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APPARATUS AND METHODS FOR CUTTING AN ATRIAL WALL

Cross Reference to Related Application

[1001] The present application claims priority to and benefit of U.S. Provisional Patent

Application No. 61/91 1,678, entitled "Apparatus and Methods for Cutting an Atrial Wall,"

filed December 4, 2013, the disclosure of which is incorporated herein by reference in its

entirety.

Background

[1002] The embodiments described herein relate generally to apparatus and methods for

insertion of a cannula into target tissue, and more particularly, to cutting target tissue and

inserting a cannula of a ventricular assist device into the left atrium of a heart.

[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 atrium 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.

[1004] Some known methods for placing an inlet flow cannula in or at a desired location

within, for example, the left atrium include advancing the inlet flow cannula through the

superior vena cava (SVC) and piercing the septum between the right atrium and the left

atrium. In such methods, the thickness of the septum can be sufficient to allow piercing

and/or cutting thereof to provide the passage of the inlet flow cannula. Such methods,

however, often include an at least partially blind piercing of the septum, which can be

challenging and can result in undesirable placement of the inlet flow cannula. Some such

methods can be used with imaging techniques such as, fluoroscopy and echocardiography,

however, due to the distance between the insertion point and the target location of the heart

and/or the torturous path of the anatomy, precision can still be difficult and the ability to

apply a suitable force can be challenging.



[1005] In other instances, methods for placing an inlet flow cannula in or at a desired

location within the left atrium include coupling the inlet flow cannula to the dome of the left

atrium. This location can provide performance benefits because it is adjacent a wider portion

of the left atrium and is remote from the left and right pulmonary veins. Coupling of the inlet

flow cannula to the dome of the left atrium, however, can be complicated by the anatomy of

the heart. For example, the walls of the dome of the left atrium are very thin (e.g., between 1

and 2 mm in thickness) and fragile, which can make incising the tissue difficult. Moreover,

certain procedures may include dilating an incision in the atrial wall with a dilator and/or

balloon catheter, for example, to accommodate the desired size of the inlet flow cannula.

Dilation of certain tissue, such as the dome of the atrium can lead to tearing of the tissue

and/or fracture that can extend beyond a diameter of the dilator (e.g., due at least in part on

the thinness of the tissue). In addition, the interior of the atrium can be at a relatively low

pressure, due to the function of the heart. Therefore, when the dome of the left atrium is

pushed and/or manipulated from the outside to incise or dilate the tissue (e.g., with a scalpel

or other tool), the tissue can collapse into the atrium, making a clean cut of the atrium wall

difficult to achieve. In some instances, similar collapse can occur in, for example, transseptal

puncture and/or a puncture through the right atrial wall.

[1006] Thus, a need exists for improved apparatus and methods for cutting target tissue

and inserting a cannula of a ventricular assist device into the left atrium of a heart.

Summary

[1007] Apparatus and methods for cutting target tissue and inserting a cannula of a

ventricular assist device into the left atrium of a heart are described herein. In some

embodiments, a method includes coupling, at least temporarily, a support member adjacent to

a target tissue. The support member is configured to support the target tissue and to define a

path along which a cutting device can move. The method includes moving the cutting device

along the path defined by the support member to cut and/or dilate the target tissue. In some

embodiments, the method optionally includes disposing a cannula of a device within the cut

defined in target tissue. The cannula is coupled to the target tissue such that a lumen defined

by the cannula is in fluid communication with a volume defined at least in part by the target

tissue.



[1008] In some embodiments, an apparatus includes a support member configured to be

transitioned between a first configuration and a second configuration. When the support

member is in the first configuration, a contact portion of the support member is configured to

be inserted through an organ wall from a first side of the organ wall to a second side of the

organ wall. When the support member is in the second configuration, the contact portion of

the support member is configured to contact the second side of the organ wall to limit

movement of the organ wall. The contact portion of the support member has a first size when

the support member is in the first configuration and a second size when the support member

is in the second configuration, the second size being larger than the first size. The support

member has a guide portion includes a surface along which a puncture member can be

slidably disposed. The puncture member is configured to puncture the organ wall when

moved along the surface and when the support member is in the second configuration

Brief Description of the Drawings

[1009] FIG. 1 is an illustration of a ventricular assist device (VAD) in place within a

portion of a body of a patient according to an embodiment.

[1010] FIGS. 2-5 are illustrations of various stages of coupling an inlet flow cannula to a

wall of an atrium of a heart according to an embodiment.

[1011] FIGS. 6-8 are a top view, a side view and a perspective view, respectively, of a

support member in a first configuration, according to an embodiment.

[1012] FIG. 9 is a cross-sectional side view of the support member of FIG. 6 in a second

configuration.

[1013] FIG. 10 is a side view of the support member of FIG. 6 in a first position relative

to a wall of an atrium when the support member is in the first configuration.

[1014] FIG. 11 is a side view of the support member of FIG. 6 in a second position

relative to the wall of the atrium when the support member is in the first configuration.

[1015] FIGS. 12-14 are side views of the support member of FIG. 6 and a cutting device

in a first configuration, a second configuration, and a third configuration, respectively,

according to an embodiment.



[1016] FIG. 15 is a side view of a support member according to another embodiment.

[1017] FIG. 16 is a side view of a support member according to another embodiment.

[1018] FIG. 17 is a perspective side view of a support member according to another

embodiment.

[1019] FIGS. 18-20 are schematic illustrations of the support member of FIG. 17 and a

cutting device in a first configuration, a second configuration, and a third configuration,

respectively, according to an embodiment.

[1020] FIGS. 2 1 and 22 are perspective views of a portion of a support member

according to an embodiment.

[1021] FIG. 23 is a schematic illustration of a cutting device according to an

embodiment.

[1022] FIG. 24 is a schematic illustration of a cutting device according to another

embodiment.

[1023] FIG. 25 is a schematic illustration of a cutting device in a first configuration,

according to an embodiment.

[1024] FIG. 26 is a schematic illustration of the cutting device of FIG. 25 in a second

configuration.

[1025] FIGS. 27-29 are schematic illustrations of a portion of a cutting device and a

portion of an inlet flow cannula of a device in a first configuration, a second configuration,

and a third configuration, respectively, according to an embodiment.

[1026] FIGS. 30 and 3 1 are side cross-sectional views of a cutting device in a first

configuration and a second configuration, respectively, according to another embodiment.

[1027] FIG. 32 is a schematic illustration of a cutting device according to another

embodiment.

[1028] FIG. 33 is a schematic illustration of a cutting device according to another

embodiment.



[1029] FIG. 34 is a schematic illustration representing a resulting incision in a wall of an

atrium using a known method of incision.

[1030] FIG. 35 shows schematic illustrations representing resulting incisions in a wall of

an atrium using the cutting devices described herein.

[1031] FIG. 36 is a flowchart illustrating a method of coupling a cannula to a target tissue

according to an embodiment.

[1032] FIG. 37 is a flowchart illustrating a method of coupling a cannula to a target tissue

according to another embodiment.

[1033] FIG. 38 is a flowchart illustrating a method of piercing an organ wall according to

an embodiment.

[1034] FIG. 39 is a flowchart illustrating a method of piercing an organ wall according to

another embodiment.

Detailed Description

[1035] In some embodiments, a method includes coupling, at least temporarily, a support

member adjacent to a target tissue. The support member is configured to support the target

tissue and to define a path along which a cutting device can move. The method includes

moving the cutting device along the path defined by the support member to cut and/or dilate

the target tissue. In some embodiments, the method optionally includes disposing a cannula

of a device within the cut defined in target tissue. The cannula is coupled to the target tissue

such that a lumen defined by the cannula is in fluid communication with a volume defined at

least in part by the target tissue.

[1036] In some embodiments, a method of coupling an inlet flow cannula of a ventricular

assist device to a wall of an atrium of a heart includes moving at least one of the superior

vena cava or the aorta to expose a portion of the wall of the atrium. A support member is at

least temporarily coupled to the wall of the atrium such that movement of the wall in at least

one direction is limited. A cutting device is moved along a path defined by the support

member to cut the wall of the atrium. In some embodiments, the method optionally includes

disposing the inlet flow cannula of the ventricular assist device within the cut defined in the



atrium wall. The method includes coupling the inlet flow cannula to the wall of the atrium

such that the inlet flow cannula is in fluid communication with the atrium.

[1037] In some embodiments, a method includes disposing a support member through an

atrial wall when the support member is in a first (or expanded) configuration. The support

member is moved from the first configuration to the second configuration such that a contact

portion of the support member is non parallel to a guide portion of the support member. The

contact portion is moved into contact with a first side of the atrial wall to limit movement of

the atrial wall in at least one direction. A cutting device is moved along the guide of the

support member to define an opening in the atrial wall from a second side of the atrial wall.

[1038] In some embodiments, the contact portion substantially surrounds the guide

portion when the support member is in the second configuration. In some embodiments, the

contact portion substantially surrounds the opening in the atrial wall.

[1039] In some embodiments, an apparatus includes a support member configured to

limit movement of a target tissue (e.g., an atrial wall) during a surgical procedure. The

support member has a distal end portion, a contact portion and a guide portion, and is

configured to move between a first (expanded) configuration and a second (collapsed)

configuration. The distal end portion is configured to pierce and or dilate the target tissue

when the support member is in the first configuration. The contact portion is configured to

contact the target tissue when the support member is in the second configuration to limit

movement of the target tissue in at least one direction. The guide portion is configured to

define a path along which a cutting tool can move to define an opening in the target tissue.

[1040] In some embodiments, the contact portion is configured to contact a first side of

the target tissue when the support member is in the second configuration to limit movement

of the target tissue in at least one direction. The guide portion is configured to define a path

along which a cutting tool can move to define an opening in the target tissue from a second

side of the target tissue.

[1041] 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.



[1042] 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.

[1043] 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 11, about 1000 would include 900 to 1100.

[1044] 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

non-linearity 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.

[1045] 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 having a lower

stiffness. Similarly stated, a support member having a higher stiffness can be characterized

as being more rigid than a support member having a 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 than 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.

[1046] 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.

[1047] 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.

[1048] The embodiments and methods described herein 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. For example, FIG. 1 illustrates a VAD 10 that is in fluid communication with a heart

1. For reference and as shown in FIG. 1, the heart 1 includes and/or otherwise defines a left

atrium 2, a right atrium 4, a left ventricle 6 and a right ventricle 7. The left atrium 2 and the

right atrium 4 are separated by a septum 5. 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

8 (which provides blood flow into the right atrium 4) and the aorta 9 (which receives blood

flow from the left ventricle 6). 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.

[1049] The VAD 10 includes a pump 11, an outlet flow cannula 12, and an inlet flow

cannula 13. The pump 11 can include, for example, a high flow impeller pump and/or the

like. In other embodiments, the pump 11 can be any suitable pump that is suitable for use in

a VAD (e.g., any suitable pulsatile pump or continuous flow pump). The outlet flow cannula

12 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). The inlet flow cannula 13 is physically and fluidically coupled between the pump inlet

and the left atrium 2. More specifically, as shown in FIG. 1, the inlet flow cannula 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 13, into the pump 11, and through the outlet flow cannula 12, thereby aiding in the

circulation of blood through the body.

[1050] The methods described herein include making an incision in the left atrial wall 3

(referred to herein as "atrial wall") through which the inlet flow cannula 13 (also referred to

herein as "inflow cannula") can be inserted. Although the atrial wall is shown in FIG. 1 as

being the dome of the left atrium, the methods and apparatus described herein can be suitable

for any target tissue, such, for example, other regions of the atrium, and other portions of the

anatomy unrelated to the heart. For example, in some embodiments, the methods and

apparatus described herein can be used to incise the septum of the heart in, for example, a

right atrial approach procedure.

[1051] In some embodiments, the inflow cannula 13 can include a distal end portion that

is suitable for coupling to the atrial wall 3. For example, FIGS. 2-5 illustrate the distal end



portion 14 of the inflow cannula 13. The distal end portion 14 of the inflow cannula 13 can

be transitioned between a first configuration in which the distal end portion 14 is collapsed

and a second configuration in which the distal end portion 14 is expanded or open, for

example, in a trumpet-shape or the like. As shown in FIGS. 2-5, the distal end portion 14 of

the inflow cannula 13 can be moved along a guide wire 15 to be inserted into an incision I

made in the atrial wall 3 of the heart 1. As shown in FIG. 2, the distal end portion 14 can be

maintained in the first configuration by disposing at least a portion of the distal end portion

14 in a sheath 16 or other suitable structure. Once a desired part of the distal end portion 14

is inserted through the incision I in the atrial wall 3, the sheath 16 and/or the inflow cannula

13 can be moved relative to one another, thereby separating the sheath 16 from the distal end

portion 14 of the inflow cannula 13, as indicated by the arrows A, B, and C in FIG. 3. In this

manner, the distal end portion 14 of the inflow cannula 13 is allowed to unfold and/or

otherwise transition to the expanded or open configuration, and can then be retracted to

securely couple the distal end portion 14 of the inflow cannula 13 to the atrial wall 3 (e.g., the

dome of the left atrium 2). Once coupled, the guide wire 15, the sheath 16 can be retracted

from the inflow cannula 13 and removed from the body.

[1052] The anatomy of the heart 1, however, often makes forming the incision I in the

atrial wall 3 difficult due at least in part to the limited thickness and susceptibility to tearing

of the atrial wall 3. Moreover, the relatively low pressure within the left atrium 2 is such that

when an inward force or pressure is applied (e.g., in the process of incising the atrial wall 3)

the atrial dome can collapse. In some instances, forming the incision I while the atrial wall 3

is collapsed can result in an incision being too large (e.g., due at least in part on a change in

diameter of the atrial wall 3). Thus, the embodiments described herein can be used to

support, incise, and/or otherwise facilitate the coupling of an inflow cannula to a target tissue,

such as, for example, the dome of the atrium.

[1053] Referring now to FIGS. 6-14, a support member 110 and a cutting device 120 are

shown, according to an embodiment. The support member 110 can be any suitable device

that can provide support to or backing for the atrial wall 3 to facilitate the incising of the

atrial wall 3. For example, in some embodiments, the support member 110 can be shape

memory device that can be transitioned between a first configuration (e.g., FIGS. 6-8) and a

second configuration (e.g., FIG. 9). In some embodiments, the support member 110 can be

formed from, for example, a nickel-titanium alloy or the like such as Nitinol™. In some



embodiments, the support member 110 can be substantially cylindrical with a diameter

between, for example, about 500 micrometers (µιη) and about 3 millimeters (mm). In other

embodiments, the support member 110 can have a diameter less than 500 µιη. In still other

embodiments, the support member 110 can have a diameter that is greater than 3 mm. The

size of the diameter of the support member 110 can be such that the support member 110 is

sufficiently stiff to pierce the atrial wall 3, as described in further detail herein. In some

embodiments, the diameter of the support member 110 can vary along the length of the

support member to facilitate piercing of the atrial wall 3. Said another way, in some

embodiments a distal end portion of the support member 110 can be tapered. In some

embodiments, a distal end portion of the support member 110 can form a cutting edge. The

cutting edge can include, for example, a tapered tip, sharp point and/or series of serrations. In

this manner, the support member 110 can be configured to pierce the atrial wall 3.

[1054] The support member 110 includes a proximal end portion 111, a distal end portion

112 and a central portion 113 therebetween. The proximal end portion 1 1 1 can be referred to

as a guide portion, and the distal end portion 112 can include or be referred to as a contact

portion. As shown in FIGS. 6-8, when in the first configuration, the distal end portion 112 of

the support member 110 is non-linear. More specifically, as shown, when in the first

configuration, the distal end portion 112 of the support member 110 forms a substantially

annular ring that can be positioned inside the left atrium and pulled up (e.g., pulled outward

or retracted) against the atrial wall 3 to provide a backing for and/or to otherwise support the

atrial wall 3, as described in further detail herein. Similarly stated, when in the first

configuration, the contact portion 112 of the support member 110 is configured to contact a

surface of the atrium and substantially surround the proximal end portion 111. In this

manner, the, contact portion 112 can limit in at least one direction the movement of the atrial

wall 3 when a cutting force or pressure is applied thereto. In some embodiments, when in the

first configuration, the contact portion 112 can create a taut cutting and/or pressure site (also

referred to herein as a "target portion") of the atrial wall 3. For example, the contact portion

112 can deform the atrial wall 3 (or any suitable organ wall) in a radial direction from the

center point (i.e., away from where a puncture member or support member penetrates,

punctures, or otherwise applies pressure to). In this manner, the atrial wall 3 can be moved

into and/or held in a preferable position when a cutting force or pressure is applied thereto.

In some instances, this can reduce the puncturing forces to penetrate the atrial wall 3. In

some instances, the "stretching" of the atrial wall 3 can minimize and/or eliminate any



"bunching" of the atrial wall 3 that may otherwise occur, and instead can produce a surface

layer having a substantially constant thickness. In this manner, the contact portion 112 can

cause movement of and/or stabilize at least a portion of the atrial wall 3 such that at least the

portion of the atrial wall 3 is in a preferable position during the piercing and/or cutting.

[1055] As shown, for example, in FIGS. 6-9, the support member 110 has two ends and is

continuous there between. Similarly, as shown, the support member 110 has a substantially

constant diameter when the support member 110 is in the second configuration. Similarly

stated, when the support member 110 is in the second configuration, the proximal end portion

111, the distal end portion 112, and the central portion 113 collectively define a substantially

linear axis along the surface of the support member 110 and between the two ends of the

support member 110. Such an arrangement allows for the support member 110 to have a

relatively small profile or form factor. The small profile of the support member 110 when in

the second configuration is particularly advantageous during insertion and removal of the

support member 110. For example, the small profile can allow for a small incision or

opening in the atrial wall 3 sufficient to receive the support member 110. The support

member 110 can be formed in any suitable manner. In some embodiments, the support

member 100 can be monolithically formed. Said another way, the guide portion 1 1 1, the

contact portion 112 and the central portion 113 can all be monolithically formed.

[1056] The annular ring formed by the distal end portion 112 can be any suitable size.

For example, in some embodiments, the distal end portion 112 can be configured to form an

annular ring with a diameter that is between about 3 mm and about 13 mm. In other

embodiments, the annular ring formed by the distal end portion 112 of the support member

110 can have a diameter that is less than 3 mm. In still other embodiments, the annular ring

formed by the distal end portion 112 can have a diameter that is more the 13 mm.

[1057] Although shown in FIGS. 6-8 as forming a substantially annular ring, in other

embodiments, the distal end portion 112 of the support member 110 can form any suitable

shape. For example, in some embodiments, a distal end portion of a support member can

form a substantially polygonal shape (e.g., square, rectangle, triangle, parallelogram,

rhombus, etc.), a substantially rounded shape (e.g., oval, oblong, elliptical, etc.), and/or any

suitable combination thereof. Moreover, the arrangement of the distal end portion 112 of the

support member 110 can be such that when in the first configuration, the annular ring and/or

the central portion 113 can have a stiffness sufficient to provide support to and/or backing for



the atrial wall 3. In other words, the substantially annular ring and/or the central portion 113

can limit and/or reduce the movement, deflection and/or deformation of the atrial wall 3 in

response to an applied force (e.g., resulting from a cutting device), as described in further

detail herein.

[1058] In some embodiments, for example, the support member 110 can be constructed

from a material having a modulus of elasticity between about 24 gigapascals (GPa) to about

83 GPa. In other embodiments, the shape of the distal end portion 112 and/or of the central

portion 113 can be defined to increase the stiffness of the support member 110 when in the

first configuration. For example, in some embodiments, the central portion 113 can have

and/or can form a curved transition or the like between the proximal end portion 1 1 1 and the

distal end portion 112 with a bend radius that can be related to a desired stiffness of at least

the central portion 113. More specifically, in some embodiments, the bend radius of the

central portion 113 can be relatively small, thereby increasing the stiffness of the central

portion 113 compared to a resulting stiffness associated with a larger bend radius. Although

the distal end portion 112 and the central portion 113 are shown in FIGS. 6 and 8 as forming

a relatively smooth (e.g., continuous) bend radii, in other embodiments, the distal end portion

112 and/or the central portion 113 can include any number of bends, waves, ripples, etc., that

can increase the stiffness of at least the distal end portion 112 and/or the central portion 113.

In still other embodiments, the distal end portion 112 and/or the central portion 113 can be

work hardened (e.g., hot worked and/or cold worked) and/or the like such that, when in the

first configuration, a stress within the distal end portion 112 and/or the central portion 113

can, for example, resist deformation and/or deflection.

[1059] Additionally, the curved transition of the central portion 113 is positioned such

that the linear portion of the support member 110 (i.e., a portion that is coaxial with and/or

includes the proximal end portion 111) extends a distance 'd' beyond the contact portion 112

(see e.g., FIG. 6). This arrangement allows the proximal end portion 11 1 and/or the linear

portion to define a path along which a cutting tool or other device can be moved. More

particularly, because the guide path extends on either side of the annular ring defined by the

contact portion 112, a cutting tool can be moved through the entire tissue wall and into a

chamber (e.g., the atrium 3) defined by the tissue wall (e.g., the dome), as shown below in

FIGS. 13 and 14. Said another way, a cutting tool can be moved about or along the guide

path of the support member 110 from one side of the contact portion 112 (e.g., external to the



tissue wall), to a second side of the contact portion 112 (e.g., inside the chamber). In this

manner, the cutting tool can be moved beyond the contact portion 112 of the support member

110. Similarly stated, the contact portion 112 substantially surrounds (or circumscribes) the

guide path defined by the support member 110. This allows the cutting tool to be moved

along the guide path through the full cutting procedure, including the portion of the

movement that occurs within the interior region of the organ.

[1060] As described above, the support member 110 can be transitioned between the first

configuration and the second configuration. For example, in some instances, the support

member 110 can be in the second configuration when disposed in an introducer catheter 105

or the like, as shown in FIG. 9. In such instances, the support member 110 can be in a

substantially linear arrangement. Similarly stated, when in the second (or expanded)

configuration, at least the distal end portion 112 of the support member 110 defines a center

line that is substantially linear. In this manner, the support member 110 can be advanced

through the introducer catheter 105 to a desired position relative to the atrial wall. In some

embodiments, a doctor, surgeon, and/or the like can make a small incision in the atrial wall 3

and can insert at least a distal end portion of the introducer catheter 105 through the atrial

wall 3, as shown in FIG. 9. In other instances, the introducer catheter 105 can be positioned

such that an end surface is disposed adjacent to an outer surface of the atrial wall 3 and the

support member 110 can be advanced through the introducer catheter 105, and can pierce the

atrial wall 3 to be disposed within the left atrium (e.g., the left atrium 2 in FIG. 1). In other

embodiments, a needle or the like can be used to insert a guidewire about which a dilator can

be moved to dilate the atrial wall 3. In some instances, the introducer catheter 105 can be

inserted into the dilated opening in the atrial wall 3.

[1061] As shown, for example, in FIGS. 10 and 11, the distal end portion 112 of the

support member 110 can be advanced beyond the atrial wall 3 a sufficient distance to allow

the support member 110 to transition from the second (or collapsed) configuration to the first

(or expanded) configuration. For example, when disposed within the introducer catheter 105,

the walls of the introducer catheter 105 can allow movement of the support member 110 in a

substantially axial direction (e.g., proximal or distal direction) while substantially limiting

movement of the support member 110 in any other direction. In this manner, the support

member 110 can be maintained in the second configuration while disposed in the introducer

catheter 105. When advanced beyond the introducer catheter 105 and into, for example, the



left atrium, movement of the support member 110 is no longer limited and the distal end

portion 112 can transition from the second (or linear) configuration to the first configuration,

as shown in FIG. 10.

[1062] As shown in FIG. 11, with the distal end portion 112 of the support member 110

advanced beyond the atrial wall 3, the support member 110 can be retracted to an extent that

places the annular ring formed by the distal end portion 112 in contact with an inner surface

of the atrial wall 3. Thus, the distal end portion 112 of the support member 110 can be used

as a "backer" for the cutting device 120 that can pierce the atrial wall 3 and pass through the

annular ring formed by the distal end portion 112, as described in further detail herein.

Similarly stated, in use, the contact portion 112 is placed into contact with the inner surface

of the atrial wall 3 to maintain the position of and/or limit movement of the atrial wall during

the cutting operation.

[1063] As shown in FIGS. 12-14, at least the proximal end (or guide) portion 1 1 1 of the

support member 110 can define a path along which the cutting device 120 can move. More

particularly, the proximal end portion 1 1 1 of the support member 110 can be substantially

linear and can be configured to engage a portion of the cutting device 120, thereby acting as,

for example, a guide wire or the like. The cutter device 120 can be any suitable device. For

example, as shown in FIG. 12, the cutter device 120 includes a proximal end portion 121 and

a distal end portion 122. The distal end portion 123 can include, for example, a set of blades,

wires, sutures, strings, plugs, edges, and/or the like that can be configured to cut or incise a

target tissue (e.g., the atrial wall 3). In some instances, the cutting device 122 can be slidably

disposed about the proximal end portion 11 1 of the support member 110. In this manner, the

cutting device 120 can be moved in the distal direction to place the blades 123 in contact with

the atrial wall 3, as indicated by the arrow D in FIG. 13. The arrangement of the blades 123

of the cutting device 120 can be such that as the cutting device 120 is advanced relative to the

atrial wall 3, the size of the incision is increased. In some instances, substantially the entirety

of the blades 123 can be advanced through the atrial wall 3, as indicated by the arrow E in

FIG. 14. Moreover, with the support member 110 in contact with an inner surface of the

atrial wall 3, the support member 110 can exert a reaction force in response to an upward

force exerted on the proximal end portion 111, as shown by arrows D' (FIG. 13) and E' (FIG.

14). In this manner, deformation of the atrial wall 3 can be minimized and the atrial wall 3

can be cut to define a desired incision that can receive, for example, a portion of an inlet flow



cannula of a VAD (e.g., the inlet flow cannula 13 of the VAD 10 in FIG. 1), which can then

be coupled the atrial wall 3 (e.g., via sutures, adhesives, and/or the like).

[1064] Although not shown in FIGS. 6-14, the distal end portion 122 of the cutting device

120 can be operably coupled to, for example, an actuator or the like that can be configured to

retract and/or otherwise reduce the diameter of the distal end portion 122 of the cutting

device 120. For example, in some embodiments, once the desired incision is defined in the

atrial wall 3 (via the blades 123), the actuator can be actuated to reduce the diameter of, for

example, at least a portion of the blades 123. In this manner, the blades 123 can be retracted

through the atrial wall 3 and/or an introducer catheter (not shown in FIGS. 12-14) without

undesirably cutting the atrial wall 3 and/or any other structure (e.g., anatomy and/or structure

of the device).

[1065] Although described above as advancing substantially the entirety of the blades

123 of the cutting device 120 through the atrial wall 3, in other instances, the blades 123 can

be partially advanced through the atrial wall 3 to an extent that is associated with a desired

size of incision in the atrial wall 3. In such instances, the blades 123 can be moved in a distal

direction relative to the atrial wall 3 until the incision is a desired size and, in some instances,

an actuator or the like can be actuated to retract the blades 123. As a result, the cutting

device 120 can be retracted through, for example, an introducer catheter or the like (not

shown in FIGS. 12-14) and removed from the body. In some instances, the cutting device

120 can form an incision in the atrial wall 3 and a dilator or balloon can be inserted into the

incision to dilate or otherwise increase a diameter of the incision.

[1066] Although the support member 110 is described above as transitioning from the

second configuration to the first configuration in response to being advanced beyond an

introducer catheter 105, in other embodiments, a support member can be configured to

transition between the first configuration and the second configuration when any suitable

transitioning criterion is satisfied. For example, in some embodiments, a support member can

be configured to transition between the first configuration and the second configuration (or

vice versa) in response to a current, tension force, compression force, and/or the like. In

some embodiments, the support member 110 can be constructed from a shape memory

material that can transition between a first configuration and a second configuration in

response to an applied heat. For example, in some embodiments, the support member 110

can be constructed from a material that can have a transition temperature below that of the



nominal bodily temperature (i.e., about 98 degrees Fahrenheit (°F)). Thus, when the support

member 110 is maintained at or below the transition temperature (e.g., maintained at or

below, for example, 85 °F), the support member 110 is maintained in the second

configuration. When, after a sufficient period of time, the support member 110 is heated

above the transition temperature (e.g., as a result of being disposed in the body), the support

member 110 can then transition to the first (or collapsed) configuration (see e.g., FIGS. 6-8).

In some embodiments, a support member can be configured to transition between a series of

configuration (e.g., more than two configurations). For example, in the embodiments where

the support member 110 is formed from a shape memory material that transitions in response

to an applied heat, the support member 110 can transition between any number of

configurations to control the rate of transition and/or the like. In this manner, potential

damage to bodily tissue as a result of the support member 110 rapidly transitioning from the

first configuration to the second configuration can be reduced and/or eliminated.

[1067] While the support device 110 is shown and described above as forming a single

annular ring, in other embodiments, a support device can be configured to form any number

of annular rings or structures configured to contact or be disposed adjacent to the target

tissue. For example, FIG. 15 is a schematic illustration of a support device 210 according to

another embodiment. The support device 210 includes a proximal end portion 2 11 and a

distal end portion 212 that can be placed in contact with, for example, the atrial wall 3 of the

heart 1 (see e.g., FIG. 1). The support device 210 can be substantially similar in form and

function to the support device 110; therefore, aspects of the support device 210 are not

described in further detail herein. The support device 210 can differ from the support device

110, however, in that the distal end portion 212 forms multiple annular rings or coils when in

the collapsed configuration. The set of annular rings can have a stiffness that is substantially

greater than a stiffness of a single annular ring. In this manner, when in the first

configuration and when in contact with a surface of the atrial wall 3 (see e.g., FIG. 15), the

distal end portion 212 of the support member 210 can have a stiffness that is sufficient to

support the atrial wall 3 such that a small amount of deflection and/or deformation of the

atrial wall 3 occurs under a given amount of force.

[1068] In some embodiments, the stiffness of an annular ring formed by a distal end

portion of a support member can be increased by changing (e.g., increasing) the diameter of

at least part of the distal end portion. For example, FIG. 16 is a schematic illustration of a



support device 310 according to another embodiment. The support device 310 includes a

proximal end portion 311 and a distal end portion 312 that can be placed in contact with, for

example, the atrial wall 3 of the heart 1. As shown in FIG. 16, the distal end portion 312 of

the support member 310 has a diameter that is larger than a diameter of the proximal end

portion 311. In this manner, the distal end portion 312 of the support member 310 can have a

greater stiffness without increasing the overall length of the support member 310 to form

additional annular rings and/or without increasing the diameter of the entire support member

310. When in the first configuration and when placed in contact with a surface of the atrial

wall, the annular ring formed by the distal end portion 312 of the support member 310 can

support and/or otherwise back the atrial wall 3 to limit and/or reduce deflection and/or

deformation when a cutting device (e.g., the cutting device 120) is advanced through the

atrial wall 3.

[1069] Although the support members 110, 210, and 310 are shown and described as

being inserted into the atrium and placed in contact with an inner surface to support the atrial

wall, in other embodiments, a support member can include a first portion that is placed in

contact with an inner surface of the atrium and a second portion that is placed in contact with

an outer surface of the atrium. For example, a support member can include a distal end

portion that is configured to form a first annular ring that is disposed within the atrium and in

contact with an inner surface, and a second annular ring that is disposed outside of the atrium

and in contact with an outer surface. In this manner, the atrial wall can be supported by the

support member on the inner surface and the outer surface which can, in some instances,

further limit deformation of the atrial wall and/or limit the extent of an incision formed in the

atrial wall (i.e., to prevent the incision from becoming too large).

[1070] Although the support members 110, 210, and 310 are shown in FIGS. 6-16 as

transitioning between a first configuration and a second configuration to form a contact

portion that can be placed in contact with the atrial wall of the heart to support the wall

during an atrial wall cutting procedure, in other embodiments, a support member can be

configured to support the atrial wall without transitioning between a first configuration and a

second configuration. Moreover, although the support member 110, 210, and 310 are shown

as contacting an inner (or first) side of the atrial wall to support an incision produced from an

outer (or second) side of the atrial wall, in other embodiments, the supporting and the cutting

can both occur from a single side. For example, FIGS. 17-20 illustrate a support member 410



according to another embodiment. The support member 410 has a proximal end portion 4 11

and a distal end portion 412. The support member 410 includes an outer catheter 414 and an

inner catheter 415 and defines an inner volume 416 therebetween. More particularly, the

inner catheter 415 can be disposed within a lumen defined by the outer catheter 414. The

outer catheter 414 can have an inner diameter that is larger than an outer diameter of the inner

catheter 414. Thus, the inner volume 416 is defined between an inner surface of the outer

catheter 414 and an outer surface of the inner catheter 415. The inner catheter 415 defines a

lumen 417 that is configured to receive a cutting device 420 (see e.g., FIGS. 18-20).

[1071] As shown in FIG. 17, the distal end portion 412 of the support member 410 is

tapered and/or flared. Similarly stated, the support member 410 can have an outer diameter

that increases along a length of the support member 410 from a first diameter at the proximal

end portion 4 11 to a second diameter, larger than the first diameter, at the distal end portion

412 of the support member 410. Thus, when the distal end portion 412 of the support

member 410 is placed in contact with a bodily tissue, the surface area of the bodily tissue in

contact with the distal end portion 412 is increased compared to the surface area that would

result with a substantially constant outer diameter. In some instances, the increase in the

surface area can, for example, minimize a risk of tearing the bodily tissue in contact with the

distal end portion 412. Although the outer catheter 414 and the inner catheter 415 are shown

in FIG. 17 as being flared, in other embodiments, the support member 410 can include an

inner catheter that has a substantially constant diameter and an outer catheter that is flared at

the distal end portion.

[1072] The proximal end portion 411 of the support member 410 is configured to be

operably coupled to a vacuum source such that the vacuum source is placed in fluid

communication with the inner volume 416 defined between the outer catheter 414 and the

inner catheter 414. The arrangement of the support member 410 and the vacuum source can

be such that when the vacuum source is actuated (e.g., turned on to exert a vacuum and/or

suction force), a negative pressure is produced in the inner volume 416 that draws air or fluid

into the inner volume 416, as shown in FIG. 17. In this manner, the support member 410 can

be configured to operably cooperate with the vacuum source and/or suction force to apply

tension to the atrial wall 3. Similarly stated, the support member 410 (e.g., the distal end

portion 412) and the vacuum source can operably function to limit movement in at least one

direction of a target portion of the atrial wall 3 during a cutting procedure.



[1073] More specifically, the distal end portion 412 and the suction force collectively can

create a taut cutting and/or pressure site (also referred to herein as a "target portion") of the

atrial wall 3. For example, the distal end portion 412 can deform the atrial wall 3 (or any

suitable organ wall) in a radial direction from the center point (i.e., away from where a

puncture member or support member penetrates, punctures, or otherwise applies pressure to).

In this manner, the atrial wall 3 can be moved into and/or held in a preferable position when a

cutting force or pressure is applied thereto. In some instances, this can reduce the puncturing

forces to penetrate the atrial wall 3. In some instances, the "stretching" of the atrial wall 3

can minimize and/or eliminate any "bunching" of the atrial wall 3 that may otherwise occur,

and instead can produce a surface layer having a substantially constant thickness. In this

manner, the distal end portion 412 can cause movement of and/or stabilize at least a portion

of the atrial wall 3 such that at least the portion of the atrial wall 3 is in a preferable position

during the piercing and/or cutting.

[1074] As shown in FIGS. 18-20, the support member 410 can be placed in contact with

the atrial wall 3 to support the atrial wall 3 during a cutting procedure. For example, as

shown in FIGS. 18 and 19, the support member 410 can be moved in a distal direction to

place a distal surface of the support member 410 in contact with a surface of the atrial wall 3,

as indicated by the arrow F in FIG. 19. Once in contact with the atrial wall 3, the vacuum

source (not shown in FIGS. 17-20) can be actuated to produce a negative pressure in the inner

volume 416, as described above. The negative pressure can exert a suction force on the atrial

wall 3 that is sufficient to couple, at least temporarily, the support member 410 to the atrial

wall 3. Moreover, the suction force can be sufficient to maintain the coupling between the

support member 410 and the atrial wall 3 when a suitable external force is exerted upon the

support member 410 and/or the atrial wall 3. For example, in some instances, it may be

desirable to gently pull on the support member 410, as shown by the arrow F', to increase an

amount of tension in the atrial wall 3. The increase in tension in the atrial wall 3 can aid in

resisting deformation of the atrial wall 3 during a cutting event.

[1075] As shown in FIG. 20, when the desired amount of suction is applied to the atrial

wall 3 and the desired amount of tension is applied to the atrial wall 3, the cutting device 420

can be moved in the distal direction relative to the support member 410 to pierce and/or cut

the atrial wall 3. More specifically, as shown in FIGS. 18-20, the cutting device includes a

proximal end portion 421 and a distal end portion 422. The proximal end portion 421 of the



cutting device 420 can be manipulated by a user (e.g., a doctor, surgeon, physician,

technician, etc.) to move the cutting device 420 relative to the support member 410. The

distal end portion 422 of the cutting device 420 can be any suitable cutting member. For

example, in some embodiments, the distal end portion 422 of the cutting device 420 can be

substantially similar to the distal end portion 122 of the cutting device 120 (FIGS. 12-14).

Thus, the cutting device 420 can be moved in the distal direction to cut the atrial wall 3, as

indicated by the arrow G in FIG. 20. The coupling of the support member 410 to the atrial

wall 3 can be such that as the distal end portion 422 of the cutting device 420 is advanced in

the distal direction, the deflection of the atrial wall 3 prior to the distal end portion 422 of the

cutting device 420 cutting the atrial wall 3 is minimized. Similarly stated, the support

member 410 can maintain the position of the atrial wall 3 during the cutting operation. Thus,

the cutting device 420 can produce a substantially clean cut without undo tearing of the atrial

wall 3, which can be exacerbated by movement of the atrial wall 3. Once the cutting device

420 cuts the atrial wall 3, the vacuum source can be switched to an "off position and the

negative pressure maintain the coupling between support member 410 and the atrial wall 3 is

removed. Thus, the support member 410 can be retracted from the atrial wall 3.

[1076] Although the support member 410 is particularly shown in FIGS. 17-20, in other

embodiments, a support member that is configured to couple to the atrial wall of the heart via

a suction force can be in any suitable arrangement and/or configuration. For example, FIGS.

2 1 and 22 are illustrations of a support member 510 according to another embodiment that

can be used to apply a contact force to the atrial wall from a side entry. The support member

510 has a proximal end portion 511 and a distal end portion 512. As shown in FIG. 21, the

support member 510 includes an outer ring 514 and an inner ring 515 and defines an inner

volume 516 therebetween. The inner ring 515 defines a lumen 517 that can receive a cutting

device (not shown in FIGS. 2 1 and 22). The proximal end portion 511 of the support

member 510 is substantially closed (FIG. 22). The distal end portion 512 of the support

member 510 is open (FIG. 21). The support member 510 also includes a suction tube 518

that is in fluid communication with the inner volume 516. A proximal end portion of the

suction tube (not shown in FIGS. 2 1 and 22) can be operably coupled to a vacuum source. In

this manner, the support member 510 can function to apply a suction force to a target tissue

(or target portion) substantially similar to or the same as the support member 410 of FIGS.

17-20.



[1077] For example, the support member 510 can be configured to operably cooperate

with the vacuum source and/or suction force to apply tension to the atrial wall 3. Similarly

stated, the support member 510 (e.g., the distal end portion 512) and the vacuum source can

operably function to limit movement in at least one direction of a target portion of the atrial

wall 3 during a cutting procedure.

[1078] More specifically, the distal end portion 512 and the suction force collectively can

create a taut cutting and/or pressure site (also referred to herein as a "target portion") of the

atrial wall 3. For example, the distal end portion 512 can deform the atrial wall 3 (or any

suitable organ wall) in a radial direction from the center point (i.e., away from where a

puncture member or support member penetrates, punctures, or otherwise applies pressure to).

In this manner, the atrial wall 3 can be moved into and/or held in a preferable position when a

cutting force or pressure is applied thereto. In some instances, this can reduce the puncturing

forces to penetrate the atrial wall 3. In some instances, the "stretching" of the atrial wall 3

can minimize and/or eliminate any "bunching" of the atrial wall 3 that may otherwise occur,

and instead can produce a surface layer having a substantially constant thickness. In this

manner, the distal end portion 512 can cause movement of and/or stabilize at least a portion

of the atrial wall 3 such that at least the portion of the atrial wall 3 is in a preferable position

during the piercing and/or cutting.

[1079] Any of the support members, 110, 210, 310, 410, and/or 510 can be used in

conjunction with any suitable cutting device described herein. For example, FIG. 23 is a

schematic illustration of a cutting device 520 according to an embodiment. The cutting

device 520 has a proximal end portion 521 and a distal end portion 522. In some

embodiments, the support member 520 can be movably disposed about a support member. In

other embodiments, the support member 520 can be movably disposed within a lumen

defined by a support member. Although not shown in FIG. 23, the proximal end portion 521

of the cutting device 520 can be any suitable shape, size, or configuration. For example, in

some embodiments, the proximal end portion 521 of the cutting device 520 can include a user

interface device such as a handle or the like. In this manner, a user (e.g., a doctor, surgeon,

physician, technician, etc.) can manipulate the proximal end portion to, for example, move

the cutting device relative to an atrial wall, as described in detail above.

[1080] The distal end portion 522 of the cutting device 520 includes and/or defines a set

of cutting members 523. In some embodiments, a distal end portion of each cutting member



523 can be coupled together to form a cutting edge. In some embodiments, the cutting

members 523 can be made from, for example, a series of wires that converge to a sharp point.

Any suitable number of wires can be used to form the cutting members 523. For example, as

shown in FIG. 23, the distal end portion 522 of the cutting device 520 can include eight

cutting members 523. In other embodiments, the distal end portion 522 can include more

than eight cutting members 523. In other embodiments, the distal end portion 522 can

include less than eight cutting members 523. For example, FIG. 24 is an illustration of the

cutting device 620 according to another embodiment. The cutting device 620 includes a

proximal end portion 621 that is substantially similar to the proximal end portion 521 of the

cutting device 520. The distal end portion 622 of the cutting device 620 includes and/or

defines a set of four cutting members 623.

[1081] Although the cutting members 523 and 623 of the cutting devices 520 and 620,

respectively, are described as including wires that form the cutting members 523 and 623,

respectively, in other embodiments, a cutting device can include cutting members that are, for

example, blades or the like. In some embodiments, the cutting members 523 and 623 can be

substantially similar in shape and size and can be disposed at substantially equal spacing

circumferentially about the shaft. In other embodiments, a cutting device can include cutting

members that vary in shape, size, spacing, and/or configuration. For example, in some

embodiments, a cutting device can include a set of blades and a set of wires that collectively

form the cutting members of the cutting device. In some embodiments, the diameter and/or

size of the cutting members can vary. For example, in some embodiments, a cutting device

can include wire cutting members that have decreasing diameter from a first diameter at a

proximal end portion of the cutting member to a second diameter, substantially smaller than

the first diameter, at the distal end portion. In still other embodiments, a cutting device can

include one or more radio frequency cutting members, one or more laser cutting members,

one or more ultrasonic cutting members, and/or any other suitable cutting members.

[1082] In some embodiments, a cutting device can include, for example, a sheath, cover

or the like that can be selectively disposed about at least a portion of a set of cutting members

to reduce, for example, undesirable cutting of or contact with the anatomy. For example,

FIGS. 25 and 26 illustrate a cutting device 720 disposed about a guide wire 15. The cutting

device 720 can be substantially similar in form and/or function as the cutting device 520. As

such, the cutting device 721 has a proximal end portion 721 and a distal end portion 722. The



proximal end portion 721 can have and/or can be coupled to a user interface device, as

described in detail above. The distal end portion 722 of the cutting device 720 includes

and/or defines a set of cutting members 723. In some embodiments, the cutting members 723

can be substantially similar to or the same as the cutting members 523 described above with

reference to FIG. 23. The cutting device 720 can differ from the cutting device 520,

however, with the inclusion of a sheath 725. The sheath 725 can be any suitable device or

member that is configured to be selectively placed about the cutting members 723. In some

embodiments, the arrangement of the sheath 725 can be such that the sheath 725 substantially

resists being cut by the cutting members 723. For example, in some embodiments, the sheath

725 can be formed from a material that is sufficiently hard to limit the cutting of the inner

surface of the sheath 725 by the cutting members 723.

[1083] In some instances, the cutting device 720 can be inserted into, for example, an

introducer catheter and/or the like to be disposed adjacent to the atrial wall. In some

instances, the cutting members 723 can be at least partially disposed within the sheath 725

prior to cutting the atrial wall. In such instances, the sheath 725 can be retracted and/or the

distal end portion 722 of the cutting device 720 can be advanced relative to the sheath 725

such that the sheath 725 no longer surrounds at least a portion of the cutting members 723. In

this manner, the distal end portion 722 of the cutting device 720 can be advanced to cut the

atrial wall, as described in detail herein. Although not shown in FIGS. 25 and 26, in some

embodiments, the cutting device 720 can be used with any of the support devices 110, 210,

310, 410, and/or 510 described herein.

[1084] Once the atrial wall has been cut, the distal end portion 722 of the cutting device

720 can be retracted such that at least a portion of the cutting members 723 are again

disposed in the sheath 725, as indicated by the arrow H in FIG. 26. In this manner, the

cutting device 720 can be retracted through, for example, the introducer catheter and/or the

like and removed from the body of a patient.

[1085] Although not shown in FIGS. 25 and 26, in some embodiments, the cutting

members 723 can be configured to deform when disposed within the sheath 725. For

example, in some embodiments, the cutting members 723 can be collapsible or bendable, and

can be configured to transition from a first (or retraction) configuration in which the cutting

members 723 are deformed and disposed in the sheath 725, to a second (or cutting)

configuration in which the cutting members 723 are substantially expanded and are disposed



outside of the sheath. In this manner, the cutting members 723 in the retraction configuration

can have a size smaller than a size of the cutting members 723 in the cutting configuration.

In use, such an arrangement allows for the cutting members 723 to be removed through the

atrial wall 3 without undesirably increasing the size of or otherwise undesirably disturbing

the opening in the atrial wall 3. In some embodiments, the cutting members 723 can be

operably coupled to, for example, a wire or the like that can be operable in transitioning the

cutting members 723 between the first configuration and the second configuration.

[1086] Any of the cutting devices described herein can be used to make an incision in the

atrial wall through which a portion of an inlet flow cannula of a VAD can be disposed. For

example, as shown in FIGS. 27-30, a cutting device 820 can have a distal end portion 822

that includes a set of cutting members 823. The cutting device 820 can be disposed about a

guide wire 15 and advance along a length of the guide wire to make an incision in the atrial

wall 3, as described in detail above. Once, the atrial wall is cut, a portion of an inlet flow

cannula 23 can be inserted through the incision to be disposed within the atrium (e.g., the left

atrium). In this manner and as described above with reference to FIGS. 2-5, the inlet flow

cannula 23 can be manipulated to transition an end portion 24 (e.g., a trumpeted end portion)

to an at least partially open configuration. Once opened, a user can manipulate a portion (not

shown) of the cutting device 820 to transition the cutting members 823 between an

undeformed configuration (e.g., a cutting or expanded configuration) and a deformed

configuration (e.g., a retraction or collapsed configuration), as indicated by the arrow I in

FIG. 28. In this manner, the cutting device 820 can be retracted through the inlet flow

cannula 23 and the end portion 24 can be transitioned to a configuration suitable for coupling

the end portion 24 to the atrial wall 3 (e.g., the trumpeted end portion is transitioned to a

completely open configuration), as indicated by the arrow J in FIG. 29.

[1087] Although not shown in FIGS. 27-29, in some embodiments, the cutting device 820

can include and/or be otherwise coupled to a sheath or the like, as described in detail above

with reference to FIGS. 25 and 26. In such embodiments, the sheath can be configured to

substantially surround at least a portion of the cutting members 823 to reduce the possibility

of cutting the inlet flow cannula 23 as the cutting device 820 is passed therethrough.

[1088] As described above, in some embodiments, a cutting device can be advanced

through an introducer catheter to make an incision in the atrial wall. In some embodiments,

the introducer catheter can be operable in transitioning the cutting device between a cutting



configuration and a retraction configuration, as described above. For example, FIGS. 30 and

3 1 illustrate a cutting device 920 at least partially disposed within an introducer catheter 905.

The cutting device 920 can be substantially similar in form and/or function as any of the

cutting devices described herein. As such, the cutting device 920 has a proximal end portion

921 and a distal end portion 922. The proximal end portion 921 can include and/or can

otherwise be coupled to a user interface device. The distal end portion 922 includes a cutting

member 923 that can be transitioned between a first configuration (e.g., a cutting

configuration) and a second configuration (e.g., an insertion and retraction configuration).

The cutting member 923 can be substantially similar to or the same as any of the cutting

members described herein. Moreover, as shown in FIGS. 30 and 31, the cutting device 920

can be disposed about a guide wire 15 or any of the support members shown and described

herein.

[1089] In some instances, the cutting device 920 can be in the first configuration such

that the cutting members 923 extend beyond a distal end surface of the introducer catheter.

Although not shown in FIGS. 30 and 31, in some instances, a support member can be placed

adjacent to the atrial wall to support the atrial wall during a cutting event. In this manner, the

cutting device 920 can be advanced to place the cutting members 923 in contact with the

atrial wall (not shown in FIGS. 30 and 31) and further advanced to make an incision in the

atrial wall. Once an incision having a desired size and/or characteristic is defined in the atrial

wall, a user can manipulate the proximal end portion 92 1 of the cutting device 920 to retract

the cutting members 920 into the introducer catheter 905. Thus, the cutting members 923 are

transitioned from the first configuration and the second configuration, as indicated by the

arrow K in FIG. 31. With the cutting members 923 of the cutting device 920 retracted into

the introducer catheter, the introducer catheter 905 can be, for example, retracted from the

body.

[1090] Although the distal end portions of the cutting devices 120, 420, 520, 620, 720,

820, and 920 have been shown as only including a cutting members 123, 423, 523, 623, 723,

823, and 923, respectively, in other embodiments, a cutting device can include any other

suitable device and/or component that is disposed at the distal end portion of the cutting

device. For example, FIG. 32 is a schematic illustration of a cutting device 1020 according to

another embodiment. The cutting device 1020 has a proximal end portion 1021 and a distal

end portion 1022. The proximal end portion 1021 can include and/or can be coupled to a user



interface device, as described in detail above. The distal end portion 1022 includes a cutting

member 1023 and a balloon catheter 1026. The cutting member 1023 can be, for example, an

annular ring that can include a leading edge that is suitable for cutting and/or coring the atrial

wall (not shown in FIG. 32). As shown, the cutting member 1023 can be configured to

increase in diameter from a first diameter at the distal end portion of the cutting member 1023

to a second diameter, larger than the first diameter, at the proximal end portion of the cutting

member 1023. In this manner, the size of the incision or core can be associated with the

relative amount of the cutting member 1023 that is advanced through the atrial wall.

Although not shown in FIG. 32, the cutting device 1020 can be used with, for example, a

support member, such as any of those described herein.

[1091] The balloon catheter 1026 can be operably coupled to a fluid source that can be

actuated to transition the balloon catheter 1026 between a first configuration (e.g., a deflated

configuration) and a second configuration (e.g., an inflated configuration). For example, in

some embodiments, the balloon catheter 1026 can be in fluid communication with an air

source that can be operable in inflating the balloon catheter 1026. In this manner, the cutting

members 1023 of the cutting device 1020 can cut or core the atrial wall and the balloon

catheter 1026 can be inserted, at least partially, into the cut or core. In some instances, the

balloon catheter 1026 can be inflated to dilate the cut or core to, for example, facilitate the

insertion of a portion of an inlet flow cannula of a VAD or the like.

[1092] Although the cutting device 1020 is shown as including a single cutting member

1023, in other embodiments, a cutting device can include multiple cutting members. For

example, FIG. 33 is an illustration of a cutting device 1120 according to another embodiment.

The cutting device 1120 can be substantially similar in form and function as the cutting

device 1020. As such, the cutting device 1120 has a proximal end portion 1121 that includes

or that is coupled to a user interface device and a distal end portion 1122 that includes a set of

cutting members 1123 and a balloon catheter 1126. As shown in FIG. 33, the cutting device

1120 can include a cutting member 1123 that is, for example, an annular ring that can include

a leading edge that is suitable for cutting and or coring the atrial wall (not shown in FIG. 33).

The cutting device 1120 also includes a set of cutting members 1123 that extend from a

surface of the distal end portion 1122 of the cutting device 1120. These cutting members

1123 can be, for example, blades or the like that can be configured to facilitate the insertion

of the distal end portion 1122 of the cutting device 1120 through the atrial wall. The balloon



catheter 1126 can be substantially similar in form and function as the balloon catheter 1026

included in the cutting device 1020 of FIG. 32. In this manner, the balloon catheter 1126 can

be configured to dilate an incision or core made by the cutting members 1123 to facilitate, for

example, the insertion of a portion of an inlet flow cannula of a VAD or the like.

[1093] Referring now to FIGS. 34 and 35, a cutting device can include any number of

cutting members in any suitable arrangement or configuration. In this manner, the

characteristics of an incision in the atrial wall can be, for example, accurate and repeatable

with a limited amount of undesired tearing of the atrial wall. Similarly stated, the tools and

methods described herein can be used to produce an incision that is resistant to tearing and/or

has limited stress-concentration risers. For example, FIG. 34 illustrates an incision

commonly made in an atrial wall using known techniques. As shown, the incision is a

relatively long and substantially linear incision. In some instances, such an incision can lead

to, for example, tears in the atrial wall due at least in part to the profile and/or characteristics

of the incision. For example, the linear characteristic of the incision can lead to stress

concentration risers at the ends of the incision that can lead to unwanted tearing of the atrial

wall.

[1094] As shown in FIG. 35, a cutting device including any suitable cutting member

arrangement can be configured to make an incision in the atrial wall having any suitable

profile and/or characteristics. In some embodiments, the incision made by any of the cutting

devices described herein can be configured to minimize unwanted tearing and/or the like due

at least in part to reducing stress concentration risers, incising in multiple direction

simultaneous, and/or the like.

[1095] FIG. 36 is a flowchart illustrating a method 1250 of coupling, for example, an

inlet flow cannula of a VAD to a wall of the heart, according to an embodiment. The method

1250 includes coupling, at least temporarily, a support member adjacent to a target tissue, at

1251. The support member is configured to support the target tissue and to define a path

along which a cutting device can move. For example, in some embodiments, the support

member can be a wire formed from a shape memory alloy such as Nitinol™. In such

embodiments, the support member can be substantially similar to or the same as, for example,

the support members 110 (FIGS. 6-14), 210 (FIG. 15), and/or 310 (FIG. 16). In this manner,

a distal end portion of the support member can be transitioned between a first configuration

and a second configuration to form, for example, a substantially annular ring that can be



placed in contact with, for example, a surface of an atrial wall. The substantially annular ring

formed by the distal end portion of the support member can be placed in contact with the

atrial wall to limit an amount of deflection and/or deformation of the atrial wall when

exposed to an external force.

[1096] The method 1250 includes moving the cutting device along the path defined by

the support member to cut and/or dilate the target tissue, at 1252. For example, as described

above with reference to the support member 110 of FIGS. 6-14, at least a portion of the of the

support member can be a guide wire about which at least a portion of the cutting device can

be disposed. In this manner, a user (e.g., a doctor, physician, surgeon, technician, etc.) can

manipulate, for example, a proximal end portion of the cutting device to move the distal end

portion. The distal end portion of the cutting device can include any of the cutting members

described herein. Thus, the distal movement of the distal end portion of the cutting device

places the cutting member in contact with a surface of, for example, the atrial wall such that

further distal movement results in the cutting member incising the atrial wall. The incision

(e.g., the cut) in the atrial wall formed by the cutting member can be any suitable shape

and/or size in accordance with the shape, size, and/or relative positioning of the cutting

member. For example, a cutting member can increase in size from a distal end portion to a

proximal end portion and, therefore, a depth of the cutting member relative to the atrial wall

can dictate, at least partially, the shape and/or size of the incision. In some instances, the

cutting device can include and/or can be coupled to a device that can dilate the incision in the

atrial wall.

[1097] With the incision formed in the target tissue (e.g., the atrial wall) and, in some

instances, with the incision dilated, the method can optionally include disposing a cannula

within the incision defined by the target tissue, at 1253. The cannula can be, for example, an

inlet flow cannula of a VAD and/or any other suitable cannula. In some embodiments, the

cannula can include a distal end portion that can be transitioned between a first, substantially

closed configuration and a second, substantially open configuration. For example, the

cannula can be in the first configuration when passed through the incision formed in the

target tissue and once a desired portion of the cannula extends beyond the target tissue, the

cannula can be transitioned to the second configuration. In some embodiments, the distal end

portion of the cannula can be substantially trumpet-shaped when in the second configuration,

as shown, for example, in FIGS. 2-5. In other embodiments, the cannula need not be



disposed within the incision. For example, in some embodiments, the cannula can be placed

in a desired position adjacent to the atrial wall such that a lumen defined by the cannula is in

fluid communication with the incision. In some embodiments, the lumen defined by the

cannula can substantially circumscribed the incision.

[1098] Once disposed in the desired configuration and/or placement relative to the target

tissue, the cannula is coupled to the target tissue such that a lumen defined by the cannula is

in fluid communication with a volume defined, at least in part, by the target tissue, at 1254.

For example, in some embodiments, the cannula can be transitioned to a second, open

configuration and can then be sutured to the atrial wall. In some instances, the support

member can be in contact with the target tissue and configured to limit the amount of

deflection and/or deformation of the atrial wall during suturing. In other embodiments, the

cannula can be coupled to the target tissue via an adhesive or the like. In still other

embodiments, the cannula can be coupled to the target tissue via a combination of any

suitable mechanical fastening (e.g., sutures) and any suitable adhesive. In this manner, a

lumen defined by, for example, an inlet flow cannula of a VAD can be placed in fluid

communication with, for example, the left atrium of the heart to fluidically couple the VAD

to the left atrium.

[1099] FIG. 37 is a flowchart illustrating a method 1350 of coupling, for example, an

inlet flow cannula of a VAD to a wall of a left atrium of a heart, according to an embodiment.

The method 1350 includes moving at least one of the superior vena cava or the aorta to

expose a portion of the wall of the atrium, at 1351. For example, in some instances, a

surgeon, doctor, or other practitioner can move at least a portion of the superior vena cava in

a direction towards the heart (e.g., downward towards the heart and/or in a proximal direction

towards the heart). In other instances, the surgeon, doctor, and/or the like can move at least a

portion of the aorta in a direction away from the heart (e.g., upwards away from the heart

and/or in a distal direction away from the heart and/or in a direction substantially opposite the

superior vena cava). In still other instances, the surgeon, doctor, or other practitioner can

move both the superior vena cava and the aorta in substantially opposite directions to expose

the portion of the wall of the atrium. In some instances, moving at least a portion of the

superior vena cava or the aorta to expose a portion of the wall of the atrium can be optional.

[1100] With the superior vena cava and/or the aorta moved to a desired position relative

to the heart, a support member is at least temporarily coupled to the wall of the atrium such



that movement of the wall in at least one direction is limited, at 1352. For example, as

described above, the support member is configured to support the target tissue and to define a

path along which a cutting device can move. For example, in some embodiments, the support

member can be a wire formed from a shape memory alloy such as Nitinol™. In such

embodiments, the support member can be substantially similar to or the same as, for example,

the support members 110 (FIGS. 6-14), 210 (FIG. 15), and/or 310 (FIG. 16). In this manner,

a distal end portion of the support member can be transitioned between a first configuration

and a second configuration to form, for example, a substantially annular ring that can be

placed in contact with, for example, a surface of an atrial wall. For example, in some

instances, the distal end portion of the support member can be inserted, at least partially,

through the atrial wall (e.g., the dome wall 3 of the left atrium 2 of the heart 1 in FIG. 1) and

once disposed in the atrium, can be transitioned (e.g., via a application or removal of force,

heat, current, and/or the like) from the first configuration to the second configuration to form

the annular ring. The substantially annular ring formed by the distal end portion of the

support member can be placed in contact with an interior surface of the atrial dome wall to

limit an amount of deflection and/or deformation of the atrial dome wall when exposed to an

external force.

[1101] The method 1350 includes moving the cutting device along the path defined by

the support member to cut the wall of the atrium, at 1354. For example, as described above

with reference to the support member 110 of FIGS. 6-14, at least a portion of the of the

support member can be a guide wire about which at least a portion of the cutting device can

be disposed. In other embodiments, the cutting device can be disposed within a lumen

defined by a catheter and/or the like, as shown, for example, in FIGS. 18-20. In this manner,

the surgeon, doctor, and/or the like can manipulate, for example, a proximal end portion of

the cutting device to move the distal end portion. The distal end portion of the cutting device

can include any of the cutting members described herein. Thus, the distal movement of the

distal end portion of the cutting device places the cutting member in contact with an exterior

surface of the atrial dome wall such that further distal movement results in the cutting

member incising the atrial dome. The incision (e.g., the cut) in the atrial dome wall formed

by the cutting member can be any suitable shape and/or size in accordance with the shape,

size, and/or relative positioning of the cutting member, as described herein. In some

embodiments, the cutting device can include and/or can be coupled to dilation member that

can, for example, dilate the incision.



[1102] With the incision formed in the atrial wall, the inlet flow cannula of the VAD is

optionally disposed within the incision defined by the atrial wall, at 1355. In some

embodiments, the inlet flow cannula can be substantially similar to the inlet flow cannula 13

shown, for example, in FIGS. 2-5. In other embodiments, the inlet flow cannula need not be

disposed within the incision. For example, in some embodiments, the inlet flow cannula can

be placed in a desired position adjacent to the atrial wall such that a lumen defined by the

inlet flow cannula is in fluid communication with the incision. In some embodiments, the

lumen defined by the inlet flow cannula can substantially circumscribed the incision.

[1103] Once disposed in the desired configuration and/or placement relative to the atrial

wall, the inlet flow cannula is coupled to the atrial wall such that the inlet flow cannula is in

fluid communication with the atrium, at 1355. For example, in some embodiments, the inlet

flow cannula can be transitioned to a second, open configuration and can then be sutured to

the atrial wall, as described in detail herein. In this manner, the lumen defined by the inlet

flow cannula of the VAD can be placed in fluid communication with the left atrium of the

heart to fluidically couple the VAD to the left atrium.

[1104] FIG. 38 is a flowchart illustrating a method 1450 of piercing an organ wall,

according to an embodiment. The method 1450 includes introducing into a first opening in

an organ wall (e.g., atrial wall 3) a support member when the support member is in a

collapsed configuration, at 1451. The support member, for example, can be a wire formed

from a shape memory alloy such as Nitinol™. The support member can be substantially

similar to or the same as, for example, the support members 110 (FIGS. 6-14), 210 (FIG. 15),

and/or 310 (FIG. 16).

[1105] The method 1450 includes causing a contact portion of the support member to

transition from the collapsed configuration to an expanded configuration, at 1452, and

engaging an organ wall with the contact portion, at 1453. In this manner, the support

member can be transitioned to form, for example, a substantially annular ring that can be

placed in contact with, for example, a surface of an atrial wall. The substantially annular ring

formed by the contact portion of the support member can be placed in contact with the organ

wall (e.g., atrial wall 3) to limit an amount of deflection and/or deformation of the atrial wall

when exposed to an external force, and/or promote a taut target portion (or surface) of the

atrial wall for a piercing and/or cutting procedure. For example, as discussed in further detail



herein, the contact portion of the support member can deform the atrial wall in a radial

direction from the center point (e.g., the location at an external force may be applied).

[1106] The method 1450 includes piercing the organ wall from a first side of the organ

wall to a second side of the organ to form a second opening in the organ wall that is larger

than the first (or initial) opening, at 1454. In this manner, a user (e.g., a doctor, physician,

surgeon, technician, etc.) can manipulate, for example, a cutting device to pierce and/or cut a

portion of the atrial wall that is supported by the support member. The cutting device can

include any of the cutting members described herein. The incision (e.g., the cut) in the atrial

wall formed by the cutting member can be any suitable shape and/or size in accordance with

the shape, size, and/or relative positioning of the cutting member. For example, a cutting

member can increase in size from a distal end portion to a proximal end portion and,

therefore, a depth of the cutting member relative to the atrial wall can dictate, at least

partially, the shape and/or size of the incision. In some instances, the cutting device can

include and/or can be coupled to a device that can dilate the incision in the atrial wall.

[1107] For example, in some embodiments, the contact portion 112 can deform the atrial

wall 3 (or any suitable organ wall) in a radial direction from the center point (i.e., away from

where a puncture member or support member penetrates, punctures, or otherwise applies

pressure to). In this manner, the atrial wall 3 can be moved into and/or held in a preferable

position or configuration when a cutting force or pressure is applied thereto. In some

instances, this can reduce the puncturing forces to penetrate the atrial wall 3. In some

instances, the "stretching" of the atrial wall 3 can minimize and/or eliminate any "bunching"

of the atrial wall 3 that may otherwise occur, and instead can produce a surface layer having a

substantially constant thickness. In this manner, the contact portion 112 can cause movement

of and/or stabilize at least a portion of the atrial wall 3 such that at least the portion of the

atrial wall 3 is in a preferable position during the piercing and/or cutting.

[1108] FIG. 39 is a flowchart illustrating a method 1550 of piercing an organ wall,

according to an embodiment. The method 1550 includes removably coupling a support

member to a wall of an organ (e.g., atrial wall 3), at 1551, such that movement of the wall in

at least one direction is limited. In this manner, the support member can be placed in contact

with the atrial wall to limit an amount of deflection and/or deformation of the atrial wall

when exposed to an external force, and/or promote a taut target portion (or surface) of the

atrial wall for a piercing and/or cutting procedure. The support member, for example, can be



a wire formed from a shape memory alloy such as Nitinol™. The support member can be

substantially similar to or the same as, for example, the support members 110 (FIGS. 6-14),

210 (FIG. 15), and/or 310 (FIG. 16).

[1109] The method 1550 includes piercing the wall of the organ to define an opening to

place an interior region of the organ in fluid communication with an exterior region of the

organ, at 1552. In this manner, a user (e.g., a doctor, physician, surgeon, technician, etc.) can

manipulate, for example, a cutting device to pierce and/or cut a portion of the atrial wall that

is supported by the support member. The cutting device can include any of the cutting

members described herein. The incision (e.g., the cut) in the atrial wall formed by the cutting

member can be any suitable shape and/or size in accordance with the shape, size, and/or

relative positioning of the cutting member. For example, a cutting member can increase in

size from a distal end portion to a proximal end portion and, therefore, a depth of the cutting

member relative to the atrial wall can dictate, at least partially, the shape and/or size of the

incision. In some instances, the cutting device can include and/or can be coupled to a device

that can dilate the incision in the atrial wall.

[1110] In some embodiments, an apparatus includes a support member configured to be

transitioned between a first configuration and a second configuration. When the support

member is in the first configuration a contact portion of the support member is configured to

be inserted through an organ wall from a first side of the organ wall to a second side of the

organ wall. When the support member is in the second configuration the contact portion of

the support member is configured to contact the second side of the organ wall to limit

movement of the organ wall. The contact portion of the support member has a first size when

the support member is in the first configuration and a second size when the support member

is in the second configuration, the second size being larger than the first size. The support

member has a guide portion including a surface along which a puncture member can be

slidably disposed. The puncture member is configured to puncture the organ wall when the

puncture member is moved along the surface and when the support member is in the second

configuration.

[1111] In some embodiments, a method includes introducing into a first opening in an

organ wall a support member when the support member is in a collapsed configuration. After

the introducing, a contact portion of the support member is transitioned from the collapsed

configuration to an expanded configuration. The contact portion has a size greater than a size



of the first opening when the support member is in the expanded configuration. The contact

portion of the support member engages the organ wall. The organ wall is pierced from a first

side of the organ wall to a second side of the organ wall to form a second opening in the

organ wall, the second opening larger than the first opening.

[1112] In some embodiments, a method includes removably coupling a support member

to a wall of an organ such that movement of the wall in at least one direction is limited. The

wall of the organ is pierced to define an opening to place an interior region of the organ in

fluid communication with an exterior region of the organ.

[1113] In some embodiments, an apparatus includes a support member having an outer

catheter and an inner catheter at least partially disposed in a lumen defined by the outer

catheter. The inner catheter and the outer catheter collectively define a vacuum channel

therebetween. The support member is configured to be operably coupled to a vacuum source

such that the vacuum source is placed in fluid communication with the vacuum channel. A

contact portion of the support member is configured to be coupled to an organ wall when a

suction force is produced within the vacuum channel by the vacuum source. The inner

catheter defines a lumen configured to receive a puncture member such that the puncture

member can be placed in contact with a target portion of the organ wall. The target portion is

disposed within a region defined by the inner catheter.

[1114] In some embodiments, an apparatus includes a puncture member including

multiple cutting members. A distal end portion of each cutting member is coupled together to

form a cutting edge. The cutting members are configured to be transitioned between a cutting

configuration and a retraction configuration. When the cutting members are in the cutting

configuration, the cutting members collectively have a first size and are configured to pierce

a target tissue to form an opening. When the cutting members are in the retraction

configuration the cutting members collectively have a second size and are configured to be

withdrawn through the opening, the first size being greater than the second size.

[1115] 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 methods

described above indicate certain events 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.



[1116] Where schematics and/or embodiments described above indicate certain

components arranged in certain orientations or positions, the arrangement of components may

be modified. Similarly, where methods and/or events described above indicate certain events

and/or procedures occurring in certain order, the ordering of certain events and/or procedures

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.

[1117] 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. For example,

in some embodiments, a support device can include a first portion that is substantially similar

to the support device 410 in FIGS. 17-20 and a second portion that is substantially similar to

the support device 110 in FIGS. 6-14. In such embodiments, the first portion of the support

device can be configured to exert a suction force on an outer surface of an atrial wall, while

the second portion of the support device can be placed in contact with an inner surface of the

atrial wall to provide mechanic and/or structural support.



What is claimed:

1. An apparatus, comprising:

a support member configured to be transitioned between a first configuration and a

second configuration, when the support member is in the first configuration a contact portion

of the support member is configured to be inserted through an organ wall from a first side of

the organ wall to a second side of the organ wall, when the support member is in the second

configuration the contact portion of the support member is configured to contact the second

side of the organ wall to limit movement of the organ wall, the contact portion of the support

member having a first size when the support member is in the first configuration and a second

size when the support member is in the second configuration, the second size larger than the

first size,

the support member having a guide portion including a surface along which a

puncture member can be slidably disposed, the puncture member configured to puncture the

organ wall when the puncture member is moved along the surface and when the support

member is in the second configuration.

2. The apparatus of claim 1, wherein when the support member is in the second

configuration, the contact portion of the support member forms a substantially annular ring.

3. The apparatus of claim 1, wherein a distal tip of the contact portion of the support

member is configured to pierce the organ wall.

4. The apparatus of claim 1, wherein:

when the support member is in the first configuration, the contact portion of the

support member is substantially linear; and

when the support member is in the second configuration, the contact portion of the

support member is non-linear.

5. The apparatus of claim 1, further comprising:

the puncture member, the puncture member configured to be slidably coupled to the

guide portion of the support member, the puncture member further configured to be

transitioned from a first puncture configuration to a second puncture configuration, when the

puncture member is in the first puncture configuration the puncture member has a first



diameter and is arranged to puncture the first side of the organ wall to produce an opening,

when the puncture member is in the second puncture configuration the puncture member has

a second diameter smaller than (1) the first diameter, and (2) a diameter of the opening in the

organ wall.

6. The apparatus of claim 1, further comprising:

an actuator configured to be slidably coupled to the guide portion of the support

member, the actuator configured to cause the puncture member to transition between the first

puncture configuration and the second puncture configuration.

7. The apparatus of claim 1, wherein a portion of the guide portion of the support

member is circumscribed by the contact portion of the support member when the support

member is in the second configuration.

8. The apparatus of claim 1, wherein the guide portion of the support member extends

on either side of the contact portion when the support member is in the second configuration.

9. A method, comprising:

introducing into a first opening in an organ wall a support member when the support

member is in a collapsed configuration, the support member having a contact portion;

causing, after the introducing, the contact portion of the support member to transition

from the collapsed configuration to an expanded configuration, the contact portion having a

size greater than a size of the first opening when the support member is in the expanded

configuration;

engaging the organ wall with the contact portion; and

piercing the organ wall from a first side of the organ wall to a second side of the organ

wall to form a second opening in the organ wall, the second opening larger than the first

opening.

10. The method of claim 9, wherein:

the support member has a guide portion, and

the piercing includes piercing the organ wall along an axis defined by the guide

portion of the support member.



11. The method of claim 9, further comprising:

prior to the piercing, at least partially withdrawing the support member in the

expanded configuration such that the contact portion of the support member contacts a

surface of the organ wall.

12. The method of claim 10, wherein:

the piercing includes moving about the guide portion of the support member a

puncture member from the first side of the organ to the second side of the organ to form the

second opening in the organ.

13. The method of claim 12, wherein the puncture member is in a first puncture

configuration during the piercing, the puncture member having a first diameter when the

puncture member is in the first puncture configuration, the method further comprising:

causing, after the piercing and when the puncture member is disposed on the second

side of the organ, the puncture member to transition from the first puncture configuration to a

second puncture configuration, when the puncture member is in the second puncture

configuration the puncture member has a second diameter smaller than (1) the first diameter,

and (2) the second opening in the organ; and

moving the puncture member when the puncture member is in the second puncture

configuration from the second side of the organ to the first side of the organ and through the

second opening in the organ.

14. The method of claim 13, wherein the causing includes withdrawing the puncture

member into a lumen defined by a tubular member.

15. The method of claim 10, further comprising:

introducing a dilator along the guide portion of the support member and into the

second opening of the organ,

with the dilator, increasing a diameter of the second opening.

16. The method of claim 9, wherein:

when the support member is in the collapsed configuration, the contact portion of the

support member is substantially linear; and



when the support member is in the expanded configuration, the contact portion of the

support member is non-linear.

17. The method of claim 16, wherein when the support member is in the expanded

configuration, the contact portion of the support member forms a ring.

18. The method of claim 9, further comprising:

prior to the introducing, producing, with an end portion of the support member when

the support member is in the collapsed configuration, the first opening in the organ wall.

19. The method of claim 9, wherein:

the organ is a heart,

the first side of the organ wall is an external surface of any one of the heart or a

chamber therein, the second side of the organ wall is an internal surface of any one of the

heart or the chamber therein.

20. A method, comprising:

removably coupling a support member to a wall of an organ such that movement of

the wall in at least one direction is limited; and

piercing the wall of the organ to define an opening to place an interior region of the

organ in fluid communication with an exterior region of the organ.

1. The method of claim 20, wherein the opening is formed in a region of the wall at least

partially circumscribed by a contact portion of the support member.

22. The method of claim 20, wherein:

the piercing includes piercing a target portion of the wall of the organ,

a contact portion of the support member at least partially circumscribes the target

portion of the wall to maintain tautness of the target portion during the piercing.

23. An apparatus, comprising:

a support member having an outer catheter and an inner catheter at least partially

disposed in a lumen defined by the outer catheter, the inner catheter and the outer catheter

collectively defining a vacuum channel therebetween, the support member configured to be



operably coupled to a vacuum source such that the vacuum source is placed in fluid

communication with the vacuum channel, a contact portion of the support member

configured to be coupled to an organ wall when a suction force is produced within the

vacuum channel by the vacuum source, and

the inner catheter defining a lumen configured to receive a puncture member such that

the puncture member can be placed in contact with a target portion of the organ wall, the

target portion being disposed within a region defined by the inner catheter.

24. The apparatus of claim 23, wherein:

the support member has a distal end portion and a proximal end portion, the distal end

portion having an outer diameter greater than an outer diameter of the proximal end portion.

25. The apparatus of claim 23, wherein:

the contact portion is configured to operably cooperate with the suction force to apply

tension to the target portion suitable to limit movement in at least one direction of the target

portion.

26. An apparatus, comprising:

a puncture member including a plurality of cutting members, a distal end portion of

each cutting member from the plurality of cutting members coupled together to form a cutting

edge, the plurality of cutting members configured to be transitioned between a cutting

configuration and a retraction configuration, when the plurality of cutting members is in the

cutting configuration, the plurality of cutting members collectively has a first size and is

configured to pierce a target tissue to form an opening, when the plurality of cutting members

is in the retraction configuration the plurality of cutting members collectively has a second

size and is configured to be withdrawn through the opening, the first size greater than the

second size.

27. The apparatus of claim 26, wherein:

the puncture member defines a lumen therethrough such that the puncture member

can receive and be slidably coupled to a guide member.



28. The apparatus of claim 27, wherein:

the puncture member is configured to transition from the cutting configuration to the

retraction configuration in response to being withdrawn along the guide member and inserted

into a catheter.

29. The apparatus of claim 27, wherein:

the puncture member is configured to transition from the cutting configuration to the

retraction configuration in response to the plurality of cutting members being removably

coupled to and at least partially surrounded by a sheath.
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