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CARDIOVASCULAR VALVE AND VALVE HOUSING
APPARATUSES AND SYSTEMS

[0001]  This application claims the benefit of U.S. Patent Application No. 12/340,189,

filed December 19, 2008, which is hereby incorporated by reference herein in its entirety.

BACKGROUND

[0002] Aortic valve replacement is a cardiac surgery procedure that replaces a
patient’s aortic valve with a prosthetic valve. Aortic valve replacement typically
requires open heart surgery, which may be risky and/or impractical for many patients.
Aortic valve replacement may not be an option for patients with aortic stenosis, left
ventricular outflow obstruction, a heavily calcified ascending aorta, a heavily calcified
aortic root, and/or other high risk medical conditions. For example, patients with
conditions that preclude a median sternotomy may not be candidates for an aortic valve
replacement operation.

[0003] Apical aortic conduits may provide a less invasive alternative to aortic
valve replacement. An apical aortic conduit may be connected between the apex of the
heart and the aorta in a procedure similar to a coronary artery bypass graft. Apical
aortic conduits may improve blood flow between the heart and the aorta by bypassing a
diseased or malfunctioning aortic valve. Patients who are not eligible for aortic valve
replacement may be treated by using an apical aortic conduit to bypass the valve. For
example, apical aortic conduits may be used in pediatric patients. The native valve may
be left in place in pediatric patients to eliminate the need for periodic valve

replacements as the patient grows. Thus, the apical aortic conduit may maintain the
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maximum possible function of the native valve while bypassing the restricted flow to
lessen stress on the heart and allow more blood flow to the body. In other words, the
apical aortic conduit may bypass the native valve to allow for extra flow to the aorta
while still allowing the maximum flow that the native valve can physiologically handle.

[0004] Traditional apical aortic conduits may fail or malfunction for various
reasons. For example, the conduit material used in an apical aortic conduit may become
blocked as a result of kinking. Traditional conduits may also become occluded and
obstruct apical flow. Also, apical aortic conduits are typically sutured to the heart and
the aorta, and the suturing may cause aneurisms at or near the attachment site. Apical
aortic conduits may also cause gastrointestinal complications such as dysphagia and
gastric erosion. Furthermore, implanting an apical aortic conduit on a beating heart

may result in significant blood loss from the patient.

SUMMARY

[0005] In at least one embodiment, a cardiovascular valve assembly may
comprise a housing assembly comprising a first portion and a second portion removably
attached to the first portion. The cardiovascular valve assembly also may comprise a
valve positioned within the housing assembly. In certain embodiments, the valve may
be structured to allow fluid to flow through the housing assembly in a single direction.
The valve may comprise at least one of a mechanical valve, a biological tissue valve,
and a polymeric valve.

[0006] In certain embodiments, the first portion may comprise a first
connector structured to removably attach the first portion to a first conduit. Similarly,

the second portion may comprise a second connector structured to removably attach the
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second portion to a second conduit. In at least one embodiment, the valve may be a
biological tissue valve comprising a cuff member positioned between the first portion
and the second portion.

[0007] In certain embodiments, the cardiovascular valve assembly may further
comprise at least one coupling structure provided on the second portion and at least one
aperture defined in the first portion, the aperture being structured to receive the
coupling structure to couple the first portion to the second portion. In addition, the
coupling structure provided on the second portion may be configured to snap-fit into the
aperture defined in the first portion. At least one aperture also may be defined in the
valve. In this embodiment, the apertures defined in the first portion in the valve may be
structured to receive the coupling structure provided on the second portion to couple the
first portion and the valve to the second portion.

[0008] In an additional embodiment, the cardiovascular valve assembly may
further comprise a hinged structure constructed to hingedly attach the first portion to
the second portion. The valve assembly also may further comprise at least one seal
member positioned between the first portion and the second portion, the seal member
being configured to prevent fluid from escaping the housing assembly. In addition,
when the first portion is removably attached to the second portion, the first and second
portions may form a seal to prevent fluid from escaping the housing assembly.

[0009] In at least one embodiment, the cardiovascular valve assembly also
may comprise at least one identifying indicia to identify a direction for fluid flow. In
addition, the valve may be structured to prevent the valve from being positioned within

the housing assembly in a manner that restricts fluid flow in a desired direction.
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[0010] In an additional embodiment, the first portion may comprise a
contoured contact surface structured to contact a contoured contact surface formed on
the second portion. The cardiovascular valve assembly also may comprise a threaded
end provided on the first portion and a threaded recess defined in the second portion,
the threaded recess being structured to receive the threaded end to removably attach the
first portion to the second portion. The cardiovascular valve assembly also may
comprise a retention assembly configured to removably secure the first portion to the
second portion. In addition, the valve may be sutured to at least one of the first portion
and the second portion. The first portion also may be stapled to the second portion. In
addition, the first portion and the second portion may comprise conical-shaped ends
configured to contact at least a portion of the valve.

[0011] In an additional embodiment, a pre-assembled cardiovascular valve
assembly may comprise a conduit, a housing assembly positioned within the conduit,
and a valve positioned within the housing assembly. In certain embodiments, the
housing assembly may be sutured to the conduit. In addition, the valve may be
structured to allow fluid to flow through the housing assembly in a single direction.
The valve may comprise at least one of a mechanical valve, a biological tissue valve,
and a polymeric valve.

[0012] In certain embodiments, a system may comprise a first conduit
dimensioned to be positioned against a first coring site of a cardiovascular organ and a
valve assembly removably attached to the first conduit. The valve assembly may
comprise a housing assembly comprising a first portion and a second portion removably

attached to the first portion and a valve positioned within the housing assembly. The
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valve may be structured to allow fluid to flow through the housing assembly in a single
direction. In addition, the system may comprise a second conduit removably attached
to the valve assembly. The second conduit may be dimensioned to be positioned
against a second coring site of a cardiovascular organ.

[0013] In at least one embodiment, a cardiovascular valve assembly may
comprise a housing assembly, the housing assembly comprising a first portion
comprising at least one coupling structure and a second portion comprising at least one
aperture. In certain embodiments, this aperture may be structured to receive the
coupling structure to removably attach the first portion to the second portion. In
addition, the cardiovascular valve assembly may comprise a valve positioned within the
housing assembly, at least one seal member positioned between the first portion and the
second portion, and at least one identifying indicia configured to indicate a desired
direction for fluid flow. In certain embodiments, the seal member may be configured to
prevent fluid from escaping the housing assembly. In addition, the valve may be
structured to allow fluid to flow through the housing assembly in a single direction.
The valve also may be structured to prevent the valve from being positioned within the
housing assembly in a manner that restricts fluid flow in a desired direction.

[0014] Features from any of the above-mentioned embodiments may be used
in combination with one another in accordance with the general principles described
herein. These and other embodiments, features, and advantages will be more fully
understood upon reading the following detailed description in conjunction with the

accompanying drawings and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings illustrate a number of exemplary
embodiments and are a part of the specification. Together with the following
description, these drawings demonstrate and explain various principles of the instant
disclosure.

[0016] FIG. 1 is a perspective view of a heart, an aorta, and an aorta
measuring device according to certain embodiments.

[0017] FIG. 2 is a perspective view of an exemplary tube attached to an aorta
according to certain embodiments.

[0018] FIG. 3 is a perspective view of an exemplary cardiovascular coring
device being inserted into the tube illustrated in FIG. 2.

[0019] FIG. 4 is a perspective view of the cardiovascular coring device
illustrated in FIG. 3.

[0020] FIG. 5 is another perspective view of the cardiovascular coring device
illustrated in FIG. 3.

[0021] FIG. 6 is a perspective view of a valve sealing the tube illustrated in
FIG. 5 against blood flowing out of an opening in an aorta.

[0022] FIG. 7 is a perspective view of inserting a cardiovascular conduit
section into the tube shown in FIG. 6.

[0023] FIG. 8 is a perspective view of attaching a connector of the
cardiovascular conduit system illustrated in FIG. 7 to an aorta.

[0024] FIG. 9 is a perspective view of an exemplary cardiovascular conduit

system according to certain embodiments.
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[0025] FIG. 10 is a perspective view of the cardiovascular conduit system
illustrated in FIG. 9.

[0026] FIG. 11 is another perspective view of the cardiovascular conduit
system illustrated in FIG. 9.

[0027] FIG. 12 is an exploded perspective view of a cardiovascular conduit
system according to at least one embodiment.

[0028] FIG. 13 is a cross-sectioned side view of a portion of the
cardiovascular conduit system illustrated in FIG. 12.

[0029] FIG. 14 is a perspective view of an exemplary cardiovascular valve
assembly according to at least one embodiment.

[0030] FIG. 15 is a cross-sectioned perspective view of the exemplary
cardiovascular valve assembly illustrated in FIG. 14.

[0031] FIG. 16 is an exploded perspective view of an exemplary
cardiovascular valve assembly according to at least one embodiment.

[0032] FIG. 17 is an additional exploded perspective view of the exemplary
cardiovascular valve assembly illustrated in FIG. 16.

[0033] FIG. 18 is a partially assembled perspective view of the exemplary
cardiovascular valve assembly illustrated in FIG. 16.

[0034] FIG. 19 is a cross-sectional side view of an exemplary cardiovascular
valve assembly according to an additional embodiment.

[0035] FIG. 20 is a side view of an exemplary cardiovascular valve assembly

according to an additional embodiment.
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[0036] FIG. 21 is a perspective view of an exemplary cardiovascular valve
assembly according to an additional embodiment.

[0037] FIG. 22 is a perspective view of an exemplary cardiovascular valve
assembly according to an additional embodiment.

[0038] FIG. 23 is a perspective view of an exemplary cardiovascular valve
assembly according to an additional embodiment.

[0039] FIG. 24 is a perspective view of an exemplary cardiovascular valve
assembly according to an additional embodiment.

[0040] FIG. 25 is a top perspective view of a portion of an exemplary
cardiovascular valve assembly according to an additional embodiment.

[0041] FIG. 26 is a front view of a portion of the exemplary cardiovascular
valve assembly illustrated in FIG. 25.

[0042] FIG. 27 is a perspective view of a portion of the exemplary
cardiovascular valve assembly illustrated in FIG. 25.

[0043] FIG. 28 is a back view of a portion of the exemplary cardiovascular
valve assembly illustrated in FIG. 25.

[0044] FIG. 29 is a perspective view of an exemplary cardiovascular valve
assembly according to an additional embodiment.

[0045] FIG. 30 is a perspective view of a portion of an exemplary
cardiovascular valve assembly according to an additional embodiment.

[0046] FIG. 31 is a perspective view of an exemplary cardiovascular valve

assembly according to an additional embodiment.
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[0047] FIG. 32 is a perspective view of a portion of an exemplary
cardiovascular valve assembly according to an additional embodiment.

[0048] FIG. 33 is a cross-sectional side view of an exemplary cardiovascular
valve assembly according to an additional embodiment.

[0049] FIG. 34 is a side view of an exemplary cardiovascular valve assembly
according to an additional embodiment.

[0050] Throughout the drawings, identical reference characters and
descriptions indicate similar, but not necessarily identical, elements. While the
exemplary embodiments described herein are susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in the
drawings and will be described in detail herein. However, the exemplary embodiments
described herein are not intended to be limited to the particular forms disclosed.
Rather, the instant disclosure covers all modifications, equivalents, and alternatives

falling within the scope of the appended claims.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0051] A physician may implant a cardiovascular conduit system to
circumvent a restriction in blood flow. For example, a physician may use a
cardiovascular conduit system to bypass an aortic valve in a patient with aortic valve
stenosis.  Similarly, a cardiovascular conduit system may be used to bypass a
pulmonary valve in a patient with pulmonary valve stenosis. Physicians may also use
cardiovascular conduit systems to address various other problems and diseases in a

patient’s cardiovascular system.
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[0052] Cardiovascular conduit systems may provide various advantages over
prior systems. Physicians may implant a cardiovascular conduit system on a beating
heart. Procedures performed on a beating heart may be referred to as off-pump
procedures, and off-pump procedures may be less invasive than on-pump procedures
(i.e., procedures that require cardiopulmonary bypass). In some embodiments,
cardiovascular conduit systems may be used with traditional surgical techniques (e.g.,
on-pump procedures). In traditional surgical techniques, cardiovascular conduit
systems may provide various advantages, such as reduced pump time and smaller
incisions. Connectors in a cardiovascular conduit system may be designed to reduce the
risk of aneurisms at the attachment site. The conduit in a cardiovascular conduit system
may be kink and occlusion resistant. Cardiovascular conduit systems may also reduce
the risk of gastrointestinal complications. Cardiovascular conduit systems may be
implanted quickly and minimize patient blood loss. The following disclosure presents
numerous other features and advantages of cardiovascular conduit systems.

[0053] The process of implanting a cardiovascular conduit system in a patient
may involve a variety of steps. FIGS. 1-11 illustrate an exemplary process for
implanting a cardiovascular conduit system between an apex of a heart and an aorta.
The first step in implanting a cardiovascular conduit system may be measuring the size
of a patient’s aorta. A physician may determine the size of the patient’s aorta to
determine the appropriate sizes for the coring device and aortic connector that will be
used in the procedure.

[0054] FIG. 1| illustrates an aorta measuring device 100 for measuring a

circumference of an aorta 14. Aorta measuring device 100 may include a handle 110,
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an extension 120, and a circular measuring member 140. A physician may position
measuring member 140 around aorta 14. The physician may then tighten measuring
member 140 until it is snug around aorta 14 and capable of measuriﬁg the
circumference of aorta 14. The physician may then take a measurement from measuring
member 140. Various examples of aorta measuring devices are illustrated and
described in U.S. Patent Application No. 12/340,382, filed on 19 December 2008, and
entitled “Apparatus and Method for Measuring Blood Vessels,” the disclosure of which
is incorporated in its entirety by this reference.

[0055] After determining the size of a patient’s aorta, the physician may select
the appropriately sized connector, conduit, valve, coring device, tube, and/or other tools
for implanting the cardiovascular conduit system. FIG. 2 shows an end of a tube 200
attached to aorta 14. As shown in FIGS. 3-8, tube 200 may provide a sealed interface
with aorta 14 during various steps in the process of implanting a cardiovascular conduit
system. Tube 200 may be any suitable size and/or shape. As shown in FIG. 2, tube 200
may be cylindrical. In other embodiments, tube 200 may have a rectangular shape,
square shape, triangular shape, or any other suitable shape. Tube 200 may be any
suitable length and may be made of any suitable material (e.g., metal, plastic, etc.).
Tube 200 may be any suitable type of duct, conduit, pipe, channel, or other enclosure
designed to provide a sealed interface between an aorta and various cardiovascular
conduit system parts and tools.

[0056] As shown in FIG. 2, tube 200 may be sutured to aorta 14 by sutures
201. Sutures 201 may hold tube 200 in place and may help prevent blood leakage at the

interface between aorta 14 and tube 200. Tube 200 may be secured to aorta 14 using
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any suitable attachment mechanism in addition to or instead of sutures. For example,
tube 200 may be secured to aorta 14 using a clamp that wraps around aorta 14. In other
embodiments, a phyéician may press tube 200 against aorta 14 without using any
additional attachment mechanism.

[0057] A physician may insert a coring device into tube 200 after attaching
tube 200 to aorta 14. FIG. 3 shows a cross-sectional view of tube 200. FIG. 3 also
illustrates a cardiovascular coring device 220 being inserted into tube 200.
Cardiovascular coring device 220 may include a handle 222, a cutting member 230, a
tissue retraction member 240, and a corkscrew anchor 242. Corkscrew anchor 242 may
extend from tissue retraction member 240. Tissue retraction member 240 may extend
through cutting member 230 and handle 222.

[0058] A valve 210 may be positioned within tube 200. Valve 210 may be
attached to tube 200. In other embodiments, valve 210 may be formed as part of tube
200. Valve 210 may be a one-way valve that allows cardiovascular coring device 220
to pass through but blocks the flow of blood out of the opening cut in aorta 14. Valve
210 may also seal cutting member 230 to tube 200 (as shown in FIG. 5) to prevent
blood from leaking between tube 200 and cutting member 230. FIGS. 14-25 illustrate
various examples of valves that may be used in a delivery tube.

[0059] FIG. 4 illustrates corkscrew anchor 242 being rotated into aorta 14.
Corkscrew anchor 242 may be secured to the section of tissue that will be removed from
aorta 14. Corkscrew anchor 242 may prevent the section of tissue from entering the

blood stream in aorta 14. Various other types of anchors may be secured to
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cardiovascular organ tissue, as will be discussed in the disclosure corresponding to
FIGS. 12-24.

[0060] FIG. 5 shows cardiovascular coring device 220 cutting an opening in
aorta 14. Valve 210 may seal cutting member 230 to tube 200 while cutting member
230 cuts the opening in aorta 14. Cutting member 230 may rotate to cut the opening in
aorta 14. In some embodiments, cutting member 230 may be directly connected to
handle 222, and a physician may rotate cutting member 230 by rotating handle 222. In
other embodiments, cutting member 230 may be rotated by an electric motor or any
other suitable rotating mechanism.

[0061] According to various embodiments, cutting members may be any
cutting devices suitable for cutting a cardiovascular organ. A cutting member may be a
mechanical coring device, as illustrated in FIG. 5. A cutting member may also be a
laser scalpel, a high-frequency ultra-sound device, or any other suitable type of cutting
device. Cutting members may be standalone devices. In other embodiments, a cutting
member may be incorporated into a cardiovascular coring device or any other suitable
device.

[0062] FIG. 6 shows aorta 14 with an opening 16 that was cut open by cutting
member 230. Corkscrew anchor 242 may be attached to a section of tissue 15 of aorta
14 that was cut out by cutting member 230. A physician may retract cardiovascular
coring device 220 to pull tissue 15 away from aorta 14, as shown in FIG. 6. In some
embodiments, tissue retraction member 240 may be retracted into cutting member 240
before cutting member 240 is retracted through valve 210. In various embodiments,

tissue retraction member 240 may be completely retracted out of cutting member 230
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and handle 240. Valve 210 may close after cutting member 240 is retracted through
valve 210, thereby preventing blood 18 from flowing out of tube 200.

[0063] FIG. 7 shows a cardiovascular conduit system 250 inserted into tube
200. Cardiovascular conduit system 250 may be inserted into tube 200 after
cardiovascular coring device 220 is retracted from tube 200. Cardiovascular conduit
section 250 may include a conduit 252, a connector 258, and a connector 254. Various
examples of cardiovascular conduits and connectors are shown and discussed in U.S.
Patent Application No. 12/340,280, filed on 19 December 2008, and entitled “Systems,
Apparatus, and Methods for Cardiovascular Conduits and Connectors,” the disclosure of
which is incorporated in its entirety in this reference.

[0064] Connector 254 may include expandable members 256. A retractable
retaining member 260 may hold expandable members 256 in a delivery position while
connector 254 is being implanted into aorta 14. Retractable retaining member 260 may
be attached to handles 264 and 266 to allow a physician to control retractable retaining
member 260.

[0065] A distal end of cardiovascular conduit section 250 may be sealed with
a clamp 270. Clamp 270 may prevent blood from flowing out of cardiovascular conduit
section 250 through connector 258 after cardiovascular conduit section 250 is attached
to aorta 14. Clamp 270 may be any suitable size, shape, and/or configuration.

[0066] As shown in FIG. 8, valve 210 may open to allow cardiovascular
conduit section 250 pass through valve 210. As with cardiovascular coring device 220,

cardiovascular conduit section 250 may be sealed to tube 200 by valve 210. Thus,
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valve 210 may prevent blood from leaking while cardiovascular conduit section 250 is
being secured to aorta 14.

[0067] Connector 254 may pass through valve 210 and be partially inserted
into opening 16 of aorta 14 such that expandable members 256 extend into aorta 14. A
physician may then retract retaining member 260 to allow expandable members 256 to
deploy and secure cardiovascular conduit system 250 to aorta 14, as shown in FIG. 8.
After cardiovascular conduit section 250 is implanted in aorta 14, tube 200 may be
removed from aorta 14. In embodiments where tube 200 was sutured to aorta 14, the
sutures, such as sutures 201, may be removed and tube 200 may be retracted from the
implant site on aorta 14.

[0068] A physician may use a procedure similar to or the same as the
procedure for implanting conduit section 250 in aorta 14 for implanting a
cardiovascular conduit section in an apex of the heart at the left ventricle. For example,
a tube may be attached to an apex of the heart. Then, a cutting member may be inserted
through a valve in the tube to cut out a section of the apex of the heart. After the
section of the heart and the cutting member are removed from the tube, a cardiovascular
conduit section may be inserted through the tube and attached to the apex of the heart.
This procedure (or similar procedures) for implanting cardiovascular conduit sections
may be performed on the left ventricle of the heart, the right ventricle of the heart, the
pulmonary artery, or any other blood vessel or cardiovascular organ.

[0069] FIG. 9 illustrates a cardiovascular conduit system 299. Cardiovascular
conduit system 299 may include a cardiovascular conduit section 280 attached to a left

ventricle 12 of heart 10 at an apex of heart 10. Cardiovascular conduit section 280 may
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include a connector 282, a connector 284, and a conduit 288. Connector 282 may be
attached to left ventricle 12, and conduit 288 may be sealed against blood leakage
between connectors 282 and 284 by clamp 286.

[0070] Cardiovascular conduit system 299 may also include cardiovascular
conduit section 250, which includes connector 254, connector 258, and conduit 252. As
previously noted, connector 254 may be attached to aorta 14. FIG. 9 also shows that
cardiovascular conduit system 299 may include a cardiovascular conduit section 290.
Cardiovascular conduit section 290 may include a connector 292, a connector 294, and
a valve 296. Connector 292 may be dimensioned to attach to connector 284, and
connector 294 may be dimensioned to attach to connector 258.

[0071] FIG. 10 shows cardiovascular conduit section 290 attached between
cardiovascular conduit sections 250 and 280. Connector 292 may be attached to
connector 284 to join cardiovascular conduit section 280 with cardiovascular conduit
section 290. Similarly, connector 294 may be attached to connector 258 to join
cardiovascular conduit sections 250 and 290. After cardiovascular conduit system 299
is assembled, clamps 270 and 286 may be removed to allow blood to begin to flow
between left ventricle 12 and aorta 14. FIG. 11 shows cardiovascular conduit system
299 with clamps 270 and 286 removed. After clamps 270 and 286 are removed, blood
may flow from left ventricle 12 to aorta 14 through valve 296.

[0072] Cardiovascular conduit systems, such as cardiovascular conduit system
299, may be attached between various cardiovascular organs. A cardiovascular organ
may be any organ in a cardiovascular system. Cardiovascular organs include the heart

and all the blood vessels (e.g., arteries and veins) in the cardiovascular system. Thus,
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the aorta and the pulmonary artery may be referred to as cardiovascular organs.
According to some embodiments, blood vessels may also be referred to as vascular
organs.

[0073] FIG. 12 illustrates an exemplary cardiovascular conduit section 299
according to at least one embodiment. As illustrated in this figure, in at least one
embodiment cardiovascular section 299 may comprise a cardiovascular conduit section
250, a cardiovascular conduit section 280, and a cardiovascular conduit section 290.
Cardiovascular conduit section 290 may comprise a conduit 291, a conduit 293, and a
cardiovascular valve assembly 295. As illustrated in FIG. 13, in at least one
embodiment a first end 302 of cardiovascular valve assembly 295 may be removably
attached to conduit 291. Similarly, a second end 312 of cardiovascular valve assembly
295 may be removably attached to conduit 293.

[0074] Cardiovascular valve assembly 295 generally represents any type or
form of valve or valve assembly. In certain embodiments, cardiovascular valve
assembly 295 may corﬁprise a housing having a first portion 300 and a second portion
310. As will be discussed in greater detail below, first portion 300 may be removably
attached to second portion 310. As illustrated in FIG. 13, in at least one embodiment
cardiovascular valve assembly 295 may comprise a valve 296 and a cuff member 298.

[0075] Valve 296 generally represents any type or form of valve. Examples of
valve 296 include, without limitation, a mechanical valve, a biological tissue valve, and
a polymeric valve. In certain embodiments, valve 296 may be structured to allow fluid

to flow through cardiovascular valve assembly 295 in a single direction. Valve 296 and

17



10

15

20

WO 2010/080107 PCT/US2009/006581

cuff member 298 may be formed in any suitable shape and size and of any suitable
material or combination of materials.

[0076] FIGS. 14 and 15 are illustrations of an exemplary cardiovascular valve
assembly 295 according to at least one embodiment. As illustrated in these figures, in
at least one embodiment cardiovascular valve assembly 295 may comprise a first
portion 300 removably attached to a second portion 310. First portion 300 may
comprise a first end 302 configured to be removably attached to a conduit, such as
conduit 291 in FIG. 13, and a second end 306. Second portion 310 may comprise a first
end 312 configured to be removably attached to a conduit, such as conduit 293 in FIG.
13, and a second end 316. In certain embodiments, second end 306 of first portion 300
may be configured to contact second end 316 of second portion 310.

[0077] The first and second portions of a cardiovascular valve assembly may
be removably attached in any number of ways and configurations. For example, as
illustrated in FIGS. 16-18, first portion 300 may comprise a plurality of apertures 304
configured to receive a plurality of coupling structures 314 provided on second portion
310 to removably attach first portion 300 to second portion 310. Similarly, as
illustrated in these figures, valve 296 may comprise a plurality of apertures 297
configured to receive the plurality of coupling structures 314 provided on second
portion 310 to couple both valve 296 and first portion 300 to second portion 310.

[0078] In at least one embodiment, cardiovascular valve assembly 295 may
comprise at least one identifying indicia configured to identify a desired direction for
fluid flow. For example, as illustrated in FIGS. 16-18, first portion 300 may comprise a

first identifying indicia 308. Similarly, second portion 310 may comprise a second
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identifying indicia 318 and valve 296 may comprise a third identifying indicia 313. In
certain embodiments, identifying indicia 308, 318, and 313 may graphically illustrate
the direction of fluid flow through cardiovascular valve assembly 295. Additionally or
alternatively, valve 296 may be structured and/or sized to prevent valve 296 from being
positioned within first portion 300 and/or second portion 310 in a manner that restricts
fluid flow in a desired direction.

[0079] As detailed above, cuff member 298 may be formed in any shape or
size and of any suitable material or combination of materials. In at least one
embodiment, and as illustrated in FIGS. 12-18, cuff member 298 may be positioned
between, and captured by, first portion 300 and second portion 310. In addition, in
certain embodiments, cuff member 298 may comprise at least one seal member
configured to prevent fluid flow from escaping cardiovascular valve assembly 295.
Additionally or alternatively, one or more additional seal members may be positioned
between first portion 300 and second portion 310 of cardiovascular valve assembly 295
to prevent fluid from escaping cardiovascular valve assembly 295.

[0080] Cardiovascular valve assembly 295 may be formed in any shape and
size and of any suitable material or combination of materials. For example, as
illustrated in FIG. 19, cardiovascular valve assembly 295 may comprise a substantially
conical first portion 300 removably attached to a substantially conical second portion
310. In certain embodiments, first portion 300 may comprise a first end 302 and a
substantially planar second end 306. Similarly, second portion 310 may comprise a

first end 312 and a substantially planar second end 316. In at least one embodiment,
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substantially planar second end 306 of first portion 300 may be configured to contact
substantially planar second end 316 of second portion 310.

[0081] In an additional embodiment, as illustrated in FIG. 20, cardiovascular
valve assembly 295 may comprise a first portion 300 having a contoured end 306
configured to contact a contoured end 316 provided on second portion 310. In at least
one embodiment, contoured end 306 of first portion 300 may be formed in a
complimentary manner so as to mate with contoured end 316 of second portion 310.
Ends 306 and 316 of first and second portions 300 and 310, respectively, may be
formed in any number of additional shapes and/or sizes.

[0082] FIG. 21 illustrates a cardiovascular valve assembly according to an
additional embodiment. As illustrated in this figure, a cardiovascular valve assembly
may comprise a first portion 400 removably attached to a second portion 410. In
certain embodiments, first portion 400 may comprise a first end 402 and a second end
406. Similarly, second portion 410 may comprise a first end 412 and a second end 416.
In at least one embodiment, a coupling structure 414 may be provided on second end
416 of second portion 410. In addition, an aperture 404 may be defined in the second
end 406 of first portion 400. In at least one embodiment, aperture 404 may be
structured to receive coupling structure 414 to couple first portion 400 to second
portion 410. In addition, in certain embodiments, first portion 400 may be hingedly
attached to second portion 410 by a hinge structure 420.

[0083] FIG. 22 illustrates an exemplary cardiovascular valve assembly
according to an additional embodiment. As illustrated in this figure, a cardiovascular

valve assembly may comprise a first portion 500 and a second portion 510. In certain
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embodiments, second portion 510 may be hingedly attached to first portion 500 by
hinge structure 520. In addition, as illustrated in this figure, second portion 510 may
comprise a coupling structure 514. Similarly, first portion 500 may comprise a recess
504 configured to receive coupling structure 514 provided on second portion 510 to
removably attach second portion 510 to first portion 500. As detailed above, first
portion 500 and second portion 510 may be formed in any shape or size. For example,
as illustrated in this figure, second portion 510 may be formed in the shape of a door
configured to cover an opening defined in first portion 500.

[0084] FIG. 23 illustrates an exemplary cardiovascular valve assembly
according to an additional embodiment. As illustrated in this figure, a cardiovascular
valve assembly may comprise a first portion 600 having a first end 602 and a second
threaded end 606. This exemplary cardiovascular valve assembly may also comprise a
second portion 610 having a first end 612 and a second threaded end 616. In at least
one embodiment, second threaded end 616 of second portion 610 may be configured to
receive second threaded end 606 of first portion 600 to couple first portion 600 to
second portion 612.

[0085] FIG. 24 is an illustration of an exemplary cardiovascular valve
assembly according to an additional embodiment. As illustrated in this figure, a
cardiovascular valve assembly may comprise a first portion 700 having a first end 702
and a second end 706. This cardiovascular valve assembly may also comprise a second
portion 710 having a first end 712 and a second end 716. In certain embodiments, a
plurality of apertures 704 may be defined in second end 706 of first portion 700.

Similarly, a plurality of complimentary-shaped coupling structures 714 may be provided
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on second end 716 of second end portion 710. In at least one embodiment, coupling
structures 714 may be configured to snap-fit into recesses 704 defined in second end
706 of first portion 700 to couple second portion 710 to first portion 700. As with
previous embodiments, coupling structure 714 and recesses 704 may be formed in any
shape and/or size.

[0086]) FIGS. 25-28 illustrate a portion of an exemplary cardiovascular valve
assembly according to an additional embodiment. As illustrated in FIG. 25, a first
portion 800 may be attached to a second portion 810 of a cardiovascular valve assembly
by inserting a staple or a retention device 820 through second end 806 of first portion
800, cuff member 898, and second end 816 of second portion 810. As best seen in FIG.
27, staple or retention member 820 may comprise a body 822 and one or more legs 824.

[0087] FIG. 29 illustrates an exemplary cardiovascular valve assembly
according to an additional embodiment. As illustrated in this figure, a cardiovascular
valve assembly may comprise a first portion 900 having a first end 902 and a second
end 906 and a second portion 910 having a first end 912 and a second end 916. In at
least one embodiment, the second end 906 of first portion 900 may be brought into
contact with second end 916 of second portion 910. In addition, in certain
embodiments, a plurality of apertures 922 may be defined in second end 906 of first
portion 900 and second end 916 of second portion 910. In certain embodiments, first
portion 910 may be coupled to second portion 920 by inserting one more sutures 920
through apertures 922 defined in both second end 906 of first portion 900 and second

end 916 of second portion 910.
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[0088] In certain embodiments, a first portion of a cardiovascular valve
assembly may be removably attached to a second portion of a cardiovascular valve
assembly by rotating the first portion relative to the second portion. For example, as
illustrated in FIG. 30, a first portion 1000 of a cardiovascular valve assembly may be
removably attached to a second portion 1010 of a cardiovascular valve assembly by
bringing ends 1006 and 1016 of first and second portions 1000 and 1010, respectively,
into contact with a cuff member 1098, and then rotating first portion 1000 relative to
second portion 1010 until a locking member 1020 locks into place. In this manner, first
portion 1000 may be removably attached to second portion 1010.

[0089] FIG. 31 illustrates an exemplary cardiovascular valve assembly
according to an additional embodiment. As illustrated in this figure, a cardiovascular
valve assembly may comprise a first conduit 1100 having a first end 1102 and a second
conduit 1110 having a first end 1112. In certain embodiments, ends 1102 and 1112 may
be substantially conical in shape. In addition, a valve 1196 and a cuff member 1198
may be attached to ends 1102 and 1112. Valve 1196 and cuff member 1198 may be
attached to ends 1102 and 1112 in any number of ways and configurations. For
example, valve 1196 and cuff member 1198 may be sutured to ends 1102 and 1112.

[0090] FIG. 32 illustrates a portion of an exemplary cardiovascular valve
assembly according to an additional embodiment. As illustrated in this figure, a
cardiovascular valve assembly may comprise a first portion 1200 having an end 1206
and a second portion 1210 having an end 1216. In at least one embodiment, a locking
tab assembly 1220 may be used to removably attach first portion 1200 to second portion

1210. As illustrated in this figure, a hook-shaped body 1222 of locking assembly 1220
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may be configured to be inserted into an aperture 1228 defined in the end 1216 of
second portion 1210 to removably attach first portion 1200 to second portion 1210. In
certain embodiments, the exemplary configuration illustrated in FIG. 32 may prevent
first portion 1200 from being accidentally detached from second portion 1210. In at
least one embodiment, when locking assembly 1220 is not in use, body 1222 of locking
assembly 1220 may be housed in a recess 1224 defined in first portion 1200.

[0091] FIG. 33 illustrates an exemplary cardiovascular valve assembly
according to an additional embodiment. As illustrated in this figure, a cardiovascular
valve assembly may comprise a conduit 1310 comprising a first connector 1312 and a
second connector 1314. In at least one embodiment, a housing assembly 1320 may be
positioned within conduit 1310. In addition, a mechanical valve 1332 may be
positioned within housing assembly 1320. Housing assembly 1320 may be positioned
within conduit 1310 in any number of ways and configurations. For example, in certain
embodiments, housing assembly 1320 may be sutured to an internal surface 1316 of
conduit 1310. In certain embodiments, the cardiovascular valve assembly illustrated in
FIG. 33 may be pre-assembled for use by a physician during a medical procedure.

[0092] As detailed above, a cardiovascular valve assembly may comprise any
type or form of valve or valve assembly. For example, as illustrated in FIG. 34, a
cardiovascular valve assembly may comprise a mechanical valve 1422. In certain
embodiments, mechanical valve 1422 may be housed within a housing assembly 1420
comprising a first portion 1424 and a second portion 1426 removably attached to first

portion 1424,
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[0093] The preceding description has been provided to enable others skilled in
the art to best utilize various aspects of the exemplary embodiments described herein.
This exemplary description is not intended to be exhaustive or to be limited to any
precise form disclosed. Many modifications and variations are possible without
departing from the spirit and scope of the instant disclosure. It is desired that the
embodiments described herein be considered in all respects illustrative and not
restrictive and that reference be made to the appended claims and their equivalents for
determining the scope of the instant disclosure.

[0094]  Unless otherwise noted, the terms “a” or “an,” as used in the specification
and claims, are to be construed as meaning “at least one of.” In addition, for ease of use, the

words “including” and “having,” as used in the specification and claims, are

interchangeable with and have the same meaning as the word “comprising.”
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WHAT IS CLAIMED IS:

1. A cardiovascular valve assembly, comprising:
a housing assembly, the housing assembly comprising:
5 a first portion;
a second portion removably attached to the first portion;
a valve positioned within the housing assembly;
wherein the valve is structured to allow fluid to flow through the housing

assembly in a single direction.

10
2 The cardiovascular valve assembly of claim 1, wherein the valve
comprises at least one of:
a mechanical valve;
a biological tissue valve;
15 a polymeric valve.
3. The cardiovascular valve assembly of claim 1, wherein:
the first portion comprises a first connector, the first connector structured to
removably attach the first portion to a first conduit;
20 the second portion comprises a second connector, the second connector

structured to removably attach the second portion to a second conduit.
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4. The cardiovascular valve assembly of claim 1, wherein the valve is a
biological tissue valve comprising a cuff member positioned between the first portion

and the second portion.

5. The cardiovascular valve assembly of claim 1, further comprising:
at least one coupling structure provided on the second portion;
at least one aperture defined in the first portion, the aperture structured to

receive the coupling structure to couple the first portion to the second portion.

6. The cardiovascular valve assembly of claim 5, wherein the coupling
structure provided on the second portion is configured to snap-fit into the aperture

defined in the first portion.

7. The cardiovascular valve assembly of claim 5, further comprising at least
one aperture defined in the valve;

wherein the apertures defined in the first portion and the valve are structured to
receive the coupling structure provided on the second portion to couple the first portion

and the valve to the second portion.

8. The cardiovascular valve assembly of claim 1, further comprising a hinge

structure configured to hingedly attach the first portion to the second portion.
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9. The cardiovascular valve assembly of claim 1, further comprising at least
one seal member positioned between the first portion and the second portion, the seal

member configured to prevent fluid from escaping the housing assembly.

10.  The cardiovascular valve assembly of claim 1, wherein, when the first
portion is removably attached to the second portion, the first and second portions form

a seal to prevent fluid from escaping the housing assembly.

11.  The cardiovascular valve assembly of claim 1, further comprising at least

one identifying indicia configured to identify a desired direction for fluid flow.

12.  The cardiovascular valve assembly of claim 1, wherein the valve is
structured to prevent the valve from being positioned within the housing assembly in a

manner that restricts fluid flow in a desired direction.

13.  The cardiovascular valve assembly of claim 1, wherein the first portion

comprises a contoured contact surface structured to contact a contoured contact surface

of the second portion.
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14.  The cardiovascular valve assembly of claim 1, further comprising:

a threaded end provided on the first portion;

a threaded recess defined in the second portion, the threaded recess being
structured to receive the threaded end to removably attach the first portion to the second

5 portion.

15. The cardiovascular valve assembly of claim 1, further comprising a

retention assembly configured to removably secure the first portion to the second

portion.
10
16.  The cardiovascular valve assembly of claim 1, wherein the valve is
sutured to at least one of:
the first portion;
the second portion.
15

17.  The cardiovascular valve assembly of claim 1, wherein the first portion is

sutured to the second portion.

18.  The cardiovascular valve assembly of claim 1, wherein the first portion is

20 stapled to the second portion.
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19.  The cardiovascular valve assembly of claim 1, wherein the first portion
and the second portion comprise conical-shaped ends configured to contact at least a

portion of the valve.

5 20. A pre-assembled cardiovascular valve assembly, comprising:
a conduit;
a housing assembly positioned within the conduit;
a valve positioned within the housing assembly;
wherein the housing assembly is sutured to the conduit;
10 wherein the valve is structured to allow fluid to flow through the housing

assembly in a single direction.

21.  The pre-assembled cardiovascular valve assembly of claim 20, wherein
the valve comprises at least one of:
15 a mechanical valve;
a biological tissue valve;

a polymeric valve.
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22. A system, comprising:
a first conduit dimensioned to be positioned against a first coring site of a
cardiovascular organ;
a valve assembly removably attached to the first conduit, the valve assembly
5  comprising:
a housing assembly comprising a first portion and a second portion
removably attached to the first portion;
a valve positioned within the ho_using assembly, the valve being structured
to allow fluid to flow through the housing assembly in a single direction;
10 a second conduit removably attached to the valve assembly, the second conduit

dimensioned to be positioned against a second coring site of a cardiovascular organ.
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23. A cardiovascular valve assembly, comprising:
a housing assembly, the housing assembly comprising:

a first portion comprising at least one coupling structure;

a second portion comprising at least one aperture, the aperture structured
to receive the coupling structure to removably attach the first portion to the second
portion;

a valve positioned within the housing assembly;

at least one seal member positioned between the first portion and the second
portion, the seal member configured to prevent fluid from escaping the housing
assembly;

at least one identifying indicia configured to indicate a desired direction for fluid
flow;

wherein the valve is structured to allow fluid to flow through the housing
assembly in a single direction;

wherein the valve is structured to prevent the valve from being positioned within

the housing assembly in a manner that restricts fluid flow in a desired direction.
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