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MEDICAL DEVICES FOR IMPLANTING IN AVALVE AND ASSOCIATED
METHODS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application No.
61/930,851, filed on January 23, 2014 and U.S. Provisional Patent Application No.
61/819,486 filed on May 3, 2013, cach of which Provisional Patent Applications are
hereby incorporated herein by reference in their respective entireties fo the extent that

they do not conflict with the disclosure presented herein.

FIELD

The present disclosure relates fo, among other things, heart valves, and associated

apparatuses and methods of use, marmufacture and treatmcent.

BACKGROUND

The transport of vital fhuds in the human body is largely regulated by wvalves.
Physiological valves are designed fo prevent the backflow of bodily fluids, such as
blood, lymph, urine, bile, ctc., thereby kecping the body's fluid dynamics
unidirectioval for proper homeostasis. For example, venous valves maintain the
upward flow of blood, particularly from the lower extremities, back toward the heart,
while lymphatic valves prevent the backflow of lymph within the lymph vessels,

particularly those of the Himbs.

A human heart includes four cardiac valves that determine the pathway of blood flow
through the heart: the mitral valve, the tricuspid valve, the aortic valve, and the
puimonary valve. The mitral and tricuspid valves are atrioventricular valves, which
are between the atria and the ventricles, while the aortic and pulmonary valves are

serulunar valves, which are in the arteries leaving the heart.

Because of their commeon function, valves share certain anatomical features despite
variations in relative size. Cardiac valves arc among the largest valves in the body
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with diameters that may exceed 30 mm, while valves of smaller veins may have
diameters no larger than a fraction of a rullimcter. Regardless of their size, however,
some physiological valves are situated in specialized anatomical structures known as
sinuses. Valve sinuses can be described as dilations or bulges in the vessel wall that
houses the valve. The geometry of the sinus has a function in the operation and fhid
dynamics of the valve. One function is to guide fluid flow so as to create cddy
currents that preveuot the valve leaflets from adhering to the wall of the vessel at the
peak of flow velocity, such as during systole. Another function of the sinus geometry
18 to generate currents that faciitate the precise closing of the leaflets at the beginuing
of backflow pressure. The sinus geometry is also important in reducing the stress
exerted by differential fluid flow pressure on the valve leatlets or cusps as they open

and close.

Sinuses of the pulmonary trunk comprise the space at the origin of the pulmonary
trunk between the dilated wall of the vessel and cach cusp of the pulmonic valve.
Aortic sinuses or Valsalva sinuses comprise the space between the superior aspect of
cach cusp of the aortic valve and the dilated portion of the wall of the ascending aorta,
omediately above each cusp. Thus, for example, eddy currents occurning within
sinuses of Valsalva in the natural aortic root have been shown to be important in
creating smooth, gradual and gentle closure of the aortic valve at the end of systole.
Blood is permitted to travel along the curved contour of the sinus and onto the valve
leaflets to ctfect their closure, thereby reducing the pressure that would otherwise be
exerted by direct fluid flow onto the valve leaflets. The sinuses of Valsalva also
contain the coronary ostia, which are outflow openings of the arterics that feed the
heart muscle. When valve sinuses contain such outflow openings, they serve the
additional purpose of providing blood flow to such vessels throughout the cardiac

cycle.

When valves exhibit abnormal anatomy and function as a result of valve discase or
injury, the unidirectional flow of the physiological fluid they are designed to regulate
s distupted, resalting in increased hydrostatic pressure. For exarple, venous valvular
dysfunction lcads to blood flowing back and posling in the lower legs, resulting in
pain, swelling and edema, changes in skin color, and skin ulcerations that can be

.
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extremely difficult to treat. Lymphatic valve insufficiency can result in lymphedema
with tissue fibrosis and gross distention of the affected body part. Cardiac valvular
disease may lead to pulmonary hypertension and edema, atrial fibrillation, and right
heart fatlure in the case of mitral and tricuspid valve stenosis; or pulmonary
congestion, left ventricular contractile impairment and congestive heart failure in the
case of mitral rcgurgitation and aortic stenosis. Regardless of thewr ctiology, all
valvular discases result i either stenosis, 1o which the valve does not open properly,
impeding fluid flow across it and causing a rise in fluid pressure, or
wsufficiency/regurgitation, 1o which the valve does not close properly and the fluid
leaks back across the valve, creating backflow. Some valves are afflicted with both
stenosis and insufficiency, in which case the valve ncither opens fully nor closes

completely.

Because of the potential severity of the clinical consequences of valve disease,
numerous surgical technigues have been developed to repair a discased or damaged
heart valve, For cxamaple, these surgical techniques may include annuloplasty
{contracting the valve annulus), quadrangular resection (narrowing the valve leatiets),
coraroissurotomy {cutting the valve commissures to separate the valve leaflets), or
decalcification of valve and anmulus tissuc. Alternatively, the diseased heart valve
may be replaced by a prosthetic valve. Where replacersent of a heart valve s
indicated, the dysfunctional valve is typically removed and replaced with either a

mechanical or tissue valve.

In the past, one commeon procedure has been an open-heart type procedure. However,
open-heart valve repair or replacement surgery is a long and tedious procedure and
nvolves g gross thoracotorny, usually in the form of a median sternotorny. In this
procedure, a saw or other cutting instrument is used to cut the sternum longitudinally
and the two opposing halves of the anterior or ventral portion of the rib cage are
spread apart. A large opening into the thoracic cavity 1s thus created, through which
the surgeon may directly visualize and operate upon the heart and other thoracic
contents, The patient roust typically be placed on cardiopulmonary bypass for the

duration of the surgery.
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Minimally invasive valve replacement procedures have emerged as an alternative to
open-chest surgery. Minimally invasive medical procedures may be considered as
procedures that are carried out by entering the body through the skin or through a
body cavity or anatomical opening, while minimizing damage to these structures.
Two types of minimally invasive valve procedures that have emerged are
percutancous valve procedures and trans-apical valve procedures. Percutancous valve
procedures pertain to woaking swall weisions i the skin to allow direct access to
peripheral vessels or body channels to insert catheters. Trans-apical valve procedures

pertaim o roaking a small incision in or near the apex of a heart to allow valve access.

Traditionally, surgical heart valves have been jwaplanted with a multitude of sutures,
so placing the valve at the correct depth was readily accomplished by tactile means.
For suturcless valves, such tactile feedback does not exist.  Accordingly, alternatives

for ensuring proper depth of an implant of sutureless valves would be desirable.

Additionally, ensuring proper orientation of a valve apparatus is fairly routine heart
valves anchored via sutures. However, with heart valves that are cxpandable and
initially implanted in a collapsed configuration, ensuring proper orientation can be

more challenging,

SUMMARY

Diescribed herein are, among other things, prosthetic heart valves having visible
markings configured to be aligned with anatomical structures of a native valve, such
as an annulus or a commissure. The markings facilitate accurate implantation of the

rosthetic valves at g proper depth or in & proper orientation.
8

In some cmbodiments, a device configured to be iraplanted 1o a valve of g subject s
described. The valve includes an annulus. The device comprises a frame having an
annular portion configured to be aligned with the annulus of the native valve and a

visible circurnferential marking positioned around the anmular portion of the frame.



WO 2014/179761 PCT/US2014/036686

[6015]

80 16]

[6017]

[6018]

[6019]

6026}

The frame, in some embodiments, is expandable from a collapsed configuration to an
expanded configuration. In the expanded configuration, the anmular portion of the
frame is configured to engage the annulus of the native valve. The frame may be
configured to be at least partially collapsed from the expanded configuration to an at
feast partially collapsed configuration such that the frame can be repositioned during
ann implant procedure if the visible circumferential marking i1s not aligned with the

annulus of the native valve,

The frame, in some embodiments, is expandable from a collapsed configuration to a
partially cxpanded configuration. When the frame is in the partially expanded
configuration, the device 18 coufigured such that circumferential marking is visible

when aligned with the annulus of the native valve.

In some embodiments, the frame has a flange positioned superior to the anmular
portion when implanted, wherein the flange is cormpressible and expandable. The
flange may be a part of a concave-shaped portion configured to anchor the device

around the annulus of the native valve,

In various embodiments, the device includes a skirt disposed over at least a portion of

the frame. The visible circurnfercntial marking may be disposed on the skirt.

To some ernbodiments, the device further includes a second vistble clrcumferential
marking positioned arcund the frame at a location that, when imaplanted, is superior to
the first visible circumferential marking.  The sccond circurnferential marking
indicates a position to which a sheath of a delivery system is to be withdrawn during a
part of an implaut proceduare i which the device 1s being positioned within the native

valve,

in some cmbodiments, which may be the same or different than the embodiments
where the device includes the visible circumferential marking, a device ncludes a
frame that has a longttudinal portion configured to be aligned with a commissure of
the native valve. The device further comprises one or more visible commissural
alignment markings positioned to indicate at least a portion of the longitudinal portion

of the frame. The device, in some embodiments includes a skirt disposed about at

§
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feast a portion of the frame. The one or more visible commissural alignment

markings ray be disposed on the skart.

In various crobodiraents, the device 15 4 prosthetic heart valve. In some embodiments

the prosthetic heart valve is a sutureless prosthetic heart valve.

In embodiments described herein, a method for implanting a device in a valve of a
subject 18 described. A portion of the device 18 configured to be aligned with an
annulus of the valve. The device has a visible circuraferential marking configured to
be aligned with the valve annubus. In some embodiments, the method may include
mserting at least a portion of the device in a valve sinus, and aligning a visible
circumferential marking with the valve anmulus. In some embodiments, the device is
compressible and expandable, and inserting the device in a native valve compriscs
inserting the device in an at least partially compressed configuration. The method in
such ernbodirnents may further comprise expanding the device, or allowing the device
to expand, when the visible circumferential marking is aligned with the native valve
annulus. In some embodiments, the device comprises a second visible circumferential
marking that when implanted is superior to the first visible circumferential marking.
In such embodiments, the method may further include retracting a retention sheath
about the device until the second circumferential marking s visible to allow the
device to partially expand prior to aligning the first circumferential marking with the
vative valve annolus. The roethod may further include completely retracting the
sheath about the device when the first visible circumferential marking is aligned with

the annulus to allow the device to expand and engage the native valve anmulus.

Advantages of one or more of the various embodiments presented herein over prior
devices for implanting in a valve of a patient, such as prosthetic heart valves, and
associated methods will be readily apparent to those of skill in the art based on the
following detatled description when read in conjunction with the accompanying

drawings.

-6
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FIGS, 11-15 are schematic drawings showing embodiments of prototype valve

replacement systems including some embodiments of exemplary markings.

The schematic drawings in are not necessarily to scale. Like numbers used i the
figures refer to like components, steps and the hike. However, it will be understood
that the use of a naomber to refer to a compouent in a given figure is not intended to
limit the component in another figure labeled with the same number. In addition, the
use of different numbers to refer to components is not wtended to indicate that the

different numbered components cannot be the same or similar.

DETAILED DESCRIPTION

The present disclosure relates to, among other things, devices for implantation in a
valve, such as heart valves, and methods, systems, and devices associated therewith,
The devices described heretn may be particularly useful where tactile feedback of
valve positioning is not possible or impracticable, such as when implanting sutureless

prosthetic heart valve devices.

In various crobodirnents, the implantable devices described hercin have visible
markings configured to be aligned with anatomical structures of a valve, such as an
annulus or a commissure.  The markings facilitate accurate mmplantation of the

prosthetic valves at a proper depth or in a proper orientation.

Prior to describing devices with such markings, a general deseription of heart valve

device componerts and heart valve anatomy 1s provided with regard to FIGS. 1-8.

FIGS, 1A and 1B generally illustrate one exeraplary embodiment of a heart valve L
As tllustrated in FIG. 1, valve 1 includes a distal outflow end 2, a plurality of leaflets
3, and a proximal inflow ond 4. A typical valve functions similar to a collapsible tube

w1 that it opens widely during systole or in respouse to muscular contraction to enable

-8
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unobstructed forward flow across the valvalar orifice, as illustrated in FIG. 1A, In
contrast, as forward flow decelerates at the end of systole or contraction, the walls of
the tube are forced centrally between the sites of attachment to the vessel wall and the

valve closes completely as tllustrated i FIG, 1B.

FIGS. 2A, 2B, and 2C illustrate the anatomy of a typical aortic valve. In particular,
FiG. 2A shows a top view of a closed valve with three valve sinuses, FIG. 2B shows
a perspective sectional view of the closed valve, and FIG, 2C shows a view from

outside the vessel wall.

Ouve consideration 1o the design of valve replacemeunt systerns and devices is the
architecture of the valve to be replaced. For example, mitral and tricuspid heart valves
do not have valve sinuses whereas aortic and pulmonic heart valves have valve
sinuses. Valve sinuses 12 are dilations of the vessel wall that surround the natural
valve leaflets. Typically in the aortic valve, cach natural valve leaflet has a separate
sinus bulge 12 or cavity that allows for maximal opening of the leaflet at peak flow
without permitting contact between the leaflet and the vessel wall, As ilustrated in
FIGS, 2A, 2B, and 20, the cxtent of the sinus 12 is generally defined by the
commissures 11, vessel wall 13, inflow end 14, and outflow end 13, The proximal

intersection between the stnus cavities define the commissures 11,

FIGS, 2B and 2C also show the narrowing diameter of the sinuses at both inflow end
14 and outflow ecnd 15, thus forming the inflow and outflow annuli of the sinus
region. Thus, the valve sinuses form a natural compartracot to support the operation
of the valve by preventing contact between the leaflets and the vessel wall, which, n
turn, may lead to adherence of the leaficts or result in detrimental wear and tear of the
leaflets. The valve sinuses are also designed to share the stress conditions imposed on
the valve leaflcts during closure when fluid pressure on the closed leaflets is greatest.
The valve sinuses further create favorable fluid dynamics through currents that soften
an otherwise abrupt closure of the leaflets under conditions of high backflow pressure.
Lastly, the sinuses cnsure constant flow to any vessels located within the sinus

cavities,
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FiG. 3 is a schematic representation of the geometry and relative dimeusions of the
valve sinus region. As shown in FEG. 3, the valve sinus region is characterized by
certain relative dimensions which remain substantially constant regardless of the
actual size of the sinuses. Generally, the diameter of the sinus 1s at its largest at the
center of the sinus cavities 16, while there is pronounced narrowing of the sinus
region at both the inflow annulus 17 near the inflow end 14 and the outtlow annulus
18 near the outflow end 18, Furthermore, the height of the sinus 19 (i.e. the distance

ctween inflow annulus 17 and outflow annulus 18 remains substantially
proportional to is overall diroensions. It 1s thus apparent that the stnus region forms
an anatomical compartment with certain constant features that are uniquely adapted to
house a valve. The systems and devices disclosed herein may be designed to utilize
these anatomical features of the native sinus region for replacement valve function

and positioning.

FIG. 4 15 3 perspective view of a valve replacement systern 28 described in more
detail in US Published Patent Application No. 2010/0168844 {which application is
hereby incorporated by refercnce in its entirety to the extent that it does not conflict
with the disclosure presented herein}, which contains general features of the valves
described in more detail below. Such valves, as well as the valve depicted in FIG, 4,
wchude replaceroent valve 22, valve support structure or frawe 24, and valve cuff 26,
Replacement valve 22 may be attached to frame 24 such that replacement valve 22
resides within the support structure. Valve support structure 24 may be, for example,
an expandable and collapsible stent-like frame structure adapted to be delivered to an
implantation site such as a native heart valve. Frame 24 may be cither self-cxpanding
or non-self-expanding, and may be delivered to the target site via any suitable
delivery means as will be appreciated by one skilled in the art. Valve cuff 26 18
attachable to the inflow eund of replacement valve 22, and may be structured to reduce
paravalvular leakage around the valve, as well as to reduce migration and increase

stability of replaceruent valve 22 after tmplantation at the implantation site.

Replacement valve 22 illustrated in FIG. 4 is a tni-leaflet valve. For purposes of
example and not limitation, the following discussion will reference only valve 22, it
being understood that any stonted or stentless replacement valve is conteraplated.

- 10 -
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Similarly, although valve frame 24 is shown as structured to receive a tri-leaflet valve,
those skilled 1 the art will appreciate that replacement valves having 4 nursber of
leaflets other than three will correspondingly require a different valve support

structure.

FIG. 5 15 8 perspective view of replacement valve 22, which represents one
exemplary embodiment of a tri-leaflet replacement valve useable with valve
replacement systems 28 described herein. Replacement valve 22 includes valve body
38 having proximal inflow end 31 and a distal outflow end 32. Valve body 36
includes a plurality of valve tissue leaflets 33 joined by scams 34, wherein cach seam
34 is formed by a junction of two leaflets 33. A comumissural tab region 38 extends
from each secam 34 at the distal end of valve body 38. Inflow end 31 of valve body 38
mcludes a peripheral edge that may be scalloped or straight. In addition, inflow end
31 of valve body 38 may further comprise reinforcement structure 36 that may be

stitched or otherwise attached thereto.

The valve replacement systems and devices described herein are not limited, however,
to the specific valve illustrated in FEG. 8. For example, although the proximal inflow
end 31 of valve body 38 is shown in ¥I1G. 5 with a scalloped peripheral edge, other
shapes and configurations are contemplated and within the intended scope of the

present disclosure.

Valve leaflets 33 may be constructed of any suitable material, including but not
tiraited to polymeric materials, metallic materials, or tissue-engineered materials. For
example, bovine, porcine, equine, oving, or other suitable animal tissues may be used
to construct valve leatlets. In some embodiments, valve eaflets may be constructed of
or formed from material obtained from, for example, heart valves, aortic roots, aortic
walls, aortic leaflets, pericardial tissue, blood vessels, intestinal submucosal tissue,
umbilical tissue and the like from humans or animals. In some embodiments, valve
leaficts may be constructed of cxpanded polytetrafluorocthylene (ePTFE), cquine
pericardium, bovine pertcardium, or native porcine valve leaflets similar to currently
avatlable bioprosthetic aortic valves. Other materials may prove suitable as will be

appreciated by one skilled n the art.
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FiG. 6 is a side view of valve support structure 24, which represents one exemplary
erabodiment of a typical support structure useable with valve replacement system 20
in accordance with the teaching presented herein. In general, valve support structure
24 is designed as @ collapsible and expandable anchoring structure that may be
adapted to support valve 22 distally along commissural tab region 35 and proximally
along the proximal inflow end 31, As shown in FIG. &, valve 22 and valve cuff 26
have been detached frova valve frame 24 so as to focus on the structure and features of

the support structure.

In some embodiments, valve frame 24 has a generally tubular configuration within
which replacement valve 22 voay be secured, and includes inflow rim 41, support
posts 42 and outflow rim 43. Replacement valve 22 may be secured at the proximal
mflow end 31 by attachient to mflow rim 41 of support structure 24 and at the distal
outflow end 32 via commissural tabs 35 that are threaded through axially extending
slots 44, which are formed 1n support posts 42 that extend longitudinally from inflow
rim 41 to outflow rim 43 of valve support structure 24. Thus, distal ends 45 of support
posts 42 contact outflow rim 43 of valve support stracture 24, whercas proximal ends

44 of support posts 42 contact inflow rim 41 of valve support stracture 24,

In the ewbodiment shown i FIG, 6, outflow vim 43 of support stracture 24 is
depicted as comprising a plurality of rings that cxtend between support posts 42
generally at or above the axially extending slots 44 that reside therein. The plurality of
rings of outflow rim 43 are configured in an undulating or zigzag pattern forming
peaks 47 and valleys 48, wherein the individual rings remain substantially parvallel to
one another. The plurality of rings of outflow rim 43 may inchade a vertical connector
clernent 49 positioned at the center of valleys 48 formed by the undulating or zigzag
pattern. Vertical connector element 49 is designed to stabilize frame 24 and to prevent
distortion of the valve during compression and expansion of the frarse., Vertical
element 49 extends longitudinally in the axial direction of the cylindrical valve

support structure 24,

In the embodiment of valve support structure 24 illustrated i FIG. 6, outflow rim 43

s forroed with two rings, while nflow rin 41 18 formed with a single ring that

- 12 -
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extends between support posts 42. However, the number of rings is not important, and
numerous other configurations are contemplated. For example, in the cmbodiments
of valve support structure 24 iHustrated in FIGS. 4, 7, and 8, inflow rim 41 s formed

with two rings that extend between support posts 42,

Both inflow rim 41 and outflow rim 43 of valve support structure 24 are formed with
an undulating or zigzag configuration. In various embodiments of valve support
structures, inflow rim 41 may have a shorter or longer wavelength {ie,
circumferential divoension from peak to peak) or a lesser or greater wave height (e,
axial dimension from peak to peak) than outflow rim 43. The wavelengths and wave
heights of nflow vim 41 and outflow rim 43 may be selected to ensure uniform
compression and expansion of valve support structure 24 without substantial
distortion. The wavelength of inflow nim 41 1s further sclected to support the
geometry of the inflow end of the valve attached thereto, such as the scalloped inflow
end 31 of replacement valve 22 shown in FEG. 8. Notably, as shown in FIG, 6, the
undulating or zigzag pattern that forms inflow rim 41 of valve support structure 24 is
configured such that proximal ends 46 of vertical support posts 42 arc connected to
peaks 8¢ of inflow riro 41, Similarly, the undulating or zigrag pattero that forros
outflow rim 43 of support structure 24 is configured such that distal ends 45 of
support posts 42 are connected to valleys 48 of outflow riro 43. Locating distal ends
4% of support posts 42 at valleys 48 of cutflow rim 43 may prevent the longitudinal
extension of outflow rirn 43 i the direction of replacement valve 22 secured within
the lumen of valve support structure 24 upon compression of the replacement valve
assermnbly 28, As a result, most, if not all, contact between replacement valve 22 and
valve support structure 24 is eliminated. Likewise, locating proximal ends 46 of
support posts 42 at peaks 58 of mflow rim 41 may prevent longitudinal extension of
inflow rim 41 in the direction of the valve tissue. Thus, compression of replacement
valve 22 and valve support structure 24 does not lead to distortion of or injury to the

valve.

FIG. 6 further shows that support posts 42 are coufigured generally in the shape of a
paddie with axial slot 44 extending internally within blade 81 of the paddic. Blade 51
of the paddie is oriented toward outflow rim 43 of support structure 24 and connects

13-
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to outflow rim 43 at a valley 48 of the undulating or zigzag pattern of outflow rim 43.
An mmportant function of support posts 42 is the stabilization of valve 22 in general,
and in particular the preveution of any longitudinal extension at points of valve
attachment to preclude valve stretching or distortion upon compression  of
replacement valve system 28. Blades 31 of the paddle-shaped support posts 42 may be

designed to accommodate commuissural tabs 38 of valve 22.

Support posts 42 further comprise triangular shaped elements 32 extending on cach
side of proxirnal end 46 of the support post. Triangular shaped eleroents 82 may be
designed to serve as attachments sites for valve cuff 26 and may be designed in
different shapes without losing their function. Thus, the particular design of elements
52 shown In FI{. 6 is not critical to the attachment of valve cuff 26, and numerous
other designs and shapes are conteraplated and within the intended scope of the

present disclosure |

The number of support posts 42 generally ranges from two to four, and generally
depends on the nuraber of commissures and leaficts present in the replacernent valve
22. Thus, valve support structure 24 may comprise three support posts for a tri-leaflet
replacement valve 22. Support posts 32 of valve frame 24 may be  structured to

generally cotncide with the natural coramissures of the native valve being replaced.

Valve fraroe 24 way be formed from any suitable material including, but vot limited
to, stainless steel or nitinol. The particular material selected for valve support
structure 24 may be determuined based upon whether the support structare is self-
expanding or non-self-expanding. For cxample, preferable materials for seif-

expanding support structures include shape memory raterials, such as nitinol.

FI1G. 7 18 a side view tllustrating replacement valve device 28 of FI1G. 4, which once
again includes replacement valve 22, valve support frame 24, and valve cuff 26. As
shown in the cmbodiment depicted in FIG, 7, valve 22 is secured at the proximal
wflow end 31 by attachment to jnflow vim 41 of valve frame 24 and at the distal
gutflow end 32 via commissural tabs 35 that are threaded through axially extending
slots 44 formed in support posts 42. Notably, as can be seen in the embodirent shown
in FIG. 7, outflow rim 43 of frame 24 is structured to be longitudinally displaced
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from the distal outflow end 32 of valve leaflets 33 that reside within the lumen of the
tubular valve frame 24. Thus, contact between valve leaflets 33 and frame 24 is

avoided.

The positioning of replacement valve 22 internally to frame 24 with only commissural
mounting tabs 35 of replacement valve 22 contacting support posts 42 at the distal
outflow end 32 of the valve, while the proximal mnflow end 31 of the valve is
separated from inflow rim 41 of valve support structure 24 by valve cuff 26, cnsures
that no part of replacement valve 22 is contacted by frame 24 during operation of
valve 22, thereby eliminating wear on valve 22 that may be otherwise result from

contact with mechanical elements.

As shown i FIG, 7, valve cuft 26 generslly includes skirt 68 and flange 62. As
titustrated in FIG. 7, skirt 68 may be structured to cover the outer surface of valve
support structure 24, such as along the proximal mflow end 31, In particular, skirt 68
of valve cuft 26 wraps around the entire circumference of replacement valve 22 and
frame 24 near the proximal inflow end 31 and mmflow rim 41, respectively.
Farthermore, as shown in FIG. 7, skirt 68 may have a generally scalloped
configuration so as to substantially align with the scallops found in or around the
native valve iroplantation site and with the scalloped configuration of veplacewent
valve 22. However, one skilled in the art will appreciate that valve cuffs with non-
scalloped skirts are also contemplated and within the intended scope of the present

disclosure.

Skirt 68 of valve cuff 26 is designed to provide numercus benefits when used in
corjunction with a replacernent valve such as replacement valve 22, First, skirt 68
functions to protect the proximal inflow end 31 of replacement valve 22 from
wregulanitios of a valve annulus such that, for example, calcification remmnants or
valve remnants left behind after a native valve removal procedure do not come into
contact with any portion of replacement valve 22, If otherwise allowed to contact
replacement valve 22, these remnants impose a risk of damage to the valve. Second,
when positioned adjacent a native valve annulus, skirt 68 provides another source of

valve sealing, and also assists valve cuff 26 to conform to irregularities of the vative
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valve annulus. Third, once valve cuftf 26 is positioned adjacent a native valve annulus,
skirt 68 allows tissue mgrowth into the valve cuff. Such tissuc mgrowth not only
improves the seal provided by valve cuft 26, but also helps to anchor the valve cuff to
the native valve annulus and minirnize migration of replacement valve system 28 after
implantation. Skirt 68 of valve cuff 26 may provide addition benefits other than those

previously discussed as will be appreciated by those skilled i the art.

As tllustrated in FIG. 7, flange 62 of valve cuff 26 is coupled to skirt 68 and is
structured to protrade from veplacerent valve systemn 26 around the entire
circumference of the valve. Once replacement valve system 28 is delivered to an
implantation site and deployed, valve support stracture 24 exerts a radial force within
valve cuff 26 which pushes flange 62 against native tissue at the implantation site,
thereby creating a seal to provent paravalvular leakage and migration of replacement
valve system 28 within the aorta. For example, in embodiments where valve support
structure 24 15 formed from a roemory shaped metal, the radial force may result frora
the support structure “springing” back to expanded form after deployment at the

fraplantation site.

Flange 62 of valve cuff 26 is structured for forming a scal between the proximal
mflow end 31 of replacement valve 22 and the annulus of the native valve site. In
some cmbodiments, if one or more native valve structures are removed from a
paticut’s body prior to implantation of replacernent valve system 28, wregularities may
exist around the annulus of the native valve site. These irregularitics may be the result
of, for example, natural calcifications or valve remnants left over from extraction of
the native valve. Irregularities around the anmulus can be problematic because they

can contribute to paravalvular lcakage.

In the past when irregularitics were present, 1t was difficult to maintain 4 tight seal
between the native valve annulus and the replacement valve, However, flange 62 of
valve cuff 26 is structured to conform to irregularitics around the native valve
annulus, thus improving the seal between replacement valve 22 and the native valve
annulus. As a result, paravalvular leakage around the replacement valve may be

reduced or eliminaied.
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FiG. 8 is a view of replacement valve system 28 positioned within an aortic valve,
which includes native valve annulus 64. As shown in FEG. 8, valve frame 24 has
expanded within the native valve annulus 64, thereby forcing flange 62 of valve cuff
26 agamst native valve annulus 64 to form a tight seal between replacernent valve 22
and the native valve annulus 64 so as to prevent or at least minimize paravalvular
leakage and migration of replacernent valve 22 frorn the implantation site. Thus, with
flange 62 in contact with native valve annulus 64, valve cuff 26 acts as a gasket to
seal the junction between replacement valve system 28 and the native valve anmulus

64.

Io some embodiments, an adhesive may be applied to valve cuff 26 prior to
implantation within a native valve annulus. For example, any suitable biocompatible
adhesive may be apphied to the outer surfaces of skirt 68 and flange 62 to help seal
valve cuft 26 to the surrounding tissue of the valve annulus. While not a necessary
component, biocompatible adhesives may help to provide a tighter scal in order to

further reduce paravalvular leakage.

in other embodiments, the flange 62 valve cuff 26 may be constructed with a memory
shaped or deformable material disposed within the flange that helps to create a tight
seal with the pative valve aunulus. In particular, the memory shaped or deformable
material may be structured to cxpand once valve cuff 2é is properly positioned at the
implantation site. Ths type of valve cuff flange may be utilized regardless of whether

the valve support structure is of the seif-expanding or non-self-expanding type.

In some embodiments, both skirt 8¢ and flange 62 of valve cuff 26 can be formed
from a cloth or fabric material. The fabric may comprise any suitable material
including, but not himited to, woven polyester such as polyethylene terepthalate,

polytetrafluorccthylene (PTFE), or other biocompatible material,

In one exeroplary embodiment of assembling valve replacernent systern 20, skirt 68
and flange 62 are formed as separate compouents that are coupled together in order to
form valve cuff 26. In particular, skirt € may initially be positioned around and
coupled to valve support framoe 24 in any suitable mauner, such as by suturing. For
cxample, cach skirt attachment portion 63 may be wrapped around a corresponding
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support post 42 of valve frame 24, Skirt attachment portions 63 may then, for
exarnple, be sutured to triangular shaped attachment sites 52 near the proximal cnds
46 of cach of the support posts 42. Then, flange 62 may be positioned at the desired
position arcund skirt &8 and coupled to the skirt by any suitable means, such as by
suturing. Next, replacement valve 22 may be positioned within the inner lumen of
frame 24, inserting commissural tab portions 35 of replacement valve 22 through
corresponding axially extending slots 44 1o support posts 42. Skirt 68 of valve cutt 26,
which is positioned circumferentially around inflow rim 41 of frame 24, may then be
wrapped around the proximal mflow end 31 of replacement valve 22 and attached to
the valve with, for example, sutures. Once attached, skirt 6¢ and flange 62 arc
structured to create tight, gasket-like scaling surtaces between replacement valve 22
and the native valve annulus. The foregoing represents only one exemplary
cmbodiment of & method of assembling a valve replacement systern in accordance
with the present disclosure. Thus, modifications may be made to the number and

order of steps as will be appreciate by one skilled in the art,

Referring now to FIG. 9A, a frame 24 of a prosthetic valve may include a concave
landing zone, e.g, as described wm UKS. Patent Application Puoblication No.
2010/0100176, entitled ANCHORING STRUCTURE WITH CONCAVE LANDING
ZONE, which published patent application is hereby incorporated herein in its entirety
to the extent that it does not conflict with the disclosure presented herein. The frame
24 in FIG, 9A 1 illustrated as cut along line A-A and laid flat.  The framme 24 n
FIG. 9A represents one exemplary embodiment of a typical anchoring or support
structure uscable with valve replacement systemn 28 described herein. In gencral,
frame 24 is designed as a collapsible and expandable anchoring structure adapted to
support a valve distally along commissural region and proximally along the proximal
inflow end. As shown in FEG. 94, valve has been detached from support frame 24 so

as to focus on the structure and features of the support structure.

Frame 24 has a generally tubular configuration within which a replacement valve may
be secured, and wncludes inflow rim 41, support posts 42 and outflow rita 43. A
replacement valve may be secured at the proximal inflow end 31 by attachment to
mflow rim 41 of support frame 24 and at the distal outflow end 32 via conumissural
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tabs 35 that are threaded through axially extending slots 44, which are formed in
support posts 42 that extend longitudinally from nflow rim 41 to outflow rim 43 of
valve support structure 24, Thus, distal ends 45 of support posts 42 contact outflow
rim 43 of valve support structure 24, whereas proximal ends 46 of support posts 42

contact inflow rim 41 of frame 24,

As shown in FIG, 94 outflow rim 430f support frame 24 is depicted as comprising a
single wire ring or rail that extends between support posts 42 generally at or above the
axially extending slots 44 that reside therein. The outflow rim 43 is configured in an
undulating or sinusoidal wave pattern forming peaks 47and troughs 48. However, the
ourober of rings is not important, and numwerous other configurations are contemplated
and may be utilized such as single, double and triple configurations of varying
patterns. Inflow rim 41 1s depicted as cornprising a double wire ring or rail that
includes a distal inflow wire ring 49 and a proximal inflow wire ring 81. Distal inflow
wire ring 49 and proximal inflow wire ring 51 are configured in an undulating or
sinusoidal wave pattern forming peaks 47 and troughs 48. As can be seen, the double
wire ratl 18 configured so that a peak of proximal inflow wire ring 51 connects with a
trough of distal inflow wire ning 51 thus forming a diamond patiern although any
number of desired shapes may be achieved such as pentagonal, hexagonal,

rectangular, cte., all of which are within the scope of the disclosure presented herein.

The oflow rim 41 optionally includes finger-like elements 53 positioned at which
distal and proximal inflow wire rings 49, S connect and extend in an axial direction
therefrorn. Fioger-iike eleroents 83 are designed to lend additional support to fabric

that may cover inflow rim 41 to anchor the fabric and permit tissue ingrowth.

In the embodiment of support frame 24 illustrated in FIG. 84, outflow rim 43 is

tormed with a single ring, while inflow rim 41 is formed with a double ring that
extends between support posts 42, However, the number of rings may vary, and
numerous other configurations are contemplated. For example, FIG. 6A illustrates a
triple ring coustruction for the juflow rim while FIG. 8 ilustrates a single ring

construction for the inflow rim.
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Both inflow rim 41 and outflow rim 43 of frame 24 may be formed with an undulating
or sinusoidal wave-hike configurations. In various cmbodiments of valve support
structures, inflow rim 41 may have a shorter or longer wavelength (ie.,
circumfercutial dimension from peak to peak) or a lesser or greater wave height (e,
axial dimension from peak to peak) than outflow rim 43. The wavelengths and wave
heights of inflow rimm 41 and outflow rim 43 ray be sclected to ensure uniform
corpression and expansion of sapport frame 24 without substantial distortion. The
wavelength of inflow rim 41 may be further selected to support the geometry of the
mflow end of the valve attached thereto, such as the scalloped inflow end 31 of
replacement valve 22 shown in FIG. 9. Notably, as shown in FIG. 24, the undulating
or sinusoidal wave pattern that forms inflow rim 41 of frame 24 may be configured
such that proximal ends 46 of vertical support posts 42 are connected to troughs 48 of
ntlow rim 41, Similarly, the undulating or sinusoidal wave-like pattern that forms
outflow rim 43 of support structure 24 may be configured such that distal ends 45 of
support posts 42 arc connected at a peak 47 of outtlow rim 43, This arrangement
allows the distal inflow wire ring and proximal inflow wire ring to move together
when the valve is in its radially compressed state prior to delivery thus preventing

possible damage to the bioprosthetic heart valve.

o the embodiment depicted in FIG. 8A  the distal ends 45 of support posts 42 are
configured generally in the shape of a paddle with axial slot 44 cxtending internally
within blade 51 of the paddle. Blade 51 of the paddle is oniented toward outflow rim
43 of support structure 24 and connects to outflow rim 43 at a peak of the undulating
sinusoidal wave-like pattern of outflow rim 43. Support posts 42 stabilize a valve in
general, and in particular the prevention of longitudinal extension at points of valve
attachment to preclude valve stretching or distortion upon compression  of
replacement valve system. Blades 31 of the paddie-shaped support posts 42 are also

designed to accommedate commissural tabs of a valve.

The number of support posts 42, if present, generally ranges from two to four,
depending on the number of commissural posts present 1o the valve sinus. Thus, 1o
some embodiments, valve support structure 24 comprises three support posts for a tri-
leaflet replacement valve with a native valve that features three natural commmissures.
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Support posts 42, if present, of frame 24 may be structured to generally coincide with

the natural comrssures of a4 native valve,

Turning now to FIG, 9B a cross-scctional view of the inflow rim 41 1s depicted which
ittustrates the concave landing zone 66. As can be seen, peaks 47 of the distal inflow
ring 4% and troughs 48 of the proxirnal mflow ring 31 flare outwardly so that nflow
rim 41 forms a C-shape in cross section upon deployment. This cross-sectional area
61 of the inflow rim 41, or in other words the concave portion of the frame, directly
corresponds to the native aunulus. The frame of the inflow rima engages the native
annulus, with the flared rails 47, 48 lying above and below the annulus. Upon
deployment, the radial force exerted by the self~expanding frame holds the valve 1o

position.

The concave landing zone 61 substantially prevents paravalvular leakage.
Paravalvular lcakage may be reduced by cnsuring the inflow rim 41 1s substantially
secured proximally and distally of the annulus, hence forming a tight seal. Concave
landing zone 68 allows the surgeon to casily place the bioprosthetic heart valve in the

annubus thus minimizing patient time spent in surgery.

FIG, 1815 a view of replacement valve systern 28 positioned withio an aotta A, which
includes inflow annulus 64 and outflow annulus 66. As shown in FIG. 16, the tubular
anchoring structure 24 of FIG. 9A has expanded within the sinus cavities of aorta A,
thereby forcing inflow rim 41 against inflow annulus 64 of aorta A to form a tight seal
between replacement valve systemn 28 and aorta A, More specifically, upon
deployment inflow rim 41 assumes a substantially C-shaped in cross section concave
landing zonc 68 as can be seen i FIGS, 9B and 18, Distal mnflow ring 49 abuts the
distal side of the annulus while proximal inflow ring 81 abuts the proximal side of the
native annulus. The concave landing zone &0 prevents or minimizes paravalvular
feakage and migration of replacement valve system 28 from the implantation site.
Thus, with inflow ring 41 in contact with inflow annulus 64, the concave landing zone
66 acts as a gasket to seal the junction between replacement valve systera 28 and aorta
A. Typically, inflow ring 41 is covered with fabric to stimulate tissue ingrowth over

timae and sccure the replacement heart valve 1o position. The fabric may comprise any
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suitable material including, but not limited to, woven polyester, polyester velour,
polyethylene terepthalate, polytetrafluoroethylene (PTFE), or other biocompatible
material. The valve assembly may be compressed in ice, loaded into a debivery
systemn, and deploved into the aortic valve position. The sclf-cxpanding characteristic
of the anchoring structure provides the radial strength required to held the valve in

position after implant.

Although the above disclosure focused on a tri-leaflet replacement valve system 28,
valve cuffs in accordance with the present disclosure may be used 1 conjunction with
any type of replacement valve of generally similar structure, including but not limited
to the heart valves disclosed in U.S, application Ser. No. 10/680,071, U.S. application
Ser. No. 11/471,092, and U.S. application Ser. No. 11/489,663, all incorporated
herein in their entirety to the extent that they do not conflict with the disclosure
presented herein. Therefore, the valve cuff concepts disclosed herein may be applied
to valve cuffs structured to function with many other types of replacement valves
having any number of leaflets without departing from the spirit and scope of the

present disclosure.

Furthermore, although the above disclosure focuses on frame 24 having an inflow rim
41, auv outflow rim 43, and three support posts 42, this particular valve support
structure was described merely for purposes of cxample and not limitation. Thus,
valve cutts 1o accordance with the present disclosure may be used i conjunction with
any generally tubular, stent-like valve support structare, as will be appreciated by one

skilled in the art.

Additional designs of prosthetic heart valves for which the markings described below
may be beneficial ineclude those designs disclosed in UKS. Provisional Patent
Application No. 61/819,486 filed on May 3, 2013, and those disclosed in U.S. Patent
Application No. 14/208.494, entitled PROSTHETIC VALVES AND ASSOCIATED
APPARATUSES, SYSTEMS AND METHODS, having attorney docket number
CO0005661.USU3, hled on the same day as the present application, which patent
applications arc cach hereby incorporated herein by reference in their respective

entireties to the extent that they do not conflict with the disclosure preseuted heren.
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in embodiments, replacement valve systems described herein are suturcless valve
systems.  Of course, sutures may be used with such systems.  Advantages to
sutureless replacement valve systers include shorter implant procedure times and less
mnvasive implantation. Some disadvantages or perceived disadvantages with current
sutureless valve systemis include potential increased risk of paravalvular leakage
(PVL}) and potential lack of durability. The designs presented hercin preferably
address one or more of the disadvantages or perceived disadvantages of current

suturcless valve designs.

Traditionally, surgical heart valves have been impianted with a nmltitude of sutures,
so placing the valve at the correct depth was readily accomplished by tactife meaus.
For sutureless valves, such tactile feedback does not exist. Accordingly, alternatives

for cusuring proper depth of an implant of sutureless valves would be desirable.

Additionally, ensuring proper oricntation of a valve apparatus s fairly routine heart
valves anchored via sutures. However, with heart valves that are expandable and
mitially implanted in a collapsed configuration, ensuring proper oricutation can be

more challenging.

Io embodiments described heren, a replacement valve systera 28 voay include one or
more markings to provide visible feedback to an implanter that the replacement valve
system 28 18 unplanted in a desired location, position, or orientation, such as at a
proper depth. In some cmbodiments, the marking comprises a marking around a
circummfercoce of the wvalve apparatus 28, In some cmbodiments, the marking
comprises a circumferential marking at a location of the valve apparatus to be aligned
with one or more structures  of a patient’s anatomy such as one or more structures

related to a patient’s valve that requires replacement. .

In embodiments, described herein, a heart valve apparatus includes a marking to
provide visible feedback to an implanter that correct rotational oricntation of the valve
apparatus 1s achieved. In embodiments, the marking coraprises a marking along at
least a portion of the length of the valve apparatus. In embodiments, the marking is

configured to be aligned with a comumissure of the patient’s valve.
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With the above general description in mind, reference is now made to FIGS. 11-18,1n
which schematic drawings of a valve apparatus 68 or close up of a skirt 66 of g valve
apparatus are shown. In the depicted embodiments, markings 61, 63 and 65 are
presented on, or are visible through, skirt 66, Markings 61 are circurnferential and
may be used to provide visual feedback regarding proper depth of implantation. In
the embodiments depicted i FIGS., 11-12, markings 61 represent the position of
proper alignment with the annulus of paticnt’s valve. That 1, f roarking 61 is aligned
with the patient’s annulus, the valve apparatus is positioned at the proper depth. In
the embodiments depicted in FIGS, 13-14, the top edge of markings 61 represent the
position of proper alignment with the patient’s annulus. As a valve apparatus as
depicted in FIG. 13 or FIG, 14 is being tmplanted, marking 61 should be visible until
the valve apparatus is properly positioned. That is, when the upper edge of marking
61 is aligned with the patient’s annulus (and the remainder of the marking 1s below

the annulus), the marking 61 should no longer be visible to an implanter.

Circumferential marking 61 may be in the form of a circumferential line, which may
be solid or dashed. Circumferential marking 61 may be in the form of a transition
edge, where the skirt 18 one color or pattern below the edge and another color or
pattern above the edge. Circumferential marking 61 may be formed from die, ink,
thread, band or ribbon, or the like. Circumferential marking 61 roay be formed from a
transition between two types of materials. For example, the “bottom half” may be
formed from onc roaterial and the “top half” may be formed from another material,
Any suitable materials may be used to create a demarcation or delineation line, such

as fabric, polymer, tissue or the like.

In embodiments, a ribbon raay be stitched around the circurnference of a skirt to form
a circumferential marking. The ribbon or stitching may be colored. The ribbon may
be placed on the skirt before or afier the skirt is placed on the valve apparatus. The
ribbon may be formed of any suitable material, such as cottony Dacron, cottony H or

the like.

In FIGS. 11-14, markings 63 arc configured to be aligned with a commissure of the

paticnt’s vaive, When marking 63 is aligned with a commussure, the valve apparatus
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may be expanded {or allowed to expand} so that the valve apparatus will be in proper
rotational orientation relative fo the patient’s valve. A valve apparatus roay mchade
more than one commissural-alignment marking 63 (see, eg, FIG. 12). A
commissural-alignment roarking 63 may extend the length of the skirt 66 (sce, e.g.,
FiG. 12 and FIG. 14) or along a portion of the length of the skirt 66 (see, ¢.g., FIG.
13)

Commissural-alignment markings 63 may be formed in any suitable manner: ¢.g., die,
ik, thread, band or ribbon, or the hke. Vertical markings 63 can be of any suitable

width, can be solid or dashed, or the like.

Veritical markings 63 may also serve the purpose of identifying where the
commissures of the bioprosthesis valve apparatus are located. In this manner the user
can check that the bioprosthesis valve apparatus commissures will not block coronary

flow,

Also shown in FIGS. 11, 12 & 14 arc suture markings 63, Suture markings 63 may
be used to indicate the desired location of any guiding sutures an implanter may wish
to place to lower the valve to a particular depth, siratlar to how a stented valve 8
implanted but with fower stitches. Suture markings 63 may be formed 1n any suitable

manner: ¢.g., die, ink, thread, band or ribbon, or the hike.

Referring now to FIGS. 15A-B, a prosthetic valve having first 61 and sccond 68
circumferential warkings is shown. The first marking &1 18 an annulos aligoroent
marking {e.g., as discussed above with regard to FIGS. 11-14). The second marking
68 is a marking to indicate a posttion at which a valve retention sheath 268 may be
withdrawn over the valve device during an intermediate stage of implanting the valve
device. The mflow portion of the valve device may be positioned inferior to the
annulus of the native valve with the sheath 288 covering most, if not all, of the valve
device. Once the nflow portion of the valve device 18 positioned inferior to the native
valve annulus, the sheath 288 may be retracted votd the second circumferential
marking 68 is visible, which in the depicted cmbodiment, allows the lower inflow
portion of the valve device to expand (and engage a portion of the vessel inferior to
the annulus of the native valve). As the first marking 61 is also visibie with the sheath
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retracted just beyond the second circumferential marking 68, the implanter can adjust
the depth of the valve device in until the first circumferential marking 61 18 aligned
with the native valve annulus. When the first circumferential marking 61 is aligned
with the native valve annulus, the sheath 200 may be further retracted over the valve
device to aliow the upper inflow portion of the valve frame to expand; e.g., as shown
i FIG, 15B. In the depicted embodiment, the inflow portion of the frame of the
valve device 13 concave in is expanded configuration. Wheo expanded the lower
inflow and upper inflow portions of the frame are configured to engage the patient’s
anatomy inferior to and superior to, respectively, the anuulus of the native valve and

to cooperate to prevent lateral movement of the valve device when implanted.

The valve retention sheath 28¢ shown in FIGK, 154 and 15B may be a part of a valve

delivery system as generally known to those of skill in the art.

While the markings depicted in FEGS. 11-15 arc on, or visible through the skirt, it
will be understood that markings may be placed at any other suitable location of the
valve apparatus In certain cmbodiments, one or more markings of the present
nvention may be configured to be visualized using one or more medical imaging
techniques, ¢.g., one or more markings may comprise one or more radiopague

materials.

In one or more embodiments, valve prosthesis may coraprise a balloon-expandable,
mechanically-cxpandable, or a self-cxpandable frame that may be collapsed during
delivery and expanded upon deployment within a vative valve. The frame may be
seif-expanding via removal of cxternal compressive forces or expanded using an
outward radial force {c.g., balloon or mechanical expansion).In one or more
embodiments, valve prosthesis or one or more of its components or portions may be
positioned in, positioned through, or positioned adjacent to, for cxample, a natural
valve, a native valve, a synthetic valve, a replacement valve, a tissue valve, a
mechanical valve, a mitral valve, an aortic valve, a pulmonary valve, a tricuspid
valve, a valve component, a valve annulus, a valve leaflet, chordea, or a valve

COMMISsSure.
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in oune or more ermbodiments, valve prosthesis may be implanted into an annulus of a
native cardiac valve via a suttable delivery route or procedure. For exaraple, the valve
prosthesis may be delivered through an artery or vein, a femoral artery, a femoral
vein, a jugular vein, a subclavian artery, an axillary artery, an aorta, an atrium, ot a
ventricle.  The valve prosthesis may be delivered via a transfemoral, transapical,
transsoptal, transatrial, {ransvenirical, transaortic, transcatheter, surgical, beating

heart, stopped beart, pump-assisted, or a cardiopulmonary bypass procedure.

In one or more embodiments, valve prosthesis or one or raore of ifs compovents or
portions may be delivered, for example, through a thoracotomy, a sternotomy,
percutancously, transvenously, arthroscopically, endoscopically, for example, through
a percutancous port, a stab wound or puncture, through a small incision, for example,

in the chest, groin, abdomen, neck, leg, arm, or in combinations thercof,

In certain cmbodiments, the valve prosthesis is configured for replacing an aortic
valve. Alternatively, other shapes are alse envisioned to adapt to the specific anatomy
of the valve to be replaced (c.g., stented prosthetic heart valves in accordance with the
present disclosure can be shaped or sized for replacing a native aortic, mitral,
pulmonic or tricuspid valve).In one or more embodiments, valve prosthesis or one or
more of i3 comaponents or portions may coraprise, be covered with, be coated with, or
be attached or coupled to one or more biocompatible materials or biomaterials, for
example, titantum, titaniuro alloys, Nitinol, TiNi alloys, shape memory alloys, super
elastic alloys, aluminum oxide, platinum, platinum alloys, stainless steels, stainless
steel alloys, MP35N, elgiloy, bayoes 23, stellide, pyrolytic carbon, silver carbou,
glassy carbon, polymers or plastics such as polyamides, polycarbonates, polyethers,
polyesters, polvolefing inchuding polyethylenes or polypropylenes, polystyrenes,
polyurcthanes, polyvinyichlorides, polyvinyipyrrolidones, silicone  elastomers,
fluoropolymers, polyacrylates, polyisoprenes, polytetrafluorocthylencs, polyethylene
terephthalates, fabrics such as woven fabrics, nonwoven fabrics, porous fabrics, semi-
porous fabrics, nonporous fabrics, Dacron fabrics, polytetrafluorocthylene (PTFE)
fabrics, polyethylene terephthalate (PET) fabrics, matenials that promote tissue
ingrowth, rubber, mincrals, ceramics, hydroxapatite, epoxies, human or animal

protein or tissue such as collagen, larninin, clastin or fibrin, orgamc materials such as
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{6084}

[B085]

[B086]

cellulose, or compressed carbon, or other materials such as glass, and the like.
Materials that are not considered biocompatible may be modified to become
biocompatible by a number of methods well known in the art. For example, coating a
material with a biocompatible coating may cnhance the biocompatibility of that
material.  Biocompatible wmaterials or biomaterials are usually designed and
constructed to be placed in or onto tissue of a patient’s body or to contact fluid of a
patient’s body. Ideally, a biocompatible material or biowaterial will not induce
undesirable reactions in the body such as blood clotting, tumor formation, allergic
reaction, foreign body reaction (rejection) or wnflamatory reaction; will have the
physical propertics such as strength, elasticity, permeability, and flexibility required
to function for the intended purpose; may be puritied, fabricated and sterilized casily;
will substantially maintain its physical properties and function during the time that it

remains in contact with tissues or tluids of the body.

There are several conteraplated methods for iraplanting the valve replacerment systems
described above. In a first method, the patient is placed on cardiopulmonary bypass. A
small incision 1s made on the upper sternurm to access the ascending aorta. The aorta
is clamped and opened to expose the discased aortic valve, which is excised. The
replacement valve gystem is then inserted within the aorta under direct vision. The
valve cuff coupled to the replacement valve thereafter assists in both fixing the valve
to the aortic valve annulus and preventing or reducing paravalvular leakage by

forming a tight scal with aortic valve annulus.

In a second method, a self-expanding valve 18 collapsed and delivered in a collapsed
state. Once the valve is properly positioned within the native valve, the valve is
deployed, thereby allowing the valve to expand into position with the valve cuft
pushing against the valve annulus to form a tight seal. In such an embodiment, the
scif-expanding valve includes a sclf-cxpanding framce that 1s structured to provide the

radial force necessary to push the cuff against the native valve annulus.

In a third method, a von-self~expanding valve is “rolled” up and delivered to the
native valve. Once property positioned within the native valve, the valve cuff is

pushed against the native valve annolus by “unroliing” the replacement valve.
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6087}

[B088]

[B6089]

[6056]

[0091]

6092}

[8093]

One skilled in the art will appreciate that although only three replacement valve
irmplantation methods are described herein, mumerous other methods are possible and
within the intended scope of the present disclosure. Thus, the three exemplary

implantation methods are provided for purposes of example and not limatation.

Implant mcthods, valve delivery systems and associated devices that may be
emploved with the replacement valve systems described herein are disclosed in U.S.
Patent Application No. 14/268.375, entitlied VALVE DELIVERY TOOL, having
attorney docket no. COU0001363.USUZ, filed on the same day as the present
application, which application is hereby incorporated herein by reference in its

entirety to the extent that it does vot conflict with the present disclosure.
Definttions

All scientific and technical terms used herein have meanings commonly used 1u the
art unless otherwise specified. The definitions provided herein are to facilitate
understanding of cortain terms used frequently herein and are not meant to limut the

scope of the present disclosure.

LR

As used in this specification and the appended claims, the singular forms “a”, “an”,
and “the” encompass embodiments having plural referents, unless the content clearly

dictates otherwise.

As used wn this specification and the appended clanmns, the term “or” is generally
eraployed in its sense including “and/or” unless the content clearly dictates otherwise.
The term “and/or” means one or all of the listed elernents or a combination of any two

or more of the hsted elements.

As used herein, “have”, “having”, “include”, “inchuding”, “comprise”, “comprising”
or the like are used in their open ended sense, and generally mean “including, but not
fimited to”. It will be understood that “consisting essentially of”, “consisting of”, and

3

the like arc subsumed in “comprising” and the like. As used herein, “consisting
essentially of)” as it relates to a composition, article, systern, method or the ke,
means that the components of the composition, article, systern, method or the like are

timited to the enumerated components and any other components that do wot
-0 .



WO 2014/179761 PCT/US2014/036686

[8094]

[B095]

[6096]

8097}

[B098]

[6099]

60168]

materially affect the basic and novel characteristic{s) of the composition, article,

system, method or the like.

The words “preferred” and “preferably” refer to cmbodiments of the disclosure that
may afford certain benefits, under certain circumstances. However, other
cmbodiments may alse be preferred, under the same or other circumstances.
Farthermore, the recitation of one or more preferred embodiments does not imply that
other embodiments are not uscful, and is not intended to exclude other embodiments

from the scope of the disclosure, including the claims.

Also herein, the recitations of nurnerical ranges by endpoints inchude all numbers
subsumed within that range (¢.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, ¢tc. or
10 or less includes 10, 9.4, 7.6, 5, 4.3, 2.9, 1.62, 0.3, ctc.). Where a range of values s

“up 07" a particular value, that value is included within the range.

As used herein, the term "about" encompasses the range of experimental error that

oCCurs in any rucasurerment,

As used herein, “excmplary” means serving as an example and does not necessarily

imply that the example is preferable or the best of its kind.

Incorporation by reference: Any patent or nop-patent literature, including published

patent applications and provisional patent applications, cited herein is hereby
wmeorporated herein by reference ju its entirety fo the extent that it does not contlict

with the disclosure presented herein.

In the detailed description above several specific embodiments of compounds,
compositions, articles, systems and methods are disclosed. It 1s to be understood that
other embodiments are conteraplated and may be made without departing from the
scope or spirit of the present disclosure. The detailed description, thercfore, 18 not to

be taken in a limiting sense.

Thus, emboediments of MEDICAL DEVICES FOR IMPLANTING IN A VALVE
AND ASSCCIATED METHODS are disclosed. One skilled in the art will appreciate

that the heart valves and associated apparatuses, systems and methods described

- 30 -
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herein can be practiced with embodiments other than those disclosed. The disclosed

erabodiraents are presented for purposcs of illustration and not limitation.
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What is claimed is:

3]

(99

A device configured to be implanted in a valve of a subject, the valve

comprising an annulus, and the device comprising:

a frame having an annular portion configured to be aligned with the annulus

of the valve; and

avisible circumferential marking positioned around the annular portion of the

frame,

A device according to claim 1, wherein the frame is expandable from a
collapsed configuration to an expanded configuration, and wherein, i the
expanded configuration, the anmular portion of the frame is configured to

cogage the annualus of the valve,

A device according to claim 2, wherein in the frame is configured to be at least
partially collapsed from the expanded configuration to an at least partially
colapsed configuration such that the frarae can be repositioned during an
implant procedure if the visible circumferential marking is not aligned with

the annulus of the valve.

A device according to claim 1, wherein the frame is expandable from a
collapsed configuration to a8 partially expanded configuration, and wherein, in
the partially expanded configuration, the device is configured such that

circurnferential maarking is visible wheo aligned with the annulus of the valve.

A device according to clairn 1, wherein the deviee further comprises a skart
disposed over at least a portion of the frame, and wherein the visible

circumferential marking is disposcd on the skart,
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9.

1.

It

A device according to claim 1, wherein the visible circumferential marking s

formed from one or more of a dic, an ink, a thread, and a band.

A device according to claim 1, wherein the visible circumterential roarking
comprises a transition from a first color, material or pattern to a second color,

material or pattern.

A device according to claim 6, wherein the visible circumferential marking

comprises an edge of a ribbon.

A device according to clairo 1, further comprising a second visible
circumferential marking positioned around the frame at a location that, when
implanted, is superior to the first visible circumferential marking, wherein the
second circumferential marking indicates a position to which a sheath of a
dehivery systern is to be withdrawn during a part of an implant procedure in

which the device is being positioned within the valve.

A device according to claim 1, wherein the frame has a longitudinal portion
configured to be aligned with a commissure of the valve, and wherein the
device further comprises one or more visible corornissaral alignmeot markiogs
positioned to indicate at least a portion of the longitudinal portion of the

frame.

A device sccording to claira 10, wherein the device further coraprises a skirt
disposed about at least a portion of the frame, and wherein the one or more

visible commissural aligniment muarkings are disposed on the skirt.
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12.

4.

16.

[u—y
~3

18.

A device according to claim 10, wherein the frame has a plurality of
longitudinal portions, cach configured to be aligned with once of a plurality of
commissures of the valve sinus, and wherein the device further comprises a
plurality of one or more visible commissural alignment rarkings, each of the
plurality of one or more markings positioned to indicate at least a portion of

one of the plurality of the longitudinal portions of the frame.

A device according to claim 1, wherein the frame comprises a flange
positioned superior to the aunular portion when implanted, wherein the flange

is compressible and expandable.

A device according to claim 13, wherein the flange is a part of a concave-

shaped portion contigured to anchor the device around the annulus.

A device sccording to clairn 1, wherein the deviee s a prosthetic valve, and

wherein the device further comprises a valve leaflet disposed within the frame.

A device according to claim 15, wherein the device is a prosthetic heart valve,

A device according to clairo 1, whereio the device is a suturcless prosthetic

heart valve.

A method for implanting a device in a valve of a subject wherein a portion of

the device 18 configured to be aligned with an anmulus of the valve of the
o
= .34 -
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i9.

20.

21

subject, the device comprising a visible circumferential marking configured to

be aligned with the anmulus, the racthod comprising:
inserting at least a portion of the device in the valve; and

aligning the visible circumferential marking with the anmulus.

A racthod according to clatma 18, wherein the device 1s corapressible and
expandable, wherein inserting the device in the valve comprises mserting the
device in an at least partially compressed configuration, and wherein the
method further corprises expanding the device, or allowing the device to

expand, when the visible circumferential marking is aligned with the annulus.

A method according to claim 19, wherein the device comprises a second
visible circumferential marking that when iraplanted s superior to the fivst
visible circumferential marking, wherein the method further comprises
retracting a retention sheath about the device until the second circumferential
marking is visible to allow the device to partially expand prior to aligning the

first circumnferential marking with the anmulus.

A method according to claim 20, further comprising completely retracting the
sheath about the device when the first visible circamferential marking 18
aligned with the anmulus to allow the device to expand and engage the

annulus,
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