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METHODS AND DEVICES FOR INTRA-ATRIAL DEVICES HAVING
SELECTABLE FLOW RATES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U . S. Provisional Application No. 61/579,426,

filed December 22, 201 1, entitled "Systems, Methods and Devices for Resizing Intra-Atrial

Shunts" and of U. S. Provisional Application No. 61/659,520, filed June 14, 2012, entitled

"Adjustable Intra-Atrial Shunts", both of which are incorporated by reference herein in their

entireties.

Field of the Invention

[0002] The present invention relates to methods and devices for treating heart failure. In

particular, the present invention relates to methods and devices for treating heart failure by

reducing elevated blood pressure in a heart chamber by creating a pressure relief shunt.

Additionally, the present invention relates to methods and devices for customizing, adjusting

or manipulating the flow of blood through the shunt in order to enhance the therapeutic effect

of the pressure relief shunt.

Background

[0003] Heart failure is a condition effecting millions of people worldwide. Heart failure

includes failure of either the left side of the heart, the right side of the heart, or both. Left

heart failure can lead to elevated pulmonary venous pressure, which may cause respiratory

problems, including shortness of breath and exercise intolerance. Left heart failure may be

ascribed to a number of causes, including valve disease, systolic failure of the left ventricle,

and diastolic failure of the left ventricle. The adverse clinical result of each of these

conditions is similar; the heart failure leads to elevated pressure in the left atrium and

elevated pressure in the pulmonary veins, impeding proper flow of oxygenated blood through

the blood supply. Therefore, there exists a need to treat the symptoms of left heart failure on

the body.

[0004] Heart failure has been further classified as either systolic heart failure or diastolic

heart failure. Diastolic heart failure refers to heart failure that is present without the presence

of major valve disease even while the systolic function of the left ventricle is preserved.

More generally, diastolic heart failure is failure of the ventricle to adequately relax and

expand in order to fill with blood, causing a decrease in the stroke volume of the heart.

Presently, there exist very few treatment options for patients suffering from diastolic heart



failure. Therefore there exists a need for methods and devices for treating symptoms of

diastolic heart failure.

[0005] Some types of pressure relief shunts have been used to treat the symptoms of

diastolic heart failure. Examples of such types are disclosed in U.S. Patent Number

8,043,360 and U.S. Published Patent Application No. 201 1/0295366 Al. The long term

effects of the creation of a pressure relief shunt can vary greatly depending on the amount of

blood flow through the shunt. These effects can include the gradual development of

hypertrophic pulmonary arteries for cases with significant left to right shunting. The

hypertrophy of the pulmonary arteries in turn leads to worsening symptoms of heart failure.

At the other end of the spectrum, the long term effect of the creation of a pressure relief shunt

may include a gradual decrease in the amount of blood passing through the shunt such that

the benefit of the procedure may be reduced or eliminated.

[0006] The hemodynamic conditions associated with diastolic heart failure are not static,

and attempting to treat the disease with a static pressure relief shunt represents a deficiency in

the prior art. For example, if a shunt is sized too large the short term effect of the creation of

a pressure relief shunt may include a sudden worsening of heart failure. This phenomenon

has been reported in similar procedures for heart failure patients and may be considered a

type of rebound stress. Furthermore, if the pressure relief shunt is sized too small the patient

may not experience any clinical improvement from the procedure. The size of the pressure

relief shunt required for efficacious treatment of diastolic heart failure may be difficult to

predetermine, and varies with the condition of the patient and with the state of the underlying

disease. With these deficiencies in mind, there still exists a need, among other needs, for an

adaptive means of treating diastolic heart failure by creating a clinically effective and safe

pressure relief shunt.

[0007] Along those lines, deployment techniques exist for creating a pressure relief shunt

in the atrial septum and then gradually allowing the shunt to open by slowly deflating a

balloon which initially occludes the shunt. For example, the balloon may be gradually

deflated over a period of hours our days. This treatment method and apparatus suffers from

deficiencies. For example, the requirement to leave a balloon in place in order to gradually

open the pressure relief shunt can create significant problems such as the problem of keeping

the balloon in place despite the significant pressure differential across the shunt.

Furthermore, the requirement to leave a catheter dwelling within the circulation carries

significant potential risks, including increased risk of pulmonary embolism, sepsis,

sensitization or allergic reaction, and other potentially adverse clinical reactions.



[0008] The constantly evolving nature of heart failure represents a significant challenge

for the treatment methods currently disclosed in the prior art. Therefore, there is still a need

for novel and adaptable methods and devices for treating diastolic heart failure by creating a

pressure relief shunt which can be retrieved, repositioned, adjusted, expanded, contracted,

occluded, sealed or otherwise altered as required to treat the patient. Furthermore, there

exists a need for devices and methods for treating diastolic heart failure which can

automatically self-adjust over time either in accordance with the gradual hemodynamic

changes associated with heart failure or in anticipation of these changes.

SUMMARY OF THE INVENTION

[0009] In general, the present invention concerns treating heart disease by reducing both

left atrial and pulmonary venous pressure. To this end, devices and methods are disclosed

herein which may include the creation of a pressure relief shunt in the atrial septum or the

placing of a device having a changeable hydraulic diameter into an already existing aperture

in the atrial septum. Furthermore, devices and methods are disclosed herein which allow for

adjusting the pressure relief shunt in response to the natural progression of the patient during

the course of treatment. Additionally, devices and methods are disclosed which provide a

treatment which may be adjusted to or which automatically adjusts to the changing conditions

in the body as a result of the creation of the pressure relief shunt or the presence of the extant

atrial septal aperture. Furthermore, devices and methods are disclosed herein which mitigate

the risk of acute worsening of heart failure following the creation of a pressure relief shunt or

of an extant atrial septal aperture by allowing for gradual increase in the hydraulic diameter

of an implanted device after implantation. Devices and methods are disclosed herein which

significantly mitigate the risk of later development of pulmonary hypertrophy by implanting

a device which gradually decreases hydraulic diameter in size over time or in response to the

natural hemodynamic changes in the heart.

[0010] In some embodiments of the present invention, an implantable shunting device is

provided. The inventive device includes a pair of anchors, each comprising a plurality of

segments, that are adapted to hold the device in place within a membrane wall, e.g. the atrial

septum, and a shunting section adapted to permit fluid flow across the membrane wall first at

first rate and then at a second rate at a later selectable time.

[0011] In some embodiments, the implantable shunting device is adapted to be manually

adjusted to change the rate of fluid flow therethrough. For example, the inventive device



may include an element which causes the hydraulic diameter of the shunting section to be

manually alterable. Such elements may include a coil which may be incrementally wound,

stretched, and/or compressed to selectively alter its hydraulic diameter. Such elements may

include a tube that can be plastically deformed to alter its hydraulic diameter.

[0012] In some embodiments, the implantable shunting device is adapted to automatically

change the rate of fluid flow therethrough. For example, the inventive device may have a

first configuration which allows a predetermined flow rate to communicate from a high

pressure region to a low pressure region across a membrane wall and be adapted to transform

over a predetermined period of time into one or more other configurations in order to allow a

different flow rate or different flow rates to communicate from the high pressure region to the

low pressure region. The transformations may be gradual or may occur in discrete steps or

may be a combination of gradual change with abrupt changes. The flow rate changes may be

positive or negative or may alternate between the two.

[0013] In some embodiments, the implantable shunting device is to permit manual

adjustment of the fluid flow rate through the device. For example, in some embodiments, the

inventive device includes a hollow tubular body and a number of septal anchoring members,

which anchor the inventive device to the atrial septum. The tubular body may be configured

with an originally-deployed diameter (a first diameter) which may be expected to provide an

efficacious treatment for an average patient. Alternatively, the first diameter of the tubular

body may initially be undersized such that an effective treatment may be achieved in some

subset of patients while the risk of acute worsening of heart failure following the

implantation of the shunt is substantially decreased among all patients. The inventive device

is further configured to be manually expanded or contracted by an adjustment device to

second, third, fourth, etc. diameters (also referred to herein as "subsequent diameters").

The inventive device may include interlocking features which maintain the internal diameter

that is set by the adjustment device. Alternatively, the tubular body of the inventive device

may be made from an elastically deformable, heat setting, pressure-sensitive, or otherwise

malleable material such that the diameter of the device remains stable after being set by the

adjustment device.

[0014] In some embodiments, the inventive device includes an elongate tubular body, an

internal member having an orifice, and a number of anchoring members for anchoring the

tubular body to the atrial septum. The tubular body further includes an internal fastening

feature which releasably clasps the internal orifice-containing shunt member. The internal

orifice-containing member has an internal diameter which is configured to allow a therapeutic



amount of blood to flow through the shunt. The internal member may be released from the

fastening feature of the tubular body with a special retrieval tool and may then be

repositioned or replaced with another internal shunt member. The replacement internal shunt

member may feature a substantially larger or substantially smaller internal diameter, thus

causing the device to have a different subsequent diameter than the first diameter. This

replacement of the internal member may therefore be used to adjust the amount of blood flow

through the shunt in order to respond to hemodynamic changes in the heart.

[0015] In some embodiments, the inventive device including a tubular body and a

number of anchoring members is disclosed, where the tubular body may be configured such

that its first diameter initially allows only a small volume of blood to shunt from the left

atrium to the right atrium. The tubular body may then be designed to gradually expand over

the course of days, weeks, or months, to subsequent diameters that allow a larger volume of

blood to pass through the shunt. The shunt may be configured so that the internal portion or

orifice will expand to a predetermined final subsequent diameter in order to allow a

therapeutic amount of blood flow through the shunt. In such embodiments, the orifice of the

inventive device may be configured to expand slowly so that the risk of acute worsening of

heart failure that may be caused by a sudden hemodynamic change is substantially reduced.

[0016] In some embodiments, the inventive device includes a tubular body and a number

of anchoring members and is configured to open to an internal diameter that allows sufficient

blood to flow through the shunt in order to reduce the left atrial and pulmonary venous

pressure. The tubular body may be configured such that over time the internal diameter of

the shunt gradually contracts. The internal diameter of the inventive device may be designed

to shrink to a predetermined final diameter. The predetermined final diameter may be sized

to allow some clinically relevant blood flow through the shunt while simultaneously

eliminating the risk of developing hypertrophic pulmonary arteries. Alternatively, the

inventive device may be configured such that given enough time the internal diameter

becomes completely occluded and blood flow through the shunt is prevented.

[0017] In some embodiments, the inventive device featuring a tubular body and a number

of anchoring members may be configured to, at first, gradually open the first internal

diameter of the shunt and then much later gradually close the subsequent internal diameter of

the shunt. The gradual shrinking or expanding of the inventive device is used to control the

amount of blood through the shunt in anticipation of the hemodynamic changes that occur

over time due to the progression of heart failure and due to the creation of a pressure relief

shunt. In still other embodiments the gradual opening or closing of the inventive device may



include prolonged periods of static blood flow. For example, the inventive device may be

implanted with a small diameter, then over time expand to a second larger diameter and

remain there for some period of time. The delay may allow for additional testing or

observation by health care personal. After the static delay period the inventive device may be

allowed to further expand to a still larger third diameter.

[0018] In some embodiments of the present invention, the inventive device including a

tubular body and a number of anchoring members may be implanted into an atrial septum.

The tubular body of the inventive device includes an anchoring or clasping feature which can

be used by a physician to close the inventive device if desired.

[0019] In some embodiment, an adjustable intra-atrial shunt includes a retainer having a

plurality of struts and a plurality of apices joining the struts to form a generally cylindrical

body having a left retaining fiange and a right retaining fiange, the tubular body adapted to fit

within a wall of an atrial septum, the left retaining flange adapted to fit within a left atrium of

a heart and the right retaining flange adapted to fit within a right atrium of a heart. The

adjustable intra-atrial shunt also includes a removable and/or removable/replaceable insert for

placement within the retainer, the insert comprising a generally tubular body having a

longitudinal opening to allow a flow of blood from an area of high pressure of the heart to an

area of low pressure of the heart and a retrieval loop for removal of the insert from the

retainer and the atrial septum, wherein the removable/replaceable insert and the opening

allow a first rate of blood flow from an area of high pressure of the heart to an area of low

pressure of the heart, and wherein the adjustable intra-atrial shunt is adapted to allow a

second rate of blood flow from an area of high pressure of the heart to an area of low pressure

of the heart by replacing the removable/replaceable insert with a second

removable/replaceable insert having an opening of a different size.

[0020] In some embodiments, an adjustable, intra-atrial shunt includes a retainer having a

plurality of struts and a plurality of apices joining the struts to form a generally cylindrical

body having a left retaining flange and a right retaining flange, the tubular body adapted to fit

within a wall of an atrial septum, the left retaining flange adapted to fit within a left atrium of

a heart and the right retaining flange adapted to fit within a right atrium of a heart of a patient.

This embodiment also includes a removable/replaceable insert for placement within the

retainer, the insert comprising a plurality of flaps mounted on a generally cylindrical body

having at least one opening to allow a flow of blood from an area of high pressure of the

heart to an area of low pressure of the heart, wherein the removable/replaceable insert and the

at least one opening allow a first rate of blood flow from an area of high pressure of the heart



to an area of low pressure of the heart when first implanted into a patient, and wherein the

removable/replaceable insert is adapted to allow a second rate of blood flow from an area of

high pressure of the heart to an area of low pressure of the heart after portions of the insert

absorb into the patient.

[0021] In some embodiments, an adjustable, intra-atrial shunt includes a retainer having a

plurality of struts and a plurality of apices joining the struts to form a generally cylindrical

body having a left retaining flange and a right retaining flange, the tubular body adapted to fit

within a wall of an atrial septum, the left retaining flange adapted to fit within a left atrium of

a heart and the right retaining flange adapted to fit within a right atrium of a heart of a patient.

This embodiment also includes a removable/replaceable insert for placement with the

retainer, the insert comprising at least one flap mounted on a body having at least one

opening to allow a flow of blood from an area of high pressure of the heart to an area of low

pressure of the heart, wherein the insert and the at least one opening allow a first rate of blood

flow from an area of high pressure of the heart to an area of low pressure of the heart when

first implanted into a patient, and wherein the insert is adapted to allow a second rate of blood

flow from an area of high pressure of the heart to an area of low pressure of the heart after at

least one portion of the insert absorbs into the patient.

[0022] In some embodiments, methods for treating diastolic heart failure are disclosed.

The methods include implanting an inventive device into the atrial septum in order to

decrease the left atrial and pulmonary venous pressure. The methods further include

measuring the patient's hemodynamic status and heart failure indicators. Finally, the method

includes adjusting the amount of blood flow through the inventive device in order to more

effectively treat the heart disease. In some embodiments the methods for treating heart

failure may include closing the inventive device, expanding the inventive device, collapsing

the inventive device, or exchanging either the entire shunt or some components of the

inventive device in order to increase the efficacy of the procedure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The present invention will become more fully apparent from the following

description and appended claims, taken in conjunction with the accompanying drawings.

Understanding that these drawing merely depict exemplary embodiments, they are, therefore,

not to be considered limiting. It will be readily appreciated that the components of the

present invention, as generally described and illustrated in the drawings herein, could be



arranged and designed in a wide variety of different configurations. It is to be kept in mind

that each of the drawings presented herein is a schematic drawing that may only depict some

of the features of the subject matter it is being used to describe.

[0024] Fig. 1 is a partially cross-sectional view of a patient's heart in which a catheter is

extending through the atrial septum.

[0025] Fig. 2 is a partially cross-sectional view of a patient's heart in which an

embodiment of an implantable device has been implanted within an aperture in the atrial

septum.

[0026] Fig. 3 is a partially cross-sectional view of a patient's heart as in Fig. 2 in which a

catheter with a retrieval device is poised to engage the conical tail of the implantable device.

[0027] Fig. 4 is cross-sectional view of an embodiment of an implantable device which

has been implanted within an aperture in the atrial septum.

[0028] Fig. 5 is a partially cross-sectional view of a patient's heart as in Fig. 4 in which a

catheter having a balloon extends through the implantable device.

[0029] Fig. 6 is partially cross-sectional view of an embodiment of an implantable device

which has been implanted within an aperture in the atrial septum.

[0030] Fig. 7 is partially cross-sectional view of an embodiment of an implantable device

which has been implanted within an aperture in the atrial septum.

[0031] Fig. 8A is a partially cross-section view of an embodiment of an implantable

device which is similar to that shown in Figs. 7, except for the alteration to its diamond

shaped struts.

[0032] Fig. 8B is a partially cross-section view of an embodiment of an implantable

device which is similar to that shown in Fig. 8A, except for the alteration to its axially stiff

members.

[0033] Fig. 9 is an end view of an embodiment of an implantable device.

[0034] Fig. 10A is an exploded side view of an embodiment of an implantable device.

[0035] Fig. 10B is partially cross-sectional view of the embodiment of Fig. 10A which

has been implanted within an aperture in the atrial septum showing the implantable device

just after implantation. Only a small portion of the frame of the device is shown in this

drawing.

[0036] Fig. IOC is a partially cross-sectional view as in Fig. 10A but showing the

implantable device at a later time after the absorption of the biosorbable material which at

one end of the device. Only a small portion of the frame of the device is shown in this

drawing.



[0037] Fig. 10D is a partially cross-sectional view as in Fig. IOC but showing the

implantable device at a still later time after the absorption of the biosorbable material at the

other end of the device. Only a small portion of the frame of the device is shown in this

drawing.

[0038] Fig. 11 is a flow diagram of a method embodiment.

[0039] Fig. 12 is a cross-sectional view of an embodiment of an implantable device after

implantation in an aperture of an atrial septum.

[0040] Fig. 13 is a partially exploded view of the inventive device of Fig. 1

[0041] Fig. 14 is a partially exploded view of another embodiment of an implantable

device.

[0042] Fig. 15 is a cross-sectional view of the insert portion of an embodiment of an

implantable device.

[0043] Fig. 16 is a perspective view of an insert portion of an embodiment of an

implantable device.

[0044] Fig. 17 is a perspective view of an insert portion of an embodiment of an

implantable device.

[0045] Fig. 18 is an end view of an insert portion of an embodiment of an implantable

device.

[0046] Fig. 19A is a perspective view of an insert portion of an embodiment of an

implantable device.

[0047] Fig. 19B is a cross-sectional view taken along line 19B-19B of the insert portion

of Fig. 19A.

[0048] Fig. 20 is a partial perspective view of an end of an insert portion of an

implantable device.

[0049] Fig. 2 1 is a partial perspective view of an end of an insert portion of an

implantable device.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0050] Certain specific details are set forth in the following description and Figs to

provide an understanding of various embodiments. Those of ordinary skill in the relevant art

will understand that they can practice other embodiments without one or more of the details

described below. Further, while various processes are described herein with reference to



steps and sequences, the steps and sequences of steps are not be understood as being required

to practice all embodiments of the present invention.

[0051] Unless otherwise defined, explicitly or implicitly by usage herein, all technical

and scientific terms used herein have the same meaning as those which are commonly

understood by one of ordinary skill in the art to which this present invention pertains.

Methods and materials similar or equivalent to those described herein may be used in the

practice or testing of the present invention. In case of conflict between a common meaning

and a definition presented in this document, latter definition will control. The materials,

methods, and examples presented herein are illustrative only and not intended to be limiting.

[0052] Certain specific details are set forth in the following description and Figs to

provide an understanding of various embodiments. Those of ordinary skill in the relevant art

will understand that they can practice other embodiments without one or more of the details

described below. Further, while various processes are described herein with reference to

steps and sequences, the steps and sequences of steps are not be understood as being required

to practice all embodiments of the present invention.

[0053] Unless expressly stated otherwise, the term "embodiment" as used herein refers to

an embodiment of the present invention.

[0054] Unless a different point of reference is clear from the context in which they are

used, the point of reference for the terms "proximal" and "distal" is to be understood as being

the position of a practitioner who would be implanting, is implanting, or had implanted a

device into a patient's atrial septum from the right atrium side of a patient's heart. An

example of a context when a different point of reference is implied is when the description

involves radial distances away from the longitudinal axis or center of a device, in which case

the point of reference is the longitudinal axis or center so that "proximal" refers to locations

which are nearer to the longitudinal axis or center and "distal" to locations which are more

distant from the longitudinal axis or center.

[0055] As used herein, the terms "subject" and "patient" refer to any animal, such as a

mammal like livestock, pets, or humans. Specific examples of "subjects" and "patients"

include, but are not limited, to individuals requiring medical assistance, and in particular,

requiring treatment for symptoms of heart failure.

[0056] As used herein, the term "pressure differential" means the difference in pressure

between two points or selected spaces; for example between one side of a flow control

element and another side of the flow control element.



[0057] As used herein, the term "embolic particle" means any solid, semi-solid, or

undissolved material, that can be carried by the blood and cause disruption to blood flow

when impacted in small blood vessels., including thrombi.

[0058] As used herein, the terms "radially outward" and "radially away" means any

direction which is not parallel with the central axis. For example, considering a cylinder, a

radial outward member could be a piece of wire or a loop of wire that is attached or otherwise

operatively coupled to the cylinder that is oriented at some angle greater than 0 relative to

the center longitudinal axis of the cylinder.

[0059] As used herein, the term "axial thickness" means the thickness along an axis

parallel to the center longitudinal axis of a shape or component.

[0060] As used herein, the term "axial direction" means direction parallel to the center

longitudinal axis of a shape or component.

[0061] As used herein, a "sealable connection" is an area where components and/or

objects meet wherein the connection defines provides for an insubstantial leakage of fluid or

blood through the subject area.

[0062] As used herein, the term "lumen" means a canal, duct, generally tubular space or

cavity in the body of a subject, including veins, arteries, blood vessels, capillaries, intestines,

and the like.

[0063] As used herein, the term "sealably secured" or "sealably connected" means stably

interfaced in a manner that is substantially resistant to movement and provides resistance to

the flow of fluid through or around the interface.

[0064] As used herein the terms "bio-resorbable" and "bio-absorbable" refer to the

property of a material that allows it to be dissolved or absorbed in a living body.

[0065] As used herein, the term "hydraulic diameter" means the overall flow rate

capacity of a conduit taking into consideration the number and configuration of the inlets and

outlets of the conduit.

[0066] As used herein, the terms "gradual" and "gradually" mean that something occurs

over the course of time, either in a stepwise fashion or a continuous fashion. For example,

the hydraulic diameter of an inventive device may gradually change in a step-wise fashion

from an initial value to a later different value when an absorbable suture that initially

restrains a geometrical change in the device breaks during its absorption and is no longer able

to restrain the geometrical change. As another example, the hydraulic diameter of an

inventive device may gradually change in a continuous fashion when an absorbable



diaphragm having an initial orifice is continuously absorbed over time so that the diameter of

the orifice continuously increases in diameter.

[0067] As used herein, the term "whole multiple" means the product contains no decimal.

[0068] It is to be understood that whenever relational numbers are used herein, e.g.,

"first," "second," etc., they are used for convenience of description and so they are to be

interpreted with regard to the particular embodiment or claim in which they are presented,

rather than as applying globally throughout this document to all embodiments or all claims.

Thus, for example, in one embodiment it may be more convenient to use the term "first

fiange" to describe a flange that would be located in the right atrium when the device of that

embodiment is implanted in an atrial septum, whereas it might be more convenient to use the

term "first flange" in another embodiment to refer to refer to a flange that would be located in

the left atrium when the implantable device of that embodiment is implanted.

[0069] It is to be understood that all flow rates are compared at identical the pressure

differentials and fluid characteristics. Thus, whenever a device or a portion of a device is

said to be adjustable from a first flow rate to a second flow rate, it is to be understood that the

hemodynamic conditions under which those flow rates occur are identical to one another.

[0070] It should be appreciated that embodiments are applicable for use in other parts of

the anatomy or for other indications. For instance, a device such as that described in this

disclosure could be placed between the coronary sinus and the left atrium for the same

indication. Also, a pressure vent such as is described in this disclosure could be placed

between the azygous vein and the pulmonary vein for the same indication.

[0071] It is also to be appreciated that although liners or internal sheaths to assist in

directly fluid flow through the inventive device are described below with regard to only some

of the embodiments, the other described embodiments may be adapted to include the use of

liners or internal sheaths.

[0072] The present invention may include a percutaneously deliverable device. In some

embodiments, the device has a straightened, elongated, low-profile delivery configuration

suitable for delivery via a delivery system. The device may have a generally radially

expanded and sometimes shortened deployed profile. For example, it can have a distal

anchoring portion positioned on the left atrial side of the septum, a right anchoring portion

positioned on the right atrial side of the septum, and/or a shunt portion, sometimes referred to

as a "core segment", positioned through an aperture in the septum. The anchoring portions

are sometimes referred to herein as "flanges". A flange may be annular flanges. An annular

fiange may comprise a plurality of segments. It is to be understood that in some



embodiments having right and left anchors that the anchors may be connected and in some

embodiments they are integrally connected.

[0073] In some embodiments, when a device according to the present invention is

deployed across a patient's atrial septum, the distal and proximal flanges are located left and

right to the septum respectively. The core segment of the device creates a shunt or

passageway allowing blood flow across the aperture. Generally, the left atrium has a higher

pressure than the right atrium and the blood tends to flow from the left atrium across the

shunt to the right atrium. The greater the cross-sectional size of the core segment at any point

in time, i.e., its shunting size, the greater amount of blood flows from the left to right atria.

The greater the amount of blood flows to the right atrium, the greater the left heart

decompresses. The left atrial pressure can be measured directly with a catheter in the left

atrium or indirectly by measuring the pulmonary capillary wedge pressure (PCWP) during a

right heart catheterization. The normal values of the mean left atrial pressure are typically in

the range of 6-12 mmHg. The shunting size of the core segment of devices of the present

invention may be tailored so that, during and post implantation, the left atrial pressure would

reach the normal range of 6-12 mmHg. Thus for a DHF patient having a significantly

elevated left atrial pressure, a device with a bigger shunting size should be used to restore the

left atrial pressure to the normal range. For a DHF patient with a moderately elevated left

atrial pressure, a device with a smaller shunting size should be used to restore the left atrial

pressure.

[0074] The left atrial v-wave is the left atrial pressure at the end of an atrial diastole but

immediately before the opening of the mitral valve. The left atrial v-wave represents the

peak of the left atrial pressure. The size of the left atrial v-wave is determined partially by

the amount of blood entering the left atrium. The normal range of left atrial v-wave is 6-

21mmHg. The shunting size of the core segment of the devices of the present invention may

be tailored so that the left atrial v-wave would reach the normal range of 6-21mmHg. Thus,

for a DHF patient with significantly elevated left atrial v-waves, a device with a bigger

shunting size can be used to restore the v-wave to the normal range. For a DHF patient with

moderately elevated left atrial v-waves, a device with a smaller shunting size should be used

to restore the v-wave to the normal range.

[0075] Systematic oxygen saturation is routinely monitored during a percutaneous

implantation procedure. With the decompression of the left heart, the shunting size of the

core segment of devices of the present invention may be tailored so that the systemic oxygen

saturation level during and/or after an implantation procedure is maintained in the range of



75-100%. For a DHF patient with an elevated left atrial pressure, the higher the left atrial

pressure elevation is prior to a treatment, the greater the shunting size should be used to

maintain the systemic oxygen saturation level at a safe range; and the lower is the left atrial

pressure elevation is prior to a treatment, the smaller the shunting size should be used to

maintain the systemic oxygen saturation level at its safe range.

[0076] The ratio of pulmonary blood flow to systematic blood flow is defined as a Qp:Qs

ratio. In a healthy heart, the Qp:Qs ratio is 1:1. In a DHF patient, Qp:Qs ratio is generally

greater than 1:1. Some go beyond 2.5:1. The devices of the present invention be used to

restore the Qp:Qs ratio to or close to the normal range. Thus, the left-to-right flow produced

by the device may be tailored so that the Qp:Qs ratio would at some time reach the acceptable

range of 1:1 to 1.5:1.

[0077] The greater the left-to-right shunting flow which is generated by the device, the

lesser amount of blood remains inside the left atrium and, later, enters the left ventricle. The

smaller is the shunting flow, the greater amount of blood remains inside the left atrium and,

later, enters the left ventricle. The normal values of mean left ventricle pressure are typically

in the range of 40-80 mmHg. Thus, the shunting size of the core segment of the device may

be tailored so that the left ventricle pressure would reach the normal range of 40-80 mmHg.

For a DHF patient with a significantly elevated left ventricle pressure, a device with a bigger

shunting size may be used to restore the left ventricle pressure to the normal range. For a

DHF patient with a moderately elevated left ventricle pressure, a device with a smaller

shunting size may be used to restore the left ventricle pressure to the normal range.

[0078] With the left-to-right shunting flow created by the device, the amount of blood

inside the right atrium increases, which results in an elevated right atrium pressure. The

greater the left-to-right shunting flow is, the greater is the amount of the blood that remains

inside the right atrium, and in turn, the greater is the elevation in the right atrial pressure. The

smaller the left-to-right shunting flow is, the lesser is the amount of the blood that remains

inside the right atrium, and in turn, the lesser is the elevation in the right atrial pressure. The

normal values of the mean right atrial pressure are typically in the range of 4-12 mmHg.

Thus, the shunting size of the core segment of the device may be tailored so that the right

atrial pressure would remain the range of 4-12 mmHg. Thus for a DHF patient with the right

atrial pressure in the lower range, such as in the range of 4-6 mmHg, a device with a bigger

shunting size can be used, and for a DHF patient with the right atrial pressure within the

higher range, such as in the range of 10-12 mmHg, a device with a smaller shunting size

should be used to prevent right atrium overload.



[0079] With the left-to-right blood flow created by the device, the amount of blood inside

the right atrium increases, and the amount of blood entering into the right ventricle increases,

which results in an elevated right ventricle peak systolic pressure. The greater is the left-to-

right shunt, the greater is the amount of blood remains inside the right atrium, and in turn the

greater is the amount of blood enters into the right ventricle, and the greater is the elevation in

the right ventricle peak systolic pressure. The lesser the left-to-right shunt, the lesser is the

amount of blood remains inside the right atrium, and in turn the lesser is the amount of blood

enters the right ventricle, the lesser is the elevation in the right ventricle peak systolic

pressure. The normal values of the mean right ventricle peak systolic pressure are typically

in the range of 20-40 mmHg. Thus, the core segment of the device may be tailored so that

the right ventricle peak systolic pressure would not exceed the normal range of 20-40 mmHg.

Thus for a DHF patient with the right ventricle peak systolic pressure within the lower range,

such as in the range of 20-30 mmHg, a device with a bigger shunting size could be used; and

for a DHF patient with the right ventricle peak systolic pressure within the higher range, such

as in the range of 30-40 mmHg, a device with a bigger shunting size should be used in order

to prevent right ventricle overload.

[0080] With the left-to-right blood flow created by the shunt device, the amount of blood

remaining inside the right atrium increases, and in turn, the pressure difference between the

right and left atrium decreases. The greater is the left-to-right shunt, the greater is the amount

of blood remains insider the right atrium and the greater reduction in the pressure difference

between the left and right atria. The smaller is the left-to-right shunting flow, the lesser

amount of blood remains inside the right atrium and the lesser reduction is in the pressure

difference between the left and right atria. The normal values for the pressure difference

between the left and right atria are typically in the range of 2-10 mmHg. Thus, the shunting

size of the core segment of the device may be tailored so that the pressure difference between

the left and right atria would not exceed the range of 2-10 mmHg. Thus for a DHF patient

with a pressure difference between the left and right within the lower range, such as in the

range of 2-5 mmHg, a device with a bigger shunting size can be used. For a DHF patient

with a pressure difference between the left and right atria within the higher range, such as in

the range of 5-10 mmHg, a device with a smaller shunting size should be used in order to

prevent right atrium overload.

[0081] Fig. 1 depicts a schematic view of a patient's heart and shows an example of a

delivery catheter. An implant delivery catheter sheath 101 is shown extending from the

inferior vena cava (IVC) 103, through the right atrium 105, across the atrial septum 107, and



finally into the left atrium 109. By convention the left atrium is depicted on the right side of

Fig. 1, and the right atrium is depicted on the left side of Fig. 1. This convention will be used

throughout this document. In essence, the heart of Fig. 1 represents a simplified view of a

patient's heart. A conical dilating catheter 111 extends from the distal end of the delivery

sheath while a crossing wire 113 further extends out of the dilating catheter. The implant

delivery catheter is shown having crossed the atrial septum at the region of the fossa ovalis

115, where the atrial septum is very thin.

[0082] The implant delivery catheter of Fig. 1 is configured to house an inventive device

implant. The conical dilating catheter of Fig. 1 is configured to move axially within the

implant delivery catheter, such that the conical surface may be initially used to dilate a small

hole in the atrial septum and then may later be advanced or retracted in order to facilitate the

deployment of the inventive device implant. The transition 117 between the dilator and the

sheath is carefully designed such that a very minimal step exists between the two

components.

[0083] The crossing wire of Fig. 1 may be any suitably stiff wire currently available for

catheter procedures, or it may be custom made for the procedure. The wire may include a

sharpened tip in order to more easily perforate the septum. The wire may be made of

stainless steel, Nitinol, or any other suitable material. After crossing the septum the wire may

be withdrawn from the body, or may be left behind in order to facility the advancement of

further devices and catheters into the body. In addition the wire may feature a curved distal

section (as shown) in order to prevent the user from accidentally puncturing the wall of the

left atrium. In embodiments of the present invention, the guide wire is a 0.9 mm (0.035") J-

curve Nitinol wire. In other embodiments of the present invention the guide wire may be

similar to the wires used in the treatment of total coronary occlusions. The design,

manufacture, and use of guide wires for penetrating tissue are well known in the art.

[0084] The dilation catheter of Fig. 1 may be manufactured in a number of ways, and

may be made of any suitable biocompatible material. A simple dilation catheter might be

made from LDPE, HDPE, or FEP, and may feature a heat formed or over-molded conical tip.

Another suitable dilation catheter construction might include a PEBAX or nylon braided

shaft with a specially designed conical cap. The dilation catheter features a generally circular

cross-section, however ridges or texturing may be employed in order to more efficiently

dilate the septum by creating localized stress-concentration in the tissue near the ridges. In

addition, the distal conical section of the dilator may incorporate a number of cutting

features, such as a small metallic blades, or sharpened plastic protrusions, in order to more



effectively dilate the atrial septum. In some embodiments of the present invention, the OD of

the dilator is roughly between 3 mm and 5 mm.

[0085] Still referring to Fig. 1, the dilation catheter extends from an access point (not

shown) in the lower veins, and extends into the right atrium through the inferior vena cava.

In alternative embodiments of the present invention the dilation catheter may access the atrial

septum by other means, including from the jugular vein (not shown) and through the superior

vena cava 119. In addition, access to the atrial septum may be provided by other means,

including through minimally invasive surgery, and through other major vessels in the body.

[0086] Continuing to refer to Fig. 1, the delivery catheter may be configured such that in

order to deploy a inventive device implant (not shown) the user may simply advance the

catheter to the approximate position shown in the Fig. and then retract the sheath relative to

the dilator, thereby exposing the implant to the tissue. The dilator and guide wire may then

be withdrawn from the atrial septum, leaving behind the therapeutic implant. Alternatively,

the dilator may be withdrawn from the sheath and the sheath may then be used as a conduit

for advancing a simple delivery catheter. The inventive device delivery catheter may be

configured to carefully expand the left atrial side of the shunt in the left atrium with the

sheath in place in the atrial septum. The sheath may then be withdrawn and the delivery

catheter may be further configured to allow the right atrial side of the implant to expand in

order to fully deploy the interatrial inventive device. The implant may be configured such

that it is collapsed into a delivery configuration featuring a small delivery diameter and then

naturally expands into the implanted configuration featuring a larger implanted diameter.

[0087] It is to be understood that the delivery catheter described with regard to Fig. 1 is

only an example of a delivery catheter that can be used with the inventive devices. After

extraction, the inventive device would be drawn into the catheter for removal. The inventive

devices may also be used with other delivery catheters known in the art. Examples of

delivery catheters are disclosed in U.S. Published Patent Application No. 201 1/0295366 Al.

[0088] Referring now to Fig. 2, an inter-atrial inventive device 201 is depicted as

implanted into the atrial septum 107. The inventive device includes a tubular body 203 and a

series of anchoring elements 205. The anchoring elements are designed to extend from the

tubular body and engage the tissue of the atrial septum near the fossa ovalis 115. A conical

tail 207 extends from one end of the shunt out into the right atrium. The conical tail has a

very open mesh-like structure such that it does not impede blood flow through the shunt even

though it connects to the tubular body circumferentially. The tubular shunt is configured to



allow blood to flow through the internal diameter of the tubular body, thereby acting as a

means to limit the pressure differential across the atrial septum.

[0089] Still referring to Fig. 2, the tubular body of the inventive device may be made of

any suitable biocompatible implant material. The tubular body may include a stent-like

skeleton, which may be collapsible to facilitate delivery of the device. The tubular body may

further include an internal or external sheath in order prevent blood from flowing around the

device instead of through the internal diameter of the shunt. The stent-like skeleton of the

tubular body may be made of a laser-cut Nitinol tube, or may instead be made of woven

Nitinol wire. The stent member may instead be made of stainless steel, MP35N, Cobalt-

chromium, other shape-memory type alloys, other materials referred to as super-elastic

alloys, or a plastic or polymeric material. Methods of manufacture of stents and stent-like

implants are well established in the relevant prior art.

[0090] The conical tail of the interatrial shunt of Fig. 2 is configured such that it extends

into the right atrium and therefore represents a feature which could be engaged by an

appropriate retrieval catheter. The retrieval of the interatrial shunt is depicted in Fig. 3 .

[0091] Referring now to Fig. 3 a snaring catheter 301 is shown having been positioned

near the conical tail 207 of the interatrial inventive device 201. The catheter consists of a

radio-opaque tip 303, a series of basket-wires 305, and a delivery sheath 307. The snare may

be opened or closed by respectively retracting or advancing the delivery sheath. Advancing

the delivery sheath over the basket-wires causes them to collapse into the sheath, while

retracting the delivery sheath away from the basket-wires allows the wires to return to their

open configuration. In this way a user is able to snare the conical tail of the inventive device

by advancing the snaring catheter into the right atrium near the inventive device and

retracting the delivery sheath exposing the basket-wires. The basket-wires would then

expand in a way that makes entanglement with the conical tail very likely. The user may then

re-advance the delivery sheath and capture the conical tail. The user may then withdraw the

catheter from the body, in turn pulling the interatrial shunt out of the atrial septum. In this

way the snaring catheter represents a retrieval catheter and may be used to remove an

implanted interatrial shunt. Once this step is completed the user may then implant a new

shunt of a larger or smaller internal diameter, or may instead replace the shunt with an

occluding device, or may otherwise seal the hole in the septum. In this way the implant of

Fig. 2 and the retrieval device of Fig. 3 represent a system for adjusting the inventive device

in order to allow for the treatment of a progressing or otherwise changing disease state.



[0092] Fig. 4 depicts a sectioned view of an embodiment of the present invention

featuring an adjustable inventive device 400 as implanted into an interatrial septum 107. The

inventive device of Fig. 4 includes an elongate tubular body 203 and a series of anchoring

members 205. The elongate tubular body is constructed in roughly concentric layers. The

inner most layer is an optional internal liner 401 which directs the blood flow through the

device from the left atrium 109 into the right atrium 105. The next layer is a stent like body

403 which is manufactured of a plastically deformable material. This layer is represented in

cross-section as a series of rectangular cross-hatched regions. The plastically deformable

stent like member is constructed from a material such as stainless steel, and is designed such

that when expanded, contracted, or otherwise deformed to a desired diameter it will naturally

remain in the deformed state. The outer most layer of the tubular body of Fig. 4 is a super-

elastic layer 405 from which the anchoring members extend. The super-elastic layer has a

number of hook features 407 which couple the elastic layer to the plastically deformable

layer. The super-elastic layer may be manufactured by laser-cutting a nitinol hypotube and

then shape-setting the hooks and anchoring members into the desired shape. A series of

knotted sutures 409 are shown connecting the innermost layer, i.e., the internal liner 401, and

the plastically deformable layer, i.e., stent like body 403; however the individual layers may

be connected by any suitable means in order to form a cohesive tubular shunt body. It is to

be understood that although for the sake of clarity the internal liner 401 is shown as being

attached only at its ends to the stent like body 403, the internal liner 401 may be attached at

any and all points along its length to either the stent like body or the super-elastic layer 405.

[0093] The layered construction of the tubular body of Fig. 4 allows for a user-adjustable

shunt to be created. The user may adjust the size of the shunt by first engaging the shunt and

then by deforming the plastically deformable layer as desired. The deformation is frozen in

place by the plastically deformable layer. This deformation is then transferred to the super-

elastic layer and the internal layer because the layers are interconnected and because the

plastically deformable layer is stiffer than the other two layers. An example of such a

manipulation is shown in Fig. 5 .

[0094] Referring to Fig. 5, an adjustable pressure-relief shunt 400 similar to that which is

described above is shown. The pressure -relief shunt is being expanded by a balloon catheter

501. The balloon catheter extends from the inferior vena cava 103 into the right atrium 105

and through the shunt. A guide wire 503 extends from the balloon catheter and may be used

to initially cross the shunt and then provide a rail for the dilation catheter placement. The

balloon catheter may be inflated with a radio-opaque die in order to allow for precise control



of the deformed diameter of the interatrial shunt. The dilation balloon may be a carefully

sized non-complaint balloon. Alternatively, the dilation balloon may be a complaint balloon

and the inflation pressure may be carefully controlled in order to achieve the desired shunt

diameter. In some embodiments the adjustable inventive device is configured with an initial

diameter around 3 to 4 mm and may be safely expanded up to 10 mm.

[0095] In embodiments the adjustment of the inventive device of Fig. 5 might begin with

an echocardiography analysis of the blood flow through the shunt and an analysis of the

patient's diastolic pressure, total cardiac output, pulmonary arterial pressure, and pulmonary

venous pressures. If it is determined that the shunt should be adjusted the user might then

carefully select the appropriately sized balloon. After gaining access to the vascular anatomy

by conventional techniques a user may advance a guide wire into the right atrium and

carefully direct the wire through the inventive device. The guide wire may then be used as a

rail and the selected balloon may then be positioned inside the interatrial shunt. The balloon

would then be carefully inflated until the desired diameter is achieved. The balloon is then

deflated and withdrawn. The user may then repeat the analysis steps and further adjust the

diameter of the shunt with additional balloon dilations if desired. In some embodiments of

the present invention the initial diameter of the inventive device is configured to be very

small such that the initial amount of blood flow through the valve is unlikely to cause

rebound stress or shock. The user would then increase the diameter of the shunt as part of a

routine follow-on procedure or as a delayed part of the initial implantation procedure.

[0096] The deformable and adjustable inventive devices of Figs. 4 and 5 may be

configured to be elastically adjusted by means other than a balloon catheter. For example, a

inventive device may be designed such that the internal diameter of the shunt is adjusted by

an axial compression or expansion. In other embodiments the shunt may be adjusted by a

winding or unwinding action, or by a puckering, folding, or unfolding action.

[0097] Turning now to Fig. 6, a further embodiment of the present invention is depicted

which may be adjusted in vivo from providing a first flow rate across a membrane of the

patient's heart, e.g., the atrial septum, to having a second flow rate. The second flow rate

may be selected as the result of evaluating the patient's heart condition at a time after the

implantation of the device An interatrial shunt 201 is shown as implanted into an atrial

septum 107. The interatrial shunt is comprised of a tubular body 203 and a series of

fastening members 205. The tubular body of Fig. 3 is formed by a tightly wound coil 601.

The interface between the coils at either end of the tubular body features a series of one

directional ramps 603. On the left atrial side of the tightly wound coil is a left side



adjustment tang 605 and on the right atrial side of the tightly would coil is a right side

adjustment tang 607. The adjustment tangs encroach into the internal diameter of the shunt

in order to allow for the user to engage the adjustment tangs with an appropriate adjustment

catheter.

[0098] The tightly wound coil 601 of Fig. 6 may be made of any of the materials

mentioned above, including nitinol, stainless steel, or a polymeric material. The fastening

members 205 may be connected to the coil at one end of the device such that the majority of

the coils are able to be manipulated and repositioned relative to the tissue fastening members.

Alternatively, the adjustment coil 601 may be configured to rotate independently of the

fastening members while simultaneously being axially constrained relative to the fastening

members 205. Finally, the fastening members 205 may be connected to a separate tubular

body which lies within and is constrained by the tightly wound coil 601 .

[0099] The tightly wound coil 601 of Fig. 6 together with the one directional ramp

features and the adjustment tangs 605, 607 allow the user to adjust the internal diameter of

the shunt 201 by winding or unwinding the coil. For example, the user may use an

appropriate adjustment catheter to engage the adjustment tangs 605, 607 of the interatrial

shunt 201, and then apply torque to the right adjustment tang 607 relative to the left

adjustment tang 605. The effect of this rotational adjustment would be to unwind the coil,

601 which in turn opens the internal diameter of the interatrial shunt. The ramp features 603

allow for the unwinding motion of the coils, but lock this motion in place, preventing the

coils to return to their normal state. If the user wishes to reverse this operation the ramps 603

may be circumvented by separating or stretching the coils axially, thereby over-riding the

ramp features 603. The number of turns of the coil 601 is carefully configured such that the

coil represents enough length such that it is longer than septum's thickness in order to shunt

the blood from the left atrium to the right atrium. The number of coils is further configured

such that a reasonable number of rotations are required to effect a preselected diametrical

change in the shunt 201. For example, the number of coils and the initial diameter of the

shunt may be configured such that one 360 degree unwinding of the coils increases the

diameter by 2 mm. The coil 601 may be configured to create an adjustable inventive device

with an internal diameter ranging from roughly 4 mm to 10 mm.

[00100] The interatrial shunt 201 of Fig. 6 is configured to be implanted by an appropriate

delivery catheter. The interatrial shunt is configured to collapse into the catheter either by

increasing the number of winds and thereby decreasing the diameter, or by unwinding the

coil 601 and straightening the wire. The exact configuration of the interatrial shunt in its



collapsed configuration depends on the material and design of the coil. For example, if the

tightly wound coil is made of a super-elastic nitinol wire then the coil may be completely

unwound and advanced through a catheter with a very small internal diameter. The super-

elastic properties of the nitinol coil would allow the user to then advance the wire through the

catheter, which would recover its initial coiled configuration upon exiting the catheter tip.

For a stainless steel coil it would be more appropriate to conFig. the coil to be delivered in a

first collapsed diameter. The user would then deliver the interatrial shunt by implanting it

into the tissue and then deforming the stainless steel coil with an unwinding motion until the

implant reaches a larger second diameter.

[00101] The adjustment tangs 605, 607 of Fig. 6 are configured to be engaged or

disengaged in vivo in a repeatable manner by an adjustment catheter. The adjustment

catheter includes an inner and an outer shaft, each of which is configured to transmit torque

relative to the other. For example, the adjustment catheter may include a braided outer

catheter shaft and a tri-filar inner catheter torque transmitting shaft. Alternatively the

adjustment catheter may include a laser cut hypotube which is designed to transmit torque.

The engagement of the catheter with the adjustment tangs may be assisted by the use of

radio-opaque markers incorporated within the shunt near the adjustment tangs. The

adjustment catheter inner and outer shaft may each feature a slot for engaging with the

adjustment tangs. The slots include a generous lead-in in order to help position the catheter.

The slots may be tapered to lock the tangs into the adjustment catheter. The adjustment

catheter may include an expandable basket or expandable support wires in order to center the

catheter within the interatrial shunt. Alternatively the adjustment catheter may incorporate a

snaring mechanism to ensnare the adjustment tangs. The inner and outer adjustment catheter

shafts may then interact with the snaring features in order to engage the adjustment tangs.

Finally, a series of adjustment tangs may be used to create a shape that can be keyed off of by

a catheter. For example, the left side of the coil may feature three adjustment tangs which

create a clover shaped internal profile in the inventive device. This profile may then be easily

engaged by an appropriately shaped adjustment catheter.

[00102] In use a physician would advance the adjustment catheter into the internal

diameter of the interatrial shunt. The adjustment catheter may be tracked over a wire which

has been placed through the shunt and into the left atrium. The left side and right side

adjustment tangs 605, 607 would then be engaged by the adjustment catheter using any of the

above described engagement methods, including simply keying the tangs into a pair of slots.

The left side adjustment tang 605 would be keyed into the inner shaft of the adjustment



catheter while the right side adjustment tang 607 would be keyed into the outer shaft of the

adjustment catheter. The left side adjustment tang 605 may be held stationary by the inner

adjustment catheter shaft, while the outer adjustment catheter shaft would then be rotated by

the user in the appropriate direction to unwind the coil 601 and increase the inner diameter of

the shunt. Alternatively, the right side adjustment tang 607 may be held stationary by the

outer adjustment catheter shaft while the left side adjustment tang 605 is rotated by the inner

adjustment catheter shaft. In either case, the fastening features of the inventive device would

be connected to the side of the shunt that is held stationary relative to the body. In this way

the shunt is not simply rotated within the interatrial septum. In some embodiments the user

may be able to reset the coil back to its initial configuration by axially stretching the tightly

wound coil and thereby disengaging the one-directional ramps 603 and allowing the coil to

wind or unwind as needed.

[00103] The adjustable interatrial inventive device of Fig. 6 may be modified to allow for

reducing the internal diameter of the inventive device with the adjustment catheter. This may

be accomplished by simply reversing the directions of the one-direction ramps 603, such that

a winding motion instead of an unwinding motion may be locked in by the one-directional

ramps. In this case the shunt may be deployed in a collapsed delivery diameter and then

expanded to a first implanted diameter by the user. The user may then decrease the size of

the interatrial shunt by winding the coil 601 in a similar manner to that described above.

Once again, the user may be able to reset the interatrial shunt to the initial deployed diameter

by axially stretching the coils to over-ride the one-directional ramps.

[00104] Turning now to Figs. 7 - 8B, alternative interatrial shunts are depicted. The

inventive devices illustrated in these drawings are the same as each other except as noted

below. The interatrial shunt of Fig. 7 includes a stent-like elongate tubular body 701 and a

series of anchoring members 205. The stent-like frame of the tubular body includes a series

of diamond shaped struts 703. Each diamond shaped strut features a pair laser cut eye-holes

705. The diamond shaped struts and eye-holes are spaced around the circumference and the

length of the stent-like frame. Bio-resorbable suture material 707 is shown tied between

various pairs of eye-holes. The suture materials are tied such that the stent is held in an

elongated state by the presence of the suture, as the diamond shaped struts are held stretched

out axially. The stent frame is therefore shown in an elongated state in Fig. 7 . The suture

material is designed to be slowly absorbed by the body over time, which in turn allows the

diamonds struts to return to their relaxed configuration. The relaxed diamond struts in turn

exert a radially outward force, causing the stent member to expand radially as the suture



material is absorbed into the body. In this way the inventive device of Fig. 7 represents a

means for automatically and gradually changing the amount of blood flow through a

inventive device in order to provide a non-static treatment for diastolic dysfunction.

[00105] The stent- like frame of may be made from a laser cut nitinol hypotube in a manner

that is very similar to the manufacture of many stents. The laser cut nitinol hypotube may

then be heat set to a predetermined final diameter. The heat set stent frame may then be

stretch axially and then the suture knots tied around the eye-holes of the stent frame. The

stent frame features sets off axially stiff members 709 (identified in Fig. 8A) between the

various diamond- shaped struts. The axially stiff members are configured to help maintain the

integrity of the stent frame such that the force required to stretch the diamond struts axially

does not simply collapse the stent frame between the struts. The initial diameter of the stent

frame may be configured such that the inventive device allows only a small amount of blood

to flow through the shunt. Furthermore, the number, size, and shape of the diamond struts

may be carefully selected such that the final diameter of the shunt after the loss of the suture

loops reaches a size that allows sufficient blood flow through the shunt to treat the majority

of the patient population. Still further, the amount that the diamond shaped struts are

stretched may be configured such that a predetermined amount of mechanical advantage is

built into the expanding action of the stent frame.

[00106] The bio-resorbable sutures of the devices of Figs. 7 - 8B may be made from any

number of known absorbable suture fibers, including polyglycolic acid, polylactic acid,

polydioxanone, or polycaprolactone. The manufacture of bio-resorbable sutures is well

known in the art. Absorbable sutures of various sizes may be used to delay or stagger the

effect of the expanding action of the inventive device. Bio-absorable sutures may have a

diameter ranging from 0.1 mm to 0.7 mm (USP sizes 6-0 to #3 respectively). In addition, the

bio-resorbable sutures may be a monofilament construction, or may be braided. The bio

resorbable substrate may instead include a suture-like structure of any cross-sectional

geometry, including a film-like structure, a thin tape-like structure, or a rectangular or

triangular cross-section. As an example, initially a rapid expansion may be desired and so

very thin sutures are used at strategic locations to allow for the initial expansion of the shunt.

Subsequently, a much slower expansion may be desired, and this secondary expansion phase

may be accomplished by using a much thicker suture material on a second set of expansion

struts. The inventive device may be configured to expand gradually from roughly 4 mm to

roughly 10 mm over the course of a number of days, weeks, or months.



[00107] Fig. 8A shows a more detailed view of the inventive device described with regard

to Fig. 7 . The action of the eye-holes 705 and the diamond shaped struts 703 can be more

clearly seen in Fig. 8A, although the mechanisms are the same as described above. The

inventive device of Fig. 8A is shown with a lesser expansion ratio than that of Fig. 7, as the

diamond struts are stretched less such that when the sutures are absorbed into the body the

shunt will expand less. This may be desirable for patients with toughened septal tissue, as the

lesser expansion allows for the use of stiffer diamond struts which are capable of exerting a

larger outward radial force. The bio-resorbable suture material may be made from any of the

above mentioned materials and may include any of the above mentioned configurations. In

addition, the bio-resorbable sutures may be replaced by any other suitable bio-resorbable

substrate, including a sheet of bio-resorbable material, a bio-resorbable mesh, or a bio

resorbable film.

[00108] Upon sufficient dissolution of the bio-resorbable restraints, the device shown in

Figs. 7 and 8A will bulge radially outward to assume a barrel shape thereby increasing the

hydraulic diameter of the device so as to increase the flow rate therethrough. A variation of

the device of Figs. 7 and 8A is shown in Fig. 8B. The device of Fig. 8B is similar in all

respects to that of Figs. 7 and 8A except that it contains expandable sections 7 11 along its

axial stiff members 709. Upon sufficient dissolution of the bio-resorbable restraints, the

expandable section 7 11 cause an increase in the longitudinal length of the body 701 and a

corresponding contraction of its diameter, thus decreasing its hydraulic diameter and the flow

rate therethrough.

[00109] Turning now to Fig. 9, a inventive device 901 is shown as viewed from the central

axis of the shunt. The inventive device consists of a tubular body 203 and a series of

anchoring members 205 which extend radially outward from the shunt body. The anchoring

members again are used to anchor the inventive device to the septum. The tubular body is

made of a stent- like frame. An optional internal liner (not shown) may be used to ensure that

blood flows through the shunt from the left atrium and into the right atrium instead of

through the side wall of the tubular body. The tubular body of the shunt is periodically

broken into by a series of inward folds 903 of the tubular body. The inward folds are held in

place by bio-resorbable sutures 707 similar to those used in previous embodiments. The

inward folds are configured to take up space inside the shunt, and thereby limit the amount of

blood flow through the shunt. As the sutures are absorbed into the body the folds are

configured to gradually straighten out, and the inventive device is thereby expanded. The

expansion by loss of the inward folding is caused both by the direct expansion of the



inventive device as well as by the fact that the folds impede blood flow and as they disappear

the blood is able to flow through the shunt more efficiently.

[00110] Referring now to Figs. 10A-10D an embodiment of the interatrial inventive device

is depicted as it gradually transforms over time. The interatrial shunt of Figs. 10A through

10D is designed to be implanted with a first effective internal diameter. The shunt is then

configured to gradually expand over time to a second, substantially larger effective internal

diameter. Finally, after a longer but still predetermined amount of time the inventive device

of Figs. 10A-10D is configured to contract to a third effective internal diameter which is

substantially smaller than the second effective internal diameter. It is to be noted that the

intra-atrial shunt of the presently invention may be configured to adjust to an multitude of

progressively larger or smaller diameters, and thus is not limited to the three progressively

larger diameters described in connection with Figs. 10A-D.

[00111] Figs. 10A-D depict another embodiment of inventive device. Fig. 10A shows an

exploded side view of interatrial inventive device 1001. The stent-like frame 1003 is shown

about to receive the internal sheath 1005 to which it will be subsequently attached. For

clarity sake, only a small portion of the frame 1003 is shown in Figs. 10B- IOC.

[00112] Referring now to Fig. 10B, an interatrial inventive device 1001 is depicted. The

inventive device includes an elongate tubular body 203 and a series of anchoring members

205. The elongate tubular body includes a stent-like frame 1003 and an internal sheath 1005.

The stent-like frame is once again constructed from a super-elastic material, such as nitinol.

The stent-like frame includes a left end 1007 and a right end 1009, the left end points into the

left atrium 109 and the right end protrudes into the right atrium 105. The left end is designed

with a conical opening 101 1. The conical opening is manufactured by creating a wedge

shaped cut out of the tubular frame and folding the frame such that the cut edges are adjacent

to each other. The left end of the frame is cut such that the opening is fully open in the

relaxed configuration, but has been compressed and sewed as pictured with bio-resorbable

sutures 707. The bio-resorbable sutures of the left end are configured to be absorbed by the

body over a predetermined period of time. For example, in some embodiments the sutures

are designed to be absorbed in 10 to 30 days time. As the sutures dissolve into the body the

left end opening is configured to gradually expand, such that the amount of blood flow

through the device gradually increases. As the last suture is absorbed into the body the

interatrial shunt reaches its maximum diameter. The maximum diameter of the interatrial

shunt is carefully configured in order to allow for a therapeutic amount of blood to flow



through the device. In some embodiments this maximum diameter may be between 6 mm

and 10 mm.

[00113] Referring now to Fig. IOC, where the interatrial inventive device of Fig. 10B still

with a left end 1007 and a right end 1009 is depicted as implanted into the atrial septum 107.

The left end bio-resorbable sutures have dispersed into the body and the internal diameter has

reached its peak size. The inventive device is configured to remain at this configuration for a

predetermined amount of time. The duration of the shunt remaining at its maximum effective

internal diameter is controlled by the right end bio-resorbable substrate. The right end is cut

or shape set in a normally closed configuration. The shunt is then expanded and the

expansion is locked in place by the bio-resorbable substrate. As shown in Fig. IOC, the bio

resorbable substrate may be a series of bio-resorbable sutures 1013. The sutures are able to

hold the right end of the interatrial shunt open due to the structure of the right end stent-like

frame, which features a series of diamond shaped struts 1015, similar to those depicted in

Fig. 7 . The diamond shaped struts are designed such that the major axis of the diamond

points along the axis of the device and is much longer than the minor axis of the diamond.

On either end of the major axis of the diamond shaped struts are eye-holes 705, through

which sutures may be tied. A suture is tied between the two eye holes on the diamond shaped

struts and the major axis of the diamond is compressed. This in turn causes the minor axis to

expand, with the net result being the expansion of the circumference of the shunt which

finally leads to the expansion of the overall diameter of the shunt. The amount of expansion

may be controlled by the length of the suture knot, the shape of the struts, or the number of

diamond struts that wrap around the circumference of the inventive device. The right sided

bio-resorbable sutures are configured to take a much longer time to absorb into the body than

the left side sutures. For example, the right side sutures may be made of a USP size # 1 suture

while the left side bio-resorbable suture may be a USP size 4-0 suture or smaller.

[00114] Turning now to Fig. 10D, the interatrial inventive device of Fig. 10B and IOC is

depicted in its final configuration, where the left side 1007 has opened up fully, and much

later the right side 1009 has closed fully. The diamond shaped struts 1015 are shown in the

relaxed configuration and the right side is overall at its lowest energy state. The size of the

final right side orifice may be configured such that a minimum amount of blood is allowed to

flow through the device such that some therapeutic treatment may be expected of the shunt

without the risk of the adverse events of associated with significant long term left to right

shunting of blood. In this way Figs. 10A-D represent a means for treating diastolic heart

failure dynamically.



[00115] Turning now to Fig. 11, a method for treating diastolic heart failure is outlined.

The method includes first analyzing or characterizing the patient's diastolic dysfunction

through means that are well described in the art, including trans-esophageal

echocardiography, trans-thoracic echocardiography, MRI, CT, or catheterization. The

method further includes using the data gained from the analysis to select a inventive device to

be implanted into the interatrial septum with a preselected internal diameter. The inventive

device may be any of the adjustable inventive devices described herein or any of their

equivalents. The inventive device is configured to allow an amount of blood flow through

the shunt that is determined by the analysis to be unlikely to cause any short term shock or

pressure spikes for the patient. The method then includes a waiting period where the

patient's heart is given time to gradually adjust to the newly improved hemodynamic

conditions. Next a second series of analysis is then carried out, using similar methodologies

to those described above. The second analysis is used to determine whether additional

adjustment of the shunt would be beneficial for the patient. If the adjustment is thought to be

beneficial based on the analysis then the method includes using an appropriate adjustment

catheter or adjustment balloon catheter to adjust the inventive device and thereby change the

amount of blood flow through the shunt in order to benefit the patient. The adjustment may

include increasing the internal diameter of the inventive device in order to allow additional

blood flow through the device or it may instead include decreasing the diameter of the shunt

in order to prevent complications such as the development of hypertrophic pulmonary

arteries. In this way the method outlined in Fig. 11 represents a method for treating diastolic

heart failure in a dynamic and adjustable manner.

[00116] While the foregoing description focused on embodiments that automatically adjust

the flow rate through the shunt, the present invention also includes embodiments which the

flow rate adjustment is made manually or a combination of manually and automatically.

Some embodiments which may include automatic, manual, or a combination of automatic

and manual rate adjustments are described below.

[00117] This disclosure concerns an adjustable shunt for allowing flow from an area of

high pressure, such as a left atrium of a heart, to an area of lower pressure, such as a right

atrium of a heart. As explained above, this device may help to relieve over-pressure and may

aid in preventing hypertrophy in the affected blood vessels. Fig. 12 discloses a cross-section

of a multi-part intra-atrial shunt 11 placed into a septum and held in place by the septal wall

of a person's heart. The shunt 11 includes two parts, a retaining cage 15 directly attached to

the septal wall, and an insert 1 attached to the cage 15 and retained in place by the cage. In



this embodiment, the shunt 11 may be relatively symmetrical, i.e., the portion of the shunt

retained in the left atrium is substantially similar to the portion of the shunt retained in the

right atrium. In addition, the tubular central portion may be relatively uniform along its

length.

[00118] A closer and more detailed view of a shunt embodiment is disclosed in Fig. 13. In

this embodiment, the shunt 11 includes cage 15 and insert 17, the cage and the insert also

including retaining features that allow the insert to reversibly lock into the retaining cage.

Cage 15 includes a right atrium flange 15a which is substantially similar to left atrium flange

15c. The intermediate portion 15b is substantially tubular, with a retention feature 15d,

which may be a void or a space, i.e., an indentation or some other receptacle, available on the

outer surface of the cage. Cage 15 may be made of struts and apices of nitinol, the nitinol

having a martensite/austenite transition below 37°C, preferably in the neighbourhood of

about 25°C, so that the cage remains in its superelastic, austenitic phase during use inside a

body of a human or a mammal.

[00119] The other portion of the adjustable shunt is the insert 17, which may be

impermeable and may allow flow of blood or other fluid only through its central passage.

Insert 17 includes an outlet 17a and an inlet 17c that is substantially similar to the outlet. The

central portion 17b is generally tubular and not permeable to fluids, with an outer surface

having a retention feature 17d for matching with the retention feature 15d of cage 15. Insert

17 may be formed from a polymer such as PTFE, UHMWPE, HDPE, polypropylene,

polysulfone, or other biocompatible plastic.

[00120] Retention feature 17d may be a tab or a button for placing into a void or space of

cage 15. It will be understood by those having skill in the art that the inner diameter or

dimension of insert 17 determines blood flow from the higher pressure left atrium to the

lower pressure right atrium of the patient into whom the shunt is implanted. It will also be

understood that the cage 15 will be implanted first with the insert 17 later implanted into the

cage. Both the cage and the insert have a removal feature 15e, 17e, such as a loop of suture

or of a radiopaque material included into the retrieval loop. Examples of radiopaque

materials may include a gold or platinum thread. A retrieval device, such as a snare or

grasper, may be used to grasp the retrieval loop for removal from the patient or re-placement

within the patient.

[00121] The retention feature is important because the insert will only control the flow of

blood from an area of higher pressure to an area of lower pressure in the heart if it is retained

in place. The retention feature is also important because it is this feature that allows the



purposeful or intentional removal of the insert, so that the insert can be replaced with an

insert of a lesser or greater diameter, depending on whether a lesser or greater amount of

pressure relief is required for the patient. As noted above, the amount of relief, that is, the

radius or hydraulic radius of the opening, may vary among patients and may vary in time for

a given patient. Thus, a multi-part shunt, with inserts of different effective hydraulic

diameters, may be used to allow relief to a patient. To be clear, it is to be understood that a

multi-part shunt may include a plurality of inserts and one insert may be replaced by another

in vivo as need be to achieve the desired flow rate for the patient. It is clearly a less traumatic

surgical procedure to replace the insert described here than to implant the entire shunt, and in

particular, to implant the cage. Once the cage has been implanted, subsequent procedures are

accomplished more quickly and with less trouble to the patient. The inserts, for example,

may have inner diameters from 0 to 15 mm, including inserts having inner diameters from 3

to 5 mm. This is the diameter of the flow path from a higher pressure area to a lower

pressure area.

[00122] Another embodiment is depicted in Fig. 14. In this embodiment, adjustable intra-

atrial shunt 1 includes a cage 25 with a positive or protruding retention feature 25d, such as

protruding tab or ridge on its inner side. Insert 27 includes a groove 27d to receive the

protruding rib or ridge from the cage 25. Thus, the insert is retained within the cage.

[00123] In another embodiment depicted in Fig. 15, insert 3 1 includes an inner portion of

reduced diameter 33, the portion with reduced inner diameter molded to that shape or

produced by one or more secondary operations. Using this technique, a single insert shell or

form may be used and then adapted or adjusted to the desired shape. For example, an inner

form with the reduced diameter may be bonded to the inside of a standard shell by solvent

bonding, ultrasonic welding, or other technique. This allows producers to have one or more

basic insert shapes that may then be individualized using a series of forms, or third parts. In

one embodiment, the inner diameter is reduced to zero, so that an attending physician or

medical professional may entirely close the shunt, preventing blood flow altogether between

the left and right atria.

[00124] It is desirable that the inserts and cages be retrievable, as noted above with respect

to the retrieval loops shown in Fig. 13 for both the cage and the insert. A variety of other

features besides loops may be used to retrieve the components of the adjustable intra-atrial

shunt. Thus, insert 35 is depicted with a snare leg 37 in Fig. 16 and with a "wind sock" or

lengthened end 39 in Fig. 17. These features may also be added to the cage portions of the



intra-atrial shunt for easy retrieval of the cage, and subsequent removal or re-positioning

within the patient.

[00125] The above embodiments are useful for adjusting the diameter of the shunt, but

while useful, each adjustment is fixed. Other embodiments are constructed so that the

openings or orifices gradually increase or decrease over time. In the embodiment of Fig. 18,

flow control element or insert 90 has an outward form of a thin cylinder. Insert 90 includes a

frame, which may include an outer circumference, and a plurality of flaps 91. The flaps are

made of a polymer such as PTFE, UHMWPE, HDPE, polypropylene, polysulfone, or other

biocompatible plastic. Other embodiments may use extracellular materials or other suitable

biologic materials. The flaps are sewn together with biosorbable sutures, such as polylactic

acid, polyglycolic acid and polycaprolactone, other suitable biosorbable sutures, or

combinations of these. There may also be an initial orifice 93 in the center so that flow will

occur upon placement of the insert 90 into a cage. The sutures provide tension between the

flaps and keep the flaps closed. As the sutures absorb, the tension is lost and the flaps open.

Other embodiments may include no initial orifice.

[00126] When insert 90 is first deployed, orifice 93 allows limited flow. Over time,

material from the sutures will be absorbed gradually into the bloodstream. The sutures will

become thinner and weaker, and the joint between any two of the flaps will become looser,

allowing more blood flow. Some of the suture joints may use more sutures and some may

use less, so that the weakening of the sutures increases gradually over time, rather than all at

once. Accordingly, insert 90 will have an initially low flow of blood from an area of high

pressure to low pressure, due to a small initial orifice. Later, as the sutures are biosorbed and

the flap joints become looser, blood flow will increase. If more adjustment is needed, the

insert 90 may be removed via retrieval loop 99 and replaced with another insert, such as one

depicted in Figs. 13-15 of the present application. Retrieval loop 99 is desirably not

biosorbable and may include a radiopaque member as discussed above.

[00127] The insert portion of another embodiment which utilizes an insert/cage

combination is depicted in Fig. 19A. The insert portion of the inventive device of Fig. 19A

is also shown in a cross-sectional view taken along line 19B-19B. In this embodiment, insert

95 may be a plate may of biocompatible plastic, with a plurality of orifices 96 and flaps 97

above the orifices, the flaps sewn in place as shown with biosorbable sutures. One or more of

the orifices may have no flap, the orifice intended to provide an initial opening that remains

constantly open while the insert 95 is deployed with a cage as shown above. When the insert

is first deployed, the one or more orifices without flaps will provide flow. Over time, the



sutures will be absorbed and will no longer be able to prevent the flaps 97 from covering the

orifices, thus decreasing the openings and the flow from the area of high pressure to the area

of low pressure. In some cases, the sutures provide tension to retain the flaps in place,

keeping the flaps in place and the flaps open; as the sutures absorb, the flaps deploy to close

the orifices. Insert 95 may be retrieved and removed via retrieval loop 99.

[00128] In some embodiments, the insert may be easier to fabricate if the flow control

portions are placed near an end, i.e., an outside of the insert, as shown in Figs. 20 and 2 1. For

example, Fig. 20 depicts a tubular flow control element 90a, in the form of a hollow tube

intended for placement within one of the retainers discussed above. In this example, a flow

control element 91a is fabricated from a biosorbable polymer film, using biosorbable

materials discussed above. The flow control element 91a may be fabricated with an initial

orifice 93a, such as a central orifice, or it may be fabricated as a solid film, with no flow

permitted through the device. Control of the absorption and loss of mass from the film may

be easier to control with even a very small central orifice. After the flow control element in

implanted into a patient, the film absorbs into the patient and becomes thinner and thinner,

while the central orifice becomes larger and larger, allowing more blood flow as the orifice

enlarges. In one embodiment, the thickness of the film may be graduated, with the thinnest

portions at the center, with gradual thickening as the film approaches its circumference. The

film may be bonded to the structure by ultrasonic bonding or other reliable method that

prevents loosening or disassembly of the film from the structure during implantation. With

this device, initial flow is low, but as the film absorbs into the patient, more and more flow is

allowed as the orifice 93a grows.

[00129] Although the descriptions given above for the embodiments having inserts that the

inserts were described as being removable, it is to be understood that the present invention

also includes embodiments wherein the inserts are not removable. In some such

embodiments, the inserts are permanently attached to the cage, and in still other embodiments

what are described above as inserts are not inserts at all but are integral portions of the cage.

It is also to be understood that in some embodiments, the first anchor, the second anchor, and

the shunt are integrally connected.

[00130] In another embodiment, depicted in Fig. 21, a hollow flow control cylinder 95a

includes one end with one or more orifices 96a. In this embodiment, one or more orifices,

such as each orifice, is open and is near a flap 97a that is secured to the cylinder on one end.

The other end of each flap is tethered to the cylinder with one or more biosorbable sutures

98a. Upon implantation, all the orifices will be open and will allow flow of blood. As the



suture or sutures biosorb, the top end of each flap, as shown in Fig. 21, will become loose and

may drop down to block the orifice 96a closest to that flap. Eventually, all the flaps will

become loose and each flap will block the orifice closest to it, blocking flow of blood.

However, the device of Fig. 1 may have one or more additional orifices without a flap, so

that there is some blood flow even after all the sutures have absorbed. With this device,

initial flow is relatively high, but as the sutures absorb into the patient, more and more of the

orifices are blocked, cutting down flow, and if all orifices are blocked, flow is effectively

stopped.

[00131] While the invention has been disclosed in connection with the preferred

embodiments shown and described in detail, various modifications and improvements

thereon will become readily apparent to those skilled in the art. Accordingly, the spirit and

scope of the present invention is not to be limited by the foregoing examples, but is to be

understood in the broadest sense allowable by law.

[00132] The use of the terms "a" and "an" and "the" and similar referents in the context of

describing the invention (especially in the context of the following claims) is to be construed

to cover both the singular and the plural, unless otherwise indicated herein or clearly

contradicted by context. The terms "comprising," "having," "including," and "containing" are

to be construed as open-ended terms (i.e., meaning "including, but not limited to,") unless

otherwise noted. Recitation of ranges of values herein are merely intended to serve as a

shorthand method of referring individually to each separate value falling within the range,

unless otherwise indicated herein, and each separate value is incorporated into the

specification as if it were individually recited herein. All methods described herein can be

performed in any suitable order unless otherwise indicated herein or otherwise clearly

contradicted by context. The use of any and all examples, or exemplary language (e.g., "such

as") provided herein, is intended merely to better illuminate the invention and does not pose a

limitation on the scope of the invention unless otherwise claimed. No language in the

specification should be construed as indicating any non-claimed element as essential to the

practice of the invention.

[00133] While embodiments have been disclosed and described in detail, it is understood

that various modifications and improvements thereon will become readily apparent to those

skilled in the art. Accordingly, the spirit and scope of the present invention is not limited by

the foregoing examples, but is better understood by the claims below. All patents, published

applications, and other documents identified herein are incorporated by reference herein in

their entireties to the full extent permitted by law.



CLAIMS

What is claimed is:

1. An expandable device adapted for percutaneous delivery into a membrane of a patient's

heart, the device comprising:

first and second anchors adapted to contact, respectively, a first side and a second side

of the membrane; and

a shunt connected to the first and second anchors and having a bio-resorbable

material, the shunt being adapted to permit blood to flow across the membrane at a first flow

rate;

wherein the shunt is adapted to permit blood to flow across the membrane at a second

flow rate upon absorption of at least a portion of the bio-resorbable material.

2 . The device of claim, wherein at least a portion of the shunting section is biased by the bio

resorbable material to cause the shunting section to have a first hydraulic diameter.

3. The device of claim 1, wherein the first flow rate is greater than the second flow rate.

4 . The device of claim 1, wherein the second flow rate is greater than the first flow rate.

5. The device of claim 1, wherein the shunt is further adapted to permit blood to flow across

the membrane at a third flow rate upon further absorption of at least a portion of the bio

resorbable material.

6. The device of claim 5, wherein the third flow rate is greater than at least one of the first

and second flow rates.

7. The device of claim 5, wherein the third flow rate is less than at least one of the first and

second flow rates.

8. The device of claim 1, further comprising a protruding member adapted to be engaged by

a percutaneous retrieval device.



9. The device of claim 1, wherein each of the first and second anchors comprises a plurality

of segments.

10. The device of claim 1, wherein the first anchor, the second anchor, and the shunt are

integrally connected.

11. The device of claim 1, wherein the absorption of the bio-resorbable material occurs at a

pre-determined rate.

12. A device adapted for percutaneous delivery into a membrane of a patient's heart, the

device comprising anchors which are adapted to hold the device in place within the aperture,

and a shunting section connected to the anchors and adapted to permit fluid flow across the

membrane at first rate, and at a second rate, wherein a difference between the first rate and

the second rate is not solely dependent upon variations in blood pressure differential across

the membrane due to the heart's pumping cycle.

13. The device of claim 12, wherein the first rate is less than the second rate.

14. The device of claim 12, wherein the second rate is less than the first rate.

15. The device of claim 12, wherein at least a portion of the shunting section is biased to

cause the shunting section to have a first hydraulic diameter.

16. The device of claim 15, wherein the shunting section is adapted to have a second

hydraulic diameter upon removal of at least portion of the bias.

17. The device of claim 12, wherein at least one of the shunting section and the pair of

anchors comprises a shape memory material.

18. The device of claim 12, wherein the shunting section is adapted to change from the first

flow rate to the second flow rate automatically.

19. The device of claim 12, wherein the shunting section is adapted to permit fluid flow

across the membrane at a third rate, wherein the third rate is not solely dependent upon



variations in blood pressure differential across the membrane due to the heart's pumping

cycle.

20. The device of claim 19, wherein the third rate is greater than at least one of the first and

second rates.

21. The device of claim 19, wherein the third rate is less than at least one of the first and

second rates.

22. The device of claim 19, wherein the shunting section is adapted to change from the

second rate to the third rate automatically.

23. An expandable device adapted for percutaneous delivery into a membrane of a patient's

heart, the device comprising:

first and second anchors adapted to contact, respectively, a first side and a second side

of the membrane; and

a shunt having a first dimension and connected to the first and second anchors and

having a first bio-resorbable material, the shunt being adapted to permit blood to flow across

the membrane at a first flow rate corresponding to the first dimension and comprising a frame

having a plurality of struts,

wherein at least a set of the struts are interconnected by the first bio-resorbable material,

wherein the shunt has a first dimension when the interconnection is intact and a second

dimension when the inter-connection is not intact, and

wherein the shunt is adapted to permit blood to flow across the membrane at a second flow

rate corresponding to the second dimension.

24. The device of claim 23, wherein each of the first and second anchors comprises a

plurality of segments.

25. The device of claim 23, wherein the first anchor, the second anchor, and the shunt are

integrally connected.

26. The device of claim 23, wherein the absorption of the first bio-resorbable material occurs

at a pre-determined rate.



27. The device of claim 23, further comprising a sheath situated within and attached to the

frame.

28. The device of claim 23, wherein at least some of the struts are arranged in diamond-

pattern sets, each of the diamond-pattern sets having a first and a second diagonal.

29. The device of claim 28, wherein at least some of the struts in the diamond-pattern sets

are interconnected by the first bio-resorbable material to restrain the diamond-pattern sets to

which the interconnected struts belong from changing the length of their respective first

diagonals.

30. The device of claim 29, wherein the shunt has a longitudinal axis and at least some of the

first diagonals are aligned parallel to the shunt's longitudinal axis.

31. The device of claim 29, further comprising a sheath situated within and attached to the

frame.

32. The device of claim 23, wherein the shunt has a first end and a second end and at least

one of the first and second ends is adapted to have a contracted configuration and a expanded

configuration and the first bio-resorbable material interconnection is adapted to releasably

maintain at least one of the first and second ends in at least one of its respective contracted

and expanded configurations.

33. The device of claim 32, wherein the shunt further comprises a sheath situated within and

attached to the frame.

34. The device of claim 23, wherein the shunt has a first end having a first contracted

configuration and a first expanded configuration and a second end have a second contracted

configuration and a second expanded configuration, the first end being constrained by the

first bio-resorbable material to releasably maintain either its first expanded configuration or

its first contracted configuration, and wherein the shunt has a second end having a second

contracted configuration and a second expanded configuration, the second end being

constrained by a second bio-resorbable material to releasably maintain either its second



expanded configuration or its second contracted configuration, wherein the absorption of the

first bio-resorbable material occurs at a first pre-determined rate and the absorption of the

second bio-resorbable material occurs at a second pre-determined rate that is different than

the first pre-determined rate.

35. The device of claim 34, wherein the shunt further comprises a sheath situated within and

attached to the frame.

36. An expandable device adapted for percutaneous delivery into a membrane of a patient's

heart, the device comprising:

first and second anchors adapted to contact, respectively, a first side and a second side

of the membrane; and

a shunt connected to the first and second anchors and comprising a passageway and

one or more expandable folds extending into the passageway;

wherein at least one of the folds is constrained from expanding by a bio-resorbable

material and the shunt is adapted to permit blood to flow across the membrane at a first flow

rate when the constraint is intact, and

wherein the shunt is adapted to permit blood to flow across the membrane at a second

flow rate when the constraint is not intact.

37. The device of claim 36, wherein each of the first and second anchors comprises a

plurality of segments.

38. The device of claim 36, wherein the first anchor, the second anchor, and the shunt are

integrally connected.

39. The device of claim 36, wherein the absorption of the bio-resorbable material occurs at a

pre-determined rate.

40. An expandable device adapted for percutaneous delivery into a membrane of a patient's

heart, the device comprising:

first and second anchors adapted to contact, respectively, a first side and a second side

of the membrane;



a core segment interconnecting the first and second anchors, the core segment being

adapted to permit blood to flow across the membrane at a first flow rate; and

a shunt disposed within the core segment and comprising a bio-resorbable material,

the shunt adapted to permit blood to flow across the membrane at a first rate when the bio

resorbable material is intact, and at a second rate when the bio-resorbable material is not

intact.

4 1. The device of claim 40, wherein the shunt and the core segment are integrally connected.

42. The device of claim 40, wherein the first flow rate is greater than the second flow rate.

43. The device of claim 40, wherein the second flow rate is greater than the first flow rate.

44. The device of claim 40, wherein shunt comprises a plurality of apertures adapted to

influence the second flow rate.

45. The device of claim 44, wherein at least one of the apertures has associated with it a flap

releasably secured in place with the bio-resorbable material so as to prevent blood flow

through the at least one aperture until a time when the bio-resorbable material has become at

least partially absorbed.

46. The device of claim 45, wherein at least one other of the apertures has no flap associated

with it.

47. The device of claim 44, wherein at least one of the apertures has associated with it a flap

releasably secured in place with the bio-resorbable material so as to permit blood flow

through the at least one aperture until a time when the bio-resorbable material has become at

least partially absorbed.

48. The device of claim 47, wherein at least one other of the apertures has no flap associated

with it.



49. The device of claim 40, wherein the shunt comprises a plurality of first apertures, each of

the first apertures being adapted to influence the second flow rate and having associated with

it a first flap releasably secured in place with the bio-resorbable material.

50. The device of claim 49, wherein the bio-resorbable material securing at least one of the

first flaps is adapted to release the at least one first flap at a preselected first time and the bio

resorbable material securing at least one other of the first flaps is adapted to release the at

least one other of the first flaps at a preselected second time that is different than the

preselected first time.

51. The device of claim 49, wherein at least one of the first flaps is secured in place so as to

permit blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.

52. The device of claim 51, wherein the shunt further comprises a plurality of second

apertures, each of the second apertures being adapted to influence, respectively, the first and

second flow rates and having associated with it a second flap releasably secured in place with

the bio-resorbable material.

53. The device of claim 52, wherein at least one of the first flaps is secured in place so as to

prevent blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed

54. The device of claim 53, wherein at least one of the second flaps is secured in place so as

to permit blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.

55. The device of claim 53, wherein at least one of the second flaps is secured in place so as

to prevent blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.

56. The device of claim 52, wherein at least one of the first flaps is secured in place so as to

permit blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.



57. The device of claim 56, wherein at least one of the second flaps is secured in place so as

to permit blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.

58. The device of claim 56, wherein at least one of the second flaps is secured in place so as

to prevent blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed..

59. The device of claim 40, wherein the shunt is configured as a disk having at least one

aperture adapted to permit blood to flow across the membrane at, respectively, the first or

second flow rate.

60. The device of claim 40, wherein the shunt is configured as a cylinder having a first end,

the first end having at least one aperture adapted to permit blood to flow across the

membrane at, respectively, the first or second flow rate.

61. The device of claim 40, wherein the shunt comprises a frame having an first aperture

situated therein and a plurality of flaps attached to the frame so as to at least partially close

the first aperture.

62. The device of claim 61, wherein each of the flaps is releasably attached to at least one

other of the flaps with the bio-resorbable material.

63. The device of claim 62, wherein the plurality of flaps form the rim of a second aperture.

64. The device of claim 40, wherein the shunt comprises a frame having a first aperture

situated therein and the bio-resorbable material forming the rim of a second aperture, the bio

resorbable material being attached to the frame so as to at least partially close the first

aperture.

65. The device of claim 64, wherein the bio-resorbable material has a first region having a

first rate of bio-resorbability and a second region having a second rate of bio-resorbability

that is different from the first rate of bio-resorbability.



66. The device of claim 64, wherein the first rate is greater than the second rate.

67. The device of claim 65, wherein the first region includes at least a portion of the rim of

the second aperture.

68. The device of claim 67, wherein the first rate is greater than the second rate.

69. An expandable device adapted for percutaneous delivery into a membrane of a patient's

heart, the device comprising:

a retainer comprising first and second anchors adapted to contact, respectively, a first

side and a second side of the membrane;

a first shunt removably attachable to the retainer, the first shunt being adapted to

permit blood to flow across the membrane at a first flow rate;

a second shunt removably attachable to the retainer, the second shunt being adapted to

permit blood to flow across the membrane at a second flow rate;

wherein the first and second shunts are adapted to be alternatively connected to the

retainer.

70. The device of claim 69, the retainer and first shunt further comprising, respectively first

and second complimentary portions of a releasable locking mechanism, wherein the locking

mechanism is adapted to removably attach the first shunt to the retainer.

71. The device of claim 69, the retainer and second shunt further comprising, respectively

first and third complimentary portions of a releasable locking mechanism, wherein the

locking mechanism is adapted to removably attach the second shunt to the retainer.

72. The device of claim 69, wherein at least one of the first and second shunts comprises a

protruding member adapted to be engaged by a percutaneous retrieval device.

73. The device of claim 69, wherein the first flow rate is greater than the second flow rate.

74. The device of claim 69, wherein the second flow rate is greater than the first flow rate.



75. The device of claim 69, wherein at least one of the first and second shunts comprises a

plurality of apertures adapted to influence, respectively, the first and second flow rates.

76. The device of claim 75, wherein at least one of the apertures has associated with it a flap

releasably secured in place with a bio-resorbable material so as to prevent blood flow through

the at least one aperture until a time when the bio-resorbable material has become at least

partially absorbed.

77. The device of claim 76, wherein at least one other of the apertures has no flap associated

with it.

78. The device of claim 75, wherein at least one of the apertures has associated with it a flap

releasably secured in place with a bio-resorbable material so as to permit blood flow through

the at least one aperture until a time when the bio-resorbable material has become at least

partially absorbed.

79. The device of claim 78, wherein at least one other of the apertures has no flap associated

with it.

80. The device of claim 69, wherein at least one of the first and second shunts comprises a

plurality of first apertures, each of the first apertures being adapted to influence, respectively,

the first and second flow rates and having associated with it a first flap releasably secured in

place with a bio-resorbable material.

81. The device of claim 80, wherein the bio-resorbable material securing at least one of the

first flaps is adapted to release the at least one first flap at a preselected first time and the bio

resorbable material securing at least one other of the first flaps is adapted to release the at

least one other of the first flaps at a preselected second time that is different than the

preselected first time.

82. The device of claim 80, wherein at least one of the first flaps is secured in place so as to

permit blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.



83. The device of claim 82, wherein at least one of the first and second shunts comprises a

plurality of second apertures, each of the second apertures being adapted to influence,

respectively, the first and second flow rates and having associated with it a second flap

releasably secured in place with a bio-resorbable material.

84. The device of claim 83, wherein at least one of the first flaps is secured in place so as to

prevent blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed

85. The device of claim 84, wherein at least one of the second flaps is secured in place so as

to permit blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.

86. The device of claim 84, wherein at least one of the second flaps is secured in place so as

to prevent blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.

87. The device of claim 83, wherein at least one of the first flaps is secured in place so as to

permit blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.

88. The device of claim 87, wherein at least one of the second flaps is secured in place so as

to permit blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.

89. The device of claim 87, wherein at least one of the second flaps is secured in place so as

to prevent blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed..

90. The device of claim 69, wherein at least one of the first and second shunts is configured

as a disk having at least one aperture adapted to permit blood to flow across the membrane

at, respectively, the first or second flow rate.



91. The device of claim 69, wherein at least one of the first and second shunts is configured

as a cylinder having a first end, the first end having at least one aperture adapted to permit

blood to flow across the membrane at, respectively, the first or second flow rate.

92. The device of claim 69, wherein at least one of the first and second shunts comprises a

frame having a first aperture situated therein and a plurality of flaps attached to the frame so

as to at least partially close the first aperture.

93. The device of claim 92, wherein each of the flaps is releasably attached to at least one

other of the flaps with a bio-resorbable material.

94. The device of claim 93, wherein the plurality of flaps form the rim of a second aperture.

95. The device of claim 69, wherein at least one of the first and second shunts comprises a

frame having a first aperture situated therein an a bio-resorbable material forming the rim of a

second aperture, the bio-resorbable material being attached to the frame so as to at least

partially close the first aperture.

96. The device of claim 93, wherein the bio-resorbable material has a first region having a

first rate of bio-resorbability and a second region having a second rate of bio-resorbability

that is different from the first rate of bio-resorbability.

97. The device of claim 93, wherein the first rate is greater than the second rate.

98. The device of claim 94, wherein the first region includes at least a portion of the rim of

the second aperture.

99. The device of claim 98, wherein the first rate is greater than the second rate.

100. An expandable device adapted for percutaneous delivery into a membrane of a patient's

heart, the device comprising:

first and second anchors adapted to contact, respectively, a first side and a second side

of the membrane;



a retainer interconnecting the first and second anchors, the retainer being adapted to

permit blood to flow across the membrane at a first flow rate; and

a shunt removably attachable to the retainer, the shunt being receivable within the

core segment so as to enable the device to conduct blood across the membrane at a second

flow rate.

101. The device of claim 100, the core segment and the shunt further comprising,

respectively first and second complimentary portions of a releasable locking mechanism,

wherein the locking mechanism is adapted to removably attach the shunt to the core segment.

102. The device of claim 100, wherein the shunt comprises a protruding member adapted to

be engaged by a percutaneous retrieval device.

103. The device of claim 100, wherein the first flow rate is greater than the second flow rate.

104. The device of claim 100, wherein the second flow rate is greater than the first flow rate.

105. The device of claim 100, wherein shunt comprises a plurality of apertures adapted to

influence the second flow rate.

106. The device of claim 105, wherein at least one of the apertures has associated with it a

flap releasably secured in place with a bio-resorbable material so as to prevent blood flow

through the at least one aperture until a time when the bio-resorbable material has become at

least partially absorbed.

107. The device of claim 106, wherein at least one other of the apertures has no flap

associated with it.

108. The device of claim 105, wherein at least one of the apertures has associated with it a

flap releasably secured in place with a bio-resorbable material so as to permit blood flow

through the at least one aperture until a time when the bio-resorbable material has become at

least partially absorbed.



109. The device of claim 108, wherein at least one other of the apertures has no flap

associated with it.

110. The device of claim 100, wherein the shunt comprises a plurality of first apertures, each

of the first apertures being adapted to influence the second flow rate and having associated

with it a first flap releasably secured in place with a bio-resorbable material.

1 1 1. The device of claim 110, wherein the bio-resorbable material securing at least one of

the first flaps is adapted to release the at least one first flap at a preselected first time and the

bio-resorbable material securing at least one other of the first flaps is adapted to release the at

least one other of the first flaps at a preselected second time that is different than the

preselected first time.

112. The device of claim 110, wherein at least one of the first flaps is secured in place so as

to permit blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.

113. The device of claim 112, wherein the shunt further comprises a plurality of second

apertures, each of the second apertures being adapted to influence, respectively, the first and

second flow rates and having associated with it a second flap releasably secured in place with

a bio-resorbable material.

114. The device of claim 113, wherein at least one of the first flaps is secured in place so as

to prevent blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed

115. The device of claim 114, wherein at least one of the second flaps is secured in place so

as to permit blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.

116. The device of claim 114, wherein at least one of the second flaps is secured in place so

as to prevent blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.



117. The device of claim 113, wherein at least one of the first flaps is secured in place so as

to permit blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.

118. The device of claim 117, wherein at least one of the second flaps is secured in place so

as to permit blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed.

119. The device of claim 117, wherein at least one of the second flaps is secured in place so

as to prevent blood flow through its associated aperture until a time when the bio-resorbable

material has become at least partially absorbed..

120. The device of claim 100, wherein the shunt is configured as a disk having at least one

aperture adapted to permit blood to flow across the membrane at, respectively, the first or

second flow rate.

121. The device of claim 100, wherein the shunt is configured as a cylinder having a first

end, the first end having at least one aperture adapted to permit blood to flow across the

membrane at, respectively, the first or second flow rate.

122. The device of claim 100, wherein the shunt comprises a frame having an first aperture

situated therein and a plurality of flaps attached to the frame so as to at least partially close

the first aperture.

123. The device of claim 122, wherein each of the flaps is releasably attached to at least one

other of the flaps with a bio-resorbable material.

124. The device of claim 123, wherein the plurality of flaps form the rim of a second

aperture.

125. The device of claim 100, wherein the shunt comprises a frame having a first aperture

situated therein and a bio-resorbable material forming the rim of a second aperture, the bio

resorbable material being attached to the frame so as to at least partially close the first

aperture.



126. The device of claim 125, wherein the bio-resorbable material has a first region having a

first rate of bio-resorbability and a second region having a second rate of bio-resorbability

that is different from the first rate of bio-resorbability.

127. The device of claim 125, wherein the first rate is greater than the second rate.

128. The device of claim 126, wherein the first region includes at least a portion of the rim of

the second aperture.

129. The device of claim 128, wherein the first rate is greater than the second rate.

130. An expandable device adapted for percutaneous delivery into a membrane of a patient's

heart, the device comprising:

an anchoring section comprising interconnected first and second anchors adapted to

contact, respectively, first and second sides of the membrane;

a coil forming a tubular body having a longitudinal axis and first and second ends, the

first end being attached to the anchoring section, the coil being adapted to permit blood to

flow across the membrane at a first flow rate, the coil also having a ratcheting mechanism

comprising a plurality of protrusions and a plurality of complementary recesses for receiving

the protrusions configured so that when the second end is turned about the longitudinal axis

to tighten the coil, the ratcheting mechanism releasably locks the tightening of the coil;

wherein turning the second end to tighten the coil adapts the coil to conduct blood

across the membrane at a second flow rate that is different from the first flow rate.

131. The device of claim 130, wherein the coil further comprises a plurality of tangs, each of

the tangs being adapted to be engaged to enable the first end to remain stationary when the

second end rotated about the longitudinal axis to tighten the coil.

132. The device of claim 130, wherein the coil comprises at least one from the group

consisting of stainless steel, MP35N, cobalt-chromium, a shape-memory type alloy, a super-

elastic alloy, and a polymeric material.

133. The device of claim 130, wherein the membrane is the patient's atrial septum.



134. A method for adjusting in vivo the hydraulic diameter of a shunt implanted in a

membrane of a patient, the shunt comprising a coil forming a tubular body having a

longitudinal axis and first and second ends, the first end being attached to an anchoring

section, the coil being adapted to permit blood to flow across the membrane at a first flow

rate, the coil also having a ratcheting mechanism comprising a plurality of protrusions and a

plurality of complementary recesses for receiving the protrusions configured so that when the

second end is turned about the longitudinal axis to tighten the coil, the ratcheting mechanism

releasably locks the tightening of the coil, the method comprising the steps of:

using a catheter to access to the shunt; and

manipulating the coil to tighten or loosen the coil to adapt the coil to conduct blood

across the membrane at a second flow rate that is different from the first flow rate.

135. The method of claim 134, wherein the first flow rate is greater than the second flow

rate.

136. The method of claim 134, wherein the second flow rate is greater than the first flow

rate.

137. The method of claim 134, wherein the coil further comprises a plurality of tangs, each

of the tangs being adapted to be engaged to enable the first end to remain stationary when the

second end rotated about the longitudinal axis to tighten the coil, and wherein the step of

manipulating includes engaging at least one of the tangs to tighten or loosen the coil.

138. The device of claim 134, wherein the coil comprises at least one from the group

consisting of stainless steel, MP35N, cobalt-chromium, a shape-memory type alloy, a super-

elastic alloy, and a polymeric material.

139. The method of claim 134, wherein the membrane is the patient's atrial septum.

140. The method of claim 139, further comprising the steps of evaluating patient's heart

condition at a time after the implantation of the shunt and determining a desirable value for

the second flow rate through the shunt across the atrial septum.



141. An expandable device adapted for percutaneous delivery into a membrane of a patient's

heart, the device comprising:

first and second anchors adapted to contact, respectively, first and second surfaces of

the membrane; and

a stent having a longitudinal axis and being connected to the first and second anchors,

the stent comprising an outer cylindrical body comprising a superelastic material and an inner

cylindrical body disposed within and connected to the outer cylindrical body and comprising

a plastically deformable material, the stent being adapted to permit blood to flow across the

membrane at a first rate;

wherein the inner layer is adapted to be retainably radially expanded upon the

application of an radially-outward directed force relative to the stent's longitudinal axis so as

to permit blood to flow across the membrane at a second rate that is different from the first

rate.

142. The device of claim 141, wherein the stent further comprises a cylindrical liner

disposed within and attached to the inner cylindrical body.

143. The device of claim 141, wherein the outer cylindrical body has hooks and the hooks

connect the outer cylindrical body to the inner cylindrical body.

144. The device of claim 141, wherein the plastically deformable material is stainless steel.

145. The device of claim 141, wherein the superelastic material is nitinol.

146. The device of claim 141 wherein each of the first and second anchors comprises a

plurality of segments.

147. The device of claim 141 wherein the first anchor, the second anchor, and the shunt are

integrally connected.
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