve holder 206. A technician passes the sleeve
204 on the end of the tube 220 through the stent second
end 222, parts the flexible leaflets 210 from the inflow
side, and screws the sleeve to the boss 226. Once the
technician firmly attaches the sleeve 204, the assembly
tube 220 may be easily pulled from and removed from
within the valve 200. The resulting subassembly is seen
in Figure 13C.
[0081] Attachment of the leaflet parting sleeve 204 in
this manner provides several benefits. First and fore-
most, the sleeve 204 defines a throughbore at the level
of the valve leaflets 210 for passage of a balloon catheter

from the outflow side. Typically three valve leaflets 210
span the orifice defined by the support structure 212 and
have free edges that come together or "coapt" generally
along three line segments oriented 120° apart that inter-
sect at the centerline. This configuration mimics a native
valve and performs well in permitting blood flow in one
direction but not the other. Though extremely durable in
use, the valve leaflets 210 are relatively fragile and sus-
ceptible to damage from contact with solid objects during
the implant procedure, especially if they are made from
bioprosthetic tissue such as bovine pericardium or a por-
cine xenograft. Consequently, the parting sleeve 204
opens the leaflets 210 and provides a protective barrier
between them and a balloon catheter that passes through
the valve, as will be seen below. Without the sleeve 204
a balloon catheter would have to force its way backward
past the coapted leaflet free edges. A further benefit of
the parting sleeve 204 is the ease with which it is assem-
bled to the holder 206. Attachment through the valve 200
to the holder 206 is intuitive, and removal of the assembly
sleeve 220 simple. The valve 220 and holder 206 assem-
bly are stored together prior to use, often in a storage
solution of glutaraldehyde or other preservative. The
parting sleeve 204 is preferably not pre-attached to the
holder 206 to avoid causing any indentations in the leaf-
lets 210 from long-term contact therewith. That is, the
leaflets 210 are stored in their relaxed or coapted state.
[0082] Figure 13B shows a preliminary step in prepar-
ing an aortic annulus AA for receiving the heart valve
200, including installation of guide sutures 230. The aortic
annulus AA is shown schematically isolated and it should
be understood that various anatomical structures are not
shown for clarity. The annulus AA includes a fibrous ring
of tissue that projects inward from surrounding heart
walls. The annulus AA defines an orifice between the
ascending aorta AO and the left ventricle LV. Although
not shown, native leaflets projecting inward at the annu-
lus AA to form a one-way valve at the orifice. The leaflets
may be removed prior to the procedure, or left in place
as mentioned above. If the leaflets are removed, some
of the calcified annulus may also be removed, such as
with a rongeur. The ascending aorta AO commences at
the annulus AA with three outward bulges or sinuses,
two of which are centered at coronary ostia (openings)
CO leading to coronary arteries CA. As will be seen be-
low, it is important to orient the prosthetic valve 208 so
that the commissures 214 are not aligned with and thus
not blocking the coronary ostia CO.
[0083] The surgeon attaches the guide sutures 230 at
three evenly spaced locations around the aortic annulus
AA. In the illustrated embodiment, the guide sutures 230
attach to locations below or corresponding to the coro-
nary ostia CO (that is, two guide sutures are aligned with
the ostia, and the third centered below the non-coronary
sinus). The guide sutures 230 are shown looped twice
through the annulus AA from the outflow or ascending
aorta side to the inflow or ventricular side. Of course,
other suturing methods or pledgets may be used depend-
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ing on surgeon preference.
[0084] Figure 13C shows the guide sutures 230 having
been secured so that each extends in pairs of free lengths
from the annulus AA and out of the operating site. The
unitary heart valve 200 mounts on a distal section 240
of a delivery handle and the surgeon advances the valve
into position within the aortic annulus AA along the guide
sutures 230. That is, the surgeon threads the three pairs
of guide sutures 230 through evenly spaced locations
around the suture-permeable ring 216. If the guide su-
tures 230, as illustrated, anchor to the annulus AA below
the aortic sinuses, they thread through the ring 216 mid-
way between the valve commissure posts 214. The sup-
port structure 212 often includes an undulating shape of
alternative commissures and cusps, and thus the guide
sutures 230 pass through the suture-permeable ring 216
at the cusps of the valve. Furthermore, the exemplary
ring 216 has an undulating inflow side such that the cusp
locations are axially thicker than the commissure loca-
tions, which provides more material for securing the
guide sutures 230.
[0085] Now with reference to Figure 13D, the heart
valve 200 rests in a desired implant position at the aortic
annulus AA. The suture-permeable ring 216 desirably
contacts the aortic side of the annulus AA, and is thus
said to be in a supra-annular position. Such a position
enables selection of a larger orifice prosthetic valve 200
in contrast to placing the ring 216, which by definition
surrounds the valve orifice, within the annulus AA, or in-
fra-annularly.
[0086] The surgeon delivers a plurality of suture snares
250 down each free length of the guide sutures 230 into
contact with the upper or outflow side of the suture-per-
meable ring 216. The snares 250 enable downward pres-
sure to be applied to the ring 216 and thus the valve 200
during the implant procedure, which helps insure good
seating of the ring 216 on the annulus AA. The snares
250 also provide rigid enclosures around each of the flex-
ible guide sutures 230 which helps avoid entanglement
with the descending balloon catheter, as will be appreci-
ated. As there are three guide sutures 230 and six free
lengths, six snares 250 are utilized, though more or less
is possible. The snares 250 are typically tubular straw-
like members of medical grade plastic.
[0087] In Figure 13E, forceps 252 are seen clamping
upper ends of the suture snares 250, and bending one
pair outward to improve access to the heart valve 200
and implant site. Figure 13F shows all of the pairs of
suture snares 250 bent outward prior to advancement of
a balloon catheter 260. Although it will be described in
greater detail below, the delivery system includes the
aforementioned handle distal section 240 for manipulat-
ing the heart valve 200 on the holder 206. The distal
section 240 is tubular and defines a lumen 242 for re-
ceiving the balloon catheter 260 having a balloon 262 in
an uninflated state on a distal end thereof.
[0088] Now with reference to Figure 13G, a delivery
handle proximal section 244 is shown mated with the

distal section 240, and the distal balloon 262 is shown
extending beyond the coupling stent 202 of the heart
valve 200 prior to inflation of the balloon.
[0089] Figure 13H and 13I show inflation and deflation
of the balloon 262 of the balloon catheter 260, which plas-
tically expands the coupling stent 202 against the annu-
lus AA and a portion of the left ventricle LV. As will be
explained further below, the balloon 262 expands with a
conical exterior surface so that the lower second end 222
of the stent 202 expands outward wider than the first end.
The resulting expanded stent 202 forms a frusto-conical
surface.
[0090] Subsequently, the surgeon delivers three fas-
tener clips 270 down the guide sutures 230 after removal
of the snares 250, as seen in Figure 13J. Figure 13K
shows the fully implanted unitary prosthetic heart valve
200 with the fastener clips 270 secured on the proximal
face of the suture-permeable ring 216, and shows re-
moval of the guide sutures 230. Any number of methods
are available for securing the pairs of guide sutures 230
on the outflow side of the ring 216, including conventional
knot-tying, however the fastener clips 270 are consistent
with the overall aim of shortening the implant procedure.
Inclusion of the guide sutures 230 primarily insures prop-
er rotational orientation of the valve 200, as mentioned,
but also helps secure the valve 200 in place at the annulus
AA. That said, the guide sutures 230 may optionally be
removed after delivery of the valve 200 so that the sole
means of anchoring the valve is the expanded coupling
stent 202. The latter option results in a true "knotless"
valve attachment, if not completely sutureless.
[0091] The illustrated configuration with fastener clips
270 eliminates the need to tie suture knots, and the place-
ment of the guide sutures 230 at the cusps of the native
valve and prosthesis separates the clips from the com-
missures, thus increasing accessibility. Even if knots are
used instead of the clips 270, the number of knots are
reduced to three between the commissure posts, rather
than multiple knots (12-24) as before, some of which were
behind the commissure posts. The use of three sutures
correctly positions the valve 200 and centering the su-
tures between the commissure posts is the most acces-
sible for tying knots because the cusps are the lowest
points in the annulus. Placement of knots (or clips) at the
lowest point in the annulus also helps minimize the risk
of coronary occlusion.
[0092] A more detailed understanding of the unitary
heart valve 200 and holder 206 follows with reference to
Figures 14-19. With reference to Figures 14 and 15, the
heart valve 200 including the prosthetic valve 208 and
coupling stent 202 is shown attached to the holder 206,
while the holder is shown by itself in Figure 16. The as-
sembly is also seen in Figures 17A-17E.
[0093] As explained above, the prosthetic valve 208
has three flexible leaflets 210 supported by a non-ex-
pandable, non-collapsible annular support structure 212
and a plurality of commissure posts 214 projecting in an
outflow direction, with a suture-permeable ring 216 cir-

23 24 



EP 3 332 742 A1

14

5

10

15

20

25

30

35

40

45

50

55

cumscribing an inflow end thereof. In one embodiment,
the heart valve 200 is a commercially available, non-ex-
pandable prosthetic heart valve 208 having a sewing ring
216, such as a Carpentier-Edwards PERIMOUNT
Magna Aortic Bioprosthesis valve, attached to a pre-
crimped tapered Stainless Steel coupling stent 202 lined
and/or covered by a fabric (e.g., Dacron) skirt 218, as
seen in Figure 15. An external fabric cover or sleeve is
shown below with reference to the detailed stent draw-
ings of Figures 18-19.
[0094] As seen in Figure 16, the holder 206 includes
a central tubular body having the downwardly-directed
boss 226 on the lower end, an upwardly directed hub 227
on the upper end, a narrow tubular section 228 below
the hub, and section with three outwardly-directed an-
choring fingers 229 (see Figure 14). A continuous cylin-
drical lumen extends the length of the holder 206 from
top to bottom for passage of the distal end of the balloon
catheter 260, as mentioned above. The fingers 229 in-
clude anchoring structure as will be described that per-
mits attachment to each of the upstanding commissure
posts 214 on the prosthetic valve 208.
[0095] Figure 16 illustrates the downwardly-directed
boss 226 having external threading for mating with the
leaflet parting sleeve 204. Three gaps 231 separate the
boss 226 from downwardly-extending portions of each
anchoring finger 229 and provide annular clearance for
the tubular sleeve 204. Small ratchet teeth 232 provided
on an inner surface of each anchoring finger 229 contact
the exterior of the parting sleeve 204, and preferably a
roughened portion thereof, and provide an anti-rotation
friction to secure the sleeve on the boss. The teeth 232
are each cantilevered inward in a clockwise direction
looking from the bottom so as to permit the sleeve 204
to easily screw on but present resistance to unscrewing
the sleeve in a counter-clockwise direction.
[0096] Each anchoring finger 229 includes a generally
flat lower face 233 bordered on an outer edge by a down-
wardly-extending U-shaped rail 234. A plurality of
through holes 235 extend axially through each finger 229
to an upper surface, as seen in Figure 17D. In particular,
a first pair of through holes 235a opens radially inward
from an upper cutting guide 236, and a second pair of
through holes 235b opens radially outward from the cut-
ting guide. As seen best in Figure 15, the tip of each
commissure post 214 contacts the lower face 233 of one
of the anchoring fingers 229 within the U-shaped rail 234.
The commissure post 214 is preferably fabric-covered,
or otherwise suture-permeable, and a suture (not shown)
is used to secure the post 214 to the underside of the
anchoring finger 229. The suture passes through the first
and second pairs of through holes 235a, 235b such that
a mid-portion extends across spaced notches 237 in the
cutting guide 236 (see Figure 17D again). By securing
the free ends of the suture to the holder 206, such as on
the underside of the fingers 229, a scalpel may be used
to sever the mid-portion that extends across a cutting
well 238 in the cutting guide 236 to release the commis-

sure post 214 from the holder. Severing all three sutures
releases the prosthetic valve 208 from the holder 206.
[0097] Figures 17A-17F illustrate a preferred suture-
permeable ring 216 circumscribing an inflow end of the
prosthetic valve 208. The ring 216 defines a relatively
planar upper face 239 and an undulating lower face 241.
Cusps of the annular support structure 212 abut the upper
face 239 opposite locations where the lower face 241
defines peaks. Conversely, the valve commissure posts
214 align with locations where the lower face 241 defines
troughs. The undulating shape of the lower face 241 ad-
vantageously matches the anatomical contours of the
aortic side of the annulus AA, that is, the supra-annular
shelf. The ring 216 preferably comprises a suture-per-
meable material such as rolled synthetic fabric or a sili-
cone inner core covered by a synthetic fabric. In the latter
case, the silicone may be molded to define the contour
of the lower face 241 and the fabric cover conforms ther-
eover.
[0098] The coupling stent 202 (shown separated in Fig-
ures 18-19) preferably attaches to the suture-permeable
ring 216 during the manufacturing process in a way that
preserves the integrity of the ring and prevents reduction
of the valve’s effective orifice area (EOA). Desirably, the
coupling stent 202 will be continuously sutured to the ring
216 in a manner that maintains the contours of the ring.
In this regard, sutures may be passed through apertures
or eyelets 243 arrayed along an upper or first end 245 of
the stent 202. Other connection solutions include prongs
or hooks extending inward from the stent, ties, Velcro,
snaps, adhesives, etc. Alternatively, the coupling stent
202 may be more rigidly connected to rigid components
within the prosthetic valve 208.
[0099] The plastically-expandable coupling stent 202
is seen in greater detail in a contracted state in Figures
18A-18C, and in an expanded state in Figures 19A-19D.
The general function of the stent 202 is to provide the
means to attach the prosthetic valve 208 to the native
aortic root. This attachment method is intended as an
alternative to the present standard surgical method of
suturing aortic valve bio-prostheses to the aortic valve
annulus, and is accomplished in much less time. Further,
this attachment method improves ease of use by elimi-
nating most of not all suturing.
[0100] Device attachment to the native valve structure
is achieved using a balloon catheter to expand and de-
ploy the stent covered by a fabric (e.g., Dacron) skirt 218.
In the views of Figures 17F and 18-19, the fabric skirt
218 surrounds the outside of the stent 202, and is shown
in phantom, but may also be provided on the inside of
the stent. The main functions of this sleeve 218 are to
help prevent paravalvular leaks and provide means to
securely encapsulate any Calcium nodules on the aortic
valve leaflets (if left in place) and/or the aortic valve an-
nulus.
[0101] As best seen in Figure 17F, a preferred embod-
iment of the valve 200 includes a fabric sleeve 218 cov-
ering the entire inflow coupling stent 202 with a combi-
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nation of PTFE knit cloth on the ID, ends and part of the
OD. The part of the OD closest to the sewing ring 216 is
also covered with a PET knit cloth to seal leaks. Covering
the entire coupling stent 202 eliminates exposed metal
and decreases the risk of thromboembolic events and
abrasion.
[0102] The stent 202 may be similar to an expandable
Stainless Steel stent used in the Edwards SAPIEN Tran-
scatheter Heart Valve. However, the material is not lim-
ited to Stainless Steel, and other materials such as Co-
Cr alloys, etc. may be used.
[0103] Figures 18A-18C show the stent 202 in its pre-
crimped tapered configuration that facilitates insertion
through the calcified native aortic valve (see Figure 13C).
The stent lower edge 222 describes a circle having a
smaller diameter than a circle described by the upper or
first end 245. The upper end 245 follows an undulating
path with peaks and troughs that generally corresponds
to the undulating contour of the underside 241 of the su-
ture-permeable ring 216 (see Figure 15). The mid-section
of the stent 202 is somewhat similar to the stent 140 seen
in Figure 12B, and has three rows of expandable struts
246 in a sawtooth pattern between axially-extending
struts 247, and a thicker wire upper end 245. The axially-
extending struts 247 are in-phase with the peaks and
troughs of the upper end 245 of the stent. The reinforcing
ring defined by the upper end 245 is continuous around
its periphery and has a substantially constant thickness
or wire diameter interrupted by the aforementioned eye-
lets 243.
[0104] The minimum I.D. of the upper end 245 of the
covered stent 202 will always be bigger than the I.D. of
the prosthetic valve 208 to which it attaches. For instance,
if the upper end 245 secures to the underside of the su-
ture-permeable ring 216, which surrounds the support
structure 212 of the valve, it will by definition be larger
than the I.D. of the support structure 212.
[0105] Figures 19A-19C show the stent 202 in its ex-
panded configuration that anchors the heart valve 200
to the calcified native aortic valve (see Figure 13K). The
stent lower end 222’ is seen in Figure 19C expanded
from its contracted dimension of Figure 18C. Note that
the shape is not precisely circular, and use of the term
"diameter" to define the contracted and expanded sizes
is necessarily approximate. As will be explained below,
the procedure desirably incorporates a shaped expan-
sion balloon 262 that expands the stent 202 from its initial
conical shape of Figure 18A to its final conical shape of
Figure 19A. In the expansion step, the balloon 262 pri-
marily exerts greater outward force on the lower portions
of the stent 202, so that the upper end 245 remains sub-
stantially the same. This prevents distortion of the suture-
permeable ring 216 to which the stent 202 attaches.
[0106] It should be noted that a plastically-expandable
stent 202 desirably provides sufficient anchoring force
for the heart valve 200, and also permits some expansion
of the annulus itself. That said, a self-expanding material
may be used, though such a stent would likely require

supplemental coupling means, such as barbs, staples,
etc.
[0107] Figures 20A-20C show a system 300 for deliv-
ering the unitary heart valve 200 of Figures 14-17. The
delivery or deployment system 300 consists of a two-
piece handle, wherein one piece is removable and hollow
and used as a handle interface with the bio-prosthesis.
[0108] The system 300 in Figures 20A-20C is illustrat-
ed with the prosthetic valve 208 attached to the holder
206, but omits the coupling stent 202 for clarity in viewing
and understanding the function of the balloon 262. The
system 300 includes the aforementioned balloon cathe-
ter 260 which commences on a proximal end with a Y-
fitting 302 and terminates at a distal tip 304. The balloon
catheter 260 extends the entire length of the system 300
and will be described further below with reference to Fig-
ures 24A-24D. The entire system preferably has a length
L from the proximal end of the Y-fitting 302 to the distal
tip 304 of between about 100 and 500 mm.
[0109] The present application describes an essential-
ly rigid delivery system in that the handle 306 is preferably
made of rigid polymer such as polypropylene. An alter-
native system contemplates a flexible delivery system
that may be bent out of the way and have a length of up
to 800 mm. The diameter of such a delivery system will
not be as small as previous percutaneous devices, as
the primary access route is through a direct access path-
way and small diameters are not necessary.
[0110] The system 300 also includes a two-piece han-
dle assembly 306 that combines the aforementioned dis-
tal section 240 mated with the proximal section 244. The
handle components are further described with reference
to Figures 21 and 22. The length < of the handle 306 is
preferably between about 150 and 300 mm. The Y-fitting
302 connected in series to the proximal handle section
244, which in turn couples to the distal section 240 at-
tached to the holder 206. A through lumen extends the
length of these connected components for sliding pas-
sage of the balloon catheter 260 such that the balloon
262 may extend through the prosthetic valve 208. The
connections between the components comprise concen-
tric tubular couplings wherein a distal tube fits within a
proximal tube to reduce the chance of snagging the bal-
loon 262 as it travels therethrough.
[0111] Figure 21 is an elevational view of the delivery
system 300 of Figures 20A-20C including the coupling
stent 202, while Figure 22 shows the components ex-
ploded, but without the balloon catheter 260, valve 200
and holder 206. The distal and proximal handle sections
240, 244 include snap-fit couplers 310 on their mating
ends in the form of cantilevered teeth that snap into com-
plementary recesses formed in respective receiving ap-
ertures (one of which is on the hub 227 of the valve holder
206). Of course, threading on the mating parts could also
be used, as well as other similar expedients. The distal
handle section 240 includes a proximal grip 312 that fa-
cilitates manipulation of the heart valve 200 when at-
tached thereto. Likewise, the proximal handle section
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244 has an exterior grip 314 to enable a user to easily
couple and decouple it with respect to the adjacent com-
ponents, and also to provide continuity with the distal
section grip 308.
[0112] Figure 21 shows the balloon 262 inflated to ex-
pand the valve coupling stent 202, while Figures 23 and
24A-24D show the preferred shape of the balloon 262.
As mentioned, the final or expanded shape of the cou-
pling stent 202 is frustoconical, and the balloon 262 in-
cludes an up-tapered middle segment 320 that contacts
the coupling stent 202. The middle segment 320 has the
same or a slightly greater included taper angle θ to ac-
count for material rebound. As seen in Figure 24D, the
taper angle θ is preferably between about 0-45°, and
more preferably is about 38° (0° being a cylindrical ex-
pansion). A short proximal lead-in up-taper 322 and a
distal down-taper 324 flank the up-tapered middle seg-
ment 320. Alternatively, the balloon 262 may include
curves or non-axi-symmetric contours to deform the cou-
pling stent 202 to various desired shapes to fit better with-
in the particular annulus. Indeed, various potential
shapes are described in U.S. Patent Publication
2008-0021546, entitled System for Deploying Balloon-
Expandable Heart Valves, published January 24, 2008,
the disclosure of which is expressly incorporated herein.
[0113] In use, the prosthetic heart valve 200 (or valve
30) is selected based on type and size. Typically, the
heart valve 200 includes bioprosthetic leaflets, such as
bovine pericardium leaflets, and remains stored in a pre-
servative solution in a contaminant-free jar. If the holder
206 attaches to the valve with sutures, as preferred, the
holder also resides in the jar during storage and shipping.
[0114] After the surgeon stops the heart and exposes
and measures the annulus for size, he/she selects a valve
size that is larger than the annulus. Technicians open
the jar containing the selected valve and snap the distal
handle section 240 into the holder hub 227 while the com-
bination of the heart valve 200 and holder 206 is still in
the jar. The resulting assembly facilitates handling of the
bio-prosthesis during pre-procedure preparations (i.e.
rinsing steps, etc.). The grip 312 on the distal handle
section 240 facilitates these preparation steps.
[0115] The surgeon places guiding sutures 230 into
the annulus at the cusp locations, and then back out and
through the valve sewing ring in the corresponding loca-
tions. The surgeon slides the valve down the guiding su-
tures 230 using the distal end 240 of the handle assembly
306 to press the valve into position within the annulus,
as seen in Figure 13C. The guiding sutures 230 facilitate
rotational and axial positioning of the valve 200 so the
valve does not block the coronary ostia and sits down
against the top of the annulus, as seen in Figure 13D.
After the valve 200 is secured in position by the guiding
sutures 230 and snares 250, as in Figure 13E, the sur-
geon places the balloon catheter 260 (see Figure 13F)
through the distal section 240 and locks it into position
using the proximal section 244, as shown in Figure 13G.
The surgeon then inflates the balloon 262, as shown in

Figure 13H, expanding the coupling stent 202 which ex-
pands the annulus and secures the valve 200 in the cor-
rect position. After balloon deflation, as shown in Figure
13I, the surgeon separates the holder 206 from the valve
200, and withdraws the holder, handle assembly 306,
and balloon catheter 260 from the patient using the grips
312, 314 (see Figure 22) on the handle.
[0116] In the case of the first embodiment, where the
unitary heart valve 30 mounts on a balloon catheter 32,
the proximal section 62 that incorporates the balloon 40
pre-assembled in its central lumen snaps onto the distal
section 64 to form the hollow handle 60. As both handle
pieces are snapped together, the balloon catheter with
its wrapped balloon is encapsulated in the handle shaft
formed by the two mating handle pieces.
[0117] The delivery system 300 provides two positions
for the balloon catheter:

i. A retracted balloon position used at the pre cou-
pling stent deployment stage of the procedure.
ii. An advanced balloon position used for coupling
stent deployment. The advanced position is used
once the heart valve 200 has been placed in the de-
sired aortic root position and balloon expansion is
required to expand the coupling stent and secure the
implant in place.

[0118] When proper placement of the valve 200 is in-
sured, the surgeon inflates the balloon 262 using saline
or similar expedient to its maximum size, or with a pre-
determined volume of inflation fluid. This expands the
coupling stent 202 to its implant size against the annulus
(or leaflets). Thereafter, the balloon 262 is deflated and
removed from within the heart valve 200. Upon complet-
ing deployment, the valve holder sutures are cut with a
scalpel and the delivery system 300 retracted through
valve leaflets to complete the deployment procedure.
[0119] In another advantageous feature, the two-com-
ponent valve system illustrated in the preceding figures
provides a device and method that substantially reduces
the time of the surgical procedure as compared with re-
placement valves that are sutured to the tissue after re-
moving the native leaflets. For example, the coupling
stent 36, 202 may be deployed quickly such that the heart
valve 200, 30 may be rapidly attached to the annulus.
This reduces the time required on extracorporeal circu-
lation and thereby substantially reduces the risk to the
patient.
[0120] In addition to speeding up the implant process,
the present invention having the valve and its robust plas-
tically-expandable stent, permits the annulus to be ex-
panded to accommodate a larger valve than otherwise
would be possible. In particular, clinical research has
shown that the left ventricular outflow tract (LVOT) can
be significantly expanded by a balloon-expandable stent
and still retain normal functioning. In this context, "signif-
icantly expanding" the LVOT means expanding it by at
least 5%, more preferably between about 5-30%, and
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typically between 10-20%. In absolute terms, the LVOT
may be expanded 1.0-5 mm depending on the nominal
orifice size. This expansion of the annulus creates an
opportunity to increase the size of a surgically implanted
prosthetic valve. The present invention employs a bal-
loon-expandable valve stent which permits expansion of
the LVOT at and just below the aortic annulus, at the
inflow end of the prosthetic valve. The interference fit
created between the outside of the coupling stent and
the LVOT secures the valve, desirably without pledgets
or sutures taking up space, thereby allowing for place-
ment of the maximum possible valve size. A larger valve
size than would otherwise be available with conventional
surgery enhances volumetric blood flow and reduces the
pressure gradient through the valve.
[0121] It will be appreciated by those skilled in the art
that embodiments of the present invention provide im-
portant new devices and methods wherein a valve may
be securely anchored to a body lumen in a quick and
efficient manner. Embodiments of the present invention
provide a means for implanting a prosthetic valve in a
surgical procedure with as few as three sutures rather
than the 12-24 sutures typically used for aortic valve re-
placement. Accordingly, the surgical procedure time is
substantially decreased. Furthermore, in addition to pro-
viding a coupling stent for the valve, the stent may be
used to maintain the native valve in a dilated condition.
As a result, it is not necessary for the surgeon to remove
the native leaflets, thereby further reducing the procedure
time.
[0122] It will also be appreciated that the present in-
vention provides an improved system wherein a valve
member may be replaced in a more quick and efficient
manner. More particularly, it is not necessary to cut any
sutures in order to remove the valve. Rather, the valve
member may be disconnected from the coupling stent
and a new valve member may be connected in its place.
This is an important advantage when using biological tis-
sue valves or other valves having limited design lives.
[0123] The variations on quick-connect heart valves,
systems and methods may change based on surgeon
preferences, empirical testing, economies, etc. Several
possible variations include:
[0124] A stent frame that provides attachment means
and also prevents native, calcified leaflets to interfere
with flow.
[0125] A secondary piece mounted on the aortic side
of the suturing ring to help improve attachment.
[0126] The present application encompasses numer-
ous ways to couple the prosthetic valve 208 to the cou-
pling stent 202, as mentioned above. However, a pre-
ferred version includes attaching the coupling stent 202
to the inflow end of valve 208 with sutures, as will be
described with reference to Figures 25-28.
[0127] Figure 25A shows the valve 208 slightly sepa-
rated above the coupling stent 202 with a first temporary
suture 350 connected therebetween. The first temporary
suture 350 includes a triple wrap loop with suture material

(e.g., P/N 400830001) which passes downward from the
top of the sewing ring 216, at the center of the commis-
sure 214, between the sewing ring and synthetic support
structure 212 (e.g., Elgiloy band, not shown) of the valve
208. The needle 352 threads down through the sewing
ring 216 toward inflow end of the valve 208, through a
commissure hole 354 on the coupling stent 202 (shown
schematically in Figure 25B) to the inside of the stent,
and back upward through the sewing ring 216 through
the triple wrap loop to be tightened. The technician then
makes one backstitch on the rolled tab on the stent 202
and trims the loose ends off. Three such temporary su-
tures 350 are installed at the three commissures of the
valve 208. These three sutures are used to position the
stent 202 below the valve 208 while permanent sutures
are installed.
[0128] Note that in this version the upper end 245 of
the stent 202 follows an undulating path with peaks and
troughs that generally corresponds to the undulating con-
tour of the underside of the sewing ring 216. Therefore,
the temporary sutures 350 ensure that the peaks of the
upper end 245 of the stent 202 match the troughs of the
sewing ring 216, which are located under the commis-
sures 214 of the valve.
[0129] Figures 26A-26D illustrate several initial steps
in an exemplary installation of permanent sutures 360.
Preferably, the technician cuts a length of suture material
(e.g., PTFE thread, P/N 491176003) approximately 30
inches long and double threads a needle 362. Starting
at a commissure center, and between the sewing ring
and Elgiloy band, place the needle 362 down through the
sewing ring 216 toward inflow end. Go through the com-
missure hole 354 on the coupling stent 202 (Figure 25B)
to the inside of the stent and back up through the sewing
ring 216, through the suture loop 364 and tighten. Go
back down through sewing ring 216, catch the stent 202
between the commissure strut hole 354 and the next ver-
tical strut hole 356 (Figure 25B), to the inside of the stent
and back up through the sewing ring to catch the previous
stitch and tighten. Once the next commissure hole is
reached, remove the temporary stitch 350.
[0130] Continue the stitches at every stent hole and
the between every stent hole making 36 stitches, as il-
lustrated in Figures 27 and 28. In the illustrated embod-
iment, the stent 202 has eighteen holes along the upper
end 245, three commissure holes 354 at the peaks and
five intermediate holes 356, as seen in Figure 25B. Of
course, the stent 202 may have more or less holes, or
no holes, though the holes provide secure anchorages,
clear spacing, and good targets for the assembly tech-
nician. The technician completes the stitch by passing
the suture 360 through the starting commissure hole
again, catching the first stitch and making a single lock
knot. The suture 360 is then moved to the rolled tab on
the stent 202 and another double-spaced single lock knot
is made. The technician buries the suture 360 and cuts
the thread.
[0131] No gap is left between the stitches on the sewing
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ring 216 area, as seen in Figure 29. No gap is left between
sewing ring 216 and the stent 202.
[0132] While the invention has been described in its
preferred embodiments, it is to be understood that the
words which have been used are words of description
and not of limitation. Therefore, changes may be made
within the appended claims without departing from the
true scope of the invention.
[0133] The invention further comprises the following
embodiments:

1. A prosthetic heart valve for implant at a heart valve
annulus, comprising:

a non-expandable, non-collapsible annular sup-
port structure defining a flow orifice and having
an inflow end;
valve leaflets attached to the support structure
and mounted to alternately open and close
across the flow orifice;
a suture-permeable ring circumscribing the in-
flow end of the support structure; and
a plastically-expandable coupling stent having
a first end extending around the flow orifice and
connected to the valve at the inflow end of the
support structure, the coupling stent having a
second end projecting in the inflow direction
away from the support structure and being ca-
pable of assuming a contracted state for delivery
to an implant position and an expanded state
wider than the first end for outward contact with
an annulus.

2. The system of embodiment 1, wherein the support
structure includes a plurality of commissure posts
projecting in an outflow direction and the valve leaf-
lets are flexible and attach to the support structure
and commissure posts.

3. The system of embodiment 1, wherein the suture-
permeable ring is a sewing ring, and wherein the
coupling stent attaches to the sewing ring.

4. The system of embodiment 1, wherein in the con-
tracted state the coupling stent is conical, tapering
inward from the first end toward the second end.

5. The system of embodiment 4, wherein in the ex-
panded state the coupling stent is conical, tapering
outward from the first end toward the second end.

6. The system of embodiment 5, wherein the cou-
pling stent comprises a plurality of radially expand-
able struts at least some of which are arranged in
rows, and wherein the distalmost row has the great-
est capacity for expansion from the contracted state
to the expanded state.

7. The system of embodiment 1, wherein the pros-
thetic valve comprises a commercially available
valve and the suture-permeable ring is a sewing ring
thereof having the plastically-expandable coupling
stent connected to the sewing ring.

8. A method of delivery and implant of a prosthetic
heart valve system, comprising:

providing a heart valve including a prosthetic
valve having a non-expandable, non-collapsible
orifice, the heart valve further including an ex-
pandable coupling stent extending from an in-
flow end thereof, the coupling stent having a
contracted state for delivery to an implant posi-
tion and an expanded state configured for out-
ward connection to the annulus;
advancing the heart valve with the coupling stent
in its contracted state to an implant position ad-
jacent the annulus; and
expanding the coupling stent to the expanded
state in contact with and connected to the an-
nulus.

9. The method of embodiment 8, further including
mounting the heart valve on a holder having a prox-
imal hub and lumen therethrough, and mounting the
holder on the distal end of a handle having a lumen
therethrough, the method including passing a bal-
loon catheter through the lumen of the handle and
the holder and within the heart valve, and inflating a
balloon on the balloon catheter to expand the cou-
pling stent.

10. The method of embodiment 9, further including
packaging the heart valve mounted on the holder
separately from the handle and the balloon catheter.

11. The method of embodiment 9, wherein the con-
tracted state of the coupling stent is conical, and
wherein the balloon on the balloon catheter has a
larger distal expanded end than its proximal expand-
ed end so as to apply greater expansion deflection
to the coupling stent than to the prosthetic valve.

12. The method of embodiment 8, wherein the con-
tracted state of the coupling stent is conical, and
wherein the coupling stent comprises a plurality of
radially expandable struts at least some of which are
arranged in rows, and wherein the row farthest from
the prosthetic valve has the greatest capacity for ex-
pansion from the contracted state to the expanded
state.

13. The method of embodiment 8, wherein the cou-
pling stent comprises a plurality of radially expand-
able struts, and a row farthest from the prosthetic
valve has alternating peaks and valleys, and the
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method includes expanding the distal end of the cou-
pling stent more than the rest of the coupling stent
so that the peaks in the row farthest from the pros-
thetic valve project outward into the annulus.

14. The method of embodiment 8, including increas-
ing the orifice size of the heart valve annulus by 1.0-5
mm by plastically expanding the coupling stent.

15. The method of embodiment 14, wherein the pros-
thetic valve of the valve component is selected to
have an orifice size that matches the increased ori-
fice size of the heart valve annulus.

16. A system for delivering a prosthetic heart valve,
comprising:

a heart valve including a prosthetic valve having
a non-expandable, non-collapsible orifice, the
heart valve further including an expandable cou-
pling stent extending from an inflow end thereof,
the coupling stent having a contracted state for
delivery to an implant position and an expanded
state;
a valve holder connected to a proximal end of
the heart valve;
a balloon catheter having a balloon; and
a handle configured to attach to a proximal end
of the valve holder and having a lumen for pas-
sage of the catheter, the balloon extending dis-
tally through the handle, past the holder and
through the heart valve.

17. The system of embodiment 16, wherein the pros-
thetic valve comprises a commercially available
valve having a sewing ring, and wherein the coupling
stent attaches to the sewing ring.

18. The system of embodiment 16, wherein the con-
tracted state of the coupling stent is conical, tapering
down in a distal direction.

19. The system of embodiment 16, wherein the con-
tracted state of the coupling stent is conical and ta-
pers down in a distal direction, and wherein the bal-
loon catheter further includes a generally conical
nose cone on a distal end thereof that extends
through the heart valve and engages a distal end of
the coupling stent in its contracted state.

20. The system of embodiment 16, wherein the han-
dle comprises a proximal section and a distal section
that may be coupled together in series to form a con-
tinuous lumen, and wherein the distal section is
adapted to couple to the hub of the holder to enable
manual manipulation of the heart valve using the dis-
tal section prior to connection with the proximal han-
dle section.

21. The system of embodiment 20, wherein the bal-
loon catheter and proximal handle section are pack-
aged together with the balloon within the proximal
section lumen.

22. The system of embodiment 16, wherein the heart
valve mounted on the holder is packaged separately
from the handle and the balloon catheter.

Claims

1. A system for delivering a prosthetic heart valve, com-
prising:

a heart valve including a prosthetic valve having
a non-expandable, non-collapsible orifice, the
heart valve further including an expandable cou-
pling stent extending from an inflow end thereof,
the coupling stent having a contracted state for
delivery to an implant position and an expanded
state;
a valve holder connected to a proximal end of
the heart valve;
a balloon catheter having a balloon; and
a handle configured to attach to a proximal end
of the valve holder and having a lumen for pas-
sage of the catheter, the balloon extending dis-
tally through the handle, past the holder and
through the heart valve.

2. The system of claim 1, wherein the prosthetic valve
comprises a commercially available valve having a
sewing ring, and wherein the coupling stent attaches
to the sewing ring.

3. The system of claim 1, wherein the contracted state
of the coupling stent is conical, tapering down in a
distal direction.

4. The system of claim 1, wherein the contracted state
of the coupling stent is conical and tapers down in a
distal direction, and wherein the balloon catheter fur-
ther includes a generally conical nose cone on a dis-
tal end thereof that extends through the heart valve
and engages a distal end of the coupling stent in its
contracted state.

5. The system of claim 1, wherein the handle comprises
a proximal section and a distal section that may be
coupled together in series to form a continuous lu-
men, and wherein the distal section is adapted to
couple to the hub of the holder to enable manual
manipulation of the heart valve using the distal sec-
tion prior to connection with the proximal handle sec-
tion.

6. The system of claim 5, wherein the balloon catheter
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and proximal handle section are packaged together
with the balloon within the proximal section lumen.

7. The system of claim 1, wherein the heart valve
mounted on the holder is packaged separately from
the handle and the balloon catheter.
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