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DEVICES, SYSTEMS, AND METHODS FOR FACILITATING

FLOW FROM THE HEART TO A BLOOD PUMP

Cross-Reference to Related Applications
[1001]

This application claims priority to and the benefit of U.S. Provisional Patent

Application Serial No. 61/795,407 entitled, "Devices, Systems, and Methods to Optimize Flow
From the Heart to a Blood Pump," filed October 16, 2012 the disclosure of which is incorporated
herein by reference in its entirety.

Background
[1002]

Embodiments described herein relate generally to apparatus and methods for

optimizing flow of a bodily fluid, and more particularly, devices, systems, and methods to
facilitate blood flow from the heart to a blood pump.
[1003]

The use of devices to assist the function of an ailing heart is increasing. In some

instances, a ventricular assist device (VAD) can be used to partially or completely replace the
function of the heart. For example, in some instances, a left ventricular assist device (LVAD)
can be used to assist a heart of a patient by placing an inlet flow cannula in fluid communication

with the left ventricle of the heart and an outlet flow cannula in fluid communication with a
portion of the aorta. The LVAD can include a pumping mechanism that can pump, transfer,
draw, push, or otherwise produce a flow of blood between the inlet flow cannula and the outlet
flow cannula, thereby assisting heart. The chamber of the left ventricle can be relatively large to
act as a suitable source for blood pump inflow and the wall of the left ventricle is relatively thick
to support the inlet flow cannula. Known methods for coupling an inlet flow cannula to the left

ventricle, however, often require major surgery, which can damage the heart or surrounding
tissue and/or can result in death of the patient. Such known procedures can also be relatively
expensive due to long surgical times and/or the complexity and risk of the surgery. Furthermore,
in some instances, the drawing of blood through the inlet flow cannula can produce a negative

pressure within the left ventricle that can cause a wall of the left ventricle to collapse, thereby
obstructing the inlet flow cannula and/or other veins.

[1004]

In some instances, an inlet flow cannula can be placed in or at a desired location

within, for example, the left atrium which can reduce the complexity, severity, risk, and/or cost

of placing an assist device. In some such instances, the inlet flow cannula is advanced through
the superior vena cava (SVC) and is coupled to the septum between the right atrium and the left
atrium. In other instances, the inlet flow cannula can be coupled to the dome of the left atrium.

Placing the inlet flow cannula in fluid communication with the left atrium, however, can be

complicated by the anatomy of the heart. For example, the walls of the left atrium are very thin
(e.g., between 1 and 2 mm in thickness) and the interior of the left atrium can be at a relatively

low pressure, due to the function of the heart, which can increase the likelihood of tissue
collapsing into the left atrium. Such a collapse of tissue can obstruct the inlet flow cannula

and/or can result in undesirable kinking of veins in fluid communication with the left atrium.
Thus, the inflow rates to the blood pump using such methods can be limited, which can result in

poor efficiency of the pump and can result in clot formation.
[1005]

Thus, a need exists for devices, systems, and methods to improve flow of blood from

the heart to a blood pump.

Summary
[1006]

Devices, systems, and methods to optimize flow from the heart to a blood pump are

described herein. In some embodiments, an apparatus includes a tubular member that defines a
lumen therethrough and a channel, and a support member. The tubular member has a connection

portion that is configured to be coupled to a wall of an organ. The connection portion is
configured to move between a collapsed configuration and an expanded configuration. An outer
edge of the connection portion is configured to contact a first portion of an inner surface of the

wall when the connection portion is in its expanded configuration such that an interior volume of
the organ is in fluid communication with the lumen and is fluidically isolated from a volume
outside of the organ. The support member is movably disposed within the channel and is

configured to minimize movement of the wall relative to the tubular member. The support
member is configured to move between a first configuration and a second configuration. An end
portion of the support member is disposed within the channel when the support member is in the

first configuration.

The end portion of the support member configured to contact a second

portion of the inner surface of the wall when the support member is in its second configuration.

Brief Description of the Drawings
[1007]

FIG. 1 is a schematic illustration of a portion of an inlet flow cannula assembly

according to an embodiment.
[1008]

FIG. 2 is a top view illustration of a portion of an inlet flow cannula assembly

coupled to a target tissue according to an embodiment.
[1009]

FIG. 3 is a cross-sectional illustration of a portion of the inlet flow cannula assembly

of FIG. 2 coupled to the target tissue taken along the line Z \ -Z \ .
[1010]

FIG. 4 is an illustration of an assist device in place within a portion of a body of a

patient according to an embodiment.
[1011]

FIG. 5 is an illustration of an assist device in place within a portion of a body of a

patient according to an embodiment.
[1012]

the region
[1013]

FIG. 6 is an enlarged view of a portion of the assist device and the body identified by

in FIG. 5 .
FIGS. 7-9 are illustrations of an assist device in place within a portion of a body of a

patient, each according to an embodiment.
[1014]

FIG. 10 is an enlarged view of a portion of the assist device and the body identified

by the region X 2 in FIG. 9 .
[1015]

FIGS. 11-15 are cross-sectional illustrations of a portion of an inlet flow cannula

assembly, each according to an embodiment.
[1016]

FIG. 16 is an illustration of an assist device in place within a portion of a body of a

patient according to an embodiment.

[1017]

FIGS. 17 and 18 are enlarged cross-sectional illustrations of a portion of the assist

device, identified by the region X in FIG. 16, including a flow control mechanism in a first

configuration and a second configuration, respectively, according to an embodiment.
[1018]

FIGS. 19 and 20 are enlarged cross-sectional illustrations of the portion of the assist

device, identified by the region X in FIG. 16, including a flow control mechanism in a first

configuration and a second configuration, respectively, according to an embodiment.
[1019]

FIGS. 21-24 are illustrations of various stages of coupling a portion of an inlet flow

cannula assembly to a wall of an atrium of a heart and being transitioned from a first
configuration in FIG. 2 1 to a second configuration in FIGS. 23 and 24, according to an
embodiment.
[1020]

FIG. 25 is a cross-sectional illustration of the portion of the inlet flow cannula

assembly of FIG. 2 1 taken along the line Z2-Z 2 in FIG. 24, being transitioned from the second
configuration to a third configuration.
[1021]

FIG. 26 is an illustration of the portion of the inlet flow cannula assembly of FIG. 2 1

in a third configuration.
[1022]

FIG. 27 is a cross-sectional illustration of the portion of the inlet flow cannula

assembly of FIG. 2 1 taken along the line Z -Z in FIG. 26, in the third configuration.
[1023]

FIG. 28 is a cross-sectional illustration of the portion of the inlet flow cannula

assembly of FIG. 2 1 taken along the line Z -Z in FIG. 26, being transitioned from the third
configuration to a fourth configuration.
[1024]

FIG. 29 is a cross-sectional illustration of a portion of an inlet flow cannula assembly

according to an embodiment.
[1025]

FIG. 30 is an enlarged view of a portion of the inlet flow cannula assembly of FIG. 29

identified by the region ¾ .
[1026]

FIG. 3 1 is a top view of a portion of the inlet flow cannula assembly of FIG. 29

coupled to a wall of an atrium of a heart.

[1027]

FIGS. 32-35 are illustrations of a portion of an inlet flow cannula assembly coupled

to a wall of an atrium of a heart, each according to an embodiment.
[1028]

FIG. 36 is a cross-sectional illustration of a portion of an inlet flow cannula assembly

according to an embodiment.
[1029]

FIG. 37 is a cross-sectional illustration of a portion of the inlet flow cannula assembly

taken along the line Z4-Z4 in FIG. 36, coupled to a wall of an atrium of a heart.
[1030]

FIG. 38 is a cross-sectional illustration of a portion of an inlet flow cannula assembly

according to an embodiment.
[1031]

FIG. 39 is an enlarged view of a portion of the inlet flow cannula assembly of FIG. 38

identified by the region X .
[1032]

FIG. 40 is a cross-sectional illustration of a portion of the inlet flow cannula assembly

taken along the line Z5-Z5 in FIG. 38, coupled to a wall of an atrium of a heart.
[1033]

FIG. 4 1 is a top view of a portion of an inlet flow cannula assembly coupled to a wall

of an atrium of a heart, according to an embodiment.
[1034]

FIG. 42 is a top view of a portion of an inlet flow cannula assembly coupled to a wall

of an atrium of a heart, according to an embodiment.
[1035]

FIG. 43 is a schematic illustration of a portion of an inlet flow cannula assembly

according to an embodiment.
[1036]

FIG. 44 is a flow chart illustrating a method of coupling an inlet flow cannula

assembly to a wall of an organ according to an embodiment.
[1037]

FIG. 45 is a flow chart illustrating a method of coupling a flow member to a wall of

an organ according to an embodiment.

Detailed Description
[1038]

In some embodiments, an apparatus includes a tubular member that defines a lumen

therethrough, and a support member coupled to the tubular member. The tubular member has a
connection portion that is configured to be coupled to a wall of an organ to place an interior
volume of the organ in fluid communication with the tubular member. The support member is
configured to be transitioned between a collapsed configuration and an expanded configuration
such that, when in the expanded configuration, a size of the support member is at least three
times greater than a diameter of the tubular member. The support member is configured to
minimize movement and/or deformation of the wall of the organ relative to the tubular member
when in the expanded configuration.
[1039]

In some embodiments, an apparatus includes a tubular member that defines a lumen

therethrough, and a support member coupled to the tubular member. The tubular member has a
connection portion that is configured to transition from a collapsed configuration to an expanded
configuration. The connection portion is such that, when in its expanded configuration, at least
an outer edge of the connection portion is in contact with a first portion of an inner surface of a

wall of an organ to place an interior volume of the organ in fluid communication with the lumen.
The support member is configured to transition between a collapsed configuration and an
expanded configuration to minimize movement and/or deformation of the wall relative to the
tubular member. The support member is such that, when in its expanded configuration, the
support member is in contact with a second portion of the inner surface of the wall.

The

connection portion and the support member collectively maintain continuous contact between the
outer edge of the connection portion and the first portion of the inner surface of the wall.
[1040]

In some embodiments, an apparatus includes a tubular member that defines a lumen

therethrough and a channel, and a support member coupled to the tubular member. The tubular
member has a connection portion that is configured to transition from a collapsed configuration
to an expanded configuration.

The connection portion is such that, when in its expanded

configuration, at least an outer edge of the connection portion is in contact with a first portion of
an inner surface of a wall of an organ to place an interior volume of the organ in fluid

communication with the lumen. The support member is movably disposed within the channel

and is configured to transition between a first configuration and a second configuration to
minimize movement and/or deformation of the wall relative to the tubular member. The support
member includes an end portion that is disposed within the channel when the support member is
in the first configuration. The end portion is configured to contact a second portion of the inner

surface of the wall when the support member is in its second configuration.
[1041]

In some embodiments, a method includes inserting a tubular member into a body such

that a connection portion of the tubular member is at least partially within an interior volume of
an organ. The connection portion is moved from a collapsed configuration to an expanded

configuration such that an outer edge of the connection portion contacts a first portion of an inner
surface of a wall of the organ, thereby placing the interior volume of the organ in fluid
communication with the lumen while fiuidically isolating the interior volume of the organ from a
volume outside of the organ. A support member is moved from a first configuration to a second
configuration. An end portion of the support member is disposed apart from the inner surface of
the wall when the support member is in the first configuration. The end portion of the support
member is in contact with a second portion of the inner surface of the wall when the support
member is in the second configuration.
[1042]

In some embodiments, the method optionally includes moving the support member

within a channel defined by the tubular member from a first position to a second position to limit
movement of the wall relative to the tubular member.
[1043]

In some embodiments, a method includes inserting a flow member, defining a first

channel and a second channel, into a body such that a first end portion of the flow member is at
least partially within an interior volume of an organ. The first end portion is moved from a
collapsed configuration to an expanded configuration such that an outer edge of the first end
portion contacts an inner surface of a wall of the organ, thereby placing the interior volume of
the organ in fluid communication with the first channel and the second channel. The second end
portion of the flow member is coupled to a pump to place the first channel in fluid
communication with an outlet of the pump, and to place the second channel in fluid
communication with an inlet of the pump. In some embodiments, the method includes actuating
the pump such that a first flow of a fluid flows from the interior volume of the organ to the pump

via the second channel, and a second flow of the fluid flows from the pump to the interior
volume of the organ via the first channel.
[1044]

In some embodiments, an apparatus includes a flow member defining a first channel

and a second channel. The flow member including a first end portion and a second end portion.
The first end portion is configured to move from a collapsed configuration to an expanded
configuration. An outer edge of the first end portion is configured to contact an inner surface of
a wall of an organ when the first end portion is in its expanded configuration such that an interior
volume of the organ is in fluid communication with the first channel and the second channel.
The second end portion of the flow member is configured to be coupled to a pump such that the
first channel is in fluid communication with an outlet of the pump and the second channel is in
fluid communication with an inlet of the pump.
[1045]

As used in this specification, the singular forms "a," "an" and "the" include plural

referents unless the context clearly dictates otherwise. Thus, for example, the term "a member"
is intended to mean a single member or a combination of members, "a material" is intended to

mean one or more materials, or a combination thereof.
[1046]

As used herein, the words "proximal" and "distal" refer to direction closer to and

away from, respectively, an operator of a medical device. Thus, for example, the end of the
device contacting the patient's body would be the distal end of the device, while the end opposite
the distal end would be the proximal end of the device. Moreover, a portion of an anatomical
structure can be considered as a reference to describe a position closer to or away from the
portion of the anatomical structure. For example, an end of the superior vena cava that is closest
to the heart would be the proximal end of the superior vena cava, while the end opposite the

proximal end would be the distal end.
[1047]

As used herein, the term "set" can refer to multiple features or a singular feature with

multiple parts. For example, when referring to a set of walls, the set of walls can be considered
as one wall with multiple portions, or the set of walls can be considered as multiple, distinct

walls. Thus, a monolithically constructed item can include a set of walls. Such a set of walls
may include multiple portions that are either continuous or discontinuous from each other. A set

of walls can also be fabricated from multiple items that are produced separately and are later
joined together via any suitable method.
[1048]

As used herein, the terms "about" and "approximately" generally mean plus or minus

10% of the value stated. For example, about 0.5 would include 0.45 and 0.55, about 10 would

include 9 to 1 1, about 1000 would include 900 to 1100.
[1049]

As used herein, the term "substantially" when used in connection with "cylindrical,"

"linear," and/or other geometric relationships is intended to convey that the structure so defined
is nominally cylindrical, linear or the like. As one example, a portion of a support member that
is described as being "substantially linear" is intended to convey that, although linearity of the

portion is desirable, some non-linearity can occur in a "substantially linear" portion. Such nonlinearity can result from manufacturing tolerances, or other practical considerations (such as, for
example, the pressure or force applied to the support member). Thus, a geometric construction
modified by the term "substantially" includes such geometric properties within a tolerance of
plus or minus 5% of the stated geometric construction. For example, a "substantially linear"
portion is a portion that defines an axis or center line that is within plus or minus 5% of being
linear.
[1050]

As used herein, the term "parallel" generally describes a relationship between two

geometric constructions (e.g., two lines, two planes, a line and a plane or the like) in which the
two geometric constructions are substantially non-intersecting as they extend substantially to
infinity. For example, as used herein, a line is said to be parallel to another line when the lines
do not intersect as they extend to infinity.

Similarly, when a planar surface (i.e., a two-

dimensional surface) is said to be parallel to a line, every point along the line is spaced apart
from the nearest portion of the surface by a substantially equal distance.

Two geometric

constructions are described herein as being "parallel" or "substantially parallel" to each other
when they are nominally parallel to each other, such as for example, when they are parallel to
each other within a tolerance.

Such tolerances can include, for example, manufacturing

tolerances, measurement tolerances, surface variation tolerances, or the like.
[1051]

As used herein, the term "stiffness" relates to an object's resistance to deflection,

deformation, and/or displacement by an applied force. For example, a wire or support member

with greater stiffness is more resistant to deflection, deformation, and/or displacement when
exposed to a force than a wire or support member with lower stiffness.

Similarly stated, a

support member with higher stiffness can be characterized as being more rigid than a support
member with lower stiffness.

In some embodiments, the stiffness of an object can be

characterized by the object's linear stiffness. Linear stiffness can be characterized in terms of the
amount of force applied to the object and the resulting distance through which a first portion of
the object deflects, deforms, and/or displaces with respect to a second portion of the object.
When characterizing the linear stiffness of an object, the deflected distance may be measured as
the deflection of a portion of the object different from the portion of the object to which the force
is directly applied. Said another way, in some objects, the point of deflection is distinct from the

point where force is applied.
[1052]

Stiffness is an extensive property of the object being described, and thus is dependent

upon the material from which the object is formed and certain physical characteristics of the
object (e.g., shape and boundary conditions). For example, the stiffness of an object can be
increased or decreased by selectively including in the object a material having a desired modulus
of elasticity. The modulus of elasticity is an intensive property of the constituent material and
describes an object's tendency to elastically (i.e., non-permanently) deform in response to an
applied force. A material having a high modulus of elasticity will not deflect as much as a
material having a low modulus of elasticity in the presence of an equally applied force. Thus,
the stiffness of the object can be increased, for example, by introducing into the object and/or
constructing the object of a material having a high modulus of elasticity. In another example, the
stiffness of the object can be increased or decreased by changing the flexural modulus of a
material of which the object is constructed. Flexural modulus is used to describe the ratio of the
applied stress on an object in flexure to the corresponding strain in the outermost portions of the
object.

The flexural modulus, rather than the modulus of elasticity, is used to characterize

certain materials, for example plastics, that do not have material properties that are substantially
linear over a range of conditions. An object with a first flexural modulus is less elastic and has a
greater strain on the outermost portions of the object than an object with a second flexural
modulus lower than the first flexural modulus. Thus, the stiffness of an object can be increased
by including in the object a material having a high flexural modulus.

[1053]

The stiffness of an object can also be increased or decreased by changing a physical

characteristic of the object, such as the shape or cross-sectional area of the object. For example,
an object having a length and a cross-sectional area may have a greater stiffness than an object
having an identical length but a smaller cross-sectional area. Thus, the stiffness of the object can
be increased by increasing and/or changing the shape of the cross-sectional area of the object.
[1054]

The embodiments described herein are structures configured to be disposed within a

portion of the body of a patient. As such, the embodiments can be formed or constructed of one
or more biocompatible materials. Examples of suitable biocompatible materials include metals,

glasses, ceramics, or polymers.

Examples of suitable metals include pharmaceutical grade

stainless steel, gold, titanium, nickel, iron, platinum, tin, chromium, copper, and alloys thereof.
The polymer may be biodegradable or non-biodegradable. Examples of suitable biodegradable
polymers

include

polyanhydrides,

polylactides,

polyorthoesters,

polyglycolides,
polyetheresters,

polylactide-co-glycolides
polycaprolactones,

(PLGA),

polyesteramides,

poly(butyric acid), poly(valeric acid), polyurethanes and copolymers and blends thereof.
Examples

of non-biodegradable

polymers

include nylons,

polyesters,

polycarbonates,

polyacrylates, polymers of ethylene-vinyl acetates and other acyl substituted cellulose acetates,
non-degradable polyurethanes, polystyrenes, polyvinyl chloride, polyvinyl fluoride, poly(vinyl
imidazole), chlorosulphonate polyolefins, polyethylene oxide, blends and copolymers thereof.
Moreover, any of the embodiments described here can be formed from a material that can, for
example, facilitate ingrowth of bodily tissue about a portion of the structure.

Thus, the

embodiments, can be formed from, for example, a base material and coated with a material
configured to facilitate ingrowth of bodily tissue such as, for example, polyesters (polyethylene
terephthalate (PET) or Dacron ®), silicone, and/or the like.

Similarly, the embodiments

described herein can include any suitable surface finish that facilitates ingrowth of bodily tissue.
For example, any of the embodiments described herein can have an outer surface that can be
rough, pitted, scored, scratched, etc.
[1055]

The embodiments and methods described herein can be used to facilitate the coupling

of a flow device to a target tissue and, once coupled, provide support to the target tissue to
minimize movement of at least a portion of the target tissue relative to the device. Any of the
cannula assemblies and/or methods associated therewith described herein, can be used as an

inflow cannula for a ventricular assist device system (referred to herein as a "VAD"), and can be
at least partially implanted into a portion of the body of a patient to assist the function of the

heart.

Similarly, any of the embodiments and/or methods described herein can be used to

support a wall of the heart to limit and/or prevent a collapse or partial collapse of the wall that
could otherwise lead to the obstruction of an inlet cannula of the VAD and/or of vascular
openings defined by the wall of the heart. For example, any of the embodiments and/or methods
described herein can be used with or in any of the assist devices described below (e.g., the VAD
300) or in U.S. Patent No. 6,530,876 entitled, "Supplemental Heart Pump Methods and Systems

for Supplementing Blood Through the Heart," issued March 1 1, 2003 and/or those described in
U.S. Patent Publication No. 2012/0259157 entitled, "Cannula Systems and Methods," filed
October 1 1, 2012, the disclosures of which are incorporated herein by reference in their
entireties.
[1056]

FIG. 1 is a schematic illustration of a cannula assembly 120 coupled to a target tissue

T, according to an embodiment. The target tissue T can be any suitable bodily tissue such as, for
example, a wall or other structure of the heart, a wall of a vascular structure, and/or the like. For
example, in some instances, the target tissue T can be a wall of a left atrium of a heart. The wall
of the left atrium can define at least a portion of an interior volume I such that an exterior surface
of the wall is fluidically isolated from an interior surface of the wall.
[1057]

The cannula assembly 120 includes a tubular member 121 and a support member 150.

The tubular member 121 can be, for example, a cannula or catheter that defines a lumen 124.
The lumen 124 extends substantially through a distal surface and a proximal surface of the
tubular member 121 such that, when the cannula assembly 120 is coupled to the target tissue T,
the lumen 124 is placed in fluid communication with the interior volume I defined by the target
tissue T (e.g., an interior volume of an organ and/or vascular structure). The tubular member 121
can be any suitable shape, size, or configuration. For example, the tubular member 121 can be
substantially

cylindrical,

substantially

polygonal

(e.g., square, rectangular,

pentagonal,

octagonal, etc.), and/or a combination thereof. In some embodiments, the tubular member 121
can be substantially cylindrical and can define an outer diameter Di, as shown in FIG.

1.

As

described in further detail herein, in some embodiments, the tubular member 121 can be

transitioned from a first configuration (e.g., a collapsed configuration) to a second configuration
(e.g., an expanded configuration) to couple the cannula assembly 120 to the target tissue T.
[1058]

An end portion of the tubular member 121 is configured to be coupled to a pump (not

shown in FIG. 1), and thus, in some embodiments, the cannula assembly 120 can function as an
inflow cannula.

Similarly stated, in use, an end portion of the tubular member 121 can be

coupled to a pump, thus placing the pump in fluid communication with the interior volume I
defined by the target tissue T via the lumen 124. In this manner, the cannula assembly 120 can
be used to facilitate the placement of a ventricular assist device system (referred to herein as a
"VAD") that can be at least partially implanted into a portion of the body of a patient to assist the
function of the heart.
[1059]

The support member 150 of the cannula assembly 120 is coupled to the tubular

member 121. In some embodiments, the support member 150 can be monolithically formed with
the tubular member 121. In other embodiments, the support member 150 can be disposed within
a portion of the tubular member 121 (e.g., within the lumen 124). In still other embodiments, the
support member 150 can substantially circumscribe (e.g., can be wrapped about) a portion of the
tubular member 121. The support member 150 can be any suitable shape, size, or configuration.
For example, in some embodiments, the support member 150 can be a wire or the like that can be
formed from any suitable material such as, for example, nickel-titanium alloy (Nitinol®),
stainless steel, plastic, composite, and/or any other biocompatible material.

As described in

further detail herein, the support member 150 can be transitioned from a first configuration (e.g.,
a collapsed configuration) to a second configuration (e.g., an expanded configuration) to be
placed in contact with a surface S of the target tissue T, thereby limiting movement of the target
tissue T relative to the tubular member 121.
[1060]

As described above, the cannula assembly 120 is configured to be coupled to a target

tissue T. In some embodiments, the tubular member 121 can include a connection portion and/or
the like (not shown in FIG. 1) that can couple the cannula assembly 120 to the target tissue T. In
some embodiments, the connection portion can include one or more retention members that are
configured to engage the target tissue T to couple the cannula assembly 120 to the target tissue T.
For example, in some instances, the target tissue T can be incised and the cannula assembly 120

can be advanced relative to the target tissue T to insert at least a distal end portion of the cannula

assembly 120 through the incision into the target tissue T. More specifically, the support
member 150 can be in its first configuration to allow the distal end portion of the cannula
assembly 120 to be advanced through the incision formed in the target tissue T. Once the distal
end portion of the cannula assembly 120 is inserted through the incision defined by the target
tissue T, the tubular member 121 can be coupled to the target tissue.

In this manner, the

connection portion and/or the tubular member 121 can be placed into contact with a surface S or
any other suitable portion of the target tissue T. In some embodiments, a surface of the tubular
member 121 can be maintained in continuous contact with the surface S of the target tissue T,
thereby reducing the likelihood of clot formation.
[1061]

In some embodiments, the support member 150 can be transitioned to its second

configuration (as shown in FIG. 1) after the tubular member 121 is coupled to the target tissue T.
For example, in some embodiments, the transitioning of the tubular member 121 from its first
configuration to its second configuration can urge the support member 150 to transition from its
first configuration to its second configuration at substantially the same time.

In other

embodiments, the support member 150 is transitioned from its first configuration to its second
configuration independently from the coupling of the tubular member 121 to the target tissue T.
[1062]

In some embodiments, when in its second configuration, at least a portion of the

support member 150 can be placed in continuous contact with the surface S of the target tissue T.
Similarly stated, in some embodiments, substantially an entire surface of the support member
150 that is adjacent to the target tissue T is in contact therewith. For example, as shown in FIG.
1,

the surface of the support member 150 that is against (or facing) the inner surface S of the

target tissue T is in contact with the inner surface S of the target tissue T without areas of the
support member 150 being spaced apart from the inner surface S . This arrangement can limit the
formation of clots in those embodiments in which the target tissue T includes blood (e.g., the
heart).

More particularly, by limiting the portion of the support member 150 that is suspended

within the interior volume I of the organ, clot formation can be reduced. In some embodiments,
for example, the support member 150 can be a wire or the like that can form, for example, a

spiral (e.g., a substantially planar spiral) or helix (e.g., substantially nonplanar) that is configured

to be in continuous contact with the surface S . In other embodiments, the support member 150

can be a mesh or the like that is configured to be in continuous contact with the surface S .
[1063]

By maintaining the support structure 150 and the tubular member 121 in continuous

contact with the surface S, the likelihood of clot formation is reduced. The arrangement of the
support member 150 and the tubular member 121 can also reduce eddy currents near the surface
S of the target tissue T that would otherwise limit flow of blood to portions of the surface S and
thereby increase the risk of clot formation. In addition, any portion of the tubular member 121
and/or the support member 150 can include an outer surface and/or surface finish configured to
reduce clot formation and/or increase tissue ingrowth. For example, in some embodiments, at
least a portion of the tubular member 121 and/or the support member 151 can be substantially

circumscribed

by

a

fabric

and/or

outer

surface

such

as

Dacron®,

polyester,

polytetrafluoro ethylene (PTFE), silicon, polypropylene, and/or the like. In some embodiments,
at least a portion of the tubular member 121 and/or the support member 150 can be coated by a

biological material such as human tissue cells and/or animal tissue cells. In some embodiments,
the outer surface of at least a portion of the tubular member 121 and/or the support member 150
can include a rough texture configured to encourage tissue ingrowth. Thus, bodily tissue can

form about at least a portion of the tubular member 121 and/or the support member 150 which
can reduce the likelihood of clot formation.
[1064]

Although the support member 150 is shown as being in continuous contact with the

inner surface of the target tissue T, in other embodiments, portions of the support member 150
can be spaced apart from the surface of the target tissue T. For example, in some embodiments,

the support member 150 can be configured such that at least 90% of a surface of the support
member 150 is in contact with the surface S; at least 80% of a surface of the support member 150
is in contact with the surface S; at least 70% of a surface of the support member 150 is in contact

with the surface S; at least 60% of a surface of the support member 150 is in contact with the
surface S; or at least 50% of a surface of the support member 150 is in contact with the surface S .
In some embodiments, the cannula assembly can include a fabric interface or member (not
shown in FIG. 1) to promote contact and/or tissue ingrowth between the support member 150
and the inner surface S of the target tissue T.

[1065]

When in its second (or expanded) configuration, the support member 150 can have a

size (e.g., an overall diameter and/or footprint) D2 that is larger than the outer diameter D of the

tubular member 121. Similarly stated, the support member 150 can have the size D2 that is
defined by a radial distance between one side of the support member 150 to an opposite side of
the support member 150. For example, in some embodiments, the support member 150 can form
a helix that has a size D 2 that is associated with a diameter of the helix formed by the support
member 150 (e.g., twice the distance in a radial direction from a longitudinal centerline defined
by the helix and a point along an outer surface of the helix formed by the support member 150,
that is to say twice the radius of the helix).
[1066]

In some embodiments, the size D2 of the support member 150 when in its second

configuration can be about three times greater than the outer diameter D of the tubular member
121.

In this manner, the support member 150 can limit movement and/or deformation of

portions of the tissue T that surround the lumen 124, thus limiting or preventing such portions
from collapsing or being suctioned into the lumen 124 during use. Similarly stated, the ratio
between the size D 2 of the support member 150 and the outer diameter D can facilitate maintain
the shape and/or size of the target tissue during use of the cannula assembly 120.

More

particularly, the support member 150 is configured to increase a surface area of the cannula
assembly 120 that is in contact with the surface S of the target tissue T when in its second
configuration. Moreover, the support member 150 can exert a force on the surface S of the target
tissue T such that deflection of any portion of the support member 150 and/or the tubular
member 121 away from the surface S is limited and/or substantially eliminated.

Thus, the

support member 150 can stabilize, support, and/or otherwise limit movement of the target tissue
T relative to the tubular member 121 which can prevent, for example, a collapse and/or partial
collapse of the target tissue T that can otherwise lead to obstruction of the lumen 124 defined by
the tubular member 121 and/or of vascular openings defined by the target tissue T. In other
words, the support member 150 can support the target tissue T to prevent a suction event in
which a portion of the target tissue T obstructs the lumen 124
[1067]

In other embodiments, the size D2 of the support member 150 when in its second

configuration can be greater than about three times the size of the outer diameter Di. In yet other
embodiments, the size D2 of the support member 150 when in its second configuration can be

about 1.1 times the size of the outer diameter Di, about 1.2 times the size of the outer diameter
Di, about 1.3 times the size of the outer diameter Di, about 1.4 times the size of the outer
diameter Di, about 1.5 times the size of the outer diameter Di, about two times the size of the
outer diameter Di, about 2.5 times the size of the outer diameter DI, and/or the like.
[1068]

In some embodiments, a cannula assembly can include a connection or "anchoring"

portion and a support member. For example, FIGS. 2 and 3 are schematic illustrations of a
cannula assembly 220 coupled to a target tissue T, according to an embodiment. The target
tissue T can be any suitable bodily tissue such as, for example, a wall or other structure of the
heart, a wall of a vascular structure, and/or the like. For example, in some instances, the target
tissue T can be a wall of a left atrium of a heart. The wall of the left atrium can define at least a
portion of an interior volume such that an exterior surface of the wall is fluidically isolated from
an interior surface of the wall.
[1069]

The cannula assembly 220 includes a tubular member 221 and a support member 250.

The tubular member 221 can be, for example, a cannula or catheter that defines a lumen 224.
The lumen 224 extends substantially through a distal surface and a proximal surface of the
tubular member 22 1 such that, when the cannula assembly 220 is coupled to the target tissue T,
the lumen 224 is placed in fluid communication with an interior volume (not shown in FIG. 2)
defined by the target tissue T (e.g., an interior volume of an organ and/or vascular structure)..
The tubular member 221 can be any suitable shape, size, or configuration. For example, the
tubular member 221 can be substantially cylindrical, substantially polygonal (e.g., square,
rectangular, pentagonal, octagonal, etc.), and/or a combination thereof. In some embodiments,
the tubular member 22 1 can be substantially cylindrical and can define an outer diameter D (see
e.g., FIG. 3).
[1070]

The tubular member 221 can be transitioned from a first configuration (e.g., a

collapsed configuration) to a second configuration (e.g., an expanded configuration, as shown in
FIGS. 2 and 3) to couple the cannula assembly 220 to the target tissue T. For example, as shown
in FIGS. 2 and 3, the tubular member 221 includes a distal end portion 223 that extends outward

when the tubular member 221 is in its second configuration. In this manner, at least an outer
edge 236 of the distal end portion 223 (also referred to herein as a "connection portion") can be

placed in contact with a first portion of a surface S of the target tissue. Although not shown in
FIGS. 2 and 3, the distal end portion 223 can include one or more retention members and/or the
like that are configured to engage a portion of the target tissue T such that at least the outer edge

236 of the distal end portion 223 is maintained in continuous contact with the first portion of the

surface S, as described above with reference to FIG.

1.

By maintaining continuous contact with

the target tissue, the formation of clots adjacent the lumen 224 can be limited.
[1071]

The support member 250 of the cannula assembly 220 is coupled to the tubular

member 221 and is configured to be transitioned from a first configuration (e.g., a collapsed
configuration) to a second configuration (e.g., an expanded configuration) to be placed in contact
with the surface S of the target tissue T. In this manner, as described herein, the support member
can stabilize the target tissue, maintain the shape of the target tissue and/or limit movement of

the target tissue relative to the tubular member 221. Similarly stated, the support member 250
can facilitate flow of a fluid (e.g., blood) from the organ (e.g., the heart) via the lumen 224 by

maintaining the position and/or shape of the organ (e.g., preventing a portion of the target tissue
T from being sucked into the lumen 224).
[1072]

In some embodiments, the support member 250 can be monolithically formed with

the tubular member 221. In other embodiments, the support member 250 can be constructed
separately from the tubular member 221 . For example, the support member 250 can be disposed
within a portion of the tubular member 221 (e.g., within the lumen 224 or a channel (not shown
in FIGS. 2 and 3)).

In still other embodiments, the support member 250 can substantially

circumscribe a portion of the tubular member 221 . The support member 250 can be any suitable
shape, size, or configuration. For example, as shown in FIG. 2, the support member 250 can

include a set of lobes or petals that can be, for example, unfolded to transition the support
member 250 from the first configuration to the second configuration. Although shown in FIGS.
2 and 3 as including a set of four lobes, in other embodiments, the support member 250 can
include any number of lobes of any suitable shape, size, or configuration. For example, in some
embodiments, a support member can include two or three lobes that can be arranged in any
suitable orientation relative to the tubular member 221.

In other embodiments, a support

member can include more than four lobes (e.g., five, six, seven, eight, nine, ten, etc.).

[1073]

Moreover, while the lobes are shown as having a substantially uniform shape and

size, in other embodiments, a support member can include a set of lobes of varying shape and/or
size. For example in some embodiments, the support member 250 can include a first petal

having a first shape and a second petal having a second shape different from the first shape.
Such different shapes and/or sizes can allow the support member 250 to be tailored to

accommodate a particular portion of the anatomy. For example, in some embodiments, the
cannula assembly 220 can be coupled to a left atrium and the support member 250 can include
first petal configured to contact a first portion of the atrial wall and a second petal configured to
contact a second portion of the atrial wall adjacent the inlet from a pulmonary vein. In such
embodiments, the second petal can have a size and/or shape configured to avoid obstruction of
the pulmonary vein.
[1074]

As described above with reference to the tubular member 221, when in its second

configuration, the lobes of the support member 250 can be placed in continuous contact with the
surface S of the target tissue T. When in its second configuration, the lobes of the support
member 250 can have a size (e.g., a diameter)

D4

that is larger that the outer diameter

D3

of the

tubular member 221. Therefore, the support member 250 is configured to increase a surface area
of the cannula assembly 220 that is in continuous contact with the surface S of the target tissue T
when in its second configuration. Moreover, the support member 250 can exert a force on the
surface S of the target tissue T such that deflection of any portion of the support member 250
and/or the tubular member 221 away from the surface S is limited and/or eliminated.

For

example, in use a surface of each lobe of the support member 250 can be in continuous contact
with the surface S of the target tissue T (e.g., substantially the entire surface of each lobe) and
can exert a substantially uniform force that maintains the surface of each lobe in contact with the

surface S . The arrangement of the distal end portion 223 of the tubular member 221 and the
support member 250 is such that the force exerted by the support member 250 on the surface S
maintains at least the outer edge 236 of the distal end portion 223 of tubular member 221 in
contact with the surface S . By maintaining the support structure 250 and at least the outer edge
236 of the tubular member 221 in continuous contact with the surface S, the likelihood of clot

formation is reduced. Furthermore, the arrangement of the support member 250 and the tubular
member 221 can reduce eddy currents or other regions of flow stagnation near the surface S of
the target tissue T that would otherwise limit flow of blood to portions of the surface S and

thereby increase the risk of clot formation. In addition, any portion of the tubular member 221
and/or the support member 250 can include an outer surface and/or surface finish configured to
reduce clot formation and/or increase tissue ingrowth, as described herein.
[1075]

Thus, the support member 250 can stabilize, support, and/or otherwise limit

movement of the target tissue T relative to the tubular member 221, which can prevent, for
example, a collapse and/or partial collapse of the target tissue T that can otherwise lead to
obstruction of the lumen 224 defined by the tubular member 221 and/or of vascular openings
defined by the target tissue T .

In instances where the cannula assembly 220 is used in

conjunction with a ventricular assist device, the support member can expand the left atrium,
resist collapse and distortion of the atrium, and, as a result, facilitate more inflow from the
pulmonary veins.

Thus, VAD systems that employ the cannula assembly 220 (or any of the

other cannula assemblies described herein) can produce a higher flow rate of blood from the
heart to the circulation system with a reduced amount of suction through the inlet flow cannula.
[1076]

FIG. 4 illustrates a VAD 300 that is in fluid communication with a heart 1, and that

can include any of the inflow cannula assemblies described herein. For reference and as shown
in FIG. 4, the heart 1 includes and/or otherwise defines a left atrium 2, a right atrium 5, a left
ventricle 7 and a right ventricle 8 . The left atrium 2 and the right atrium 5 are separated by a
septum 6 . The left atrium 2 includes a wall 3 that defines a dome of the left atrium 2 . The heart
1 is in fluid communication with the superior vena cava 9 (which provides blood flow into the
right atrium 5) and the aorta 10 (which receives blood flow from the left ventricle 7). The heart
1 is described herein for reference and is not meant to be an exhaustive description of the heart 1.
Therefore, the simplified discussion of the heart 1 is provided for context as it pertains to the
embodiments described herein.
[1077]

The VAD 300 includes a pump 301, an outlet flow cannula 309, and an inlet flow

cannula 320. In some instances, the VAD 300 can be placed in fluid communication with the
heart 1 during a surgical procedure.

That is to say, the inlet flow cannula 320 (or any of the

cannula assemblies described herein) is introduced via a thorocotomy
procedure.

or other surgical

In other embodiments, the inlet flow cannula 320 can be introduced via a non

surgical or "interventional" approach.

For example, in some embodiments, the inlet flow

cannula 320 (or any of the cannula assemblies described herein) is introduced into the left atrium
2 via a vein or artery such as the jugular vein, pulmonary vein, femoral artery, radial artery,
superior vena cava, aorta, etc. (see e.g., the VAD system 400 shown in FIG. 5).
[1078]

The pump 301 included in the VAD 300 can be any suitable pump. For example, the

pump 301 can be, for example, a high flow impeller pump and/or the like.

In other

embodiments, the pump 301 can be any suitable pulsatile pump. The outlet flow cannula 309
can be, for example, a graft (e.g., a Dacron ® graft and/or any other suitable graft or graft

material) that is physically and fluidically coupled to the pump outlet and also to the right
subclavian artery or other suitable point in the circulatory system (e.g., via suturing or the like).
[1079]

The inlet flow cannula 320 is physically and fluidically coupled between the pump

inlet and the left atrium 2 . More specifically, as shown in FIG. 4, the inlet flow cannula 320 is

physically coupled to the wall 3 of the left atrium 2 that forms or otherwise defines at least a
portion of the atrium dome. In this manner, oxygenated blood is drawn though the inlet flow
cannula 320, into the pump 301, and through the outlet flow cannula 309, thereby aiding in the
circulation of blood through the body. The inlet flow cannula 320 can be similar to and/or can
include any features of any of the cannula assemblies shown and described herein. For example,
although not shown in FIG. 4, in some embodiments, the inlet flow cannula 320 can include a
support member configured to limit movement of the atrial wall (e.g., the wall 3) relative to the
cannula assembly 320.
[1080]

Although the cannula assemblies 120 and 220 are shown as having a support member

(e.g., support member 150 and support member 250, respectively) that contact a wall of the

target tissue, in other embodiments, a cannula assembly can include any suitable mechanism for
maintaining the stability of the target tissue (e.g., the atrial wall).

For example, in some

embodiments, a cannula assembly can include a support member that provides a flow of fluid
into the interior volume of the organ to exert a force on the wall to maintain the stability thereof.

Similarly stated, in some embodiments, a cannula assembly can be configured to provide a flow
recirculation into the interior volume of the target organ to maintain the structural stability of the
organ. For example, FIGS. 5 and 6 illustrate a VAD 400 that is in fluid communication with the

heart 1, according to an embodiment.

The VAD 400 includes a pump 401, an outlet flow

cannula 409, a recirculation cannula 410, and an inlet flow cannula 420. In some instances, the
VAD 400 can be placed in fluid communication with, for example, the left atrium 2 during an at
least partially interventional procedure. That is to say, at least a portion of inlet flow cannula
420 and at least a portion of the recirculation cannula 410 can be introduced to the left atrium 2

via, for example, the jugular vein, as shown in FIG. 5 .
[1081]

More specifically, in some instances, the jugular vein can be cannulated in the neck

with a needle and a guide wire can be passed through the needle and introduced in the vein. In
some instances, an incision can be made in the skin and a series of dilators can be passed over

the guide wire to define a path between the skin and the vein. The inlet flow cannula 420 and/or
the recirculation cannula 410 can then be passed through the path to be inserted into the jugular
vein. In some embodiments, the inlet flow cannula 420 and/or the recirculation cannula 410 can
be disposed, for example, within an introducer (e.g., a cannula). Thus, inlet flow cannula 420

and the recirculation cannula 410 can pass through the superior vena cava 9, the right atrium 5,
and the septum 6 to be partially disposed in the left atrium 2 . In other instances, the inlet flow
cannula 420 and the recirculation cannula 410 can be introduced to the left atrium 2 via any other
vascular structure such as the subclavian vein and/or any other auxiliary vein in a similar manner
as described above. In some embodiments, the VAD 400 can be completely implanted in the

body. In other embodiments, at least a portion of the VAD 400 can be disposed outside of the
body.
[1082]

The pump 401 (and any of the pumps described herein) can be any suitable pump that

can be configured to pump at relatively high flow rates (e.g., a flow rate of at least 3 L/min, 4

L/min, or 5 L/min), thereby increasing the efficiency of the VAD 400. In some embodiments,

the pump 401 can be configured to receive electrical power and/or an electrical charge from a
power source (see e.g., FIG. 5). In some embodiments, the pump 401 can receive electrical
power and/or an electrical recharge via percutaneous energy transfer. The pump 401 includes an
inlet port 402 that is physically and fluidically coupled to the inlet flow cannula 420 and an

outlet port 403 that is physically and fluidically coupled to the outlet flow cannula 409 and the

recirculation cannula 410. The inlet flow cannula 420 defines a flow path through which blood
can flow from the left atrium 2 to the pump 401 (e.g., the pump 401 draws blood from the left

atrium 2 by producing a negative pressure differential between the left atrium 2 and the pump

401). The outlet flow cannula 409 can be coupled to the right subclavian artery or other suitable

point in the circulatory system (e.g., via suturing or the like) to place the outlet port 403 of the
pump 401 in fluid communication with the circulatory system.
[1083]

The recirculation cannula 410 is physically and fluidically coupled to the outlet flow

cannula 409 and/or the pump outlet 403, and is configured to be introduced to the left atrium 2 as
described above. More specifically, the recirculation cannula 410 can define a flow path through
which blood can flow from the pump 401 back to the left atrium 2 . Thus, in use the recirculation
cannula can operate in a manner similar to mitral regurgitation. For example, as shown in FIG.
6, the inlet flow cannula 420 can define a lumen 424 that receives a flow of blood from the left

atrium 2 to be delivered to the pump 40 1 and the recirculation cannula 410 can define a lumen
413 that receives a flow of blood from the pump 401 to be delivered to the left atrium 2 . The

recirculated flow of blood back to the left atrium 2 can, for example, reduce the risk of a suction
event as a result of the negative pressure differential between the pump 401 (e.g., via the inlet
flow cannula 420) and the left atrium 2 . Moreover, as a negative pressure within the left atrium
3 increases as the result of a suction event, the negative pressure can draw an increased volume
of blood through the recirculation cannula 410, which can offset and/or reverse the suction event.
Thus, the risk of a collapse of the atrial wall and subsequent obstruction of the inlet flow cannula
420 and/or the risk of kinking of the inflow at the pulmonary veins is reduced.
[1084]

As described above, the recirculation of blood via the recirculation cannula 410 can

increase the pressure in the left atrium 2 which can increase, for example, tension in the atrial

chamber. Furthermore, the total inflow to the left atrium 2 can be increased (e.g., the sum of

flow from the pulmonary veins and the recirculated flow from the pump 401). The increase in
the inflow expands the left atrium 2, resists collapse and distortion of the atrium 2, and, as a
result, encourages more inflow from the pulmonary veins. Similarly stated, momentum of the

inflow to the left atrium 2 can result in higher flow rates through the pulmonary veins and the left
atrium 2 . Thus, the VAD 400 can produce a higher flow rate of blood from the heart to the pump
401 when recirculating a flow of blood from the pump 401 back to the left atrium 2 . Moreover,

the impact of cyclic flow reductions to the left atrium 2 that occur in association with changes in
position of the patient, changes in respiration, dehydration, and/or other forms of overall heart
function depression is reduced as the overall flow rates to the left atrium 2 are increased, further

reducing the likelihood of a suction event. Thus, this arrangement and methods of use thereof
provide for a fluidic stabilization of the atrium.
[1085]

In some instances, the use of the recirculation cannula to fluidically support and/or

maintain the atrium can produce a favorable fluid flow characteristic within the heart that
improves the overall circulation efficiency. For example, in some embodiments, the supply of
recirculation flow can enhance the suction into the tubular member 42 1 such that even though a
portion of the pump flow is being recirculated back to the heart (i.e., via the recirculation cannula
410), the overall flow via the outflow cannula 409 is greater than if no recirculation flow had

been present. Similarly stated, in some embodiments, the siphoning of a portion of the outflow
produces an overall efficiency increase such that the net outflow (via cannula 409) is increased.
[1086]

In some instances, the flow of blood from the pump 401 to the left atrium 2 via the

recirculation cannula 410 can be modified or changed. For example, in some instances, the
amount of recirculation flow can be adjusted to reduce waste energy and optimize flow to the
patient based on information received from one or more sensors, pump controllers, and/or the
like. By way of example, if a suction event occurred due to collapse of the atrium 2 in a region

around the lumen 424 of the inflow cannula 420, a change in vibration inside the pump 401 or an
associated change in pump motor speed and/or energy consumption can occur. In response to
such changes in pump performance, a pump controller (see e.g., FIG. 5) can cause the pump 401
to increase the recirculation flow, thereby increasing the pressure in the left atrium 2 that can

facilitate the atrial wall returning to a non-collapsed configuration.

Thus, the rate of the

recirculation flow associated with the suction event can be determined and, in some instances,
the recirculation flow rate can be increased to prevent atrial suction events. In some instances, a
pump controller or the like can be configured to adjust the amount and/or the balance of inflow
and re-circulated flow in substantially real-time to provide the optimum net increase in flow to
the patient, while reducing the risk of suction episodes and optimizing energy consumption.
[1087]

In some embodiments, the VAD 400 can include one or more sensors (not shown),

for example, in the pump 401, the outlet flow cannula 409, the recirculation cannula 410, and/or

the inlet flow cannula 420. For example, in some embodiments, the VAD 400 can include one or
more pressure sensors and/or flow sensors. In some embodiments, a pressure sensor can be

placed inside the left atrium 2 associated with or independent of the inlet flow cannula 420
and/or the recirculation cannula 410. Thus, a low pressure in the left atrium 2 or in the inlet flow
cannula 420 (measured near the left atrium) can be sensed and a signal can be sent to, for
example, a pump controller to increase the recirculation flow and/or to reduce overall pump
flow.
[1088]

In some embodiments, the size, orientation, and/or relative position of the

recirculation cannula 410 and the inlet flow cannula 420 can be configured to produce, for
example, a dynamic flow field that is conducive to stabilizing the atrial wall. For example, while
shown in FIG. 6 as being disposed adjacent to one another, in other embodiments, a distal end
portion of the inlet flow cannula 420 can be in a first position relative to the left atrium 2 and a
distal end portion of the recirculation cannula 410 can be in a second position relative to the left
atrium 2 . Similarly, in some embodiments, the diameter of the inlet flow cannula 420 (and/or the
lumen 424) and that of the recirculation cannula 410 (and/or the lumen 413) can be different.
For example, in some embodiments, the lumen 413 defined by the recirculation cannula 410 can
have a diameter that is smaller than a diameter of the lumen 424 defined by the inlet flow
cannula 420. Thus, the size, shape, orientation, configuration, etc. of the inlet flow cannula 420
relative to the recirculation cannula 410 (or vice versa) can be changed and/or configured to
increase the inlet flow of blood from the heart 1 to the pump 401 and reduce the likelihood of a
suction event or collapsing of the atrium.
[1089]

Although the inlet flow cannula 420 and the recirculation cannula 410 are shown in

FIGS. 5 and 6 as being separate from one another, in other embodiments, any portion of the inlet

flow cannula 420 and the recirculation cannula 410 can share a common structure. Similarly
stated, in some embodiments a cannula assembly can include a flow member that defines both an

inflow lumen (or channel) and a recirculation lumen (or channel). In some embodiments, for
example, at least a portion of the recirculation cannula 410 can be disposed in the lumen 424
defined by the inlet flow cannula 420, as described in further detail herein.
[1090]

Furthermore, although the recirculation cannula 410 is shown in FIG. 5 as being

coupled to the outlet flow cannula 409, in other embodiments, the recirculation cannula 410 can
be physically and fiuidically coupled to any suitable outflow portion of the VAD 400.

[1091]

Although the inlet flow cannula 420 and the recirculation cannula 410 are shown in

FIG. 6 as defining a single lumen 424 and 413, respectively, in other embodiments, the inlet flow

cannula 420 and/or the recirculation cannula 410 can each define multiple lumens.
[1092]

Although the recirculation cannula 410 and the inlet flow cannula 420 are shown as

being inserted into the jugular vein and then the superior vena cava 9 (e.g., via an interventional
approach), in some instances, the recirculation cannula 410 and the inlet flow cannula 420 can be

inserted directly into the superior vena cava 9 . For example, FIG. 7 illustrates the VAD 400 with
the recirculation cannula 410 and the inlet flow cannula 420 being inserted directly into the
superior vena cava 9 .
[1093]

Although the VAD 400 is shown in FIGS. 5-7 as including a recirculation system in a

particular configuration, in some embodiments, a VAD can include a recirculation system in any
suitable configuration.

For example, FIG. 8 is an illustration of a VAD 500 in fluid

communication with the heart 1. The VAD 500 includes a pump 501, an outlet flow cannula
509, a first recirculation cannula 508, a second recirculation cannula 510, and an inlet flow

cannula 520. The VAD 500 can be configured to function substantially similar to the VAD 400
described above with reference to FIGS. 5-7. Moreover, the outlet flow cannula 509, the second
recirculation cannula 510, and the inlet flow cannula 520 can be similar in form and function as
the outlet flow cannula 409, the recirculation cannula 410, and the inlet flow cannula 420,
respectively, described above with reference to the VAD 400. Thus, the outlet flow cannula 509,
the second recirculation cannula 510, and the inlet flow cannula 520 are not described in further
detail herein.
[1094]

The pump 501 can be any suitable pump that can be configured to pump at relatively

high flow rates, such as those described above with reference to the pump 301 of the VAD 300
and/or the pump 401 of the VAD 400. The pump 501 includes an inlet port 502, a first outlet
port 503, a second outlet port 504, a third outlet port 505, and a pump recirculation port 506.
The inlet port 502 is physically and fluidically coupled to the inlet flow cannula 520. In this

manner, the inlet flow cannula 520 can receive an inlet flow of blood from the left atrium 2 and
deliver the flow of blood to the pump 501, as described above with reference to the inlet flow
cannula 420 of FIGS. 5-7. The first outlet port 503 is physically and fluidically coupled to the

outlet flow cannula 509 such that a flow of blood can be delivered, via the outlet flow cannula
509, from the pump 501 to the circulatory system, as described above. The second outlet port
504 is physically and fluidically coupled to the second recirculation cannula 510. In this manner,

the second recirculation cannula 510 can receive an outlet flow of blood from the pump and
deliver the flow of blood to the left atrium 2, as described above with reference to the
recirculation cannula 410 of FIGS. 5-7. The third outlet port 505 is physically and fluidically
coupled to the first recirculation cannula 508.

The first recirculation cannula 508 is also

physically and fluidically coupled to the pump recirculation port 506.

Thus, the first

recirculation cannula 508 can receive an outlet flow of blood from the pump 501 and deliver the
outlet flow of blood to the pump recirculation port 506. In such embodiments, the recirculation

of the outlet flow to the pump 501 can clean an interior region of the pump 501, thereby reducing
the likelihood of clot development in the interior region of the pump 501. In this manner, the
VAD 500 can assist the flow of blood from the heart 1 to the circulation system of the patient in
a manner similar to that described above with reference to the VAD 400 of FIGS. 5-7.
[1095]

Although the pump 501 is shown in FIG. 8 as including an outlet port that is coupled

to the recirculation cannula, in other embodiments, a VAD can include a pump with an

integrated recirculation system. For example, FIGS. 9 and 10 are illustrations of a VAD 600 in
fluid communication with the heart

1.

The VAD 600 includes a pump 601, an outlet flow

cannula 609, a recirculation cannula 610, and an inlet flow cannula 620. The VAD 600 can be
configured to function substantially similar to the VAD 400 described above with reference to
FIGS. 5-7. The arrangement of the recirculation cannula 610 and the inlet flow cannula 620 can

differ from the arrangement of the recirculation cannula 410 and the inlet flow cannula 420,
however, in that at least a portion of the recirculation cannula 610 is disposed within a lumen 624
defined by the inlet flow cannula 620. Thus, a diameter of the lumen 624 defined by the inlet
flow cannula 620 can be sufficiently large to receive the recirculation cannula 610 and an inlet
flow of blood from the left atrium 2 . As described above with reference to the VAD 400 and
elsewhere herein, the inlet flow cannula 620 and the recirculation cannula 610 can be arranged in
any suitable orientation.

For example, as shown in FIG. 10, a distal end portion of the

recirculation cannula 610 can extend beyond a distal end portion of the inlet flow cannula 620
such that a flow of recirculated blood can flow from the pump 601 to the left atrium 2 via a
lumen 613 defined by the recirculation cannula 610. In this manner, the outlet flow cannula 609,

the recirculation cannula 610, and the inlet flow cannula 620 can function similarly to the outlet
flow cannula 409, the recirculation cannula 410, and the inlet flow cannula 420, respectively,
described above with reference to the VAD 400 and are therefore not described in further detail
herein.
[1096]

The pump 601 can be any suitable pump that can be configured to pump at relatively

high flow rates, such as those described above with reference to the pump 301 of the VAD 300
and/or 401 of the VAD 400. The pump 601 includes an inlet port 602, an outlet port 603, and a
recirculation channel 607. The inlet port 602 is physically and fluidically coupled to the inlet
flow cannula 620. Although not shown in FIG. 9, in some embodiments, the inlet port 602 can
be, for example, a dual port configuration that is physically and fluidically coupled to the inlet

flow cannula 620 and the recirculation cannula 610, as described in further detail herein. The
outlet port 603 is physically and fluidically coupled to the outlet flow cannula 609 such that a

flow of blood can be delivered, via the outlet flow cannula 609, from the pump 601 to the
circulatory system, as described above. The recirculation channel 607 can be integrated into the
pump 601 and can define a flow path between an outlet flow of the pump and a portion of the
inlet port 602 physically and fluidically coupled to the recirculation cannula 610. Thus, the

recirculation cannula 610 can receive an outlet flow of blood from the pump 601 and deliver the
flow of blood to the left atrium 2, as described above with reference to the recirculation cannula
410 of FIGS. 5-7. Furthermore, the arrangement of the recirculation cannula 610 and the inlet

flow cannula 620 can be such that the inlet flow of blood from the left atrium 2 is distinct from
the recirculation flow of blood to the left atrium 2 . In other embodiments, a portion of the
recirculation cannula 610 and a portion of the inlet flow cannula 620 can have a common
structure such that at least of portion of the inlet flow of blood from the left atrium 2 is in fluid
communication with the recirculation flow of blood to the left atrium 2 . In some instances,
placing the inlet flow in fluid communication with the recirculation flow can, for example,
regulate the flow rate of the inlet flow and/or the recirculation flow and/or can balance a pressure
differential between the left atrium 2 and the pump 601. In this manner, the VAD 600 can assist
the flow of blood from the heart 1 to the circulation system of the patient in a manner similar to
that described above with reference to the VAD 400 of FIGS. 5-7. Moreover, in some instances,
the integration of the recirculation channel 607 can facilitate placement of the pump 601 in the
body.

[1097]

In some embodiments, a cannula assembly configured to fluidically stabilize an organ

(e.g., the heart) can have any suitable configuration. For example, a cannula assembly can define

a recirculation channel having one or more outlets configured to produce a dynamic flow field
and/or pressure distribution to maintain the structural stability of the organ. Said another way,
the recirculation channel and outlets can be configured to produce a recirculation flow that
minimizes deformation, movement and/or collapsing of a portion of the organ. For example,
FIG. 11 is a cross-sectional illustration of a portion of an inlet flow cannula assembly 720

according to an embodiment. The inlet flow cannula assembly 720 (also referred to herein as
"cannula assembly") can be used, for example, in any of the assist devices described herein. As
such, the cannula assembly 720 can be inserted into the body and coupled to a wall 3 of the left

atrium of the heart (not shown in FIG. 11), as described in further detail herein. The cannula
assembly 720 includes a tubular member 721 and a recirculation member 710. The tubular
member 721 can be any suitable shape, size, or configuration.

For example, in some

embodiments, the tubular member 721 can be substantially cylindrical and can be formed from
any suitable biocompatible material such as, for example, nickel-titanium alloy (Nitinol®),
stainless steel, silicone, polyester, PTFE, polypropylene, and/or the like arranged, for example,
as cannula or catheter. The tubular member 72 1 has a proximal end portion 722 and a distal end

portion 723, and defines a lumen 724 therethrough that can be placed in fluid communication
with an interior region of the left atrium when the tubular member 721 is coupled to the wall 3 .
The proximal end portion 722 can be coupled to, for example, an inlet flow port of a pump

included in an assist device such as those described above.
[1098]

The tubular member 721 can be transitioned from a first configuration (e.g., a

collapsed configuration, not shown in FIG. 11) to a second configuration (e.g., an expanded
configuration, shown in FIG. 11) to couple the cannula assembly 720 to the wall 3 . For example,
the distal end portion 723 of the tubular member 72 1 can form a substantially flared end when in
the second configuration.

In some embodiments, the flared distal end portion 723 can be

coupled to the wall 3 via sutures or the like. In other embodiments, the flared distal end portion
723 can include one or more retention members that can engage the wall 3 (e.g., and exert a

force thereon) to couple the tubular member 721 to the wall 3 . In some embodiments, the

retention members can be configured to maintain a surface of the tubular member 721 in
continuous contact with an inner surface 4 of the wall 3, as described in further detail herein.

[1099]

As shown in FIG. 11, the distal end portion 723 of the tubular member 721 includes

and/or is otherwise coupled to a fabric 733 or the like that can be maintained in contact with the
inner surface 4 of the wall to encourage tissue ingrowth. In this manner, wall 3 of the left atrium
can heal and/or grow about the retention members of tubular member 721 to avoid clot

formation. As shown, the fabric 733 can extend beyond an outer edge (e.g., a margin) of the

distal end portion 723 of the tubular member 721 . In some embodiments, the fabric 733 and the
outer edge of the distal end portion can form and/or define a step and/or discontinuity that can
define a boundary for the ingrowth of the tissue. As described above, the fabric 733 can be
formed from any suitable material such as, for example, a polyester or PTFE.

In some

embodiments, the fabric 733 can be formed from and/or coated with biologic materials such as
animal or human pericardium or treated animal or human intestinal tissues.

In some

embodiments, the fabric 733 can have a textured or roughened surface that can facilitate the
ingrowth of the tissue.
[1100]

As shown, the recirculation member 710 is at least partially disposed within the

lumen 724 defined by the tubular member 721.

The recirculation member 710 includes a

proximal end portion 7 1 1 and a distal end portion 712, and defines a lumen 713 therethrough. In
some embodiments, the recirculation member 710 can be coupled to the tubular member 721 . In

other embodiments, the recirculation member 710 can be monolithically formed with the tubular
member 721. Similarly stated, in some embodiments, the tubular member 721 can define two
distinct lumens or channels (e.g., the lumen 713 and the lumen 724). In some embodiments, the
recirculation member 710 can be disposed in the lumen 724 defined by the tubular member 72 1
such that an outer surface of the recirculation member 710 is in contact with an inner surface of
the tubular member 720 (i.e., adjacent to a wall defining the lumen 724). In other embodiments,
the recirculation member 710 can be, for example, suspended substantially in the center of the
lumen 724 (e.g., via a support structure or the like not shown in FIG. 11). Moreover, the
recirculation member 710 can have any suitable thickness.
[1101]

The proximal end portion 7 1 1 of the recirculation member 710 can be coupled to, for

example, a recirculation port of a pump of an assist device such as those described above. The
distal end portion 712 of the recirculation member 710 can be configured to extend through an
opening 727 defined by the distal end portion 723 of the tubular member 721. For example, as

shown in FIG. 11, the distal end portion 712 of the recirculation member 710 extends beyond the
distal end portion 723 of the tubular member 721, when the tubular member 721 is coupled to the
wall 3 . Similarly stated, the distal end portion 712 of the recirculation member 710 can extend
beyond the inner surface 4 of the wall 3 when the tubular member 721 is coupled thereto. The
distal end portion 712 of the recirculation member 710 defines an opening 714 at the distal end
and a set of openings 715 arranged along the circumference of the recirculation member 710.
[1102]

As described above with reference to the VAD 400 in FIGS. 5 and 6, the lumen 724

of the tubular member 721 is in fluid communication with, for example, the left atrium and
defines a flow path through which blood can flow from the left atrium to, for example, a pump of
an assist device.

Similarly, the lumen 713 of the recirculation member 710 is in fluid

communication with, for example, the left atrium and defines a flow path through with blood can
flow from the pump to the left atrium (i.e., a recirculation flow). In this manner, the recirculation
flow can, for example, reduce a negative pressure differential between the pump and the left
atrium as well as increase a total volume of inflow into the left atrium that can limit a collapsing
of the wall 3 which could lead to an obstruction of the lumen 724 and/or of any vascular
structure in fluid communication with the left atrium, as described in detail above with reference
to the VAD 400 of FIGS. 5-7.
[1103]

In some embodiments, the arrangement of the distal opening 714 and the

circumferential openings 715 can be modified, for example, to achieve a desired flow
characteristic into and out of the left atrium, as described in detail above. For example, in some
embodiments, the circumferential openings 715 can be arranged to produce a dynamic flow field
that is conducive to stabilizing the atrial wall. More particularly, the location of the openings
715 on the recirculation member 710 can be such that a sufficient and/or spatially uniform

pressure can be produced within the atrium.

In other embodiments, one or more of the

circumferential openings 715 can be positioned to directed a portion of the recirculation flow
towards a portion of the cannula assembly 720 (e.g., the outer wall of the recirculation member
710, the distal end portion 723 of the tubular member 721) to reduce the likelihood of clot

formation on such portions (e.g., by "washing" of the portion or preventing stagnation near such
portion). Although the circumferential openings 715 are shown as being substantially normal to
the lumen 713 of the recirculation member 710, in other embodiments, one or more of the

circumferential openings can be angled. Similarly stated, in some embodiments a center line of
at least one of the circumferential openings 715 can be at an acute angle to a center line of the

lumen 713.
[1104]

Although the recirculation member 710 is shown in FIG. 11 as being substantially

linear and substantially parallel to the tubular member 720, in other embodiments, a cannula
assembly can include a recirculation member that is substantially nonlinear and/or that is not
parallel to a tubular member. For example, FIG. 12 is a cross-sectional illustration of an inlet
flow cannula assembly 820 according to an embodiment. The inlet flow cannula assembly 820
(also referred to herein as "cannula assembly") can be used, for example, in any of the assist

devices described above. As such, the cannula assembly 820 can be inserted into the body and
coupled to a wall 3 of the left atrium of the heart (not shown in FIG. 12), as described above with
reference to the cannula assembly 720.
[1105]

The inlet flow cannula assembly 820 (also referred to herein as "cannula assembly")

includes a tubular member 821 and a recirculation member 810. The tubular member 821 can be
substantially similar in form and function as the tubular member 721 included in the cannula
assembly 720 of FIG. 11. For example, the tubular member 82 1 has a proximal end portion 822
and a distal end portion 823, and defines a lumen 824 therethrough. The proximal end portion
822 of the tubular member 821 is configured to be physically and fluidically coupled to an inlet

port of a pump included in an assist device such as, for example, those described herein. The
tubular member 822 can be transitioned between a first configuration and a second configuration
to place a surface of the distal end portion 823 in contact with an inner surface 4 of the wall 3 to

couple the cannula assembly 820 to and/or within the atrium. More particularly, the distal end

portion 823 includes and/or is otherwise coupled to a fabric 833 that is placed in contact with the
inner surface 4 of the wall 3 when the tubular member 821 is in the second configuration. In
some embodiments, the fabric 833 can be configured to facilitate tissue ingrowth such that the

wall 3 of the left atrium can heal about at least a portion of the tubular member 821, as described
above.
[1106]

As shown in FIG. 12, the recirculation member 810 is at least partially disposed

within the lumen 824 defined by the tubular member 821.

The recirculation member 810

includes a proximal end portion 8 1 1 and a distal end portion 812, and defines a lumen 813

therethrough. The recirculation member 810 can be substantially similar to the recirculation
member 710 described above. For example, the proximal end portion 8 1 1 of the recirculation
member 810 can be physically and fluidically coupled to a recirculation port included in the
pump. The distal end portion 812 can be configured to extend through an opening 827 defined

by the tubular member 821 For example, as shown in FIG. 12, the distal end portion 812 of the
recirculation member 810 extends beyond the distal end portion 823 of the tubular member 821,
when the tubular member 821 is coupled to the wall 3 . Moreover, the distal end portion 812 of
the recirculation member 810 defines an opening 814 at the distal end and a set of openings 815
arranged along the circumference of the recirculation member 810, as described above with
reference to the recirculation member 710.
[1107]

The recirculation member 810 differs from the recirculation member 710, however, in

that the recirculation member 810 includes a portion that is substantially non-coaxial with the
proximal end portion 8 1 1 and/or the distal end portion 812. Said another way, the arrangement
of the recirculation member 810 can be such that at least a part of the proximal end portion 8 1 1
is adjacent to an inner surface of the tubular member 810 and at least a part of the distal end

portion 812 diverges away from the inner surface (i.e., in not adjacent to the inner surface), as
shown in FIG. 12.

For example, in some embodiments, the distal end portion 812 of the

recirculation member 810 can diverge away from the inner surface such that a longitudinal
centerline defined by the distal end portion 812 of the recirculation member 810 is substantially
coaxial with a longitudinal centerline defined by the tubular member 821 . In some instances, the
arrangement of the distal end portion 812 of the recirculation member 810 relative to the distal
end portion 823 of the tubular member 821 can, for example, improve a set of fluid flow
characteristics within the left atrium and/or the tubular member 821. For example, in some
instances, the arrangement of the distal end portion 812 of the recirculation member 810 can
produce a fluid flow pattern that can reduce and/or prevent a suction event, as described above.
[1108]

Although the set of openings 715 and 815 of the recirculation members 710 and 810,

respectively, are shown and described as being disposed in a radial arrangement about a
longitudinal centerline of the distal end portions 712 and 812, respectively, in other
embodiments, a recirculation member can be arranged such that a set of openings defined by a

distal end portion are not arranged about a common axis. For example, FIG. 13 is a crosssectional illustration of an inlet flow cannula assembly 920 according to an embodiment. The
inlet flow cannula assembly 920 (also referred to herein as "cannula assembly") can be used, for

example, in any of the assist devices described above. As such, the cannula assembly 920 can be
inserted into the body and coupled to a wall 3 of the left atrium of the heart (not shown in FIG.
13), as described above with reference to the cannula assembly 720.

[1109]

The inlet flow cannula assembly 920 (also referred to herein as "cannula assembly")

includes a tubular member 921 and a recirculation member 910. The tubular member 921 has a

proximal end portion 922 and a distal end portion 923, and defines a lumen 924 therethrough.
The proximal end portion 922 of the tubular member 921 can be physically and fluidically

coupled to an inlet port of a pump included in an assist device, as described above. The distal
end portion 923 includes and/or is otherwise coupled to a fabric 933 that is placed in contact with
an inner surface 4 of a wall 3 of an organ such as, for example, the left atrium of the heart. The

fabric 933 can be configured to facilitate tissue ingrowth such that the wall 3 of the left atrium
can heal about at least a portion of the tubular member 921, as described above. In some

embodiments, the tubular member 921 can be substantially similar in form and function as the
tubular member 721 included in the cannula assembly 720 of FIG. 11. Therefore, the tubular
member 92 1 is not described in further detail herein.
[1110]

As shown in FIG. 13, the recirculation member 910 is at least partially disposed

within the lumen 924 defined by the tubular member 921.

The recirculation member 910

includes a proximal end portion 9 1 1 and a distal end portion 912, and defines a lumen 913

therethrough. The recirculation member 910 can be substantially similar, at least in part, to the
recirculation member 710 described above. For example, the proximal end portion 9 1 1 of the
recirculation member 910 can be physically and fluidically coupled to a recirculation port
included in the pump.

The distal end portion 912 can be configured to extend through an

opening 927 defined by the tubular member 921 such that the distal end portion 912 of the

recirculation member 910 is disposed beyond the distal end portion 923 of the tubular member
921, when the tubular member 921 is coupled to the wall 3 . Moreover, the distal end portion 912

of the recirculation member 910 defines a set of openings 915 arranged along the circumference

of the recirculation member 910, as described above with reference to the recirculation member
710.
[1111]

The recirculation member 910 can differ from the recirculation members 710 and

810, however, in that the distal end portion 912 of the recirculation member 910 is substantially

nonlinear. Said another way, the arrangement of the recirculation member 910 can be such that
at least a part of the distal end portion 912 is curvilinear forming, for example, a hook shape
and/or the like. As shown in FIG. 13, the set of openings 915 can be arranged substantially
along an outer surface of the distal end portion 912. In this manner, the set of openings 915 can
direct a flow of recirculated fluid from the pump (not shown in FIG. 13) to, for example, the left
atrium in a substantially fanned orientation.

Said another way, the arrangement of the set of

openings 915 along the outer surface of the distal end portion 912 can be such that a flow of
recirculated fluid exits each opening in a substantially different direction to be dispersed in a
substantially curvilinear pattern. In some instances, the arrangement of the set of openings 915
defined by the distal end portion 912 of the recirculation member 910 can improve the fluid flow
characteristics within the left atrium and/or the tubular member 921. For example, in some
instances, the arrangement of the distal end portion 912 of the recirculation member 910 can
produce a fluid flow pattern that can reduce and/or prevent a suction event, collapsing and/or
deformation of the atrial, as described above.

Although not shown in FIG. 13, in some

embodiments, the recirculation member 910 can define an opening at a distal end surface as
described above with reference to the recirculation members 710 and 810.
[1112]

In some embodiments, any of the aspects described above with reference to the

recirculation members 710, 810 and/or 910 can be combined. For example, FIG. 14 is a crosssectional illustration of an inlet flow cannula assembly 1020 according to an embodiment. The
inlet flow cannula assembly 1020 (also referred to herein as "cannula assembly") can be used,
for example, in any of the assist devices described above. As such, the cannula assembly 1020
can be inserted into the body and coupled to a wall 3 of the left atrium of the heart (not shown in
FIG. 14), as described above with reference to the cannula assembly 720.
[1113]

The inlet flow cannula assembly 1020 (also referred to herein as "cannula assembly")

includes a tubular member 1021 and a recirculation member 1010. The tubular member 1021

has a proximal end portion 1022 and a distal end portion 1023, and defines a lumen 1024
therethrough. The distal end portion 1023 includes and/or is otherwise coupled to a fabric 1033
that is placed in contact with an inner surface 4 of a wall 3 of an organ such as, for example, the
left atrium of the heart, as described above. In some embodiments, the tubular member 1021 can
be substantially similar in form and function as the tubular member 72 1 included in the cannula
assembly 720 of FIG. 11. Therefore, the tubular member 1021 is not described in further detail
herein.
[1114]

As shown in FIG. 14, the recirculation member 1010 is at least partially disposed

within the lumen 1024 defined by the tubular member 1021. The recirculation member 1010
includes a proximal end portion 101 1 and a distal end portion 1012, and defines a lumen 1013
therethrough. The recirculation member 1010 can be substantially similar, at least in part, to the
recirculation members 710, 810, and/or 910 described above. For example, the proximal end
portion 101 1 of the recirculation member 1010 can be physically and fluidically coupled to a
recirculation port included in the pump (not shown in FIG. 14). The distal end portion 1012 can
be configured to extend through an opening 1027 defined by the tubular member 102 1 such that
the distal end portion 1012 of the recirculation member 1010 is disposed beyond the distal end
portion 1023 of the tubular member 1021, when the tubular member 1021 is coupled to the wall
3 . Moreover, the distal end portion 1012 of the recirculation member 1010 defines a set of

openings 1015 arranged along the circumference of the recirculation member 1010, as described
above with reference to the recirculation member 710.
[1115]

As described above with reference to the recirculation member 810, the recirculation

member 1010 includes a portion that is substantially non-coaxial with the proximal end portion
101 1 and/or the distal end portion 1012. Said another way, the arrangement of the recirculation

member 1010 can be such that at least a part of the proximal end portion 101 1 is adjacent to an
inner surface of the tubular member 1010 and at least a part of the distal end portion 1012
diverges away from the inner surface (i.e., in not adjacent to the inner surface), as shown in FIG.
14. Moreover, as described above with reference to the recirculation member 910, the distal end

portion 1012 of the recirculation member 1010 is substantially nonlinear. Said another way, the
arrangement of the recirculation member 1010 can be such that at least a part of the distal end
portion 1012 is curvilinear forming, for example, a fanned-shape and/or the like. As shown in

FIG. 14, the set of openings 1015 can be arranged substantially along an outer surface of the

distal end portion 1012.

In this manner, the set of openings 1015 can direct a flow of

recirculated fluid from the pump (not shown in FIG. 13) to, for example, the left atrium in a
substantially fanned orientation, as described above. In some instances, the arrangement of the
recirculation member 1010 can improve the fluid flow characteristics within the left atrium
and/or the tubular member 1021. For example, in some instances, the arrangement of the distal
end portion 1012 of the recirculation member 1010 can produce a fluid flow pattern that can
reduce and/or prevent a suction event, collapsing and/or deformation of the atrial, as described
above as described herein.
[1116]

Although the recirculation members 710, 810, 910, and 1010 are shown and

described as being disposed within the tubular member 721, 821, 921, and 1021, in other
embodiments, a cannula assembly can be arranged such that at least a portion of a tubular
member is disposed within a recirculation member. For example, FIG. 15 is a cross-sectional
illustration of an inlet flow cannula assembly 1120 according to an embodiment. The inlet flow
cannula assembly 1 120 (also referred to herein as "cannula assembly") can be used, for example,
in any of the assist devices described above. As such, the cannula assembly 1120 can be inserted
into the body and coupled to a wall 3 of the left atrium of the heart (not shown in FIG. 15), as

described above with reference to the cannula assembly 720.
[1117]

The inlet flow cannula assembly 1 120 (also referred to herein as "cannula assembly")

includes a tubular member 1121 and a recirculation member 1110. The recirculation member
11 10 has a proximal end portion 1111 and a distal end portion 11 12, and defines a lumen 11 13
therethrough. The distal end portion 1112 includes and/or is otherwise coupled to a fabric 1133
that is placed in contact with an inner surface 4 of a wall 3 of an organ such as, for example, the
left atrium of the heart, as described above. In some embodiments, the recirculation member
11 10 can be substantially similar in form as the tubular member 72 1 included in the cannula
assembly 720 of FIG. 1 1, yet can function to define a fluid flow path (e.g., within the lumen
11 13) within which a fluid (e.g., blood) can flow from a pump of an assist device to, for
example, the left atrium. Therefore, aspects of the recirculation member 1110 are not described
in further detail herein.

[1118]

As shown in FIG. 15, the tubular member 1121 is at least partially disposed within

the lumen 1113 defined by the recirculation member 1110. The tubular member 1 121 includes a
proximal end portion 1122 and a distal end portion 1 123, and defines a lumen 1 124 therethrough.
The tubular member 1121 can be substantially similar in function as the tubular member 72 1
described above. For example, the proximal end portion 1122 of the tubular member 1121 can
be physically and fluidically coupled to an inlet port included in the pump.

The distal end

portion 1 123 can be configured to extend through an opening 1114 defined by the recirculation
member 1110 to dispose the distal end portion 1 123 of the tubular member 1121 beyond the
distal end portion 11 12 of the recirculation member 11 10, when the recirculation member 1110
is coupled to the wall 3 . Moreover, the distal end portion 1123 of the tubular member 1121

defines an opening 1 127 that can receive an inflow of fluid, as described above.

In some

instances, the arrangement of the recirculation member 11 10 and the tubular member 1 121 can
improve the fluid flow characteristics within the left atrium, the recirculation member 11 10,
and/or the tubular member 1121. For example, in some instances, by disposing the tubular
member 1121 (e.g., an inlet flow member) within the recirculation member 1110 (e.g., an outlet
flow member) the cannula assembly 1120 can produce a fluid flow pattern that can reduce and/or
prevent a suction event, collapsing and/or deformation of the atrial, as described above as
described above. Similarly, in some instances, the arrangement of the tubular member 1121 and
the recirculation member 1110 can increase a total flow rate or volume into, for example, the left
atrium and/or into the pump of an assist device, as described above.
[1119]

Any of the cannula assemblies described above can be used with a flow regulation

mechanism or system to control a flow of blood from, for example, the left atrium to a pump of
an assist device and/or from the pump of the assist device to the left atrium (e.g., via a

recirculation member). A flow regulator can be any suitable mechanism that can be transitioned
between a series of configurations to change a fluid flow characteristic through a lumen. For
example, FIGS. 16-18 are illustrations of at least a portion of a VAD 1200 in fluid
communication with the heart 1, according to an embodiment. The VAD 1200 includes a pump
1201, an outlet flow cannula 1209, a recirculation cannula 1210 (also referred to herein as a

"recirculation member"), an inlet flow cannula 1220 (also referred to herein as a "cannula
assembly"), and a flow regulator system 1270. The VAD 1200 can be configured to function
substantially similar to the VAD 600 described above with reference to FIGS. 9 and 10. For

example, the pump 1201 can include an inlet port 1202 and an outlet port 1203. The inlet port
1202 is physically and fiuidically coupled to the inlet flow cannula 1220 such that blood can

flow from the left atrium 2 to the pump 1201.

Although not shown in FIG. 16, in some

embodiments, the inlet port 1202 can be, for example, a dual port configuration that is physically
and fiuidically coupled to the inlet flow cannula 1220 and the recirculation cannula 1210. As
such, the recirculation cannula 1210 can receive an outlet flow of blood from the pump 1201 and
deliver the flow of blood to the left atrium 2, as described above with reference to the
recirculation cannula 1210 of FIGS. 9 and 10. The outlet port 1203 is physically and fiuidically
coupled to the outlet flow cannula 1209 such that a flow of blood can be delivered, via the outlet
flow cannula 1209, from the pump 1201 to the circulatory system, as described above.
[1120]

As shown in FIGS 17 and 18, the flow regulator system 1270 (also referred to herein

as "flow regulator") can engage at least a portion of the recirculation cannula 1210 and/or at least

a portion of the inlet flow cannula 1220 to regulate a flow of fluid therethrough. For example, as
shown in FIGS. 17 and 18, in some embodiments, the flow regulator 1270 can be disposed about
a portion of the inlet flow cannula 1220 and can be transitioned from a first configuration (FIG.
17) to a second configuration (FIG. 18) to regulate a flow of fluid (e.g., blood) through a lumen

1224 defined by the inlet flow cannula 1220. More particularly, the flow regulator 1270 includes

a first member 1271 and a second member 1272 that can be moved relative to one another to
restrict the lumen 1224 defined by the inlet flow cannula 1220. In some embodiments, the inlet
flow cannula 1220 can be formed from a relatively flexible material that can be configured to
bend, constrict, deflect, and/or otherwise deform when exposed to, for example, an external
force.
[1121]

In some instances, the first member 1271 can be rotated (e.g., by a motor, servo

motor, and/or the like not shown in FIGS. 17 and 18) relative to the second member 1272 to
transition the flow regulator 1270 from the first configuration to the second configuration, as
indicated by the arrow AA in FIG. 17. As a result, a portion of the first member 1271 can be
placed in contact with an outer surface of the inlet flow cannula 1220 and can be configured to
exert a force on the inlet flow cannula 1220 that is sufficient to deform at least portion of the
inlet flow cannula 1220 such that the lumen 1224 becomes at least partially constricted.
Similarly stated, the flow regulator 1270 can be configured to exert a force on the inlet flow

cannula 1220 when in its second configuration to reduce an inner diameter of the inlet flow
cannula 1220 associated with the lumen 1224. Thus, by constricting the inlet flow cannula 1220,
a fluid flow rate therethrough can be reduced. Although shown in FIGS. 17 and 18 as being
disposed about the inlet flow cannula 1220, in some embodiments, the flow regulator 1270 can
be disposed about the recirculation cannula 1210, the inlet flow cannula 1220, and/or the outlet
flow cannula 1209 or a combination thereof to reduce a flow rate through the recirculation
cannula 1210, the inlet flow cannula 1220, and/or the outlet flow cannula 1209, respectively.
[1122]

Although the flow regulator 1270 is shown in FIGS. 17 and 18 as being, for example,

a screw-type regulator that can be rotated to regulate a flow through the inlet flow cannula 1220,
in other embodiments, a VAD can include any suitable flow regulator. For example, FIGS. 19

and 20 are cross-sectional views of a flow regulator 1370 coupled to an inlet flow cannula 1320,
according to an embodiment. The inlet flow cannula 1320 can be substantially similar to the
inlet flow cannula 1320 described above. In this manner, the inlet flow cannula 1320 can be
formed from a relatively flexible material such that, when exposed to an external force, a portion
of the inlet flow cannula 1320 can deform, as described above. In some embodiments, the flow
regulator 1320 can be formed from a material that is relatively inflexible (i.e., a material with a
hardness that is larger than a hardness of the material forming the inlet flow cannula 1320) such
that the flow regulator 1370 resists deformation when exposed to an external force. The flow
regulator 1320 defines an inner volume 1373 in fluid communication with a port 1374.
Moreover, as shown in FIGS. 19 and 20, the flow regulator 1320 is disposed about the inlet flow
cannula 1320 such that a portion of the inlet flow cannula 1320 passes through the inner volume
1373.

[1123]

In some instances, the port 1374 can receive a fluid (e.g., a fluid can be injected into

the port 1374 by a motor, servo-motor, piston, and/or the like) such as saline or hydraulic oil, as
indicated by the arrow BB in FIG. 19. The injection of the fluid can increase the inner volume
1373 to transition the flow regulator from a first configuration (FIG. 19) to a second

configuration (FIG. 20). With the flow regulator 1370 being formed from a material with a
greater hardness, the increase of the inner volume 1373 can deform a portion of the inlet flow
cannula 1320 that is disposed within the inner volume 1373 such that a lumen 1324 defined by
the inlet flow cannula 1320 is restricted. Thus, the flow regulator 1370 can be transitioned to its

second configuration to control and/or regulate a flow of fluid through the inlet flow cannula
1320. Although shown in FIGS. 17 and 18 as being disposed about the inlet flow cannula 1220,

in some embodiments, the flow regulator 1270 can be disposed about the recirculation cannula
1210, the inlet flow cannula 1220, and/or the outlet flow cannula 1209 or a combination thereof

to reduce a flow rate through the recirculation cannula 1210, the inlet flow cannula 1220, and/or

the outlet flow cannula 1209, respectively.
[1124]

In some embodiments, a flow regulator can be controlled, for example, by a computer

device and/or the like that can be configured to execute a set of instructions associated with
controlling the flow regulator. For example, in some embodiments, information can be gathered
to assist in the regulation of total pump flow and the amount of flow in the inflow and the

recycled segments of the inflow cannula. Blood flow, pressure measurements, and/or blood
oxygen saturation can be determined by one or more sensors in locations including, for example,
inside the heart, an inlet flow cannula, a recirculation cannula, a pump, an outflow graft, and/or
any other suitable location. In some instances, the pump motor speed, temperature, electrical
current use, and/or the like can be used to provide information associated with, for example, a
flow rate through a portion of the VAD and/or a portion of the heart (e.g., the left atrium). In
some instances, a suction event can be determined based on, for example, a variation in pump
motor speed and/or one or more vibration sensors. This information can be used to adjust the
total pump flow and the amount of flow in each cannula (e.g., outlet flow, inlet flow, and/or
recirculation). In other instances, any other pump parameters can be measured to determine the
functioning of a portion of the VAD.
[1125]

In some instances, a computer device, processor and/or the like included in the VAD

can receive data that is associated with a suction event and can be configured to send a signal to
one or more portions of the VAD to prevent and/or otherwise limit a suction event. For example,

a suction occurrence can be determined based on low pressure in the inflow system or atrium,
vibration in the pump, low flow in the inflow segment of the cannula, decreased energy
consumption by the pump, variable pump motor speed signaling chatter, a drop in pump
revolutions or other indicators. In response to determining an occurrence of a suction event, the
computer device and/or the like can send a signal to one or more portions of the VAD to, for
example, reducing overall pump flow. In some embodiments, the recycle flow can be relatively

increased and the inflow to the pump can be relatively decreased, for example, via one or more
flow regulators such as those described above. In other embodiments, resistors and/or the like
can be incorporated into the pump and/or the connections of the cannula to the pump. In some
embodiments, the computer device and/or the like can be configured to control more than one
pump, as described above.
[1126]

In some embodiments, the computer device can be configured to periodically

determine a threshold or the like associated with the occurrence of a suction event by reducing
pump flow. When suction occurs, the flow or the distribution of flow can be adjusted to provide,
for example, a margin of safety and/or a suitable safety factor. In some embodiments, the

computer device can determine the threshold in accordance to a predetermined time interval. For
example, the computer device can be configured to determine the through several times per hour
(e.g., 3 times per hour, 4 times per hour, 5 times per hour, 10 times per hour, 20 times per hour,
etc.) to provide adjustments in flow rate and/or the like in response to a change in a patient's

condition.
[1127]

Although the cannula assemblies included in the embodiments described above in

FIGS. 5-20 include a recirculation member that can be configured to support and/or otherwise

limit movement, deformation and/or collapse of the wall of the left atrium relative to, for
example, an inlet flow cannula, in other embodiments, a cannula assembly can include a support
member that can be placed in contact with an inner surface of the atrial wall to support and/or
limit movement of the wall relative to an inlet flow cannula.

Similarly stated, in some

embodiments, a cannula assembly can include a fluidic mechanism for stabilizing the structure of
an organ (e.g., FIGS. 5-20), a mechanical mechanism for stabilizing the structure of an organ

(e.g., FIGS. 1-3), or any combination thereof. Thus, in some embodiments, the support member

can be a mechanical member and/or the like (e.g., a substantially solid support member rather
than fluidic support).
[1128]

For example, FIGS. 21-28 illustrate a portion of an inlet flow cannula assembly 1420,

according to an embodiment. The inlet flow cannula assembly 1420 (also referred to herein as
"cannula assembly") can be included in any of the VADs described herein. As such, the cannula
assembly 1420 can be placed in contact with a wall 3 of a left atrium 2 of a heart 1 to place the

left atrium 2 in fluid communication with, for example, a pump included in the device, as
described in further detail herein.
[1129]

The cannula assembly 1420 includes a tubular member 1421, an obturator 1448, a cap

1447, and a support member 1450 (see e.g., FIGS. 25-28). The tubular member 1421 includes a

proximal end portion 1422 and a distal end portion 1423 and defines a lumen 1424 therethrough.
The proximal end portion 1422 can be configured to be physically and fluidically coupled to an
inlet port and/or the like of a pump included in a VAD (not shown in FIGS. 21-28).

As

described in further detail herein, the distal end portion 1423 of the tubular member 1421 can be
transitioned between a first configuration, a second configuration, a third configuration, and a
fourth configuration to couple the tubular member 1421 and thus, the cannula assembly 1420 to
the wall 3 of the left atrium 2 . Moreover, the distal end portion 1423 of the tubular member
1421 defines an opening 1427 that, when the distal end portion

1423 is in the fourth

configuration (e.g., coupled to the wall 3), the opening 1427 places the lumen 1424 defined by
the tubular member 1421 in fluid communication with an inner volume defined at least in part by
the wall 3, as described in further detail herein.
[1130]

A s shown in FIG. 21, the distal end portion 1423 of the tubular member 1421 can be

moved along a guide wire 1446 to be inserted into an incision I made in the left atrial wall 3 of
the heart. In some embodiments, the tubular member 1421 can be disposed within an introducer
1418 (see e.g., FIG. 25) while moved along the guide wire 1446. In other embodiments, the

tubular member 1421 need not be disposed within the introducer 1418. The distal end portion
1423 can be maintained in the first configuration by disposing at least a portion of the distal end

portion 1423 in the cap 1447 or other suitable structure. Once a desired part of the distal end
portion 1423 is inserted through the incision I in the atrial wall 3, the cap 1447 and/or the tubular
member 1421 can be moved relative to one another, thereby separating the cap 1447 from the
distal end portion 1423 of the tubular member 1421, as indicated by the arrows CC, DD, and EE
in FIG. 22.
[1131]

More specifically, the distal end portion 1423 (also referred to as the "connection

portion" of the assembly) can include a perimeter that can be, for example, arranged in a non
linear (e.g., zig-zag) manner. In some embodiments, the distal end portion 1423 can include a

wire or the like that can be substantially similarly shaped and disposed at or near the perimeter to
provide structure that can allow the distal end portion 1423 to unfold. The configuration of the
perimeter and/or of the wire can, for example, facilitate the folding and/or stability of the distal
end portion 1423.

In other embodiments, the distal end portion 1423 can be substantially

circular and/or can include relatively small non-linear segments to effectively be substantially
circular. In this manner, the distal end portion 1423 of the tubular member 1421 is allowed to
unfold and/or otherwise transition from the first configuration to the second configuration (e.g.,
an expanded or open configuration), as shown in FIG. 23. Furthermore, once in the second
configuration, the cap 1447 can be retracted through the lumen 1424 of the tubular member 1421
and removed from the patient.
[1132]

With the distal end portion 1423 in the second configuration, the tubular member

1421 can be retracted to move in a direction toward the atrial wall 3, as indicated by the arrow

FF in FIG. 24. In some instances, the insertion of the tubular member 1421 can deform and/or
otherwise move a portion of the atrial wall 3 . In such instances, the movement of the tubular
member 1421 (e.g., in the proximal direction) can move at least a portion of the atrial wall 3 in
the proximal position that can, for example, return the atrial wall 3 to an undeformed and/or
unmoved position and/or configuration, as shown in FIG. 24.
[1133]

In some embodiments, prior to the distal end portion 1423 of the tubular member

1421 being placed in contact with an inner surface 4 of the wall 3, the support member 1450 can

be moved in the distal direction to be disposed within the left atrium. The support member 1450
can be any suitable structure configured to provide, for example, mechanical support to at least a
portion of the wall 3 . For example, in some embodiments, the support member 1450 can be a
wire, a mesh, a spring, a fabric, a sheet, a stent, a strut, a lobe, and/or any other suitable support
structure.

The support member 1450 can be formed from any suitable material such as, for

example, metal (e.g., Nitinol®, stainless steel, etc.), biocompatible polymer (e.g., those described
above), and/or the like. In some embodiments, the support member 1450 can include a covering
or the like that can improve strength or biocompatibility such as, for example, polyester (e.g.,
Dacron®), Teflon ®, Gore-Tex ®, PTFE, and/or the like. In other embodiments, the support
member 1450 can include a covering or the like that can be, for example, a fabric or the like that
can facilitate tissue ingrowth and/or the like. In some embodiments, an outer surface of the

support member 1450 can be roughened or textured to encourage tissue coverage. The support
member 1450 can be configured to, for example, increase a surface area of the cannula assembly
1420 in contact with an inner surface 4 of the wall 3 such that movement of the wall 3 relative to

the tubular member 1421 is limited, as described in further detail herein.
[1134]

The arrangement of the support member 1450 can be such that as it inserted into the

left atrium (i.e., beyond the wall 3), the cannula assembly 1420 limits and/or prevents
undesirable contact of the support member 1420 with an inner surface 4 of the wall 3 (e.g.,
piercing, scraping, scarring, etc.). Moreover, an end portion of the support member 1450 can
include a loop, hoop, rounded corner, etc. that can limit and/or prevent damage to the inner
surface 4 of the wall 3 . In some instances, the advancement and/or placement of the support
member 1450 can be performed with an echocardiograph, a magnetic resonance image (MRI)
scan, a computer tomography (CT) scan, and/or the like. Furthermore, the size and/or shape of
the support member 1450 can be associated with and/or configured to conform to the anatomy of
the inside of the left atrium, as described in further detail herein.
[1135]

In some embodiments, the support member 1450 can be advanced within the

introducer 1418, as indicated by the arrow GG in FIG. 25. In other embodiments, the support
member 1450 can be included in and/or operably coupled to the tubular member 1421 and
advanced within a portion of the tubular member 1421 (e.g., within a channel defined by the
tubular member 1421) and/or along an outer surface of the tubular member 1421. For example,
in some embodiments, at least a portion of the support member 1450 can be advanced though the

lumen 1424 of the tubular member 1421. In other embodiments, the tubular member 1421 can
define one or more channel or the like (not shown in FIGS. 21-28) through which the support
member 1450 can be advanced. In some such embodiments, the one or more channel can be, for
example, a helical channel about a longitudinal centerline of the lumen 1424 (not shown) and
fluidically isolated from the lumen 1424.
[1136]

Although the support member 1450 is shown as changing positions relative to the

tubular member 1421, in other embodiments, the support member can be included in and/or
coupled to the distal end portion 1423 of the tubular member 1421. In such embodiments, the
support member 1450 and can be configured to transition from a first, collapsed configuration to

a second, expanded configuration.

Similarly stated, the support member 1450 can be fixed,

coupled, and/or otherwise included in the distal end portion 1423 of the tubular member 1421
and thus, not advanced in the GG direction relative to the tubular member 142 1.
[1137]

Once a desired portion of the support member 1450 is advanced into the left atrium,

the cannula assembly 1420 can be moved in the distal direction toward the inner surface 4 of the
wall 3, as indicated by the arrow HH in FIG. 25. Although the support member 1450 is shown as
being disposed between the tubular member 1421 and the inner surface 4 of the wall 3, in other
embodiments, the support member 1450 can extend from an outer perimeter (or margin) of the
distal end portion 1423 of the tubular member 1421. As shown in FIGS. 26 and 27, the cannula
member 1420 can be moved in the distal direction to place the support member 1450 and the
distal end portion 1423 of the tubular member 1421 in contact with the inner surface 4 of the
wall 3, thereby transitioning the cannula assembly 1420 from the second configuration to the
third configuration. Although not shown in FIGS. 26 and 27, in some embodiments, the support
member 1450 can include one or more anchors and/or the like that retain the support member
1450 in continuous contact with the inner surface 4, thereby reducing the likelihood of clot

formation along the support member 1450.
[1138]

As shown in FIGS. 26 and 27, the tubular member 1421 includes an inner retention

member 1430 configured to engage the inner surface 4 and/or the support member 1450, and an
outer retention member 1440 configured to engage an outer surface of the wall 3 . The retention
members 1430 and 1440 can be any suitable configuration. In some embodiments, the retention
members 1430 and 1440 can be formed from a shape memory material such as Nitinol ® or the
like. In some embodiments, the retention members 1430 and 1440 can be bias members that can
have a deformed configuration and an undeformed configuration.

In such embodiments, the

retention members 1430 and 1440 can be deformed such that the retention members 1430 and
1440 exert a force that resists the deformation (e.g., exert a force to return to the undeformed

configuration). More specifically, as shown in FIG. 27, the inner retention member 1430 can be
at least partially deformed when in contact with the inner surface 4 of the wall 3 and the outer
retention member 1440 can be at least partially deformed when in contact with the outer surface
of the wall 3 . In this manner, the inner retention member 1430 and the outer retention member
1440 can exert a force that is substantially equal but in opposite directions.

Thus, the inner

retention member 1430 and the outer retention member 1440 collectively exert a compression
force on the wall 3 of the left atrium that can be sufficiently large to couple the tubular member
1421 thereto.

In some embodiments, the obturator 1448 can be transitioned from a collapsed

configuration (as shown in FIG. 27) to an expanded configuration (not shown in FIGS. 21-28) to
move at least the inner retention member 1430 towards the inner surface 4 of the wall 3 . For
example, in some embodiments, the obturator 1448 can be a balloon catheter or the like that can
be inflated to move the obturator 1448 from its first configuration to its second configuration.
[1139]

In some embodiments, the retention members 1430 and 1440 can include a set of

anchors or the like that can retain the retention members 1430 and 1440 in continuous contact
with the wall 3 . In some embodiments, an inner surface of the retention members 1430 and/or
1440 can include, for example, an adhesive or the like that can couple the retention members
1430 to the wall 3 . In other embodiments, the retention members 1430 and 1440 can be sutured

to the wall 3 . Thus, the retention members 1430 and 1440 can be retained in continuous contact

with the wall 3, thereby reducing the likelihood of clot formation. Furthermore, the retention
members 1430 and 1440 can aid in preventing the entry of fluid leak/air entry, and can ensure
that the margin (e.g., an outer edge) of the distal end portion 1423 of the tubular member 1421 is
securely pressed against the atrial wall 3 . In some embodiments, the retention members 1430
and 1440 can be covered by a fabric and/or can include a surface finish to encourage healing into
the heart tissue, as described in detail above. Although not shown, in some embodiments, once
the retention members 1430 and 1440 are coupled to the wall 3, the obturator 1448 can be
transitioned from its expanded configuration to its collapsed configuration.
[1140]

With the retention members 1430 and 1440 in contact with the wall 3 and acting to

couple the tubular member 1421 thereto, the introducer 1418, the guide wire 1445, and the
obturator 1448 can be moved in the distal direction, as indicated by the arrow II in FIG. 27.
Moreover, as the introducer 1418 is moved in the II direction, the outer retention member 1440
can be configured to conform to an outer surface of the tubular member 1421. For example, in
some embodiments, with the introducer 1418 in a proximal position, a portion of the outer
retention member 1440 can be in a deformed configuration such. Therefore, when the introducer
1418 is moved in the distal direction, the outer retention member 1440 exerts a force to transition

the outer retention member 1440 towards its undeformed configuration (e.g., towards the tubular

member 1421). In some embodiments, the movement of the introducer 1418 can, for example,
expose an inner surface of the outer retention member 1440 that can include an adhesive or the
like that can couple the a portion of the outer retention member 1440 to the tubular member
1421. In other embodiments, the inner surface of the outer retention member 1440 can include a

set of anchors or the like that can couple the portion of the outer retention member 1440 to the
tubular member 1421. Thus, the tubular member 1421 is secured to the wall 3 . As shown in
FIG. 28, with the tubular member 1421 coupled to the wall 3, the support member 1450 can be
trimmed and/or a portion of the support member 1450 can be detached.

In this manner, the

introducer 1418 and the portion of the support members 1450 can be retracted relative to the
tubular member 1421 and removed from the patient, as indicated by the arrow JJ in FIG. 28.
[1141]

The arrangement of the support member 1450, the tubular member 1421, and the wall

3 can be such that the support member 1450 substantially limits movement and/or deformation of
the wall relative to the tubular member 1421 when the tubular member 1421 is coupled thereto.
In other words, the support member 1450 can support at least a portion of the wall 3 to limit
and/or prevent deformation of the wall 3 that can otherwise result in a suction event (e.g., an
obstruction of the opening 1427 and thus, the lumen 1424) and/or a kinking or obstruction of
peripheral vascular structure such as, for example, the pulmonary vein or the like. Moreover, the
support member 1450 can engage the inner surface 4 in such a way that the inner retention
member 1430 and/or an outer edge of the tubular member 1421 is not pried away from the inner
surface 4 . In other words, the support member 1450 can exert a relatively uniform force on the
inner surface 4 such that the support member 1450 does not act as a lever that would otherwise
result in a force exerted on the inner retention member 1430 that would resist the force exerted
by the inner retention member 1430. Thus, the likelihood of clot formation, the formation of
dead spots in a flow of fluid within the left atrium, and/or the formation of eddy currents in a
flow of fluid within the left atrium can be reduced or substantially prevented.
[1142]

The support member 1450 and any of the support members shown and described

herein can be any suitable member configured to stabilize the shape and/or size of the target
organ and/or that can limit deformation and/or collapse thereof.

For example, FIGS. 29-31

illustrate an inlet flow cannula assembly 1520 coupled to the wall 3 of the left atrium 2 of the
heart 1 according to an embodiment.

The inlet flow cannula assembly 1520 (also referred to

herein as "cannula assembly") can be included in any of the VADs described herein. As such,
the cannula assembly 1520 can be placed in contact with the wall 3 to place the left atrium 2 in
fluid communication with, for example, a pump included in the device, as described in further
detail herein.
[1143]

The cannula assembly 1520 includes a tubular member 1521 and a support member

1550. The tubular member 1521 includes a proximal end portion (not shown in FIGS. 29-31)

and a distal end portion 1523 and defines a lumen 1524 therethrough. The proximal end portion
can be physically and fluidically coupled to an inlet port and/or the like of a pump included in a
VAD. As described in further detail herein, the distal end portion 1523 of the tubular member
1521 defines an opening 1527 such that when the distal end portion 1523 is coupled to the wall 3

of the left atrium 2, the opening 1527 places the lumen 1524 in fluid communication with an
inner volume (e.g., a chamber) of the left atrium 2 . In some embodiments, portions of the
tubular member 1521 can be substantially similar to portions of the tubular member 1421
described in detail above with reference to FIGS. 21-28.

Thus, some aspects of the tubular

member 1521 are not described herein and should be considered substantially similar in form
and/or function to corresponding aspects of the tubular member 1421.
[1144]

While the cannula assembly 1520 is shown in FIGS. 29-31 as being coupled to the

wall 3, the cannula assembly 1520 can be positioned relative to the wall 3 and transitioned
through a set of configurations in a similar manner as described in detail above with reference to
the cannula assembly 1420. For example, as shown in FIGS. 29 and 30, the tubular member
1521 includes and/or is otherwise coupled to an inner retention member 1530 and an outer

retention member 1540 that can collectively exert a compression force on the wall 3 to couple
the distal end portion 1523 of the tubular member 1521 to the wall 3 of the left atrium 2, as
described in detail above with reference to the retention members 1430 and 1440, respectively,
of FIGS. 26-28. More specifically, inner retention member 1530 and the outer retention member
1540 include a bias member 1534 and 1543, respectively, that can exert a force that resists

deflection and/or deformation of the retention members 1530 and 1540, respectively, as a result
of the wall 3 being disposed therebetween, as shown in FIG. 30.

[1145]

In some embodiments, the inner retention member 1530 and the outer retention

member 1540 can include a set of anchors or the like (not shown in FIGS. 29-30) that can retain
an inner surface 1535 of the inner retention member 1530 and an inner surface 1544 of the outer
retention member 1540 in continuous contact with the wall 3 . In other embodiments, the inner
surfaces 1535 and 1544 can include, for example, an adhesive or the like that can couple the
retention members 1530 to the wall 3 . In other embodiments, the retention members 1530 and
1540 can be sutured to the wall 3 . Thus, the inner surface 1535 of the inner retention member
1530 and the inner surface 1544 of the outer retention member 1540 can be retained in

continuous contact with the wall 3, thereby reducing the likelihood of clot formation.
Furthermore, the retention members 1530 and 1540 can aid in preventing the entry of fluid
leak/air entry, and can ensure that the margin (e.g., an outer edge) of the distal end portion 1523
of the tubular member 1521 is securely pressed against and/or maintained in contact with the
atrial wall 3 .
[1146]

The inner retention member 1530 includes a fabric 1533 and/or other cover or coating

that can encourage healing into the heart tissue (as described as tissue ingrowth), as described in
detail above. For example, in some embodiments, the fabric 1533 can be formed from Dacron®
or the like. As shown in FIG. 30, a distal edge 1536 of the inner retention member 1530 extends
beyond an outer edge (e.g., a margin or perimeter) of an inner portion 1525 of the tubular
member 1521 to define a step 1528 or discontinuity between the inner retention member 1530
and the margin of the distal end portion 1523 of the tubular member 1521. In this manner, the
fabric 1533 can substantially surround an exposed portion of the inner retention member 1530
and, in turn, can promote tissue growth from the inner surface 4 of the wall 3 to substantially
surround the fabric 1533. The arrangement of the step 1528 can, for example, define a boundary
and/or the like that can substantially limit the ingrowth of tissue about the tubular member 1521
such that the inner portion 1525 remains substantially free from tissue ingrowth. Moreover, in
some embodiments, the inner portion 1525 can have a substantially smooth surface that can
promote, for example, a laminar flow through the opening 1527 of the tubular member 1521 that
would otherwise be disturbed (e.g., non-laminar or turbulent) by tissue ingrowth.
[1147]

In some instances, prior to the distal end portion 1523 of the tubular member 1521

being coupled to the wall 3, the support member 1550 can be moved in the distal direction to be

disposed within the left atrium.

The support member 1550 can be any suitable structure

configured to provide, for example, mechanical support to at least a portion of the wall 3 . For
example, as shown in FIGS. 29 and 31, the support member 1550 can be a wire that can extend
from the distal end portion 1523 of the tubular member 1521 . The support member 1550 can be
formed from any suitable material such as, for example, a metal (e.g., Nitinol®, stainless steel,
etc.), a biocompatible polymer (e.g., any of those described above), and/or the like.

For

example, in some embodiments, the support member 1550 can be formed from a shape memory
alloy such as Nitinol® and can be configured to transition from a first configuration (e.g., during
insertion into the left atrium 2) to a second configuration (e.g., an expanded configuration in
which the surface is in substantially continuous contact with the inner surface 4 of the wall 3, as
shown in FIGS. 29-31). In some embodiments, the support member 1550 can extend in a helical
orientation such that the surface of the support member 1550 remains in substantially continuous
contact with the inner surface 4 of the wall 3 . In some embodiments, the pitch of the helix can
be decreased or increased such that the number of times the support member 1550 is coiled along
the inner surface 4 is increased or decreased, respectively.
[1148]

The arrangement of the support member 1550 can be such that a desired amount of

force is exerted by support member 1550 on the inner surface 4 of the wall 3 of the left atrium 2
that is sufficient to limit movement of the wall 3 relative to the tubular member 1521. In other
words, the support member 1550 can support at least a portion of the wall 3 to limit and/or
prevent deformation of the wall 3 that can otherwise result in a suction event (e.g., an obstruction
of the opening 1527 and thus, the lumen 1524) and/or a kinking or obstruction of peripheral
vascular structure such as, for example, the pulmonary vein or the like. For example, the support
member 1550 can have a stiffness that can be sufficiently small to allow the support member
1550 to transition between the first configuration (not shown) and the second configuration (see

e.g., FIG. 29 and 31), yet sufficiently large to limit movement of the wall 3 . As such, in some
embodiments, the support member 1550 can for example, have a diameter that is associated with
the desired stiffness. In other embodiments, the support member 1550 can be formed from one
or more materials that can have a modulus of elasticity that can be associated with the desired
stiffness. The support member 1550 is configured to engage the inner surface 4 such that the
inner retention member 1530 and/or an outer edge of the tubular member 1521 is not pried away
from the inner surface 4 . In other words, the support member 1550 can exert a relatively

uniform force on the inner surface 4 such that the support member 1550 does not act as a lever
that would otherwise result in a force exerted on the inner retention member 1530 that would
resist the force exerted by the inner retention member 1530.

Thus, the likelihood of clot

formation, the formation of dead spots in a flow of fluid within the left atrium, and/or the
formation of eddy currents in a flow of fluid within the left atrium can be reduced or
substantially prevented. In other embodiments, the force exerted by the support member 1550
can be asymmetrical (e.g., non-uniform) such that target areas of the wall 3 are exposed to a
larger force than other areas of the wall 3 .
[1149]

In some embodiments, the overall size of the support member 1550 when in the

second configuration can be based, at least in part, on a size of the left atrium 2 (as determined
via an imaging technique or the like) such that the support member 1550 exerts the desired
amount of force on the inner surface 4 of the wall 3 of the left atrium 3 to substantially limit
and/or prevent movement of the wall 3 relative to the tubular member 1521.

In some

embodiments, the overall size of the support member 1550 in the second configuration can be,
for example, about three times a diameter associated with the perimeter of the distal end portion
1523 of the tubular member 1521. Thus, the surface area of the cannula assembly 1520 that is in

contact with the inner surface 4 of the wall 3 is increased and the support member 1550 can exert
the desired amount of force on the inner surface 4 to limit movement of the wall 3 relative to the
tubular member 1521.
[1150]

In some embodiments, the support member 1550 can include a covering or the like

that can improve strength or biocompatibility such as, for example, polyester (e.g., Dacron®),
Teflon®, Gore-Tex®, PTFE, and/or the like. In other embodiments, the support member 1550
can include a covering or the like that can be, for example, a fabric or the like that can facilitate
tissue ingrowth and/or the like. In some embodiments, an outer surface of the support member
1550 can be roughened or textured to encourage tissue coverage. Although not shown in FIGS.

29-31, the support member 1550 can include a loop, a hoop, a rounded corner, etc. that can limit
and/or prevent damage to the inner surface 4 of the wall 3 .
[1151]

Although the support member 1550 is shown in FIG. 29 as being disposed between

the inner retention member 1530 and the inner surface 4 of the wall 3, in other embodiments, a

cannula assembly can include a support member that can, for example, extend through a surface
defining the perimeter of a tubular member. For example, in some embodiments, the retention
member 1530 can be in contact with the inner surface 4 of the wall 3 and the support member
can be disposed between the retention member 1530 and the inner portion 1525 of the tubular
member 1521. More specifically, in some embodiments, the support member 1550 can extend
from or through the step 1528 or discontinuity (see e.g., FIG. 30) defined by the retention
member 1530 and the tubular member 1521. Although not shown in FIGS. 29-31, in some
embodiments, a portion of the fabric 1533 can include a surface that is substantially non-linear
(e.g., a wave or zig-zag pattern) to allow, for example, the support member 1550 to pass through
an inset of the surface of the fabric 1533. In some embodiments, the fabric 1533 can define an
opening and/or the like through which the support member 1550 can extend.
[1152]

Although the cannula assembly 1520 is shown and described as including a single

support member 1550, in other embodiments, a cannula assembly can include more than one
support member.

For example, while the cannula assembly 1520 is shown in FIG. 29 as

including the support member 1550 that extends from one side or one portion of the tubular
member 1521, in other embodiments, a second support member, substantially similar to the
support member 1550, can extend from an opposite side of portion of the tubular member 1521.
In such embodiments, the support members 1550 can extend in substantially parallel helices
along the inner surface 4 of the wall 3 . In other embodiments, the cannula assembly 1520 can
include a second support member that is, for example, concentric with a portion of the support
member 1550. For example, a second support member can extend in a substantially parallel
path, relative to the support member 1550, through a portion of the tubular member 1521. In
such embodiments, the second support member can be, for example, disposed between the inner
surface 1525 of the tubular member 1521 and the inner retention member 1530.

In other

embodiments, the second support member can be in a stacked configuration with the support
member 1550 with, for example, a layer of fabric disposed therebetween.

In still other

embodiments, the support member 1550 and the second support member can be in an adjacent,
non-stacked, configuration with or without a fabric therebetween.

In some embodiments, the

second support member can extend from the perimeter of the tubular member 1521 in a
substantially curvilinear path towards the inner surface 4 of the wall 3 . In such embodiments, the
second support member can be configured to limit or prevent a force exerted by the support

member 1550 from prying the inner retention member 1530 from contact with the inner surface 4
of the wall 3 .
[1153]

Although the support member 1550 is shown and described as extending from the

tubular member 1521 (i.e., coupled to the tubular member 1521), in other embodiments, a
support member can be delivered to, for example, the left atrium to support a wall of the atrium
relative to an inflow cannula without being coupled to the inflow cannula. For example, FIG. 32
is an illustration of a tubular member 1621 and a support member 1650 coupled to and/or

otherwise engaging a wall 3 of the left atrium 2, according to an embodiment.

The tubular

member 1621 can be included in, for example, an inlet flow cannula such as those described
above. The tubular member 1621 has a distal end portion 1623 that is in contact with an inner
surface 4 of the wall 3, as described above. Moreover, the distal end portion 1623 defines an
opening 1627 that can be configured to place the left atrium 2 in fluid communication with a
lumen (not shown) defined by the tubular member 1621. Thus, blood can flow from the left
atrium 2 to, for example, a pump included in a VAD (not shown), as described in detail above.
[1154]

The support member 1650 can be substantially similar in at least function as the

support member 1550 described above with reference to the cannula assembly 1520. In some
embodiments, the support member 1650 can be in a first configuration (e.g., a relatively linear
configuration) and advanced through, for example, the lumen defined by the tubular member
1621 to be delivered to the left atrium 2, wherein the support member 1650 can be transitioned to

a second configuration (e.g., a helical configuration).

In some embodiments, the support

member 1650 can be formed from a wire or the like and arranged in a helical configuration such
that a surface of the support member 1650 is maintained in substantially continuous contact with
the inner surface 4 of the wall 3, as described in detail above. Furthermore, the support member
1650 can have an overall size that is associated with a size of the left atrium 2 (e.g., as

determined via an imaging technique).

Thus, the support member 1650 can be configured to

exert a desired amount of force on the inner surface 4 of the wall 3 of the left atrium 2 to
substantially limit movement of the wall 3 relative to the tubular member 1621 that can
otherwise result in a suction event (e.g., an obstruction of the opening 1627) and/or a kinking or
obstruction of peripheral vascular structure such as, for example, the pulmonary vein or the like.

[1155]

As shown in FIG. 32, the support member 1650 can be deployed in the left atrium 2

such that the region of the mitral valve is substantially open such that a flow of blood into the left
ventricle is substantially unobstructed. Similarly, the support member 1650 can be deployed in
the left atrium 2 such that the openings defined in the wall 3 that are associated with the
pulmonary veins and/or other vascular structures are substantially unobstructed.

In other

embodiments, the support member 1650 can cover the mitral valve orifice and/or one or more
openings defined by the wall 3 . Although the support member 1650 is shown as supporting
substantially the entire left atrium 2, in other embodiments, the support member 1650 can be
configured to support only a portion of the wall 3 of the left atrium 2 . For example, in some
instances, strutting open the pulmonary veins and the dome of the left atrium 2 can be sufficient
to prevent atrial collapse. In other instances, the dome of the left atrium 2 need not be supported.

In some instances, a support member 1650 can stent or support just a portion of the left atrium 2
so that the tubular member 1621 maintains a fluid connection with the pulmonary veins (left and

right) when the left atrium 2 is placed under suction. In some embodiments, the support member
1650 can join the pulmonary veins and the tubular member 1621 .
[1156]

In some instances, a support member 1650 can extend across the dome of the left

atrium 2 and the pulmonary veins would remain splayed open when suction was applied. Thus a
support member 1650 supporting the dome left atrium 2 can provide an unobstructed inflow to
the tubular member 1621 from the pulmonary veins even when suction occurs that would
ordinarily collapse the atrium 2 .
[1157]

In some embodiments, the support member 1650 can include a covering or the like

that can improve strength or biocompatibility such as, for example, polyester (e.g., Dacron®),
Teflon®, Gore-Tex®, PTFE, and/or the like. In other embodiments, the support member 1650
can include a covering or the like that can be, for example, a fabric or the like that can facilitate
tissue ingrowth and/or the like. In some embodiments, an outer surface of the support member
1650 can be roughened or textured to encourage tissue coverage. Although not shown in FIG.

32, the support member 1650 can include end portions that form, for example, a loop, a hoop, a

rounded corner, etc. that can limit and/or prevent damage to the inner surface 4 of the wall 3, as
described in detail above.

[1158]

Although the support members 1550 and 1650 are shown as being arranged in a

helical configuration, in other embodiments, a cannula assembly can include a support member
in any suitable configuration. For example, FIG. 33 is an illustration of a tubular member 1721

and a support member 1750 coupled to and/or otherwise engaging a wall 3 of the left atrium 2,
according to an embodiment. The tubular member 1721 can be included in, for example, an inlet
flow cannula such as those described above. The tubular member 1721 has a distal end portion
1723 that is in contact with an inner surface 4 of the wall 3, as described above. Moreover, the

distal end portion 1723 defines an opening 1727 that can be configured to place the left atrium 2
in fluid communication with a lumen (not shown) defined by the tubular member 1721. Thus,

blood can flow from the left atrium 2 to, for example, a pump included in a VAD (not shown), as
described in detail above.
[1159]

The support member 1750 can be substantially similar in function as the support

members 1550 and 1650 described above. In some embodiments, the support member 1750 can
be in a first configuration (e.g., a relatively collapsed configuration) and advanced through, for
example, the lumen defined by the tubular member 1721 to be delivered to the left atrium 2,
wherein the support member 1750 can be transitioned to a second configuration (e.g., a mesh or
grid configuration). In some embodiments, the support member 1750 can be formed from a wire
or the like and arranged in a mesh configuration such that a surface of the support member 1750
is maintained in substantially continuous contact with the inner surface 4 of the wall 3, as

described in detail above. In some embodiments, the wire mesh forming the support structure
1750 can be substantially continuous. In other embodiments, the wire mesh forming the support

structure 1750 can be segmented. Although shown as being distinct from the tubular member
1721, in some embodiments, the support member 1750 can be coupled to the distal end portion
1723 of the tubular member 1721.

[1160]

Furthermore, the support member 1750 can have an overall size that is associated

with a size of the left atrium 2 (e.g., as determined via an imaging technique). Thus, the support
member 1750 can be configured to exert a desired amount of force on the inner surface 4 of the
wall 3 of the left atrium 2 to substantially limit movement of the wall 3 relative to the tubular
member 1721 that can otherwise result in a suction event (e.g., an obstruction of the opening

1727) and/or a kinking or obstruction of peripheral vascular structure such as, for example, the

pulmonary vein or the like, as described in detail above.
[1161]

As shown in FIG. 33, the support member 1750 can be deployed in the left atrium 2

such that the region of the mitral valve is substantially open such that a flow of blood into the left
ventricle is substantially unobstructed.

Similarly, the support member 1750 can be deployed in

the left atrium 2 such that the openings defined in the wall 3 that are associated with the
pulmonary veins and/or other vascular structures are substantially unobstructed.

In other

embodiments, the support member 1750 can cover the mitral valve orifice and/or one or more
openings defined by the wall 3 . Although the support member 1750 is shown as supporting
substantially the entire left atrium 2, in other embodiments, the support member 1750 can be
configured to support only a portion of the wall 3 of the left atrium 2, as described above.
[1162]

In some embodiments, the support member 1750 can include a covering or the like

that can improve strength or biocompatibility such as, for example, polyester (e.g., Dacron®),
Teflon®, Gore-Tex®, PTFE, and/or the like. In other embodiments, the support member 1750
can include a covering or the like that can be, for example, a fabric or the like that can facilitate
tissue ingrowth and/or the like. In some embodiments, an outer surface of the support member
1750 can be roughened or textured to encourage tissue coverage. Although not shown in FIG.

33, the support member 1750 can include end portions that form, for example, a loop, a hoop, a
rounded corner, etc. that can limit and/or prevent damage to the inner surface 4 of the wall 3, as
described in detail above.
[1163]

Although the support members 1650 and 1750 are shown as being distinct from the

tubular members 1621 and 1721, respectively, a support structure can be disposed within and/or
coupled to a portion of a tubular member. Moreover, in some embodiments, a tubular member
can be coupled to more than one support member. For example, FIG. 34 is an illustration of a
tubular member 1821 and a set of support members 1850 coupled to a wall 3 of the left atrium 2 .
The tubular member 1821 can be included in, for example, an inlet flow cannula such as those
described above. The tubular member 1821 has a distal end portion 1823 that is in contact with
an inner surface 4 of the wall 3, as described above. Moreover, the distal end portion 1823 can
define an opening (not shown) that can be configured to place the left atrium 2 in fluid

communication with a lumen (not shown) defined by the tubular member 1821. Thus, blood can
flow from the left atrium 2 to, for example, a pump included in a VAD (not shown), as described
in detail above.
[1164]

The support members 1850 can be substantially similar in function as the support

members 1550, 1650, and/or 1750 described above. In some embodiments, the support members
1850 can be in a first configuration (e.g., a relatively collapsed configuration) and advanced

through, for example, the lumen defined by the tubular member 1821 to be delivered to the left
atrium 2, wherein the support member 1850 can be transitioned to a second configuration (e.g., a
looped or expanded configuration).

In some embodiments, the support member 1850 can be

formed from a wire or the like and arranged in a loop configuration such that a surface of the
support member 1850 is maintained in substantially continuous contact with the inner surface 4
of the wall 3, as described in detail above. Moreover, as shown in FIG. 34, the support members
1850 can include a portion that can be inserted into one or more pulmonary veins 11 and 12. In

this manner, the support members 1850 can be anchored such that their position within the left
atrium 2 is substantially fixed.

The support members 1850 can have an overall size that is

associated with a size of the left atrium 2 (e.g., as determined via an imaging technique). Thus,
the support members 1850 can be configured to exert a desired amount of force on the inner
surface 4 of the wall 3 of the left atrium 2 to substantially limit movement of the wall 3 relative
to the tubular member 1821 that can otherwise result in a suction event (e.g., an obstruction of

the opening defined by the tubular member 1821) and/or a kinking or obstruction of peripheral
vascular structure such as, for example, the pulmonary veins 11 and 12 shown in FIG. 34.
[1165]

In some embodiments, the support members 1850 can include a covering or the like

that can improve strength or biocompatibility such as, for example, polyester (e.g., Dacron®),
Teflon®, Gore-Tex®, PTFE, and/or the like. In other embodiments, the support members 1850
can include a covering or the like that can be, for example, a fabric or the like that can facilitate
tissue ingrowth and/or the like. In some embodiments, an outer surface of the support members
1850 can be roughened or textured to encourage tissue coverage. Although not shown in FIG.

34, the support members 1850 can include end portions that form, for example, a loop, a hoop, a

rounded corner, etc. that can limit and/or prevent damage to the inner surface 4 of the wall 3, as
described in detail above.

[1166]

Although the support members 1850 are shown in FIG. 34 as each being formed from

a single wire, in other embodiments, the supports members 1850 can form a mesh or the like that
can include a portion that is configured to be inserted into and/or otherwise engage the
pulmonary veins 11 and 12.
[1167]

While the embodiments shown and described above include either a recirculation

system or a support member, in some embodiments, a cannula assembly can include both a
recirculation system and a support member that can be used in concurrently to support a wall of,
for example, the left atrium and increase an inlet flow rate into, for example, a pump included in
a VAD. For example, FIG. 35 is an illustration of a cannula assembly 1920 coupled to a wall 3
of, for example, the left atrium and a pulmonary vein 11, according to an embodiment.

As

shown, the cannula assembly 1920 includes a tubular member 1921, a recirculation cannula
1910, and a support member 1950. The tubular member 1921 includes a proximal end portion
1922 and a distal end portion 1923 and defines a lumen 1924 therethrough.

The proximal end

portion 1922 of the tubular member 1921 can be physically and fluidically coupled to an inlet
port of a pump included in a VAD such as those described above. The distal end portion 1923 is
configured to be coupled to the wall 3 and can define an opening 1927 that can place an inner
volume of the left atrium in fluid communication with the lumen 1924. Moreover, the distal end
portion 1923 can include a fabric 1933 that can be placed in contact a surface of the wall 3 to, for
example, encourage tissue ingrowth about the fabric. The lumen 1924 defined by the tubular
member 1921 is in fluid communication with, for example, the left atrium and defines a flow
path through which blood can flow from the left atrium to, for example, a pump of an assist
device, as described above. In some embodiments, the tubular member 1921 can be substantially
similar the tubular member 721 of FIG. 1 1. Thus, the tubular member 1921 is not described in
further detail herein.
[1168]

As shown in FIG. 35, the recirculation cannula 1910 is at least partially disposed

within the lumen 1924 defined by the tubular member 192 1. The recirculation cannula 1910
includes a proximal end portion 191 1 and a distal end portion 1912, and defines a lumen 1913
therethrough. The proximal end portion 191 1 of the recirculation cannula 1910 can be coupled
to, for example, a recirculation port of a pump of an assist device such as those described above.
The distal end portion 1912 of the recirculation cannula 1910 can be configured to extend

through the opening 1927 defined by the distal end portion 1923 of the tubular member 1921.
The distal end portion 1912 of the recirculation cannula 1910 defines an opening 1914 at the
distal end and a set of openings 1915 arranged along the circumference of the recirculation
cannula 1910. The lumen 1913 of the recirculation cannula 1910 is in fluid communication with,
for example, the left atrium and defines a flow path through with blood can flow from the pump
to the left atrium (i.e., a recirculation flow).

In this manner, the recirculation flow can, for

example, reduce a negative pressure differential between the pump and the left atrium as well as
increase a total volume of inflow into the left atrium that can limit a collapsing of the wall 3
which could lead to an obstruction of the lumen 1924 and/or of any vascular structure in fluid
communication with the left atrium, as described in detail above.
[1169]

The support member 1950 includes a proximal end portion 1951 and a distal end

portion 1952. The proximal end portion 1951 of the support member 1950 is disposed within the
lumen 1913 defined by the recirculation cannula 1910. The distal end portion 1952 can include a
helix and/or the like that can be inserted into, for example, the pulmonary vein 11 to couple the
distal end portion 1952 of the support member 1950 thereto.

As shown in FIG. 35, the

arrangement of the recirculation cannula 1910 and the support member 1950 can be such that at
least a portion of the support member 1950 is disposed within an outlet flow path of the
recirculation cannula 1910. In this manner, the outlet flow of the recirculation cannula 1910 can
wash at least a portion of the support member 1950 which can, for example, reduce the
likelihood of clot formation. For example, in some instances, it may be desirable to strut directly
from the tubular member 1921 to the pulmonary vein 11 or other part of the heart such that part
of the support member 1950 is not in contact with the atrial wall and "floating" inside the atrium.
As described above, the portion of the support member 1950 not in contact with the wall 3 can
lead to clot formation. Thus, washing the portion of the support member 1950 with the outlet
flow of the recirculation cannula 1910 can substantially reduce and/or prevent clot formation
along the portion of the support member 1950 not in contact with the wall 3 .
[1170]

In some embodiments, the distal end portion 1912 of the recirculation cannula 1910

can be placed in any suitable position within the heart to, for example, increase flow through the
heart as well as washing any structure (e.g., biologic and/or mechanical) that can lead to clot
formation. In this case clot may tend to form on the strut. In some embodiments, any portion of

the tubular member 1921, the recirculation member 1910 and/or the support member 1950 can
include a coating or the like that can promote tissue ingrowth and/or the like that can reduce the
likelihood of clot formation.
[1171]

Although the support members 1550, 1650, 1750, 1850, and 1950 are shown and

described above as being formed from a wire that is configured to support the wall 3 of the left
atrium 2, in other embodiments, a cannula assembly can include a support member in a suitable
configuration.

For example, FIGS. 36 and 37 illustrate an inlet flow cannula assembly 2020

coupled to the wall 3 of the left atrium 2 of the heart according to an embodiment. The inlet
flow cannula assembly 2020 (also referred to herein as "cannula assembly") can be included in
any of the VADs described herein. As such, the cannula assembly 2020 can be placed in contact
with the wall 3 to place the left atrium 2 in fluid communication with, for example, a pump
included in the device, as described in further detail herein.
[1172]

The cannula assembly 2020 includes a tubular member 2021 and a set of support

members 2050. The tubular member 2021 includes a proximal end portion (not shown in FIGS.
36 and 37) and a distal end portion 2023, and defines a lumen 2024 therethrough. The proximal

end portion can be physically and fluidically coupled to an inlet port and/or the like of a pump
included in a VAD. As described in further detail herein, the distal end portion 2023 of the
tubular member 2021 defines an opening 2027 such that when the distal end portion 2023 is
coupled to the wall 3 of the left atrium 2, the opening 2027 places the lumen 2024 in fluid
communication with an inner volume (e.g., a chamber) of the left atrium 2 .

In some

embodiments, portions of the tubular member 2021 can be substantially similar to portions of the
tubular member 1521 described in detail above with reference to FIGS. 29-31.

Thus, some

aspects of the tubular member 2021 are not described herein and should be considered
substantially similar in form and/or function to corresponding aspects of the tubular member
1521.

[1173]

While the cannula assembly 2020 is shown in FIGS. 36 and 37 as being coupled to

the wall 3, the cannula assembly 2020 can be positioned relative to the wall 3 and transitioned
through a set of configurations in a similar manner as described in detail above with reference to
the cannula assembly 1420 of FIGS. 21-28. For example, as shown in FIGS. 36 and 37, the

tubular member 2021 includes and/or is otherwise coupled to an inner retention member 2030
and an outer retention member 2040 that can collectively exert a compression force on the wall 3
to couple the distal end portion 2023 of the tubular member 2021 to the wall 3 of the left atrium
2, as described in detail above with reference to the retention members 1530 and 1540,

respectively, of FIG. 30. Thus, the inner retention member 2030 and the outer retention member
2040 can be retained in continuous contact with the wall 3, thereby reducing the likelihood of
clot formation. Furthermore, the retention members 2030 and 2040 can aid in preventing the
entry of fluid leak/air entry, and can ensure that the margin (e.g., an outer edge) of the distal end
portion 2023 of the tubular member 2021 is securely pressed against the atrial wall 3 . Moreover,
the inner retention member 2030 can include a fabric and/or other cover or coating that can
encourage healing into the heart tissue, as described in detail above with reference to the fabric
1533 of FIG. 30. In some embodiments, a step or discontinuity between the inner retention

member 2030 and the margin of the distal end portion 2023 of the tubular member 2021 which
can define a boundary and/or the like that can substantially limit the ingrowth of tissue about the
tubular member 2021 such that an inner portion 2025 remains substantially free from tissue
ingrowth, as described above.
[1174]

In some instances, prior to the distal end portion 2023 of the tubular member 2021

being coupled to the wall 3, the support member 2050 can be moved from a first configuration
(e.g., a collapsed configuration) to a second configuration (e.g., an expanded configuration). For
example, in some embodiments, the cannula assembly 2020 can be moved along a guide wire
(not shown in FIGS. 36 and 37) to be inserted into an incision I made in the wall 3 of the left
atrium 2, as described above with reference to the tubular member 1421 of FIGS. 21-28. In such
embodiments, the distal end portion 2023 of the tubular member 2021 can be maintained in a
first configuration (e.g., a collapsed configuration), as described above. Once a desired portion
of the cannula assembly 2020 is inserted through the incision I in the atrial wall 3, the tubular
member 2021 can be transitioned from its first configuration to its second configuration (e.g., an
expanded or open configuration), as shown in FIGS. 36 and 37. In some embodiments, the
transition of the distal end portion 2023 of the tubular member 2021 from its first configuration
to its second configuration can, for example, urge the support members 2050 to transition from a

first configuration to a second configuration, as described in further detail herein.

[1175]

The support members 2050 of the cannula assembly 2020 can be coupled to and/or

otherwise included in the distal end portion 2023 of the tubular member 2021 . For example, the
support members 2050 can be disposed between the inner retention member 2030 and the inner
surface 4 of the wall 3, as shown in FIG. 36. In other embodiments, a cannula assembly can
include a set of support members that can, for example, extend through a surface defining the
perimeter of a tubular member. For example, in some embodiments, the retention member 2030
can be in contact with the inner surface 4 of the wall 3 and each support member 2050 can be
disposed between the retention member 2030 and the inner portion 2025 of the tubular member
2021. More specifically, in some embodiments, the support members 2050 can extend from or

through the step or discontinuity defined by the retention member 2030 and the tubular member
2021, as described above. Although not shown in FIGS. 36 and 37, in some embodiments, a
portion of the fabric disposed about the inner retention member 2030 can include a surface that is
substantially non-linear (e.g., a wave or zig-zag pattern) to allow, for example, the support
members 2050 to pass through an inset and/or opening of the surface of the fabric.
[1176]

The support members 2050 can be any suitable shape, size, or configuration. For

example, as shown in FIGS. 36 and 37, the support members 2050 can form lobes or petals that
extend from the distal end portion 2023 of the tubular member 2021 to be placed in continuous
contact with the inner surface 4 of the wall 3 . The support member 2050 can be formed from
any suitable material such as, for example, metal (e.g., Nitinol®, stainless steel, etc.),
biocompatible polymer (e.g., those described above), and/or the like. In some embodiments, the
support members 2050 can include a covering or the like that can improve strength or
biocompatibility such as, for example, polyester (e.g., Dacron®), Teflon®, Gore-Tex®, PTFE,
and/or the like. In other embodiments, the support members 2050 can include a covering or the
like that can be, for example, a fabric or the like that can facilitate tissue ingrowth and/or the
like. In some embodiments, an outer surface of the support members 2050 can be roughened or

textured to encourage tissue coverage. The support members 2050 can be configured to, for
example, increase a surface area of the cannula assembly 2020 in contact with an inner surface 4
of the wall 3 such that movement of the wall 3 relative to the tubular member 2021 is limited, as
described in further detail herein.

[1177]

As described above, the support members 2050 can be configured to transition

between their first configuration and their second configuration.

For example, in some

embodiments, the support members 2050 can be substantially collapsed or folded when in their
first configuration. In some embodiments, the support members 2050 can be retained in their
first configuration while the distal end portion 2023 of the tubular member 202 1 is retained in its
first configuration. For example, in some embodiments, the cannula assembly 2020 can include
a cap or sheath (not shown in FIGS. 36 and 37) that can maintain the distal end portion 2023 of
the tubular member 2021 and the support members 2050 in the first configuration. Thus, when
the cap or sheath is removed, the distal end portion 2023 can transition towards its second
configuration, which in turn, can urge the support members 2050 to transition towards their
second configuration.
[1178]

As shown in FIGS. 36 and 37, with the distal end portion 2023 of the tubular member

2021 and the support members 2050 in the second configuration, the cannula assembly 2020 can

be coupled to the wall 3 in a similar manner as described above with reference to the cannula
assembly 1420 and/or the cannula assembly 1520 described above. The arrangement of the
support members 2050 can be such that a desired amount of force is exerted by support members
2050 on the inner surface 4 of the wall 3 of the left atrium 2 that is sufficient to limit movement
of the wall 3 relative to the tubular member 2021. For example, the support members 2050 can
have a stiffness that can be sufficiently small to allow the support members 2050 to transition
between the first configuration (not shown) and the second configuration (see e.g., FIGS. 36 and
37) while being sufficiently large to limit movement of the wall 3 .

As such, in some

embodiments, the support members 2050 can, for example, have a thickness and/or size that is
associated with the desired stiffness. In other embodiments, the support members 2050 can be
formed from one or more materials that can have a modulus of elasticity that can be associated
with the desired stiffness.
[1179]

As shown in FIG. 36 and as described above, the support members 2050 engage the

inner surface 4 such that the inner retention member 2030 and/or an outer edge of the tubular
member 2021 is not pried away from the inner surface 4 . In other words, a force exerted by each
of the support members 2050 on the inner surface 4 can be relatively uniform such that the each
of the support members 2050 do not act as a lever that would otherwise result in a force exerted

on the inner retention member 2030 that would resist the force exerted by the inner retention

member 2030. Thus, the likelihood of clot formation, the formation of dead spots in a flow of
fluid within the left atrium, and/or the formation of eddy currents in a flow of fluid within the left
atrium can be reduced or substantially prevented. In other embodiments, the force exerted by the
support members 2050 can be asymmetrical (e.g., non-uniform) such that target areas of the wall
3 are exposed to a larger force than other areas of the wall 3 . Although not shown in FIGS. 36
and 37, in some embodiments, the support members 2050 can include one or more anchors
and/or the like that retain the support members 2050 in continuous contact with the inner surface
4, thereby reducing the likelihood of clot formation along the support members 2050.
[1180]

In some embodiments, the overall size of the support members 2050 can be based at

least in part on a size of the left atrium 2 (as determined via an imaging technique or the like)

such that the support members 2050. In some embodiments, a diameter defined by a collective
circumferential size of the support members 2050 can be, for example, about three times a
diameter associated with the perimeter of the distal end portion 2023 of the tubular member
2021. Thus, the surface area of the cannula assembly 2020 that is in contact with the inner

surface 4 of the wall 3 is increased and the support members 2050 can exert the desired amount
of force on the inner surface 4 to limit movement of the wall 3 relative to the tubular member
2021. In other words, the support members 2050 can support at least a portion of the wall 3 to

limit and/or prevent deformation of the wall 3 that can otherwise result in a suction event (e.g.,
an obstruction of the opening 2027 and thus, the lumen 2024) and/or a kinking or obstruction of

peripheral vascular structure such as, for example, the pulmonary vein or the like. Moreover, the
support members 2050 can engage the inner surface 4 in such a way that the inner retention
members 2030 and/or an outer edge of the tubular member 2021 is not pried away from the inner
surface 4 . Thus, the likelihood of clot formation, the formation of dead spots in a flow of fluid
within the left atrium, and/or the formation of eddy currents in a flow of fluid within the left
atrium can be reduced or substantially prevented.
[1181]

While the support members 2050 included in the cannula assembly 2020 are shown

as having a substantially uniform size, in other embodiments, a cannula assembly can include

one or more support members of different sizes. In some embodiments, a cannula assembly can

include two sets of support members with a first set of support members having a first size and a

second set of support members having a second size. For example, FIGS. 38-40 illustrate an
inlet flow cannula assembly 2120 coupled to the wall 3 of the left atrium 2 of the heart according
to an embodiment. The inlet flow cannula assembly 2120 (also referred to herein as "cannula

assembly") can be included in any of the VADs described herein. As such, the cannula assembly
2120 can be placed in contact with the wall 3 to place the left atrium 2 in fluid communication
with, for example, a pump included in the device, as described in further detail herein.
[1182]

The cannula assembly 2120 includes a tubular member 2121, a first set of support

members 2150, and a second set of support members 2155. The tubular member 2121 includes a
proximal end portion (not shown in FIGS. 38-40) and a distal end portion 2123, and defines a
lumen 2 124 therethrough. The proximal end portion can be physically and fluidically coupled to
an inlet port and/or the like of a pump included in a VAD. As described in further detail herein,
the distal end portion 2123 of the tubular member 2121 defines an opening 2127 such that when
the distal end portion 2123 is coupled to the wall 3 of the left atrium 2, the opening 2127 places
the lumen 2124 in fluid communication with an inner volume (e.g., a chamber) of the left atrium
2 . In some embodiments, portions of the tubular member 2121 can be substantially similar to

portions of the tubular member 1521 described in detail above with reference to FIGS. 29-31.
Thus, some aspects of the tubular member 2121 are not described herein and should be
considered substantially similar in form and/or function to corresponding aspects of the tubular
member 1521.
[1183]

While the cannula assembly 2120 is shown in FIGS. 38 and 39 as being coupled to

the wall 3, the cannula assembly 2120 can be positioned relative to the wall 3 and transitioned
through a set of configurations in a similar manner as described in detail above with reference to
the cannula assembly 1420 of FIGS. 21-28. For example, as shown in FIGS. 38 and 39, the
tubular member 2121 includes and/or is otherwise coupled to an inner retention member 2130
and an outer retention member 2140 that can collectively exert a compression force on the wall 3
to couple the distal end portion 2123 of the tubular member 2121 to the wall 3 of the left atrium
2, as described in detail above with reference to the retention members 1530 and 1540,

respectively, of FIG. 30. Thus, the inner retention member 2130 and the outer retention member
2140 can be retained in continuous contact with the wall 3, thereby reducing the likelihood of
clot formation. Furthermore, the retention members 2130 and 2140 can aid in preventing the

entry of fluid leak/air entry, and can ensure that the margin (e.g., an outer edge) of the distal end
portion 2123 of the tubular member 2121 is securely pressed against the atrial wall 3 . Moreover,
the inner retention member 2130 can include a fabric 2133 and/or other cover or coating that can
encourage healing into the heart tissue, as described in detail above with reference to the fabric
1533 of FIG. 30. In some embodiments, a step 2128 or discontinuity between the inner retention

member 2130 and the margin of the distal end portion 2123 of the tubular member 2121 which
can define a boundary and/or the like that can substantially limit the ingrowth of tissue about the
tubular member 2121 such that an inner portion 2125 remains substantially free from tissue
ingrowth, as described above.
[1184]

Although not shown in FIGS. 38-40, in some instances, the cannula assembly 2120

can be moved along a guide wire (not shown in FIGS. 38-40) to be inserted into an incision I
made in the wall 3 of the left atrium 2, as described above with reference to the tubular member
1421 of FIGS. 21-28. In such embodiments, the distal end portion 2123 of the tubular member

2121 can be maintained in a first configuration (e.g., a collapsed configuration) and once a

desired portion of the cannula assembly 2120 is inserted through the incision I in the atrial wall
3, the tubular member 2121 can be transitioned from its first configuration to its second

configuration (e.g., an expanded or open configuration), as shown in FIGS. 38-40. In some
embodiments, the transition of the distal end portion 2123 of the tubular member 2121 from its
first configuration to its second configuration can, for example, urge the first set of support
members 2150 and or the second set of support members 2155 to transition from their first
configuration to their second configuration, as described in further detail herein.
[1185]

The first set of support members 2150 and the second set of support members 2155 of

the cannula assembly 2120 can be coupled to and/or otherwise included in the distal end portion
2123 of the tubular member 2121. The first set of support members 2150 and the second set of
support members 2155 can be any suitable shape, size, or configuration. For example, as shown
in FIGS. 38-40, the support members 2150 and 2155 can form lobes or petals that extend from

the distal end portion 2123 of the tubular member 2121.

More particularly, each support

member 2150 included in the first set of support members 2150 can have a first size and each
member 2155 included in the second set of support members 2155 can have a second size,
smaller than the first size, as shown in FIG. 39. As described in further detail herein, the first set

of support members 2150 can include an outer surface 2153 that is configured to be placed in
substantially continuous contact with the inner surface 4 of the wall 3 to limit movement of the
wall 3 relative to the tubular member 2121 and the second set of support members 2155 can be
placed in contact with a portion of the first set of support members 2150 and/or the inner surface
4 of the wall 3 to limit, for example, an undesirable force at or near the perimeter of the distal
end portion 2123 of the tubular member 2121 .
[1186]

The support members 2150 and 2155 can be formed from any suitable material such

as, for example, metal (e.g., Nitinol®, stainless steel, etc.), biocompatible polymer (e.g., those

described above), and/or the like. In some embodiments, the support members 2150 and 2155
can include a covering or the like that can improve strength or biocompatibility such as, for
example, polyester (e.g., Dacron®), Teflon®, Gore-Tex®, PTFE, and/or the like.

In other

embodiments, the support members 2150 and 2155 can include a covering or the like that can be,
for example, substantially similar to the fabric 2133 or the like that can facilitate tissue ingrowth

and/or the like. In some embodiments, an outer surface of the support members 2150 and 2155
can be roughened or textured to encourage tissue coverage.
[1187]

The support members 2150 and 2155 can be disposed between the inner retention

member 2130 and the inner surface 4 of the wall 3, as shown in FIGS. 38 and 39. In other
embodiments, a cannula assembly can include one or more sets of support members that can, for
example, extend through a surface defining the perimeter of a tubular member. For example, in
some embodiments, the retention member 2130 can be in contact with the inner surface 4 of the

wall 3 and the first set of support members 2150 and/or the second set of support members 2155
can be disposed between the retention member 2130 and the inner portion 2125 of the tubular
member 2121. More specifically, in some embodiments, the first set of support members 2150
and/or the second set of support members 2155 can extend from or through the step 2128 or
discontinuity defined by the retention member 2130 and the tubular member 2121, as described
above.
[1188]

While the cannula assembly 2120 is shown in FIG. 39 as including the first set of

support members 2150 and the second set of support members 2155 in a substantially stacked
configuration, in other embodiments, the first set of support members 2150 and the second set of

support members 2155 can be disposed in any suitable arrangement or orientation relative to one
another. For example, in some embodiments, the second set of support members 2155 can be in
a stacked configuration with the first set of support member 2150 with, for example, a layer of
fabric 2133 disposed therebetween.

In other embodiments, the support member 2150 and the

second support member can be in a non-stacked configuration.

For example, in some

embodiments, each support member included in the second set of support members 2155 can be
at least partially disposed between the inner surface 2125 of the tubular member 2121 and the

inner retention member 2130. In such embodiments, each support member in the second set of
support members 2155 can extend from the perimeter of the tubular member 1521 in a
substantially curvilinear path towards the inner surface 4 of the wall 3 .
[1189]

As described above, the first set of support members 2150 and the second set of

support members 2155 can be configured to transition between their first configuration and their
second configuration. For example, in some embodiments, the support members 2150 and 2155
can be substantially collapsed or folded when in their first configuration. In some embodiments,
the support members 2150 and 2155 can be retained in their first configuration while the distal
end portion 2123 of the tubular member 2121 is retained in its first configuration and when the
distal end portion 2123 is transitioned towards its second configuration the first set of support
members 2150 and/or the second set of support members 2155 can be transitioned towards their
second configuration.
[1190]

With the distal end portion 2123 of the tubular member 2121 and the support

members 2150 and 2155 in the second configuration, the cannula assembly 2120 can be coupled
to the wall 3 in a similar manner as described above with reference to the cannula assembly 1420

and/or the cannula assembly 1520 described above. The arrangement of the first set of support
members 2150 can be such that a desired amount of force is exerted by each support member
2150 included in the first set of support members 2150 on the inner surface 4 of the wall 3 of the
left atrium 2 that is sufficient to limit movement of the wall 3 relative to the tubular member
2121, as described above.
[1191]

As shown in FIG. 39, the first set of support members 2150 can engage the inner

surface 4 such that the inner retention member 2130 and/or an outer edge of the tubular member

2121 is not pried away from the inner surface 4 . In some embodiments, the second set of support

members 2155 can engage a portion of the first set of support members 2150 to, for example,
exert a force that can be configured to resist a force exerted by the first set of support members
2150 to pry the inner retention member 2130 and/or an outer edge of the tubular member 2121
from the inner surface 4 . Thus, the likelihood of clot formation, the formation of dead spots in a
flow of fluid within the left atrium, and/or the formation of eddy currents in a flow of fluid
within the left atrium can be reduced or substantially prevented. Although not shown in FIGS.
38-40, in some embodiments, any of the support members 2150 included in the first set of
support members 2150 and/or any of the support members 2155 included in the second set of
support members 2155 can include one or more anchors and/or the like that retain the support
members 2150 and/or 2155, respectively, in continuous contact with the inner surface 4 and/or
the support members included in the other set of support members, thereby reducing the
likelihood of clot formation along the support members 2150.
[1192]

In this manner, the first set of support members 2150 and the second set of support

members 2155 can support at least a portion of the wall 3 to limit and/or prevent deformation of
the wall 3 that can otherwise result in a suction event (e.g., an obstruction of the opening 2127
and thus, the lumen 2124) and/or a kinking or obstruction of peripheral vascular structure such
as, for example, the pulmonary vein or the like.

Moreover, the support members 2150 can

engage the inner surface 4 in such a way that the inner retention members 2130 and/or an outer
edge of the tubular member 2121 is not pried away from the inner surface 4 . Thus, the

likelihood of clot formation, the formation of dead spots in a flow of fluid within the left atrium,
and/or the formation of eddy currents in a flow of fluid within the left atrium can be reduced or
substantially prevented.
[1193]

In some embodiments, each support member 2155 included in the second set of

support members 2155 can be distinct, as shown in FIG. 40. In other embodiments, a cannula
assembly can include a second set of support members that are linked and/or continuous. For
example, FIG. 4 1 is an illustration of a cannula assembly 2220 coupled to a wall 3 of, for
example, a left atrium of a heart, according to an embodiment. The cannula assembly 2220
includes a tubular member 2221, a first set of support members 2250, and a second set of support
members 2255. The tubular member 2221 includes a distal end portion 2223 that can be placed

in contact with an inner surface 4 of the wall 3 to couple the cannula assembly 2220 to the wall
3 . Moreover, the distal end portion 2223 of the tubular member 2221 defines an opening 2227

that is configured to place a lumen 2224 defined by the tubular member 2221 in fluid
communication with an inner volume of, for example, a left atrium. In some embodiments, the
tubular member 222 1 can be substantially similar to the tubular member 1521 described above
with reference to FIGS. 29-31. Thus, aspects of the tubular member 2221 are not described in
further detail herein.
[1194]

The first set of support members 2250 and the second set of support members 2255

can be substantially similar in form and function to the first set of support members 2150 and the
second set of support members 2155 described above with reference to FIGS. 38-40. Therefore,
aspects of the first set of support members 2250 and the second set of support members 2255 are
not described in further detail herein. The second set of support members 2255 can differ from
the second set of support members 2155, however, in that the second set of support members
2255 includes support members that are linked or otherwise continuous.

In this manner, the

second set of support members 2255 can include a set of bends and/or folds that can, for
example, allow the second set of support members 2255 to be continuous and/or that can reduce
stress concentration risers that can introduce, for example, failure points and/or points at which
the second set of support members 2255 can deform.
[1195]

In this manner, the first set of support members 2250 and the second set of support

members 2255 can support at least a portion of the wall 3 to limit and/or prevent deformation of
the wall 3 that can otherwise result in a suction event (e.g., an obstruction of the opening 2227
and thus, the lumen 2224) and/or a kinking or obstruction of peripheral vascular structure such
as, for example, the pulmonary vein or the like. In some embodiments, the second set of support

members 2255 can engage a portion of the first set of support members 2250 to, for example,
exert a force that can be configured to resist a force exerted by the first set of support members
2250 that can otherwise pry the inner retention member 2230 and/or an outer edge of the tubular
member 2221 from the inner surface 4 . Thus, the likelihood of clot formation, the formation of
dead spots in a flow of fluid within the left atrium, and/or the formation of eddy currents in a
flow of fluid within the left atrium can be reduced or substantially prevented.

[1196]

Although the second set of support members 2155 of the cannula assembly 2120 and

the second set of support members 2255 of the cannula assembly 2220 are shown as substantially
circumscribing the tubular members 2121 and 2221, respectively, in other embodiments, a
cannula assembly can include a first set of support members and a second set of support
members that are disposed at distinct positions along a perimeter of a tubular member.

For

example, FIG. 42 is an illustration of a cannula assembly 2320 coupled to a wall 3 of, for
example, a left atrium, according to an embodiment.

The cannula assembly 2320 includes a

tubular member 2321, a first set of support members 2350, and a second set of support members
2355. The tubular member 2321 includes a distal end portion 2323 that can be placed in contact
with an inner surface 4 of the wall 3 to couple the cannula assembly 2320 to the wall 3 .
Moreover, the distal end portion 2323 of the tubular member 2321 defines an opening 2327 that
is configured to place a lumen 2324 defined by the tubular member 232 1 in fluid communication

with an inner volume of, for example, a left atrium. In some embodiments, the tubular member
232 1 can be substantially similar to the tubular member 1521 described above with reference to
FIGS. 29-31.

Thus, aspects of the tubular member 2321 are not described in further detail

herein.
[1197]

The first set of support members 2350 and the second set of support members 2355

can be substantially similar in form and function to the first set of support members 2150 and the
second set of support members 2155 described above with reference to FIGS. 38-40. Therefore,
aspects of the first set of support members 2350 and the second set of support members 2355 are
not described in further detail herein. The second set of support members 2355 can differ from
the second set of support members 2155, however, in that each support member 2355 in the
second set of support members 2355 is disposed at a distinct position (e.g., a different and
unconnected position) along the perimeter of the distal end portion 2323 of the tubular member
2321.

For example, as shown in FIG. 42, the second set of support members 2355 can be

arranged to include a support member 2355 that substantially covers and/or engages each side
portion of each support member 2350 included in the first set of support members 2350 (i.e., two
support members 2355 per one support member 2350).
[1198]

In this manner, the first set of support members 2350 and the second set of support

members 2355 can support at least a portion of the wall 3 to limit and/or prevent deformation of

the wall 3 that can otherwise result in a suction event (e.g., an obstruction of the opening 2327
and thus, the lumen 2324) and/or a kinking or obstruction of peripheral vascular structure such
as, for example, the pulmonary vein or the like. In some embodiments, the second set of support

members 2355 can engage a portion of the first set of support members 2350 to, for example,
exert a force that can be configured to resist a force exerted by the first set of support members
2350 that can otherwise pry the inner retention member 2330 and/or an outer edge of the tubular
member 2321 from the inner surface 4 . Thus, the likelihood of clot formation, the formation of
dead spots in a flow of fluid within the left atrium, and/or the formation of eddy currents in a
flow of fluid within the left atrium can be reduced or substantially prevented.
[1199]

FIG. 43 is an illustration of an inlet flow cannula assembly 2420 coupled to a target

tissue T according to an embodiment. The target tissue T can be any suitable bodily tissue such
as, for example, a wall or other structure of the heart, a wall of a vascular structure, and/or the

like. For example, in some instances, the target tissue T can be a wall of a left atrium of a heart.

The wall of the left atrium can define at least a portion of an interior volume such that an exterior
surface of the wall is fluidically isolated from an interior surface of the wall.
[1200]

The cannula assembly 2420 includes a tubular member 2421 and a support member

2450. The tubular member 2421 can be, for example, a cannula or catheter that defines a lumen

2424 and a channel 2429. The lumen 2424 extends substantially through a distal surface and a
proximal surface of the tubular member 2421 such that, when the cannula assembly 2420 is
coupled to the target tissue T, the lumen 2424 is placed in fluid communication with an interior
volume (not shown in FIG. 43) defined by the target tissue T (e.g., an interior volume of an
organ and/or vascular structure). In some embodiments, the tubular member 2421 can include a
distal end portion 2423 (e.g., a connection portion) that is configured to be coupled to the target
tissue T. For example, a portion of the target tissue T can be disposed within a recess defined by
the distal end portion 2423. In some embodiments, the distal end portion 2423 of the tubular
member 2421 can be sutured to the target tissue T to coupled the tubular member 2421 thereto.
In some embodiments, the distal end portion 2423 of the tubular member 2421 can be in contact
with a first portion of and inner surface S of the target tissue T when coupled thereto.

[1201]

The channel 2429 is configured to receive the support member 2450 as the support

member is moved from a first configuration to a second configuration, as described in further
detail herein. The channel 2429 can be, for example, a lumen defined by the tubular member
2421. In some embodiments, the channel 2429 can be in an orthogonal configuration in which a

first portion is substantially parallel to a longitudinal centerline (not shown) defined by the
tubular member 2421 and a second portion is substantially perpendicular to the longitudinal
centerline. In other embodiments, the tubular member 2421 can define the channel 2429 in any

suitable orientation and/or configuration.

For example, in some embodiments, the tubular

member 242 1 can define a channel that defines a substantially helical path about the longitudinal
centerline of the tubular member 2421 . Although the tubular member 2421 is shown in FIG. 43
as defining a single channel 2429, in other embodiments, a tubular member 2421 can include any

number of channels that can be in any suitable arrangement.
[1202]

The support member 2450 can be any suitable shape, size, or configuration. For

example, in some embodiments, the support member 2450 can be a wire or the like that can be
formed from any suitable material such as, for example, nickel-titanium alloy (Nitinol ®),
stainless steel, plastic, composite, and/or any other biocompatible material. The support member
2450 can be transitioned between a first configuration (e.g., a collapsed configuration) and a
second configuration (e.g., an expanded configuration) to be placed in contact with a second
portion of the inner surface S of the target tissue T, thereby limiting movement of the target
tissue T relative to the tubular member 2421, as indicated by the arrow KK in FIG. 43. More
specifically, the support member 2450 can include an end portion that can be disposed within the
channel 2429 when the support member 2450 is in its first configuration (not shown in FIG. 43)
and can be advanced through the channel 2429 toward the second configuration to dispose the
end portion in the interior volume defined at least in part by the target tissue T. In this manner,
the end portion of the support member 2450 can extend away from the tubular member 2450 to
be substantially in continuous contact with the inner surface S .

When in the second

configuration, the end portion of the support member 2450 can be in contact with the second
portion of the inner surface S of the target tissue T to limit movement of the target tissue T
relative to the tubular member 2421. In some embodiments, the second portion of the inner
surface S of the target tissue T can have and/or include a larger surface area than a surface area
included in and/or defined by the first portion of the inner surface S . Similarly stated, the

support member 2450 can be in substantially continuous contact with the second portion of the
inner surface S to, for example, increase a footprint of the cannula assembly 2420 on the inner
surface S of the target tissue T. Thus, the support member 2450 can limit movement of the target
tissue T relative to the tubular member 2421 that can, for example, reduce the likelihood of a
suction event (e.g., a portion of the target tissue T collapsing and obstructing the lumen 2424 or
other vascular openings).
By maintaining the support structure 2450 and/or the tubular member 2421 in

[1203]

substantially continuous contact with the surface S, the likelihood of clot formation is reduced, as
described in detail above. The arrangement of the support member 2450 and the tubular member
242 1 can also reduce eddy currents near the surface S of the target tissue T that would otherwise

limit flow of blood to portions of the surface S and thereby increase the risk of clot formation. In
addition, any portion of the tubular member 2421 and/or the support member 2450 can include
an outer surface and/or surface finish configured to reduce clot formation and/or increase tissue
ingrowth. For example, in some embodiments, at least a portion of the tubular member 2421
and/or the support member 2451 can be substantially circumscribed by a fabric and/or outer
surface such as Dacron®, polyester, polytetrafluoroethylene (PTFE), silicon, polypropylene,
and/or the like. In some embodiments, at least a portion of the tubular member 2421 and/or the
support member 2450 can be coated by a biological material such as human tissue cells and/or
animal tissue cells. In some embodiments, the outer surface of at least a portion of the tubular
member 2421 and/or the support member 2450 can include a rough texture configured to
encourage tissue ingrowth. Thus, bodily tissue can form about at least a portion of the tubular
member 2421 and/or the support member 2450 which can reduce the likelihood of clot
formation.
[1204]

FIG. 44 is a flow chart illustrating a method 2590 of coupling an inlet flow cannula

assembly to a wall of an organ according to an embodiment.

The method 2590 includes

inserting a tubular member into a body such that a connection portion of the tubular member is at
least partially within an interior volume of an organ, at 2591. In some embodiments, the tubular

member can be included in an inlet flow cannula or the like that is physically and fluidically
coupled to an inlet port of a pump included in a ventricular assist device such as those described
herein.

In some instances, the tubular member can be inserted via an at least partially

interventional procedure. That is to say, at least a portion of tubular member can be introduced
to the interior volume of the organ via a vein. For example, in some embodiments, the organ can

be the heart and the tubular member can be inserted into the interior volume defined by the left
atrium. In such embodiments, the tubular member can be inserted through, for example, the

jugular vein, as shown in FIG. 5 . In this manner, the tubular member can be passed through the
jugular vein, the superior vena cava, the right atrium, and the septum to be partially within the
interior volume defined by the left atrium.
[1205]

Once within the interior volume, the connection portion is moved from a collapsed

configuration to an expanded configuration such that an outer edge of the connection portion
contacts a first portion of an inner surface of a wall of the organ, thereby placing the interior
volume of the organ in fluid communication with a lumen defined by the tubular member and
fluidically isolating the interior volume of the organ from a volume outside of the organ, at 2592.
For example, in some embodiments, the connection portion of the tubular member can be
disposed at and/or can form a distal end portion of the tubular member. In some embodiments,
the connection portion can be transitioned from the first configuration to the second
configuration in a similar manner as described above with reference to the tubular member 142 1
of FIGS. 21-28. In some embodiments, the connection portion can include, for example, one or
more retention members or elements that can configured to couple the connection portion to the
wall of the organ. For example, in some embodiments, the connection portion can be coupled to
the wall of the organ via retention members such as the retention members 1530 and 1540
described above with reference to FIGS. 29-31. In this manner, the retention members can exert
a force on the wall of the organ that can be sufficient to couple the connection portion thereto.
[1206]

A support member is moved within a channel defined by the tubular member from a

first position to a second position to limit movement of the wall relative to the tubular member,
at 2593. For example, in some embodiments, the support member can be moved from its first

position in which an end portion of the support member is disposed within the channel to its
second position in which the end portion of the support member is disposed outside of the
channel and in contact with a second portion of the inner surface of the wall.

In some

embodiments, the tubular member can define a channel such as, for example, the channel 2429

defined by the tubular member 2421 of FIG. 43. In this manner, the support member can be
advanced through the channel towards its second position.
[1207]

As described above, the end portion of the support member can extend away from the

tubular member to place a surface of the support member substantially in continuous contact
with the inner surface. In some embodiments, the second portion of the inner surface of the wall
can have and/or include a larger surface area than a surface area included in and/or defined by

the first portion of the inner surface in contact with the tubular member. Similarly stated, the
support member can be in substantially continuous contact with the second portion of the inner
surface to, for example, increase a footprint of the cannula assembly on the inner surface of the
wall. Thus, the support member can limit movement of the wall of the organ relative to the
tubular member that can, for example, reduce the likelihood of a suction event (e.g., a portion of
the wall collapsing and obstructing the lumen or other vascular openings).
[1208]

By maintaining the support structure in substantially continuous contact with the

inner surface, the likelihood of clot formation is reduced, as described in detail above. The
arrangement of the support member and the tubular member can also reduce eddy currents near
the surface of the wall that would otherwise limit flow of blood to portions of the surface and
thereby increase the risk of clot formation. In addition, any portion of the tubular member and/or
the support member can include an outer surface and/or surface finish configured to reduce clot
formation and/or increase tissue ingrowth. For example, in some embodiments, at least a portion
of the tubular member and/or the support member can be substantially circumscribed by a fabric
and/or outer surface such as Dacron®, polyester, polytetrafluoroethylene (PTFE), silicon,
polypropylene, and/or the like. Thus, bodily tissue can form about at least a portion of the
tubular member and/or the support member which can reduce the likelihood of clot formation.
In some instances, the arrangement of the support member and the tubular member can increase
an inlet flow rate into a pump of a VAD without substantially increasing a negative pressure
differential between the pump and the interior volume, thereby reducing suction events that can
otherwise be associated with the increased flow rate.
[1209]

FIG. 45 is a flow chart illustrating a method 2690 of coupling a flow cannula to a wall

of an organ according to an embodiment. The method 2690 includes insert a flow member,

defining a first channel and a second channel, into a body such that a first end portion of the flow
member is at least partially within an interior volume of the organ, at 2691.

In some

embodiments, the flow member can be, for example, a flow cannula or the like that is physically
and fluidically coupled to a ventricular assist device such as those described herein. In some
embodiments, the flow member can be substantially similar to or the same as the cannula
assemblies 720, 820, 920, 1020, and/or 1120 described above. In this manner, the arrangement
of the flow member can be such that the first channel can form or define, for example, a
recirculation cannula or lumen, and the second channel can form or define, for example, an
tubular member or the like, as described in detail above.
[1210]

In some instances, the flow member can be inserted via an at least partially

interventional procedure. That is to say, at least a portion of flow member can be introduced to
the interior volume of the organ via a vein. For example, in some embodiments, the organ can
be the heart and the flow member can be inserted into the interior volume defined by the left
atrium. In such embodiments, the flow member can be inserted through, for example, the jugular
vein, as shown in FIG. 5 . In this manner, the flow member can be passed through the jugular
vein, the superior vena cava, the right atrium, and the septum to be partially within the interior
volume defined by the left atrium.
[1211]

Once within the interior volume, the first end portion of the flow member is moved

from a collapsed configuration to an expanded configuration such that an outer edge of the first
end portion contacts an inner surface of the wall of the organ, thereby placing the interior volume
of the organ in fluid communication with the first channel and the second channel, at 2692. For
example, in some embodiments, the first end portion can be transitioned from the collapsed
configuration to the expanded configuration in a similar manner as described above with
reference to the flow member 1421 of FIGS. 21-28. In some embodiments, the first end portion
can include, for example, one or more retention members or elements that can configured to
couple the first end portion to the wall of the organ. For example, in some embodiments, the
first end portion can be coupled to the wall of the organ via retention members such as the
retention members 1530 and 1540 described above with reference to FIGS. 29-31.

In this

manner, the retention members can exert a force on the wall of the organ that can be sufficient to
couple the first end portion thereto.

In other embodiments, the first end portion can be

transitioned from the collapsed configuration to the expanded configuration in any suitable
manner such as any of those described above. In some embodiments, the first end portion can be
transitioned from the collapsed configuration to the expanded configuration in a manner
substantially similar to or the same as those described in U.S. Patent Publication No.
20120259157, the disclosure of which in incorporated by reference above.
[1212]

The second end portion of the flow member is coupled to a pump to place the first

channel in fluid communication with an outlet of the pump, and to place the second channel in

fluid communication with an inlet of the pump, at 2693. As described above, the pump can be
included in, for example, a ventricular assist device such as those described above.

More

particularly, in some embodiments, the pump can be substantially similar to the pumps 301, 401,
501, and/or 601 described above with reference to FIG. 4, FIGS. 5-7, FIG. 8, and FIGS. 9 and
10, respectively. In this manner, the first channel can be physically and fluidically coupled to the

outlet of the pump and can be arranged as, for example, a recirculation cannula that defines a

flow path in which fluid (e.g., blood) can flow from the pump to the interior volume of the organ
(e.g., the left atrium). Similarly, the second channel can be physically and fluidically coupled to

the inlet of the pump and can be arranged as, for example, an inlet flow cannula that defines a
flow path in which fluid (e.g., blood) can flow from the interior region of the organ (e.g., the left
atrium) to the pump, as described in detail above. In some embodiments, the arrangement of the

flow member can be such that an increased flow rate through the pump and/or through the organ
can be produced while limiting, for example, a negative pressure differential between the pump

and the interior volume, as described above.
[1213]

In some embodiments, the arrangement of the first channel and/or the second channel

can, for example, reduce the likelihood of a suction event (e.g., an obstruction of the second

channel by a portion of the wall of the organ) and/or a kinking or obstruction of any vascular
opening defined by the wall of the organ. In some embodiments, the arrangement of the flow

member can reduce the likelihood of clot formation and/or can reduce eddy currents near the
surface of the wall that would otherwise limit flow of fluid to portions of the wall and thereby
increase the risk of clot formation, as described in detail above. Moreover, any portion of the

flow member can include, for example, an outer surface and/or surface finish configured to
reduce clot formation and/or increase tissue ingrowth, as described in detail above.

[1214]

Although the methods and embodiments are described above as coupling an inlet

flow cannula assembly of a device to a wall of the left atrium to place the inlet flow cannula
assembly in fluid communication with the left atrium, the inlet flow cannula assembly of any of
the devices described herein can be coupled to any portion of the heart such as, for example, the
left ventricle, the right ventricle, the right atrium, the septum between the left atrium and the

right atrium, and/or the septum between the left ventricle and the right ventricle.

In other

embodiments, the inlet flow cannula assembly of any of the devices described herein can be
coupled to any suitable vasculature structure to place the inlet flow cannula assembly in fluid
communication therewith.

In such embodiments, any portion of the inlet flow cannula

assemblies can be changed in size or configuration in accordance with restrictions associated
with the anatomy. For example, in some embodiments, a support member can be disposed
within a left ventricle to limit and/or prevent collapse a left ventricular wall.

In such

embodiments, a portion of the wall supported by the support member can be reduced, for
example, to allow for the normal contraction of the heart to be unencumbered. Thus, a partial
support member that is limited to a region of the heart, particularly near the inlet flow cannula
connection to the heart may be employed. Moreover, the inlet flow cannula in the left ventricle
is typically inserted at the apex, so such a support member structure near the apex can be, for

example, funnel-shaped extending away from the inlet flow cannula and in continuous contact
with the ventricle wall to reduce the likelihood of clot formation.
[1215]

Although the embodiments described herein include inlet flow cannulas that are used

with ventricular assist devices or the like, any of the embodiments can be used with any suitable
device and/or can be used to facilitate any suitable procedure.

For example, any of the

embodiments described herein can be used with any blood flow circuits such as, for example, in
a cardiopulmonary bypass circuit for open heart surgery.
[1216]

While various embodiments have been described above, it should be understood that

they have been presented by way of example only, and not limitation. Where schematics and/or
embodiments described above indicate certain components arranged in certain orientations or
positions, the arrangement of components may be modified. While the embodiments have been
particularly shown and described, it will be understood that various changes in form and details
may be made. For example, although the inlet flow cannulas 1220 and 1320 are shown and

described with reference to FIGS. 17-18 and FIGS. 19-20, respectively, as being disposed within
a portion of the flow regulators 1270 and 1370, respectively, in other embodiments, a flow
regulator can be disposed within a lumen of a cannula to regulate a flow therethrough.

For

example, in some embodiments, a cannula can include a flow regulator that includes one or more
balloons, valves, iris, dilators, obstructions, gates, and/or the like that can be transitioned
between a series of configurations to regulate a flow through the cannula. In other embodiments,
a flow regulator can be included in, for example, an inlet port, an outlet port, and/or a
recirculation port of a pump, such as those described herein. In still other embodiments, a VAD
can include more than one pump that can be collectively or individually used to regulate a flow
of fluid through a cannula.
[1217]

Although the recirculation members (e.g., recirculation members 710, 810, 910, 1010

and 1110) are shown and described as being in a fixed position relative to the tubular members
(e.g., tubular members 721, 821, 921, 1021 and 1121), in other embodiments, any of the
recirculation members described herein can be movable relative to the tubular (or inflow)
member. For example, in some embodiments, any of the recirculation members described herein
can deform (i.e., change configuration and/or shape) relative to the tubular (or inflow) member.
In other embodiments, any of the recirculation members described herein can slide (i.e., change
position) relative to the tubular (or inflow) member.
[1218]

Although various embodiments have been described as having particular features

and/or combinations of components, other embodiments are possible having a combination of
any features and/or components from any of embodiments as discussed above.
[1219]

For example, any of the cannula assemblies described herein can include a connection

portion having a fabric member arranged similar to the fabric member 1533 shown and described
above with respect to FIGS. 29-31 .
[1220]

Any of the systems and methods described herein can employ any of the pumps

described herein. Moreover, any of the systems and methods described herein can be configured
to operate under a "high flow" condition (i.e., the total pump flow is greater than about 2.5

L/min, 3 L/min, 3.5 L/min, 4 L/min and 5 L/min).

[1221]

Where methods described above indicate certain events and/or procedures occurring

in certain order, the ordering of certain events may be modified. Additionally, certain of the

events may be performed concurrently in a parallel process when possible, as well as performed
sequentially as described above.
[1222]

Some embodiments described herein relate to a computer storage product with a non-

transitory computer-readable medium (also can be referred to as a non-transitory processorreadable medium) having instructions or computer code thereon for performing various
computer-implemented operations.

The computer-readable medium (or processor-readable

medium) is non-transitory in the sense that it does not include transitory propagating signals per
se (e.g., a propagating electromagnetic wave carrying information on a transmission medium

such as space or a cable). The media and computer code (also can be referred to as code) may be
those designed and constructed for the specific purpose or purposes. Examples of non- transitory
computer-readable media include, but are not limited to, magnetic storage media such as hard
disks, floppy disks, and magnetic tape; optical storage media such as Compact Disc/Digital

Video Discs (CD/DVDs), Compact Disc-Read Only Memories (CD-ROMs), and holographic
devices; magneto-optical storage media such as optical disks; carrier wave signal processing
modules; and hardware devices that are specially configured to store and execute program code,

such as Application- Specific Integrated Circuits (ASICs), Programmable Logic Devices (PLDs),
Read-Only Memory (ROM) and Random- Access Memory (RAM) devices. Other embodiments
described herein relate to a computer program product, which can include, for example, the
instructions and/or computer code discussed herein.
[1223]

Some embodiments and/or methods described herein can be performed by software

(executed on hardware), hardware, or a combination thereof. Hardware modules may include,
for example, a general-purpose processor, a field programmable gate array (FPGA), and/or an

application specific integrated circuit (ASIC). Software modules (executed on hardware) can be
expressed in a variety of software languages (e.g., computer code), including C, C++, Java®,
Ruby, Visual Basic®, and/or other object-oriented, procedural, or other programming language
and development tools. Examples of computer code include, but are not limited to, micro-code
or micro-instructions, machine instructions, such as produced by a compiler, code used to

produce a web service, and files containing higher-level instructions that are executed by a

computer using an interpreter. Additional examples of computer code include, but are not
limited to, control signals, encrypted code, and compressed code.

What is Claimed:
1.

An apparatus, comprising:
a tubular member defining a lumen therethrough, the tubular member including a

connection portion configured to be coupled to a wall of an organ such that an interior volume of
the organ is in fluid communication with the lumen; and
a support member coupled to the tubular member, the support member configured to
minimize movement of the wall relative to the tubular member, the support member configured
to move between a collapsed configuration and an expanded configuration, a size of the support

member being at least three times greater than a diameter of the tubular member when the
support member is in the expanded configuration.

2.

The apparatus of claim 1, wherein the support member is configured to be in

continuous contact with an inner surface of the wall of the organ when the support member is in

the expanded configuration.

3.

The apparatus of claim 1, wherein:
the support member is in contact with a first portion of an inner surface of the wall

when the support member is in its expanded configuration; and
the connection portion is configured to move from a collapsed configuration to an

expanded configuration, the connection portion being flared such that at least an outer edge of
the connection portion is in contact with a second portion of the inner surface of the wall when
the connection portion is in its expanded configuration, the connection portion and the support
member collectively configured to maintain continuous contact between the outer edge of the
connection portion and the second portion of the inner surface.

4.

The apparatus of claim 1, wherein:
the connection portion includes a retention member and a fabric member, the

retention member configured to apply a force against a first portion of the inner surface to
fluidically isolate the lumen from a volume outside of the organ, the fabric member coupled
about the retention member such that fabric member is in direct contact with the first portion of

the inner surface; and

the support member is configured to extend through an opening defined by the fabric

member such that the support member is in contact with a second portion of the inner surface of
the wall when the support member is in its expanded configuration.

5.

The apparatus of claim 1, wherein:
an inner surface of the tubular member defines the lumen; and
the connection portion is configured to move from a collapsed configuration to an

expanded configuration, the connection portion being flared such that a portion of the inner
surface of the tubular member is substantially parallel with an inner surface of the wall when the

connection portion is in its expanded configuration.

6.

The apparatus of claim 1, wherein:
the connection portion includes a first retention member and a second retention

member, the first retention member and the second retention member configured to be coupled
to the wall of the organ to fluidically isolate the lumen from a volume outside of the organ, a

portion of the wall being disposed between the first retention member and the second retention
member when the first retention member and the second retention member are coupled to the
wall.

7.

The apparatus of claim 1, wherein:
the connection portion of the tubular member defines a flow opening in fluid

communication with the lumen; and
the support member substantially circumscribes the flow opening.

8.

The apparatus of claim 1, wherein the support member is a wire having a spiral shape

when in the expanded configuration.

9.

The apparatus of claim 1, wherein the support member is at least partially constructed

from a material formulated to promote tissue ingrowth into the support member.

10.

An apparatus, comprising:
a tubular member defining a lumen therethrough, the tubular member including a

connection portion configured to move from a collapsed configuration to an expanded
configuration, an outer edge of the connection portion configured to contact a first portion of an
inner surface of a wall of an organ when the connection portion is in its expanded configuration
such that an interior volume of the organ is in fluid communication with the lumen and is

fluidically isolated from a volume outside of the organ; and

a support member coupled to the tubular member, the support member configured to
minimize movement of the wall relative to the tubular member, the support member configured
to move between a first configuration and a second configuration, the support member

configured to contact a second portion of the inner surface of the wall when the support member
is in its second configuration, the connection portion and the support member collectively

configured to maintain continuous contact between the outer edge of the connection portion and
the first portion of the inner surface of the wall.

11.

The apparatus of claim 10, wherein at least the outer edge of the connection portion is

configured to exert a force on the first portion of the inner surface of the wall when the
connection portion is in its expanded configuration.

12.

The apparatus of claim 10, wherein at least the outer edge of the connection portion

includes a fabric member configured to contact the first portion of the inner surface and promote

tissue ingrowth therein.

13.

The apparatus of claim 10, wherein:
the tubular member defines a channel; and
the support member is movably disposed within the channel, an end portion of the

support member is disposed within the channel when the support member is in its first

configuration, the end portion of the support member is disposed outside of the channel and
configured to contact the second portion of the inner surface of the wall when the support
member is in its second configuration.

14.

The apparatus of claim 13, wherein the channel is fluidically isolated from the lumen.

15.

The apparatus of claim 13, wherein the channel is helical channel about a longitudinal

axis of the lumen.

16.

An apparatus, comprising:
a tubular member defining a lumen therethrough and a channel, the tubular member

including a connection portion configured to move from a collapsed configuration to an

expanded configuration, an outer edge of the connection portion configured to contact a first
portion of an inner surface of a wall of an organ when the connection portion is in its expanded
configuration such that an interior volume of the organ is in fluid communication with the lumen
and is fluidically isolated from a volume outside of the organ; and
a support member movably disposed within the channel, the support member
configured to minimize movement of the wall relative to the tubular member, the support
member configured to move between a first configuration and a second configuration, an end
portion of the support member disposed within the channel when the support member is in the
first configuration, the end portion of the support member configured to contact a second portion
of the inner surface of the wall when the support member is in its second configuration.

17.

The apparatus of claim 16, wherein the connection portion and the support member

collectively configured to maintain continuous contact between the outer edge of the connection
portion and the first portion of the inner surface of the wall.

18.

The apparatus of claim 16, wherein a size of the support member is at least three

times greater than a diameter of the tubular member when the support member is in the second

configuration.

19.

The apparatus of claim 16, wherein the channel is fluidically isolated from the lumen.

20.

The apparatus of claim 16, wherein the channel is helical channel about a longitudinal

axis of the lumen.

21.

A method, comprising:
inserting a tubular member into a body such that a connection portion of the tubular

member is at least partially within a interior volume of an organ;
moving the connection portion from a collapsed configuration to an expanded
configuration such that an outer edge of the connection portion contacts a first portion of an inner
surface of a wall of the organ thereby placing the interior volume of the organ in fluid

communication with the lumen and fluidically isolating the interior volume of the organ from a
volume outside of the organ; and
moving a support member from a first configuration to a second configuration, an end
portion of the support member disposed apart from the inner surface of the wall when the support
member is in the first configuration, the end portion of the support member in contact with a
second portion of the inner surface of the wall when the support member is in the second
configuration.

22.

The method of claim 21, wherein the moving the support member includes moving

the support member within a channel defined by the tubular member from a first position to a
second position.

23.

The method of claim 21, wherein the moving the support member includes changing

a shape of the support member.

24.

The method of claim 21, wherein the support member is configured to limit

movement of the wall relative to the tubular member when the support member is in the second
configuration.

25.

The method of claim 21, wherein the connection portion and the end portion of the

support member are in continuous contact with the inner surface of the wall when the support

member is in the second configuration.

26.

The method of claim 2 1, wherein the organ is a heart and the wall is an atrial wall.

27.

An apparatus, comprising:
a flow member defining a first channel and a second channel, the flow member

including a first end portion and a second end portion, the first end portion configured to move

from a collapsed configuration to an expanded configuration, an outer edge of the first end
portion configured to contact an inner surface of a wall of an organ when the first end portion is
in its expanded configuration such that an interior volume of the organ is in fluid communication

with the first channel and the second channel,
the second end portion of the flow member configured to be coupled to a pump such
that the first channel is in fluid communication with an outlet of the pump and the second
channel is in fluid communication with an inlet of the pump.

28.

The apparatus of claim 27, wherein the first end portion of the flow member defines a

plurality of openings in fluid communication with the first channel, the plurality of openings
positioned to spatially distribute a flow from the pump into the interior volume of the organ.

29.

The apparatus of claim 27, wherein:

the organ is a heart; and
the first end portion of the flow member defines an opening in fluid communication
with the first channel, the opening positioned to direct at least a portion of a flow from the pump
against a portion of the flow member to limit clot formation within the interior volume of the
heart.

30.

The apparatus of claim 27, further comprising:

a support member coupled to the flow member, the support member configured to
move between a first configuration and a second configuration, the support member configured
to contact the inner surface of the wall when the support member is in its second configuration to

minimize movement of the wall relative to the flow member.

31.

A method, comprising:
inserting a flow member into a body such that a first end portion of the tubular

member is at least partially within a interior volume of an organ, the flow member defining a
first channel and a second channel;
moving the first end portion from a collapsed configuration to an expanded
configuration such that an outer edge of the connection portion contacts an inner surface of a
wall of the organ thereby placing the interior volume of the organ in fluid communication with
the first channel and the second channel; and
coupling the second end portion of the flow member to a pump such that the first
channel is in fluid communication with an outlet of the pump and the second channel is in fluid

communication with an inlet of the pump.

32.

The method of claim 31, wherein the pump is subcutaneously implanted within a

body.

33 .

The method of claim 31, further comprising:
actuating the pump such that a first flow of a fluid flows from the interior volume of

the organ to the pump via the second channel, and a second flow of the fluid flows from the
pump to the interior volume of the organ via the first channel.

34.

The method of claim 31, further comprising:
moving a support member coupled to the flow member from a first configuration to a

second configuration, an end portion of the support member disposed apart from the inner
surface of the wall when the support member is in the first configuration, the end portion of the

support member in contact with the inner surface of the wall when support member is in the

second configuration.
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