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DESCRIPTION

Field of the Invention

[0001] The present invention relates to systems for implanting expandable prosthetic heart
valves and, in particular, a shaped expansion member for deploying such heart valves.

Background of the Invention

[0002] Heart valve replacement may be indicated when there is a narrowing of the native heart
valve, commonly referred to as stenosis, or when the native valve leaks or regurgitates, such
as when the leaflets are calcified. In one therapeutic solution, the native valve may be excised
and replaced with either a biologic or a mechanical valve. Prosthetic valves attach to the
patient's fibrous heart valve annulus, with or without the leaflets being present.

[0003] Conventional heart valve surgery is an open-heart procedure that is highly invasive,
resulting in significant risks include bleeding, infection, stroke, heart attack, arrhythmia, renal
failure, adverse reactions to the anesthesia medications, as well as sudden death. Fully 2-5%
of patients die during surgery. The average hospital stay is between 1 to 2 weeks, with several
more weeks to months required for complete recovery.

[0004] In recent years, advancements in "minimally-invasive" surgery and interventional
cardiology have encouraged some investigators to pursue replacement of heart valves using
remotely-implanted expandable valves without opening the chest or putting the patient on
cardiopulmonary bypass. For instance, Percutaneous Valve Technologies ("PVT") of Fort Lee,
N.J. and Edwards Lifesciences of Irvine, CA, have developed a balloon-expandable stent
integrated with a bioprosthetic valve having flexible leaflets. The stent/valve device, marketed
under the name Cribier-Edwards™ Aortic Percutaneous Heart Valve, is deployed across the
native diseased valve to permanently hold the valve open, thereby alleviating a need to excise
the native valve. The device is designed for percutaneous delivery in a cardiac catheterization
laboratory under local anesthesia using fluoroscopic guidance, thereby avoiding general
anesthesia and open-heart surgery. Other percutaneously- or surgically-delivered expandable
valves are also being tested. For the purpose of inclusivity, the entire field will be denoted
herein as the delivery and implantation of expandable valves.

[0005] Expandable heart valves use either balloon-or self-expanding stents as anchors. The
uniformity of contact between the expandable valve and surrounding annulus, with or without
leaflets, should be such that no paravalvular leakage occurs, and therefore proper expansion
is very important. Perhaps more problematic is the quality of coaptation of the leaflets once the
valve is expanded into place. Coaptation refers to the degree that the individual flexible leaflets
come together in the valve orifice to occlude flow. If the leaflets do not quite meet, which could
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happen if the flexible valve is not expanded properly, regurgitation may occur. These and other
issues make proper implant of the valve extremely critical. However, unlike open-heart surgery,
the implant site is not directly accessible and the valve must be implanted remotely on the end
of a catheter or cannula under indirect visualization (e.g., fluoroscopic imaging). It goes without
saying that any system that improves the percentage of successful implants is desirable.

[0006] Balloon-expandable heart valves typically require expansion with a cylindrical balloon of
clear nylon. The inflation fluid consists of saline mixed with a more viscous contrast media. The
inherent viscosity of the mixture increases the inflation/deflation time, which is undesirable
because the balloon occludes the target annulus when in use, and more and more procedures
are being done off-pump, or on a beating heart.

[0007] Due to the intense current interest in expandable prosthetic heart valves, there is a
need for implantation systems and techniques that reduce the time for and increase the
chances of a successful implant.

[0008] US patent application 2004/0210304 shows a prosthetic valve assembly for use in
replacing a deficient native valve, comprising a replacement valve supported on an expandable
valve support. If desired, one or more anchors may be used. The valve support, which entirely
supports the valve annulus, valve leaflets, and valve commissure points, is configured to be
collapsible for transluminal delivery and expandable to contact the anatomical annulus of the
native valve when the assembly is properly positioned. The anchor engages the lumen wall
when expanded and prevents substantial migration of the valve assembly when positioned in
place. The prosthetic valve assembly is compressible about a catheter, and restrained from
expanding by an outer sheath. The catheter may be inserted inside a lumen within the body,
such as the femoral artery, and delivered to a desired location, such as the heart. When the
outer sheath is retracted, the prosthetic valve assembly expands to an expanded position such
that the valve and valve support expand at the implantation site and the anchor engages the
lumen wall. Active expansion may be provided by an expansion device such as a balloon.

Summary of the Invention

[0009] The present invention provides a system for deploying balloon-expandable (i.e.,
plastically-expandable) prosthetic heart valves so that they assumed their desired operational
shape. The system includes an expansion member that accommodates non-uniform
expansion resistance in the heart valve to expanded to its desired tubular or other shape. The
heart valve may have substantially more structural elements adjacent one end, typically the
inflow end, and the expansion member may be tapered so as to expand the inflow end before
the outflow so that the valve ends up in a tubular shape.

[0010] One aspect of the invention is a prosthetic heart valve implantation system comprising a
balloon-expandable prosthetic heart valve having a compressed state and an expanded state,
and a construction that has a non-uniform expansion resistance profile along its axial length.
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An expansion member is disposed within the prosthetic heart valve in its compressed state and
is capable of applying radially outward forces to the heart valve to convert it to its expanded
state. The expansion member is configured to apply non-uniform radially outward forces to the
heart valve along its axial length. Preferably, the expansion member includes at least one
exterior marker for registering the expansion member within the prosthetic heart valve so that
a section of the expansion member capable of the greatest expansion can be located within
the stiffest portion of the prosthetic heart valve.

[0011] In one embodiment, the expansion member is a balloon having at least one section with
a larger expanded diameter than another section. For instance, the balloon has a conical or
stepped-diameter valve contact portion. Desirably, the balloon is made of a material doped with
a contrast agent.

[0012] Another aspect of the invention is a prosthetic heart valve implantation system
comprising a balloon-expandable prosthetic heart valve having an inflow end and an outflow
end, the heart valve including an outer stent and inner flexible leaflets attached to the stent and
a non-uniform expansion resistance profile along its axial length. The prosthetic heart valve
may be stiffer at its inflow end than at its outflow end, such as having attachment structure
between the leaflets and stent concentrated more heavily adjacent the inflow end of the heart
valve than the outflow end. A balloon disposed within the prosthetic heart valve has a non-
cylindrical expanded profile with a larger diameter section positioned within a stiffer portion of
the heart valve and a smaller diameter section positioned within a more flexible portion of the
heart valve. For instance, the balloon has a conical or stepped-diameter valve contact portion.
Desirably, the balloon is made of a material doped with a contrast agent. Also, the balloon may
include at least one exterior marker for registering the balloon within the prosthetic heart valve
so that a section of the balloon capable of the greatest expansion can be located within the
stiffest portion of the prosthetic heart valve.

[0013] A method of implanting a prosthetic heart valve is also disclosed. The method includes
providing a balloon-expandable prosthetic heart valve having a compressed state and an
expanded state, and a construction that has a non-uniform expansion resistance profile along
its axial length. An expansion member is provided within the prosthetic heart valve in its
compressed state. The combined prosthetic heart valve and expansion member are delivered
to a target annulus, and non-uniform radially outward forces are applied with the expansion
member to the heart valve along its axial length to convert the heart valve to its expanded
state.

[0014] The expansion member may be a balloon having at least one section with a larger
expanded diameter than another section. Preferably, the balloon is made of a material doped
with a contrast agent, in which case the step of applying non-uniform radially outward forces to
the heart valve consists of filling the balloon with saline without any contrast media. The
expansion member may include at least one exterior marker, the method further including
registering the expansion member within the prosthetic heart valve so that a section of the
expansion member capable of the greatest expansion can be located within the stiffest portion
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of the prosthetic heart valve. Preferably, the expansion member is a balloon, and there are two
markers indicting an axial position on the balloon for the prosthetic heart valve. Further, the
markers may indicate which orientation the valve should be positioned on the balloon.

[0015] A further understanding of the nature and advantages of the present invention are set
forth in the following description and claims, particularly when considered in conjunction with
the accompanying drawings in which like parts bear like reference numerals.

Brief Description of the Drawings

[0016] Features and advantages of the present invention will become appreciated as the same
become better understood with reference to the specification, claims, and appended drawings
wherein:

Fig. 1A is a perspective view of an exemplary expandable prosthetic heart valve formed of a
generally cylindrical outer stent with leaflets attached therewithin;

Figs. 1B and 1C are expanded and compressed side elevational views, respectively, of the
prosthetic heart valve of Fig. 1A;

Fig. 2A is a side elevational due of an exemplary expandable prosthetic heart valve in a
compressed state mounted around a cylindrical balloon on a catheter;

Figs. 2B and 2C are two stages in the expansion of the prosthetic heart valve of Fig. 2A
illustrating how a cylindrical balloon can detrimentally flare one end thereof; and

Figs. 3A-3D are side elevational views of exemplary prosthetic heart valve expansion balloons
in accordance with the present invention.

Detailed Description of the Preferred Embodiments

[0017] The present invention provides an improved system for deploying plastically-
expandable prosthetic heart valves so that they assume their intended operating shape.
Expandable heart valves have outer frames or stents supporting inner flexible leaflets that
provide fluid occluding surfaces. The valves are designed to expand from a compressed state
for delivery into an operating shape that ensures good coaptation of the leaflets. That is, the
leaflets must come together to prevent backflow or regurgitation of blood, and any
misalignment of the deployed stent can compromise the efficacy of the valve. Most expandable
prosthetic heart valves have stents that assume substantially the tubular operating shapes,
although other final shapes are encompassed by the present invention.
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[0018] The invention described herein provides a solution that ensures proper deployment of
"plastically-expandable” prosthetic heart valves. This term encompasses balloon-expandable
prosthetic heart valves, but should not be considered limited to those expanded only with
balloons. Although balloons are the accepted method for expansion of such heart valves, other
deployment mechanisms such as radially expandable mechanical fingers or other such devices
could be used. In this sense, therefore, "plastically-expandable” refers to the material of the
frame of the heart valve, which undergoes plastic deformation from one size to a larger size.
Examples of plastically-expandable frame materials are stainless steel, Elgiloy (an alloy
primarily composed of cobalt, chromium and nickel), titanium alloys, and other specialty
metals. For the sake of convention, however, the term "balloon-expandable” prosthetic heart
valves will be used primarily herein, but such should be considered to represent "plastically-
expandable” heart valves.

[0019] The invention accommodates valves of non-constant expansion resistance. That is, the
construction details of balloon-expandable prosthetic heart valves are such that one end,
typically the inflow end, possesses a greater number of structural components, including
stitching. The valves are mounted over an expansion balloon, delivered to the implant site, and
the balloon inflated. Because of the axial constructional non-uniformity of most valves,
expansion of the balloon will cause more or sooner radial expansion at whichever part of the
valve presents the least expansion resistance. Typically, the inflow end presents greater
resistance to expansion, resulting in the outflow end being expanded more or faster. The
present invention provides a number of differently shaped balloons to accommodate this
constructional non-uniformity, so that the valve expands to its designed operational shape. The
final shape of the valve stent may be tubular, but it could also be slightly conical or have a non-
linear profile. Those of skill in the art will understand that, given the valve properties and
desired final shape, an appropriate expansion member (balloon) can be selected for any
number of valves.

[0020] Figs. 1-3 illustrates an exemplary balloon-expandable prosthetic heart valve 20 having
an inflow end 22 and an outflow end 24. The valve includes an outer frame or stent 26
supporting a plurality of flexible leaflets 28 within. Fig. 1A shows the valve 20 in its expanded or
operational shape, wherein the outer stent 26 generally defines a tube and there are three
leaflets 28 attached thereto and extending into the cylindrical space defined within to coapt
against one another. In the exemplary valve 20, three separate leaflets 28 are each secured to
the stent 26 and to the other two leaflets along their lines of juxtaposition, or commissures. Of
course, a whole bioprosthetic valve such as a porcine valve could also be used. In this sense,
"leaflets" means separate leaflets or the leaflets within a whole xenograft valve.

[0021] In the exemplary valve 20, the flexible material forming the leaflets 28 attaches to the
outer stent 28 via a fabric intermediary 30 and a plurality of sutures 32. With reference to Fig.
1B, the stent 26 is formed by a plurality of axially-oriented and circumferentially angled struts
34. At three evenly-spaced points around the stent 26, the axially-oriented struts are replaced
by more substantial axial bars 36. The bars 36 include a series of through holes that receive
the sutures 32 holding the commissures of the leaflets 28 in place. Additionally, two rows of zig-
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zag suture lines 38 attached to the two rows of angled struts 34 closest to the inflow end 22.
Further details on the exemplary prosthetic heart valves of a similar type can be found in U.S.
Patent No. 6,730,118. In addition, the Cribier-Edwards™ Aortic Percutaneous Heart Valve
available from Edwards Lifesciences of Irvine, CA is another balloon-expandable prosthetic
heart valve of a similar nature, whose construction is also expressly incorporated by reference
herein.

[0022] As can appreciated by the drawings, the bulk of the attachment structure between the
outer stent 26 and inner leaflets 28 is located close to the inflow end 22. Each one of the
leaflets 28 desirably connects along an arcuate line between two points at the outflow end 24.
This arcuate line passes close to the inflow end 22, and thus the need for more sutures and
that end. As a result, the valve 20 has a nonuniform expansion profile. More particularly, the
inflow end 22 of the valve 20 exerts substantially greater resistance to expansion on a balloon
inflated from within than the outflow end 24. A cylindrical balloon inflated from within the valve
20 with thus expand faster or farther at the outflow end 24 that the inflow end 22, because the
outflow and presents the path of least resistance. Fig. 1C shows the valve 20 mounted on a
balloon that has been partially inflated.

[0023] At this point, it is important to emphasize that the exemplary heart valve 20 is
representative of balloon-expandable heart valves that have non-uniform expansion resistance
profiles along their axial lengths. In the illustrated embodiment, the valve 20 is stiffer near its
inflow end 22 than its outflow end 24. However, other the valves might include an outer frame
and an inner valve or leaflet structure which is mounted near the outflow end of the frame, so
as to be accordingly stiffer near its outflow end. The term that encompasses these different
constructions and other valves is "valves having non-uniform expansion resistance profiles
along their axial lengths."

[0024] A schematic illustration of this non-uniform valve expansion is seen in Figs. 2A-2C. Fig.
2A shows the valve 20 and its compressed state and crimped over a standard cylindrical
balloon 40. The balloon 40 typically mounts on a catheter body 42 that passes over a
guidewire 44 to the implant location.

[0025] At the implant location, the balloon 40 inflates to deploy the valve 20. Fig. 2B illustrates
one possible outcome; the valve expanding into a conical shape with the outflow end 24
expanding faster and farther than the inflow end 22 because of the lesser resistance to
expansion at the outflow end. Alternatively, Fig. 2C illustrates a situation in which the outflow
end 24 becomes flared or crowned by initial expansion of the balloon 40 beyond the end of the
valve. In either of these scenarios, the valve 20 does not expand to its intended cylindrical
shape and therefore coaptation of the flexible leaflets within may be compromised. For
example, the conical shape of the valve 20 in Fig. 28 may separate the outflow end of the bars
36 and leaflet commissures to such a degree that the leaflets no longer meet in the middle of
the valve orifice.

[0026] As mentioned above, the present invention provides differently-shaped expansion
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members or balloons to ensure designed expansion of prosthetic heart valves. As mentioned
above, balloons are almost universally used to deploy expandable heart valves. However, is
conceivable that a mechanical expansion member such as elongated fingers or hydraulically
operated expanding members (i.e., not balloons) could be utilized. Therefore, the term
expansion members is intended to encompass balloons and other variants.

[0027] In Fig. 3A a balloon 50 mounts on a catheter 52 and includes a first proximal taper 54,
a central valve contact portion 56, and a second, distal taper 58. The valve contact portion 56
has a slight conical taper such that a proximal shoulder 60 has a smaller diameter than a distal
shoulder 62. The balloon 50 includes a plurality of marker bands 64 therearound to facilitate
registration of a prosthetic heart valve with the balloon.

[0028] It is important to note that the terms "proximal and distal” in terms of the balloon tapers
is dependent on the direction of heart valve delivery into the annulus, because the heart valve
leading end and thus balloon orientation on the catheter will be reversed in a heart valve
replacement procedure that begins in a femoral artery as compared to a procedure that enters
through the apex of the left ventricle. The balloon 50 of Fig. 3A has a larger distal shoulder 62,
which in this embodiment is the end associated with the inflow end of the heart valve 20,
indicating that the balloon 50 is oriented for apical delivery as opposed to percutaneous, for
which the "proximal” shoulder would correspond to the outflow end of the valve.

[0029] For example, the expandable heart valve 20 described above is positioned in its
expanded state around the deflated balloon 50. The marker bands 64 are used to position the
valve axially on the balloon 54 for proper inflation. Because of the non-uniform expansion
profile of the balloon 50, the axial position of the valve 20 is most important to ensure that the
portions of the balloon that are capable of applying the largest initial radially outward force are
in registry with the stiffer areas of the valve. In particular, the valve 20 is positioned on the
balloon 50 such that its inflow end 22 is closer to the first shoulder 62, and its outflow end 24 is
closer to the second shoulder 60. Subsequently, the prosthetic valve 20 is crimped around the
balloon 50 so as to be ready for delivery into the body and advancement to the target
implantation site. When the balloon 50 inflates, the first shoulder 62 initially expands faster and
ultimately farther than the second shoulder 60, thus compensating for the increased resistance
to expansion of the prosthetic heart valve 20 at its inflow end 22. By careful calculation of the
non-uniform resistance of the prosthetic heart valve to expansion, the tapered balloon 50 can
be chosen so that the valve expands to its full diameter and proper operational shape (typically
a cylinder or a shallow frusto-conical shape).

[0030] Fig. 3B shows an alternative heart valve expansion balloon 70 of the present invention
having a proximal taper 72, a central valve contact portion 74, and the distal taper 76. Again,
the valve contact portion 74 tapers inward from a first shoulder 78 to a second end 80. Instead
of then tapering farther down, the distal end of the balloon defines an outwardly formed flange
82 leading to the distal taper 76. Again, marker bands 84 are provided around the
circumference of the balloon 70 in the valve contact portion 74 for proper location of the
prosthetic valve therearound. The flange 82 further assists in positioning of the valve by
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providing a clear ridge and tactile marker against which the outflow end 24 of the valve 20 may
abut.

[0031] Fig. 3C provides a still further balloon 90 of the present invention which includes a
proximal section 92 and a smaller distal section 94. A tapered step down 96 connects the
proximal section 92 and distal section 94. The marker bands 98 on the balloon 90 generally
indicate limits of placement of the prosthetic heart valve therearound. Therefore, the outflow
end 24 would be located adjacent the smaller distal section 94, and the inflow end 22 would be
located around the larger proximal section 92. In this way, balloon expansion causes more
rapid and greater expansion of the inflow end 22 than the outflow end 24. By controlling the
relative diameters of the proximal and distal sections 92, 94, the particular prosthetic heart
valve can be expanded into its designed cylindrical shape.

[0032] Finally, Fig. 3D illustrates a balloon 100 having a proximal section 112 and a distal
section 104 separated by a small step 106. The markers 108 indicate where the valve should
be placed. The stepped balloon 100 is similar to the balloon 90 of Fig. 3C, but the two sections
102, 104 are closer to each other in diameter.

[0033] As will be appreciated by those of skill in the art, the specific shape of the expansion
member/balloons described herein will differ depending on the valve construction. Using the
exemplary prosthetic heart valve 20, the diameter of the largest part of the balloon that
contacts the stiffest portion (e.g., inflow end) of the valve should be greater than the smallest
part that contacts the more flexible portion (e.g., outflow end) of the valve. For example, the
proximal section 92 in Fig. 3C might be 25 mm in diameter, while the distal section 94 might be
21 mm in diameter. Or, in relative terms, the largest section of the expansion member that
contacts the valve is between about 20-30% larger than the smallest section.

[0034] The various markers or marker bands disclosed in Figs. 3A-3D may be uniformly
circular lines drawn around the balloons to denote placement of the opposite ends of the valve.
Alternatively, the markers may be different sizes or configurations to more clearly indicate
which orientation the valve should be positioned on the balloon. A more explicit system which
includes the words INFLOW and OUTFLOW may also be used for further clarity. Furthermore,
the markers may not be axi-symmetric around the balloons, but instead may indicate
commissure points or other locations around the balloon with which the valve will register.
Indeed, it is also contemplated that the expansion members/balloons may be configured to
expand with a non-uniform profile around their circumference. For example, expandable
prosthetic heart valves may have non-uniform expansion profiles around their circumference
which otherwise would lead to noncircular expansion shapes. Greater outward pressure at the
stiffer areas may be required, thus necessitating a particular circumferential registry between
valve and balloon as well.

[0035] In a typical operational sequence, a prosthetic heart valve having biological tissue
thereon is packaged in a separate sterile container from the balloon. In the operating room, the
valve and balloon are conjoined for implantation. This procedure requires careful positioning of
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the valve in its expanded state around the balloon, and crimping of the valve onto the balloon
to a predetermined maximum diameter. The marker bands described above therefore greatly
facilitate the step of positioning the valve over the balloon to ensure proper expansion. The
valve and balloon combination is then inserted into the body and advanced to the target
implantation site. The path of delivery may be a relatively long percutaneous route, or may be
substantially shorter through a direct-access port or channel in the chest. It is even
contemplated that conventional open-heart surgery utilizing cardiopulmonary bypass may
benefit from deploying expandable valves by reducing the procedure time.

[0036] An alternative use of the present invention is to plastically-expand a prosthetic heart
valve that has been partially deployed at the target implantation site. Some self-expanding
prosthetic heart valves require further balloon expansion to plastically deform their support
frames and ensure proper engagement with the surrounding tissue. The invention therefore
encompasses final plastic deformation of initially elastically-expandable frames. In another
situation, a purely plastically-expandable heart valve may be partially expanded by a first
balloon, and then a second balloon used to completely expand it into its final implant state. In
this type of procedure, the marker bands described above are essential to position the non-
uniform balloon within the partially deployed valve.

[0037] Conventional balloons used to deploy prosthetic heart valves are made of clear nylon.
Nylon balloons have a maximum expansion diameter which is important to avoid over-inflation
and rupture. In the prior art the inflation fluid consists of a mixture of saline and a contrast
media, typically a viscous semi-radiopaque liquid. The inherent viscosity of this fluid increases
the inflation/deflation time of the balloon, which is detrimental because the balloon can occlude
the aortic annulus for long periods of time.

[0038] The present invention provides inflation balloons that are doped with a radiopaque
material. The doping is typically performed prior to balloon extrusion to ensure uniform
distribution of the doping agent. Consequently, because the balloon itself is radiopaque, saline
can be used to inflate it without addition of a viscous contrast media. Because of the lower
viscosity of saline, the inflation/deflation time is greatly reduced.

[0039] 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.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
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Patentkrav

1. Implantationssystem til hjerteklapprotese (20), omfattende:

en ballonudvidelig hjerteklapprotese (20) med en komprimeret tilstand og en
udvidet tilstand, og en konstruktion, der har en uensartet ekspansionsmod-
standsprofil langs sin aksiale laengde; og

et ekspansionselement (40, 50, 70, 90, 100), der er anbragt inden i hjerteklap-
protesen (20) i den komprimerede tilstand og er i stand til at anvende radialt
udadrettede kreefter pa hjerteklappen for at konvertere den til dens udvidede
tilstand,

kendetegnet ved at udvidelseselementet (40, 50, 70, 90, 100) er udformet til
at anvende uensartede radialt udadrettede kreefter pa hjerteklappen (20) langs
dens aksiale leengde.

2. System ifglge krav 1, hvor udvidelseselementet (40, 50, 70, 90, 100) er en
ballon (40, 50, 70, 90, 100) med mindst et afsnit med en st@rre udvidet diame-
ter end en anden del.

3. System ifglge krav 1, hvor udvidelseselementet (40, 50, 70, 90, 100) indbe-
fatter mindst en udvendig marker (64, 84, 98, 108) til registrering af udvidel-
seselementet (40, 50, 70, 90, 100) inden i hjerteklapprotesen (20), saledes at
det afsnit af udvidelseselementet (40, 50, 70, 90, 100), der er i stand til den
sterste udvidelse, kan anbringes inden i den stiveste del af hjerteklapprotesen
(20).

4. System ifglge krav 1, hvor den ballonudvidelige hjerteklapprotese (20) har
en indstramningsende (22) og en udstramningsende (24), hvor hjerteklappen
(20) indbefatter en udvendig stent og indvendige fleksible folder (28), der er
fastgjort til stenten (26), hvor udvidelseselementet er en ballon (40, 50, 70, 90,
100), og

hvor ballonen (40, 50, 70, 90, 100) har en ikke-cylindrisk udvidet profil med et
sterre diameterafsnit, der er anbragt inden i en stivere del af hjerteklappen
(20), og et mindre diameterafsnit, der er anbragt inden i en mere fleksibel del
af hjerteklappen (20).
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5. System ifalge krav 1, hvor hjerteklapprotesen (20) har en cylindrisk udvidet
tilstand.

6. System ifalge krav 2 eller krav 4, hvor ballonen (40, 50, 70,90, 100) har en
konisk klapkontaktdel (56).

7. System ifalge krav 2 eller krav 4, hvor ballonen (40, 50, 70, 90, 100) har en
klapkontaktdel med trindelt diameter (96, 106).

8. System ifalge krav 2 eller 4, hvor ballonen (40, 50, 70, 90, 100) er lavet af
et materiale, der er doteret med et kontrastmiddel.

9. System ifglge krav 4, hvor ballonen (40, 50, 70, 90, 100) indbefatter mindst
en udvendig marker (64, 84, 98, 108) til registrering af ballonen (40, 50, 70,
90, 100) inden i hjerteklapprotesen (20), séledes at det afsnit af ballonen (40,
50, 70, 90, 100), der er i stand til den sterste udvidelse, kan anbringes inden i
den stiveste del af hjerteklapprotesen (20).

10. System ifglge krav 4, hvor hjerteklapprotesen (20) er stivere ved indstrgm-
ningsenden (22) end ved udstrgmningsenden (24).

11. System ifglge krav 10, yderligere indbefattende fastgarelsesstruktur mel-
lem folderne (28) og stenten (26), der er steerkere koncentreret ved siden af
indstreamningsenden (22) af hjerteklappen (20) end udstremningsenden (24).
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