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DEVICES AND METHODS FOR DELIVERING AN
ENDOCARDIAL DEVICE

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This patent application also claims priority to U.S. provisional patent application
serial no. 61/246920, filed September 29, 2009, which is herein incorporated by reference in its
entirety.
[0002] The devices and methods described herein may be applied to many of the devices
and systems described in any of the references listed below. In particular, these references
generally describe devices, systems, and methods for improving cardiac function and to
ventricular partitioning devices in particular. Thus, the following patents/patent applications are
herein incorporated by reference in their entirety: U.S. patent application serial no. 09/635,511,
filed on 8/9/2000 (titled “DEVICE AND METHOD FOR TREATMENT OF HOLLOW
ORGANS”); U.S. patent application serial no. 10/212,032, filed on 8/1/2002 (titled “METHOD
FOR IMPROVING CARDIAC FUNCTION™); U.S. patent application serial no. 10/212,033,
filed on 8/1/2002 (titled “DEVICE FOR IMPROVING CARDIAC FUNCTION”); U.S. patent
application serial no. 10/302,269, filed on 11/22/2002 (titled “DEVICE WITH A POROUS
MEMBRANE FOR IMPROVING CARDIAC FUNCTION™); U.S. patent application serial no.
10/302,272, filed on 11/22/2002 (titled “METHOD OF IMPROVING CARDIAC FUNCTION
USING A POROUS MEMBRANE”); U.S. patent application serial no. 10/382,962, filed on
3/6/2003 (titled “METHOD FOR IMPROVING CARDIAC FUNCTION”); U.S. patent
application serial no. 10/436,959, filed on 5/12/2003 (titled “SYSTEM FOR IMPROVING
CARDIAC FUNCTION™); U.S. patent application serial no. 10/754,182, filed on 1/9/2004 (titled
“VENTRICULAR PARTITIONING DEVICE”); U.S. patent application serial no. 10/791,916,
filed on 3/3/2004 (titled “INFLATABLE VENTRICULAR PARTITIONING DEVICE”); U.S.
patent application serial no. 10/913,608, filed on 8/5/2004 (titled “VENTRICULAR
PARTITIONING DEVICE”); U.S. patent application serial no. 11/151,156, filed on 6/10/2005
(titled “MULTIPLE PARTITIONING DEVICES FOR HEART TREATMENT™); U.S. patent
application serial no. 11/151,164, filed on 6/10/2005 (titled “PERIPHERAL SEAL FOR A
VENTRICULAR PARTITIONING DEVICE”); U.S. patent application serial no. 11/199,633,
filed on 8/9/2005 (titled “METHOD FOR TREATING MYOCARDIAL RUPTURE”); U.S.
patent application serial no. 11/640,469, filed on 12/14/2006 (titled “CARDIAC DEVICE AND
METHODS OF USE THEREOF”); U.S. patent application serial no. 11/800,998, filed on
5/7/2007 (titled “SYSTEM FOR IMPROVING CARDIAC FUNCTION”); U.S. patent
application serial no. 11/801,075, filed on 5/7/2007 (titled “SYSTEM FOR IMPROVING
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CARDIAC FUNCTION”); U.S. patent application serial no. 11/860,438, filed on 9/24/2007
(titled “LAMINAR VENTRICULAR PARTITIONING DEVICE”); U.S. patent application
serial no. 12/125,015, filed on 5/21/2008 (titled “VENTRICULAR PARTITIONING DEVICE”);
U.S. patent application serial no. 12/129,443, filed on 5/29/2008 (titled “THERAPEUTIC
METHODS AND DEVICES FOLLOWING MYOCARDIAL INFARCTION”); U.S. patent
application serial no. 12/181,282, filed on 7/28/2008 (titled “INFLATABLE VENTRICULAR
PARTITIONING DEVICE”); U.S. patent application serial no. 12/198,010, filed on 8/25/2008
(titled “RETRIEVABLE DEVICES FOR IMPROVING CARDIAC FUNCTION”); U.S. patent
application serial no. 12/198,022, filed on 8/25/2008 (titled “RETRIEVABLE CARDIAC
DEVICES”); and U.S. patent application serial no. 12/268,346, filed on 11/10/2008 (titled
“SYSTEM FOR IMPROVING CARDIAC FUNCTION™).

INCORPORATION BY REFERENCE
[0003] All publications and patent applications mentioned in this specification are herein
incorporated by reference in their entirety to the same extent as if each individual publication or

patent application was specifically and individually indicated to be incorporated by reference.
FIELD OF THE INVENTION

[0004] The present invention relates generally to medical/surgical devices and methods
pertaining to treating heart disease, particularly heart failure. More specifically, the present
invention relates to devices and methods for delivering a partitioning device to a patient’s
ventricle.

BACKGROUND OF THE INVENTION
[0005] Described herein are systems, methods and devices for improving cardiac
function, and may relate generally to treating heart disease, particularly heart failure, and more
specifically, to systems, methods, and devices for delivering a partitioning device to a patient's
ventricle.
[0006] Heart failure annually leads to millions of hospital visits internationally. Heart
failure (including congestive heart failure) is the description given to a myriad of symptoms that
can be the result of the heart's inability to meet the body's demand for blood flow. In certain
pathological conditions, the ventricles of the heart become ineffective in pumping the blood,
causing a back-up of pressure in the vascular system behind the ventricle.
[0007] The reduced effectiveness of the heart is usually due to an enlargement of the
heart. A myocardial ischemia may, for example, cause a portion of a myocardium of the heart to

lose its ability to contract. Prolonged ischaemia can lead to infarction of a portion of the
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myocardium (heart muscle) wherein the heart muscle dies and becomes scar tissue. Once this
tissue dies, it no longer functions as a muscle and cannot contribute to the pumping action of the
heart. When the heart tissue is no longer pumping effectively, that portion of the myocardium is
said to be hypokinetic, meaning that it is less contractile than the uncompromised myocardial
tissue. As this situation worsens, the local area of compromised myocardium may in fact bulge
out as the heart contracts, further decreasing the heart's ability to move blood forward. When
local wall motion moves in this way, it is said to be dyskinetic, or akinetic. The dyskinetic
portion of the myocardium may stretch and eventually form an aneurysmic bulge. Certain
diseases may cause a global dilated myopathy, i.e., a general enlargement of the heart when this
situation continues for an extended period of time.

[0008] As the heart begins to fail, diastolic pressures increase, which stretches the
ventricular chamber prior to contraction and greatly increases the pressure in the heart. In
response, the heart tissue reforms to accommodate the chronically increased filling pressures,
further increasing the work that the now compromised myocardium must perform.

[0009] Drug therapy typically treats the symptoms of the disease and may slow the
progression of the disease, but it cannot cure the disease. One of the only permanent treatments
for heart failure is heart transplantation, but heart transplant procedures are very risky, extremely
invasive and expensive and are performed on only a small percentage of patients. Many patient's
do not qualify for heart transplant for failure to meet any one of a number of qualifying criteria,
and, furthermore, there are not enough hearts available for transplant to meet the needs of HF
patients who do qualify.

[0010] Substantial effort has been made to find alternative treatments for heart failure.
For example, surgical procedures have been developed to dissect and remove weakened portions
of the ventricular wall in order to reduce heart volume. This procedure is highly invasive, risky
and expensive and is commonly only done in conjunction with other procedures (such as heart
valve replacement or coronary artery by-pass graft). Additionally, the surgical treatment is
usually only offered to the most severe class of patients and, accordingly, is not an option for
most patients facing ineffective drug treatment. Finally, if the procedure fails, emergency heart
transplant is the only presently available option.

[0011] Ventricular partitioning devices offer a solution for treating heart failure. These
devices generally function to partition a patient’s ventricle into a productive region and a non-
productive region. For such devices to function properly, they are positioned in a specific
location within the patient’s heart chamber. Delivery of a partitioning device may be made

complicated by the anatomy of a patient and by aspects or characteristics of the delivery device
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or partitioning device itself. Thus, it would be beneficial to provide devices, systems and
methods for delivering and deploying a partitioning device in a patient's ventricle.

[0012] The systems for reducing ventricular volume described herein may include
delivery systems and devices for delivering partitioning devices. A partitioning device, or
implant, may be an umbrella-shaped partitioning implant, and may be included as part of the
system for reducing ventricular volume. The delivery systems may include a guide catheter for
guiding the implant to the ventricle, positioning it within the implant, expanding the implant to

partition the ventricle, and release the implant from the catheter, deploying it in position.

SUMMARY OF THE INVENTION
[0013] Described herein are systems, apparatus and methods for partitioning a heart. The
systems may include a partitioning device or implant, applicators for inserting, repositioning
and/or removing them, and methods of positioning, deploying and removing them. The implants
described herein are cardiac implants that may be inserted into a chamber of a patient’s heart,
particularly the left ventricle. The implant may support the heart wall, or in some variations the
implant is a ventricular partitioning device for partitioning the ventricle into productive and non-
productive regions, and/or for reducing the volume of the ventricle.
[0014] For example, the devices and systems described herein may include a delivery
system (or insertion tools, such as a catheter and sheath/guide tool) and a ventricular partitioning
device including a plurality of ribs, configured to expand within the patient’s ventricle. The
delivery system may include one or more catheters (e.g., a guide catheter, delivery catheter, etc.).
In some embodiments, the systems described herein include an elongate catheter having an
expandable member at the distal end of the guide catheter configured to expand the ventricular
partitioning device and a coupling element at the distal tip of the guide catheter configured to
couple the ventricular partitioning device to the guide catheter. |
[0015] Described herein are systems for reducing the volume of a patent’s ventricle. The
system may include a delivery device (or delivery system) as described in detail herein, as well
as a ventricular partitioning device. Any combination of any of the delivery systems and
partitioning devices described herein may be used.
[0016] For example, a system for delivering a ventricular partitioning device into a
patient’s ventricle and deploying the partitioning device to reduce the effective volume of the
ventricle by expanding the partitioning device from a collapsed delivery configuration into an
expanded deployed configuration, may include: an elongate guide catheter having a proximal
end and a distal end; an expansion member near the distal end of the guide catheter and

configured to expand a plurality of struts of the partitioning device by applying pressure to the
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collapsed partitioning device to open the partitioning device and secure it in the ventricle; and a
coupling element distal to the expansion member and configured to deployably secure to a hub
of the partitioning device to retain the expansion member at least partially surrounded by the
collapsed partitioning device prior to deployment.

[0017] The system may further comprise an expansion control for expanding the
expansion member to apply pressure and expand the ventricular partitioning device. Any
appropriate expansion control may be used, including an inflation lumen connected to the
expansion member, a pullwire for pulling on the expansion member to expand it, or the like. The
expansion control may also include a manipulatable control, such as a button, knob, slider, or
dial on the proximal end of the elongate guide catheter for controlling expansion of the
expansion member.

[0018] The system may also include a deployment control for releasing the coupling
element from the hub of the ventricular partitioning device. Any appropriate deployment control
may be used, including (but not limited to) a torque shaft connected to the coupling element for
unscrewing the coupling element from the ventricular partitioning device, a pullwire connected
to the coupling element for pulling a hitch pin to release the ventricular partitioning device, or
the like.

[0019] The deployment control and the expansion control may be separately activated.
In some variations, the expansion control may be repeatedly activated to expand/contract the
partitioning device.

[0020] As mentioned, any of the systems described herein may also include a ventricular
partitioning device. For example, a system may include a ventricular partitioning device
comprising an umbrella-like structure having a plurality of struts joined at a central hub.

[0021] The catheter (e.g., guide catheter) may include any appropriate expansion
member. For example, the expansion member may be a hydraulic expansion member
comprising a plurality of openings for releasing pressurized fluid to apply pressure to expand the
ventricular partitioning device, an inflatable expansion member (e.g., a balloon), or a mechanical
expander. A mechanical expansion member may include a plurality of struts joined at their
proximal and distal ends and configured to expand outwards when the proximal and distal ends
are brought closer together.

[0022] The catheter may also include any appropriate coupling element, including
mechanical coupling members such as helical screws, hitch pins, or the like.

[0023] In some variations of the system, the guide catheter further comprises a proximal

handle having a one-handed activation release.
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[0024] The systems described herein may also include a steering mechanism that bends
the distal end region of the guide catheter. The steering mechanism may include tendons or pull
wires that pull one or more sides of the catheter to bend the catheter for steering. In some
variations, described in greater detail below, the catheter is adapted to be steered by bending
selectively in one or more directions. In some variations, the catheter includes hinge-points or
cut-out regions that allow for column strength (allowing pushing/pulling of the catheter axially),
while making the catheter flexible in one or more directions. The catheter may also be formed of
multiple layers; for example, a guide catheter may include an outer catheter formed of a metal or
other appropriate material providing column strength and having a lumen in which an inner
catheter resides. The inner catheter may also include one or more lumen (e.g., an inflation
Jumen, a perfusion lumen, etc.). The catheter may also include a pullwire and/or a torque wire.
[0025] In one variation, a system for delivering a ventricular partitioning device into a
patient’s ventricle and deploying the partitioning device to reduce the effective volume of the
ventricle by expanding the partitioning device from a collapsed delivery configuration into an
expanded deployed configuration may include: an elongate guide catheter having a proximal end
and a distal end; an expansion member near the distal end of the guide catheter and configured to
expand the partitioning device by applying pressure to open the collapsed partitioning device and
secure it in the ventricle; a coupling element distal to the expansion member and configured to
deployably secure to a hub of the partitioning device to retain the expansion member at least
partially surrounded by the collapsed partitioning device prior to deployment; an expansion
control at the proximal end of the elongate guide catheter for expanding the expansion member
to apply pressure and expand the partitioning device; and a deployment control for releasing the
partitioning device from the guide catheter by separating the coupling element from the hub of
the partitioning device.

[0026] As mentioned above, any of the systems described herein, including the system
for delivery a partitioning device into a patient’s ventricle and deploying the partitioning device,
may include any of the features described. For example, the system may include an expansion
control comprising an inflation lumen connected to the expansion member a pullwire for pulling
on the expansion member to expand it, etc. The system may also include controls such as a
button, knob, slider, or dial on the proximal end of the elongate guide catheter for controlling
expansion of the expansion member.

[0027] Also described herein are delivery systems for delivering an umbrella-shaped
ventricular partitioning device into a patient’s ventricle and mechanically deploying the
partitioning device to reduce the effective volume of the ventricle by expanding the partitioning

device from a collapsed configuration into an expanded configuration. These systems may
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comprise: an elongate guide catheter having a proximal end and a distal end; a mechanical
expander near the distal end of the guide catheter having a plurality of arms configured to extend
outwards when operated to apply pressure to the partitioning device to open the partitioning
device; and a coupling element distal to the expansion member and configured to deployably
secure to a central hub of the partitioning device and to retain the expansion member at least
partially surrounded by the collapsed partitioning device prior to deployment.

[0028] Also described herein are delivery system for delivering an umbrella-shaped
ventricular partitioning device into a patient’s ventricle and deploying the partitioning device to
reduce the effective volume of the ventricle by expanding the partitioning device from a
collapsed configuration into an expanded configuration, the system comprising: an elongate
guide catheter having a proximal end and a distal end; a mechanical expander near the distal end
of the guide catheter comprising a plurality of arms joined at their proximal and distal ends and
configured to expand outwards when the proximal and distal ends are brought closer together,
the mechanical expander configured to apply pressure the partitioning device to open the
partitioning device and secure it in the ventricle; and a coupling element distal to the expansion
member and configured to deployably secure to a hub of the partitioning device and to retain the
expansion member at least partially surrounded by the collapsed partitioning device prior to
deployment.

[0029] In some variations, a delivery system for delivering an umbrella-shaped
ventricular partitioning device into a patient’s ventricle and deploying the partitioning device to
reduce the effective volume of the ventricle by expanding the partitioning device from a
collapsed configuration into an expanded configuration, includes: an elongate guide catheter
having a proximal end and a distal end; an inflatable expander near the distal end of the guide
catheter configured to extend outwards when inflated to apply pressure to open the partitioning
device and to secure the partitioning device in the ventricle; a distal nose spacer distal to the
inflatable expander on the guide catheter and configured to space the inflatable expander
proximally from a central hub region of the partitioning device; a taper region between the distal
nose spacer and the inflatable expander; and a coupling element distal to the expansion member
and configured to deployably secure to the central hub of the partitioning device and to retain the
expansion member at least partially surrounded by the partitioning device prior to deployment.
[0030] Also described herein are delivery systems for delivering an umbrella-shaped
ventricular partitioning device into a patient’s ventricle and mechanically deploying the
partitioning device to reduce the effective volume of the ventricle by expanding the partitioning
device from a collapsed configuration into an expanded configuration, the system comprising: an

elongate guide catheter having a proximal end and a distal end; a pressure expander near the
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distal end of the guide catheter comprising a plurality of openings from a fluid source line
extending along the length of the elongate catheter, the plurality of openings positioned near the
distal end region of the elongate guide catheter and configured to release fluid and apply pressure
to the proximal end region of the partitioning device to expand the partitioning device; and a
coupling element distal to the expansion member and configured to deployably secure to a
central hub of the partitioning device and to retain the expansion member at least partially
surrounded by the partitioning device prior to deployment.

[0031] Also described are systems for reducing the effective volume of the ventricle by
securing a ventricular partitioning device within the ventricle, the system comprising: an
umbrella-shaped ventricular partitioning device having a central hub, a plurality of struts, and a
membrane, wherein the partitioning device has a collapsed delivery configuration and an
expanded deployed configuration; and a delivery system. The delivery system may include: an
elongate guide catheter having a proximal end and a distal end; a mechanical expander near the
distal end of the guide catheter comprising a plurality of arms joined configured to extend
outwards to expand the ventricular partitioning device by applying pressure against the struts to
open the ventricular partitioning device; a expansion pullwire coupled to the mechanical
expander; and a coupling element distal to the expansion member and configured to deployably
secure to the central hub of the partitioning device and to retain the expansion member at least
partially surrounded by the collapsed partitioning device prior to deployment.

[0032] Methods of partitioning a ventricle, and method of reducing ventricular volume,
are also described. The methods described herein may generally include the steps of advancing
the distal end of a delivery or guide catheter into the patient's ventricle, positioning the distal end
of the guide catheter within the ventricle, expanding a ventricular partitioning device within the
ventricle to partition the ventricle, and deploying the ventricular partitioning device from the
distal end of the guide catheter. The device may be secured, and/or sealed, to the ventricle
wall(s).

[0033] For example, described herein are methods of reducing ventricular volume to treat
heart disease, the method comprising: positioning an umbrella-shaped, expandable partitioning
device having a reinforced membrane in a contracted configuration near the apex of a patients’
ventricle using an elongate guide catheter to which the partitioning device is releasably coupled;
expanding an expansion member near the distal end of the guide catheter to apply pressure to the
proximal end region of the contracted partitioning device to expand the partitioning device; and
releasing a coupling element distal to the expansion member on the guide catheter to deploy the

partitioning device.
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[0034] In some variations, the method also includes a step of securing the periphery of
the partitioning device to the ventricle wall. For example, the guide catheter may be configured
to expand to drive open the partitioning device and secure it to the wall of the ventricle. The
method may also include the step of sealing the periphery of the partitioning device to the
ventricle wall.

[0035] In some variations, the method also includes percutaneously guiding the
partitioning device on the end of the guide catheter into the ventricle. For example, the method
may include advancing the partitioning device into the ventricle through an inner lumen of a
delivery catheter.

[0036] The method may include the step of expanding the expansion member by
expanding an inflatable expansion member near the distal end of the guide catheter. The step of
expanding the expansion member may comprise expanding a plurality of arms joined at their
proximal and distal ends by expand bringing the proximal and distal ends closer together. In
some variations, the step of expanding the expansion member comprises expelling fluid from a
plurality of openings positioned near the distal end region of the guide catheter to apply pressure
to the proximal end region of the partitioning device to expand the partitioning device.

[0037] The step of releasing a partitioning device from the catheter (guide catheter that
has guided and positioned the device) may be preformed after the device has been positioned in
the appropriate region of the ventricle, typically the apical region. This guidance may be
performed under visualization, such as fluoroscopy. Once positioned, the device may be
deployed and released from the catheter by disengaging the coupling member. For example, the
coupling element may be released by rotating a torque shaft that rotates to withdraw a helical coil
screw (e.g., the screw and torque shaft may form part of the coupling element) from a hub of the

partitioning device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0038] FIG. 1 illustrates a partitioning device embodying features of the invention in an
expanded configuration.
[0039] FIGS. 2A and 2B illustrates a system for reducing ventricular volume including a
delivery system (guide catheter) and the partitioning device shown in FIG. 1.
[0040] FIG. 2C shows another variation of a system for reducing ventricular volume
include a partitioning device.
[0041] FIGS. 3A-3E are schematic views of a patient's left ventricular chamber

illustrating the deployment of the partitioning device shown in FIG. 1 with the delivery system
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shown in FIG. 2 to partition the heart chamber into a primary productive portion and a
secondary, non-productive portion.

[0042] FIG. 4 illustrates deployment of the variation shown in FIG. 2C.

[0043] FIGS. 5-8 illustrate various embodiments of the delivery system configured to
maintain the position of the partitioning device while the guide catheter is withdrawn.

[0044] FIGS. 9-12 illustrate various embodiments of the delivery system including an
“over the wire” balloon system.

[0045] FIGS. 13-21A illustrate various embodiments of the delivery system wherein the
expandable member is a mechanical expansion member.

[0046] FIGS. 22-24 illustrate various embodiments of the delivery system wherein the
frame and the delivery catheter are formed from a single tube.

[0047] FIGS. 25 illustrate an alternative embodiment of a delivery system wherein the
frame and catheter are formed from separate components.

[0048] FIG. 26 illustrates an alternative embodiment of the delivery system wherein the

frame and the guide catheter are formed from tubes and snapped together.

[0049] FIGS. 27A-27B illustrate various embodiments of the delivery system wherein
the expandable member is a hydraulic system.

[0050] FIGS. 28-32 illustrate several variations of deployment systems, i.e. handles.
[0051] FIG. 33 illustrates an alternative embodiment of the coupling mechanism.

DETAILED DESCRIPTION OF THE INVENTION
[0052] Devices, systems and methods for reducing ventricular volume by partitioning the
ventricle may be used to treat cardiac or circulatory disorders. In general, the devices and
systems described herein include partitioning devices for partitioning the ventricle into
productive and non-productive regions. The partitioning device described herein may also be
referred to as a ventricular volume reduction devices or implants. Also described herein are
delivery devices for delivering and/or deploying the ventricular volume reduction implants. The
delivery devices may also be referred to as catheters, or more specifically as guide catheters. As
used herein, a guide catheter may be used for delivering and/or deploying a partitioning device
into a patient’s ventricle. Any of the systems described herein may include both a guide catheter
and a partitioning device/volume reduction device. A partitioning device may be pre-loaded
onto the guide catheter. The following description is not intended to limit the invention to the
illustrated embodiments, but rather to enable any person skilled in the art to make and use this

invention.
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[0053] A ventricular partitioning device typically includes a plurality of ribs, configured
to expand within the patient’s ventricle, and a membrane that may be reinforced by the ribs. The
ribs may also be referred to as struts. In some variations, the partitioning device/volume
reduction device may be an umbrella-type device or implant, having a hub to which the ribs or
struts extend; the device may have a collapsed delivery configuration (resembling a collapsed
umbrella) and an expanded delivery configuration. Although the partitioning device may be
pre-biased in the expanded configuration, the delivery device (guide catheter) may include an
expansion element to help fully expand, position, and secure the implant in the ventricle. For
example, in some variations the implant includes a plurality of struts or ribs formed of a memory
material such as Nitinol that self-expands at least partially into the deployed configuration.
When deploying with a guide catheter, the guide catheter may force expansion of the partitioning
device and insertion into the wall of the ventricle.

[0054] In some examples, the systems described herein include an elongate guide
catheter having an expandable member at the distal end of the guide catheter configured to
expand the ventricular partitioning device and a coupling element at the distal tip of the guide
catheter configured to couple the ventricular partitioning device to the guide catheter. In general,
the methods described herein include the steps of advancing the distal end of a guide catheter
into the patient's ventricle, positioning the distal end of the guide catheter within the ventricle,
deploying the ventricular partitioning device from the distal end of the guide catheter, and
expanding a ventricular partitioning device within the ventricle to partition the ventricle.

[0055] FIG. 1 illustrates one variation of a partitioning component 10 which embodies
features of the invention and which includes a partitioning membrane 11(not shown), a hub 12,
preferably centrally located on the partitioning device, and a radially expandable reinforcing
frame 13 formed of a plurality of ribs 14. Preferably, the partitioning membrane 11 is secured to
the proximal or pressure side of the frame 13 as shown in FIG. 1. The ribs 14 have distal ends 15
which are secured to the hub 12 and free proximal ends 16 which are configured to curve or flare
away from a center line axis 17. Radial expansion of the free proximal ends 16 unfurls the
membrane 11 secured to the frame 13 so that the membrane presents a relatively smooth,
pressure receiving surface 18 which defines in part the productive portion of the patient's
partitioned heart chamber. The ribs 14 are pre-shaped so that when not constrained other than by
the membrane 11 secured thereto (as shown in FIG. 1), the free proximal ends 16 thereof expand
to a desired angular displacement away from a center line axis 17. In some variations the
implant includes a foot or feet at the distal end of the hub 12. In some variations the edge of the

membrane may be configured to seal against the ventricle wall, e.g., by including a sealing

. surface or reinforcement.

-11-



10

15

20

25

30

35

WO 2011/041422 PCT/US2010/050733
[0056] FIG. 2A illustrates one variations of a system 30 for delivering a partitioning
device 10 (as illustrated in FIG. 1) into a patient's heart chamber and deploying the partitioning
device 10 to partition the heart chamber as illustrated in FIGS. 3A-3E. This delivery system
typically includes a guide catheter. FIG. 2B shows a schematic view of the delivery system
including a guide catheter and delivery catheter shown in FIG. 2A.

[0057] The guide catheter has an inner lumen 33 extending between the proximal end 34
and distal end 35. A hemostatic valve (not shown) may be provided at the proximal end 34 of the
guide catheter 31. A flush port 36 on the proximal end 34 of guide catheter 31 is in fluid
communication with the inner lumen 33.

[0058] The delivery catheter 32 has an outer shaft 40 with an inner lumen 41 and a
proximal injection port 42, an inner shaft 43 disposed within the inner lumen 41 with a first
lumen 44 and a second lumen 45. Balloon inflation port 46 is in fluid communication with the
first lumen 44 and flush port 47 is in fluid communication with the second lumen 45. Torque |
shaft 48 is rotatably disposed within the second lumen 44 of the inner shaft 43 and has an
injection port 49 provided at its proximal end 50 in fluid communication with the inner lumen 51
of the torque shaft. The torque shaft 48 in this example is formed at least in part of a hypotube
formed of suitable material such as superelastic Nitinol or stainless steel. A torque knob 52 is
secured to the proximal end 50 of torque shaft 48 distal to the injection port 49. A helical coil
screw 53 is secured to the distal end 54 of the torque shaft 48 and rotation of the torque knob 52
on the proximal end 50 of the torque shaft 48 rotates the screw 53 on the distal end 54 of torque
shaft 48 to facilitate deployment of a partitioning device 10. In this example, the screw and
torque shaft form a coupling element on the guide catheter that may releasably secure a
partitioning device so that it may be delivered. An inflatable balloon 55 is sealingly secured to
the distal end of the inner shaft 43 and has an interior 56 in fluid communication with the first
lumen 44. The inflatable expansion member is but one variation of an expansion member that
may form part of the guide catheter. Inflation fluid may be delivered to the interior 56 through
port 44a in the portion of the inner shaft 43 extending through the balloon 55. Inflation of the
balloon 55 by inflation fluid through port 57 facilitates securing the partitioning component 10.
[0059] As mentioned, to deliver the partitioning component 10, it is secured to the distal
end of the delivery catheter 32 by means of a coupling mechanism, such as a helical coil screw.
The partitioning component 10 is collapsed to a first, delivery configuration which has small
enough transverse dimensions to be slidably advanced through the guide catheter 31 (FIG. 3A).
In some embodiments, the guide catheter 31 has been previously percutaneously introduced and
advanced through the patient's vasculature, such as the femoral artery, in a conventional manner

to the desired heart chamber, The delivery catheter 32 (FIG. 3C) with the partitioning component
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10 attached is advanced through the inner lumen of the guide catheter 31 until the partitioning
component 10 is ready for deployment from the distal end of the guide catheter 31 into the
patient's heart chamber 57 to be partitioned.
[0060] The partitioning component 10 mounted on the coupling element (screw 53, as
shown) may be urged partially out of the inner lumen of the guide catheter 31 until the hub 12
engages the heart wall as shown in FIG. 3B with the free proximal ends 16 of the ribs 14 ina
contracted configuration within the guide catheter. The guiding catheter 31 is withdrawn while
the delivery catheter 32 is held in place until the proximal ends 16 of the ribs 14 exit the distal
end 35 (not shown) of the guiding catheter. The free proximal ends 16 of ribs 14 expand
outwardly to press the sharp proximal tips 21 of the ribs 14 against and preferably into the tissue
lining the heart chamber. This is shown in FIG. 3C.
[0061] With the partitioning component deployed within the heart chamber and
preferably partially secured therein, inflation fluid may be introduced through the inflation port
46 into first lumen 44 of inner shaft 43 of the delivery catheter 32 where it is directed through
port 44a into the balloon interior 56 to inflate the balloon. This is shown in FIG. 3D. The
inflated balloon presses against the pressure receiving surface 18 of the partitioning component
10 to ensure that the sharp proximal tips 21 are pressed well into the tissue lining the heart
chambér.
[0062] With the partitioning device 10 properly positioned within the heart chamber, the
knob 52 on the torque shaft 48 is rotated counter-clockwise to disengage the helical coil screw 53
of the delivery catheter 32 from the hub 12. This is illustrated in FIG. 3E. The counter-clockwise
rotation of the torque shaft 48 rotates the helical coil screw 53 which rides on the connector bar
20 secured within the hub 12. Once the helical coil screw 53 disengages the connector bar 20, the
delivery system 30, including the guide catheter 31 and the delivery catheter 32, may then be
removed from the patient.
[0063] The proximal end of the guide catheter 31 may be provided with a flush port 36 to
inject therapeutic or diagnostic fluids through the inner lumen 33. Similarly, the proximal end of
the delivery catheter 32 may be provided with a flush port 42 in communication with inner
lumen 41 for essentially the same purpose. An inflation port 46 is provided on the proximal
portion of the delivery catheter for delivery of inflation fluid through the first inner lumen 44 to
the interior 56 of the balloon 55. Flush port 47 is provided in fluid communication with the
second inner lumen 45 of the inner shaft 43. An injection port 49 may be provided on the
proximal end of the torque shaft 48 in fluid communication with the inner lumen 51 of the torque

shaft for delivery of a variety of fluids.
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[0064] The partitioning component 10 in this example partitions the patient's heart
chamber 57 into a main productive or operational portion 58 and a secondary, essentially non-
productive portion 59, thereby reducing the ventricular volume. The operational portion 38 is
much smaller than the original ventricular chamber 57 and provides for an improved ejection
fraction. The partitioning increases the ejection fraction and provides an improvement in blood
flow. Over time, the non-productive portion 59 fills first with thrombus and subsequently with
cellular growth. Bio-resorbable fillers such as polylactic acid, polyglycolic acid,
polycaprolactone and copolymers and blends may be employed to initially fill the non-
productive portion 59. Fillers may be suitably supplied in a suitable solvent such as DMSO.
Other materials which accelerate tissue growth or thrombus may be deployed in the non-
productive portion 59.

[0065] FIG. 2C illustrates another variation of a system 30 for delivering a partitioning
device 10. Although the embodiments of the delivery systems show in various embodiments
may be different, common features are labeled the same.

[0066] The delivery system 30 includes a guide catheter 31 and a delivery catheter 32. As
in the variation shown in FIG. 2B, the guide catheter 31 has an inner lumen 33 extending
between the proximal end 34 and distal end 35. A hemostatic valve (not shown) may be provided
at the proximal end 34 of the guide catheter 31 to seal about the outer shaft 37 of the delivery
catheter 32. A flush port 36 on the proximal end 34 of guide catheter 31 is in fluid
communication with the inner lumen 33.

[0067] The delivery catheter 32 has an outer shaft 37 with an adapter 38 on the proximal
end thereof having a proximal injection port 39 which is in fluid communication with the interior
of the shaft 37. The outer shaft 37 may have an inner shaft which is disposed within the interior
thereof and is secured to the inner surface of the outer shaft by webs which extend along a
substantial length of the inner shaft. The injection port may be in fluid communication with the
passageways between the inner and outer shafts and defined in part by the webs. A torque shaft,
which is preferably formed of hypotubing (e.g. formed of stainless steel or superelastic NiTi),
may be disposed within the inner lumen of the inner shaft and has a proximal end 46 secured
within the adapter 38. Balloon inflation port 47 is in fluid communication with the inner lumen
of the torque shaft 44. Torque shaft 44 is rotatably disposed within the inner lumen 45 of the
inner shaft 41 and is secured to rotating knob 49. A helical coil screw 50 is secured to the distal
end 51 of the torque shaft 44 and rotation of the torque knob 49 on the proximal end 46 of the
torque shaft 44 rotates the screw 51 to facilitate deployment of a partitioning device 10. The
proximal end 52 of inflatable balloon 53 is sealingly secured by adhesive 54) about the torque
shaft 44 proximal to the distal end 51 of the torque shaft. The balloon 53 has an interior 55 in
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fluid communication with the inner lumen 48 of the torque shaft 44. Inflation fluid may be
delivered to the balloon interior 55 through port 47 which is in fluid communication with the
inner lumen 48 of the torque shaft 44. The distal end 56 of the balloon 53 is sealingly secured by
adhesive 57 to the helical screw 50. The proximal and distal ends 52 and 56 of the balloon 53 are
blocked by the adhesive masses 54 and 57 to prevent the loss of inflation fluid delivered to the
interior 55 of the balloon 53. Delivery of inflation fluid through a fluid discharge port 58 in the
distal end 51 of the torque shaft 44 inflates the balloon 53 which in turn applies pressure to the
proximal surface of the partitioning device 10 to facilitate securing the partitioning component
10 to the wall 59 of heart chamber. The device may be inserted substantially as shown in FIGS.
3A-3E described above. FIG. 4 illustrates deployment of the partitioning device and delivery
catheter similar illustrated in FIG. 2C; this figure resembles FIG. 3D, above.

[0068] In FIG. 3E, with the partitioning device 10 properly positioned within the heart
chamber 57, the knob 49 on the torque shaft 44 (as shown in FIG. 2C) is rotated counter-
clockwise to disengage the helical coil screw 50 of the delivery catheter 32 from the stem 23
secured within hub 12. The counter-clockwise rotation of the torque shaft 44 rotates the helical
coil screw 50 which rides on the connector bar 26 secured within the hub 12. Once the helical
coil screw 50 disengages the connector bar 26, the delivery system 30, including the guide
catheter 31 and the delivery catheter 32, may then be removed from the patient.

[0069] The proximal end 34 of the guide catheter 31 is provided with a flush port 36 to
inject fluids such as therapeutic, diagnostic or other fluids through the inner lumen 33 during the
procedure. Similarly, the proximal injection port 39 of adapter 38 is in communication with
passageways 43 if the delivery catheter 32 for essentially the same purpose.

[0070] In this example, the implant also includes a sealing element, strand 19, which may
be used to help stiffen the edge of the membrane so that it may lie against the ventricle wall and
form a seal against the wall. The strand may also be used to help retrieve the device.

[0071] In some embodiments, as the guide catheter 31 is withdrawn, it begins to bend as
it is withdrawn through the vascular anatomy of the patient, through the aortic arch, for example.
In some instances, this bend may drive the distal tip of the delivery catheter, and therefore the
partitioning device, out of position. For example, the guide catheter may drive the device
towards the center of the heart, i.e. towards the ventricular septum. In some instances, it may be
preferred that the delivery catheter and/or partitioning device are not moved or repositioned by
the guide catheter as it is withdrawn. This may be accomplished in one of several embodiments.
In a first embodiment, as shown in FIG. 5, a ring 60 is added to the distal end of the delivery
catheter 32. A wire 62 may be coupled to the ring. The wire may be disposed along the length of

the delivery and/or guide catheter, and may be configured to maintain the position of the distal
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end of the delivery catheter as the guide catheter is retracted into the vascular anatomy. For
example, in some variations the wire is a rigidifying wire (or other element) that locks or holds
the shape of the delivery catheter. In some variations, the wire is a pull wire. By pulling on or
tensioning the pull wire, as shown in FIG. 5, the pull wire pulls on the ring 60, bending the
delivery catheter. This may prevent the ring and distal end of the delivery catheter, and therefore
the partitioning device, from moving out of position. The pull wire, for example, may be used to
pull the delivery catheter and partitioning device toward the apex of the heart, rather than
towards the ventricular septum. In this embodiment, the guide catheter may be flexible such that
the pull wire may effectively steer the delivery catheter as the guide catheter is withdrawn.
[0072] In some alternative embodiments, as shown in FIG. 6, the delivery catheter 32 is
steerable. In some variations, the guide catheter is steerable (not shown). By having a steerable
delivery catheter, the positioning of the partitioning device may be more controlled. For
example, a steerable delivery catheter may hold the implant in place as the guide catheter is
retracted to expose and/or deploy the partitioning device. The steerable delivery catheter may be
steered or positioned into any number of suitable geometries. For example, the delivery catheter
may be positioned into an S-curve 64. This S-curve, as shown in FIG. 6, may be configured to
position the catheter away from the ventricular septum and toward the apex of the heart, for
example. The delivery catheter could be steerable by one of several different mechanisms. For
example, as shown in FIG. 7, pull wires (not shown) may be used to lengthen and shorten
various portions of the delivery catheter 32 (within the guide catheter 31) to form the S-curve 64.
As shown in FIG. 8, the delivery catheter may include interlocking shafts, such as hypotubes 66,
68. The interlocking shafts may move with respect to one another to form the S-cure 64.

[0073] In another alternative embodiment, not shown, the delivery catheter may be a
shape set material, such as Nitinol. In some variations, the delivery catheter may be stiffer than
the guide catheter, such that as the guide catheter is retracted or withdrawn, it imparts minimal
forces on the more stiff delivery catheter. The delivery catheter may be set into any suitable
shape, and be configured for any suitable vascular anatomy.

[0074] In some variations, the size of the expandable member may be limited by the size
of the delivery diameter. For example in the stored configuration, i.e. when the expandable
member, partitioning device, and the delivery catheter are within the guide catheter, each of the
components contributes to the overall delivery diameter. The delivery diameter is preferably
small to enable the passing of the guide catheter through the vasculature of the patient, therefore
limiting the size of the expandable member and/or the size of the delivery catheter. To address
these restrictions, in some variations (e.g., FIG. 9) the components of the delivery system 30 may

be decoupled or separable from each other. For example, the delivery system may be decoupled
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into four separate components: a partitioning device 10, a wire 70, a detachable handle 72, and
an “over the wire” balloon system 74. The wire 70 may include a coupling mechanism, such as a
helical screw, at the distal end that is configured to couple to the partitioning device 10. The wire
may be a conventional cardiovascular wire, or any other suitable wire. The wire may have a
ground profile to optimize performance. The handle 72 may be coupled to the wire during the
initial placement of the device, and then may be removed to allow the balloon system 74 to be
coupled to the wire and advanced toward the partition device. Coupling to the wire in this
example may be defined as positioning the handle, or balloon system, over the wire such that the
wire is disposed along the length of an inside diameter of the handle or system. The handle may
be replaced once the balloon system is in place, or alternatively, the balloon system may include
a separate handle. The balloon system 74, having expandable member 76 (a balloon), may be a
conventional balloon catheter or may be any other suitable “over the wire” system that is
configured to expand the partitioning device.

[0075] In one variation, illustrated in FIG. 10, there may be four distinct regions of the
delivery system (e.g., guide catheter), each having various requirements and characteristics. For
example, in FIG. 10, the guide catheter includes four regions, A-D. Region A is pushable such
that it may advance the guide catheter through the vasculature of the patient and/or push the
partitioning device 10 out of the guide catheter. Region A may also be torqueable depending on
the configuration of the coupling mechanism, for example, if the coupling mechanism is a screw.
Region A may include a hypotube or a braided or coil wound shaft. Region B may be flexible to
ensure that the device is positioned correctly, and not repositioned toward the septum, for
example, during deployment. As with region A, region B may also be torqueable. Region B
may include a highly flexible rigid shaft such as Nitinol (or other shape memory materials) or a
braided or coil wound shaft. Region C may have a low profile such that is does not largely affect
the overall delivery diameter or profile. Region C may also be pushable, such that it may
advance the device and/or position the hub 12 or foot of the device. Region C may be a hypotube
or solid shaft. Region D may be removably attached to the partitioning device 10. Region D may
include a coupling mechanism such as a coiled screw, a suture, or a hitch-pin (described below).
In some variations, regions A through C may form a wire, similar to wire 70 in FIG. 9. A balloon
system 74 may be advanced over regions A through C. FIGS. 11A-11B illustrate one variation
of a delivery system including an expandable member that is a balloon that is deliverable over a
wire forming part of the guide catheter. In this example, the balloon may be configured to
minimize the overall profile of the system.

[0076] As shown in FIGS. 11A-12, balloon 76 of the balloon system 74 may include any

number of features such that it is configured to expand the partitioning device 10. FIG 11A
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shows a conventional angioplasty balloon tip 78A. FIG. 11B shows a more aggressive tip 78B
configured to insert into the distal portion of the partitioning device 10 when it is collapsed. As
shown in FIG. 12, the balloon 76 may include three portions A, B, C. In some embodiments,
portion A remains within the distal end of the partitioning device 10 during delivery. The tip
portion, portion A, is a distal nose region that may have a small profile such that it is configured
to not largely contribute to the overall delivery profile. Portion A is also configured to position
portions B and/or C in the correct position with respect to the partitioning device. For example,
the length of portion A may be selected so that when balloon 76 is fully advanced, the distal tip
of portion A contacts the partitioning device, and the expandable balloon (portion C) is optimally
positioned to expand the partitioning device. Portion A may be part of the balloon, or it may be a
separate portion such as a tube. Portion A may be stiff in some embodiments. Portion C is the
expandable balloon portion and is configured to interact with the distal end of the partitioning
device. Portion B may be a tapered region. The taper may be relatively gradual or more
extreme, and allows the transition between the distal tip and the balloon, allowing the entire
expandable region to be inserted into the collapsed partitioning device.

[0077] Another example of an expandable member is shown in FIGS. 13A-15. In this
example, the expandable member is a mechanical expander. The mechanical expander in this
example is a frame 80 formed of a plurality of arms or struts that are joined at their proximal and
distal ends, as shown. The arms may be collapsed down or expanded by moving the proximal
and distal ends of the frame relative to one another. The proximal end of the frame 80 may be
coupled to the delivery catheter 32 and the distal end of the frame may include a coupling
mechanism 82, such as a screw tip. The coupling mechanism may be coupled to the partitioning
device 10, as shown in FIG. 13B. The frame 80 may further include a mandrel 84 configured to
move the frame 80 from a collapsed to an expanded configuration. A pull wire or other suitable
mechanism may be coupled to the mandrel 84 such that it may be moved and thereby move the
frame 80. FIGS. 13C to 13F illustrate loading the implant (partitioning device) onto a guide
catheter such as the one shown in FIGS. 13A-13B. The implant may be coupled to the guide
catheter in an expanded state, and then collapsed down (around the mechanical expander as
shown in FIG. 13D). A loading tool (e.g., funnel) device may be used to help load the implant
onto the delivery system, as shown in FIGS. 13E and 13F. Once the implant is in the loading
tool the system may be loaded into a delivery catheter for inserting into the patient. The implant
may be flushed (e.g., with saline) first.

[0078] FIGS. 14 and 15 illustrate another variation of a delivery catheter including a
mechanical expander. In this variation, the expander region is controlled by a mandrel 84 that is

extendable and retractable to collapse or expand the mechanical expander region. FIG. 15 shows
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one variation in which a proximal handle includes grips (finger grips) for actuating the expander
relative to the rest of the catheter. Expanding the mechanical expander pushes against the inner
portion of a collapsed implant and aids it in expansion and attachment (sealing) to the ventricle
wall(s). The mechanical expanders described herein may have advantages compared to the
balloon expanders mentioned above. For example, the mechanical expanders may be precisely
controlled. In addition, the mechanical expander may be shaped to more optimally contact the
implant. Finally, the mechanical expander may be expanded larger than the balloons, while
having a smaller cross-sectional area, thereby allowing smaller diameter delivery/guide catheters.
In addition, the mechanical expander may not require the pressurized inflation fluid.

[0079] FIGS. 16-21 illustrate variations of mechanical expanders. For example, as
shown in FIG. 16, the frame 80 may be formed of heat set Nitinol, or other shape memory

material, in a shape such that the resting position is the expanded position, as shown. The frame

" may be made out of a tube that is laser cut to form the struts 86 of the frame 80. In this

configuration, the mandrel 84 may be pushed to compress the frame radially such that it may be
advanced through the guide catheter. The mandrel 84 may then be pulled to expand the struts 86
radially to expand the frame 80. As shown in FIG. 17, the frame 80 may be collapsed by pulling
end proximal and distal ends apart. As mentioned, the frame (arms/struts) may be made at least
in part from heat set Nitinol, or other shape memory material, in an expanded or unexpanded
shape. The frame may be made out of a tube that is laser cut to form the struts 86 of the frame
80. In this configuration, the mandrel 84 may be pushed to compress the frame radially such that
it may be advanced through the guide catheter. The mandrel 84 may then be pulled to expand the
struts 86 radially to expand the frame 80. The material of the frame 80, such as Nitinol, may be
heat treated such that the struts are predisposed to expand. As shown in FIG. 18, the frame 80
may have a symmetric or asymmetric shape along its axial length. For example, in FIG. 18, the
frame is a teardrop shape. In some variations the wider diameter region of the tear drop shape is
located more proximally, nearer the region where the implant will expand the most (and contact
the wall of a ventricle). The material of the frame 80, such as Nitinol, may be heat treated such
that the struts are predisposed to expand at the distal or proximal end of the frame. In this
embodiment, the frame may contact the device 10 further down on the device, requiring less
radial expansion to open the implant. As shown in FIG. 19, the frame 80 may expand into a fully
circular shape. As shown in FIG. 20, the frame 80 may be made out of a spiral cut tube. The
material of the frame 80, such as Nitinol, may be heat treated such that the struts are predisposed
to expand. This configuration is such that at least a portion of the frame 80 will contact the
device 10 on the ribs 14 of the device, since the spiral of the expansion member frame will place

the frame arms at an angle relative to the ribs of the implant. Thus the frame may push against
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the ribs of the implant preferentially, rather than the membrane. FIG. 21 illustrates an example
in which the arms forming the frame are cut to bias the bending (hinge) region. In this example,
cuts 88 in the frame material are configured to predispose bending of the frame at specified
locations. A detailed view is shown in FIG. 21A. The cuts 88 may be placed in any suitable
location for any suitable device geometry.

[0080] As shown in FIGS. 22-23B, the mechanical expansion member (e.g., frame 80)
and the catheter 32 (e.g., guide catheter) may be made out of a single length of tube. In the
example shown in FIG. 22, the distal end region of the tube includes keyed slots 90 cut into the
tube to form a flexible portion of the delivery catheter 32. Toward the more distal end of the
tube, slots 92 have been cut into the tube to form the expandable struts 86 of frame 80. In some
variations the keyed slots 90 may be formed by a single, continuous helical cut. Alternatively,
keyed slots may be formed by multiple circumferential cuts along the length of the delivery
catheter portion. The catheter 32 in this embodiment may be more flexible than a standard
hypotube, while still being torqueable and having a good push/pull response. FIGS. 23A and
23B illustrate partial views of “unrolled” templates for some of the laser cuts that may be made
to form a catheter having a mechanical expansion member. For example, FIG. 23A shows a
version with laser cut arms that run parallel to the long axis of the catheter, while FIG. 238
shows a variation in which the laser cut arms spiral around the circumference of the catheter
once it has been constructed.

[0081] As shown in FIG. 22, the delivery system may further include a tube and/or shaft
94 within the catheter. FIG. 24 shows a more detailed example of this tube. A Tube/shaft 94
may be configured to couple to the coupling mechanism 82 (or to be part of the coupling
mechanism) to release the device 10. The tube/shaft 94 may move independently from the rest of
the catheter 32, and may be referred to as a torque shaft. Alternatively or additionally, the
tube/shaft 94 may include a lumen through which any suitable liquid may be injected. As shown
in FIG. 24, the system may further include a pull wire 96. In this example, the pull wire may
function to pull and/or deflect the distal end of the catheter to steer and position the partitioning
device. As shown, the pull wire does not have to go through torque tube 94, but could run along
the outside of the tube and/or delivery catheter 32. FIG. 25 shows one variation of a guide
catheter including an extruded plastic cover 98 over a portion of the guide catheter. In another
variation, the catheter is plastic, and the mechanical expansion members are secured thereto. In
some embodiments, a reflow process may be utilized to bond the plastic onto the torque tube.
[0082] In general, it may be beneficial to have the mechanical expansion member be
formed of a shape memory or hyperelastic material such as Nitinol. However, it may be desirable

to have the rest of the catheter (e.g., the rest of the body region proximal to the expansion
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member) formed of a different material, such as stainless steel. FIG. 26 illustrates one variation
of a catheter (or region of a catheter) having a Nitinol mechanical expansion region and a
stainless steel proximal region. In FIG. 26, rather than forming the guide catheter 32 and the
frame 80 out of a single tube, the catheter may be formed out of a first tube of a first material
(e.g., stainless steel), and the frame 80 forming the arms of the mechanical expansion member
may be formed out of a second material (e.g., Nitinol). This configuration may allow the delivery
system to be made in a more cost effective manner. As shown in FIG. 26, the proximal end of
the frame 80 and the distal end of the delivery catheter may include cuts 100 that are configured
to snap the proximal end of the frame 80 onto the distal end of the delivery catheter. Cuts 100
provide a good mechanical interface between the frame 80 and the delivery catheter 32,
providing enhanced column strength beyond what a simple weld may produce. Cuts 100 may
also allow the tabs to bend and the tubes to be joined. After snapping the tubes together, cuts
100 are welded closed, eliminating the flexibility of the tabs thereby locking the tubes together
(without requiring dissimilar metals to be welded, which may cause faults in the final product).
[0083] In some variations the expandable member is a pneumatic, or fluid-pressure based
member, as shown in FIGS. 27A and 27B. In this example, the expandable member may include
a hydraulic system that is configured to apply pressure to the inner surface 18 of the partitioning
device 10 to drive it open and/or seal it to the ventricle wall. The system may use a rapid saline
injection or any other suitable system to apply pressurized fluid flow against the inner surface 18
of the partitioning device 10 to expand the device 10. In some variations, the system may inject
a contrast to aid in the radiopacity of the device and/or area surrounding the device. The
expansion member may include a fluid delivery member (tube, passage, etc.) that has multiple
ports oriented at different directions/angles to drive the fluid against the partitioning device to
deploy the partitioning device.

[0084] In general, after a partitioning device 10 has been properly positioned within the
ventricle, the partitioning device 10 may be deployed and/or released from the guide catheter. As
shown in FIGS. 28A-32, the delivery system may include one of several variations of
deployment systems, i.e. handles. The deployment of the device is preferably performed in a
controlled manner. As shown in FIGS. 28A-28B, the system may include a “pistol grip” handle.
This embodiment may include any of the following features: one handed actuation/deployment
and release of the partitioning device 10, a keyed interaction between the handle and fhe catheter
to allow for rotation of the partitioning device prior to release, a torsion spring to allow for
multiple expansions of the deployment frame 80 prior to release of the partitioning device, a
hitch-pin coupling mechanism 82 as described in more detail below, and a preloaded partitioning

device within the delivery system.
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[0085] In one variation, shown in FIG. 29, the system may include a “squeeze grip”
handle. This handle may also include any combination of the features listed above. FIG. 30
shows another variation of a “squeeze grip” handle, having a trigger-like control for driving
contraction/extension of a pullwire, which may be connected to a mechanical expansion member
and/or a coupling element. As shown in FIG. 31, the system may include a “remote grip” handle.
This handle may be actuated by a mechanism such as a trigger 102, a slide 104, and/or a button.
As shown in FIG. 32, the system may include a “sliding grip” handle. This handle may be
actuated by a mechanism such as a ratcheting thumb button 106. Any of the handles described
herein may be used as part of an expansion control and/or a deployment control.

[0086] The partitioning device may be coupled to the delivery catheter and then released
in one of several embodiments. In some embodiments, a torque shaft within the delivery system
is rotated to disengage the helical coil screw 53 of the delivery catheter 32 from the hub 12. The
rotation of the torque shaft 48 rotates the helical coil screw 53 which rides on the connector bar
20 secured within the hub 12. Once the helical coil screw 53 disengages the connector bar 20, the
delivery system 30, including the guide catheter 31 and the delivery catheter 32, may then be
removed from the patient. In alternative embodiments, as shown in FIG. 33, the coupling
mechanism is a hitch-pin mechanism 108. The hitch-pin 108 may include several components.
For example, the hitch pin may include a feature 110 in the device foot 12 allowing for entry of
the retention/release mechanism. Further, the hitch pin includes a feature 112 within feature 110
that is configured to partially restrict the hole (feature 110). In some variations, feature 112, is a
cross pin. Feature 113 may be a tube with a notch 114 in the distal end of the tube. Feature 115
may be a rod with a bulbous feature 116 on the distal end of the rod. With tube 113 in place, the
bulbous feature 116 cannot fit past cross pin 112, however, once feature 113 is removed, the rod
115 and end 116 can be removed. Tube 113 is removed by pulling the tube in the proximal
direction. This motion may be simpler than a torque motion required to decouple the helical
screw embodiment.

[0087] As shown in FIG. 3E, the partitioning component 10 partitions the patient's heart
chamber 57 into a main productive or operational portion 58 and a secondary, essentially non-
productive portion 59. In some embodiments, the operational portion 58 is much smaller than the
original ventricular chamber 57 and provides for an improved ejection fraction. The partitioning
increases the ejection fraction and provides an improvement in blood flow.

[0088] In some embodiments, it may be desirable to select a partitioning device that is
most suitably sized and configured for a specific patient. This may be done in one of several

different variations. In some embodiments, the patient may be pre-measured to determine a
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suitable device size. The patient may be measured in one of many suitable ways, including, but
not limited to, mechanical or hydraulic measurement, 3D echo, CAT scan or LV-gram.

[0089] In some embodiments, a method for placement of the device through a jugular
vessel may include the following steps: local anesthesia, insert a guidewire into a jugular vessel,
advance the guidewire across the ventricular septum, advance the delivery system (and
partitioning device) over the wire and into location, drive the distal tip and partitioning device
toward the apex of the heart, deploy the implant, withdraw the guide and delivery catheters. In
some embodiments, a method for placement of the device through a femoral vessel may include
the following steps: local anesthesia, insert a guidewire into a femoral vessel — may use a LV
gram for proper positioning, advance the guidewire across the ventricular septum, advance the
delivery system and partitioning device (in some cases without a guide catheter) over the wire
crossing the valve and into location, drive the distal tip and partitioning device toward the apex
of the heart, deploy the implant, withdraw the guide and delivery catheters.

[0090] While particular forms of the invention have been illustrated and described herein,
it will be apparent that various modifications and improvements can be made to the invention.
Moreover, individual features of embodiments of the invention may be shown in some drawings
and not in others, but those skilled in the art will recognize that individual features of one
embodiment of the invention can be combined with any or all the features of another
embodiment. Accordingly, it is not intended that the invention be limited to the' specific
embodiments illustrated. It is intended that this invention to be defined by the scope of the

appended claims as broadly as the prior art will permit.
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CLAIMS

WHAT IS CLAIMED IS:

1. A delivery system for delivering an umbrella-shaped ventricular partitioning device into a
patient’s ventricle and mechanically deploying the partitioning device to reduce the
effective volume of the ventricle by expanding the ventricular partitioning device from a
collapsed configuration into an expanded configuration, the system including:

an elongate guide catheter having a proximal end and a distal end,;

a mechanical expander near the distal end of the guide catheter having a plurality
of arms configured to extend outwards when operated to apply pressure to the
partitioning device to open the partitioning device and secure it in the ventricle;
and

a coupling element distal to the expansion member and configured to deployably
secure to a central hub of the partitioning device and to retain the expansion
member at least partially surrounded by the collapsed partitioning device prior

to deployment.

2. The system of claim 1 further comprising an expansion control for expanding the

expansion member to apply pressure and expand the ventricular partitioning device.

3. The system of claim 2, wherein the expansion control comprises a pullwire for pulling on

the expansion member to expand it.

4, The system of claim 2, wherein the expansion control comprises a button, knob, slider, or
dial on the proximal end of the elongate guide catheter for controlling expansion of the

expansion member.

5. The system of claim 1 further comprising a deployment control for releasing the coupling

element from the hub of the ventricular partitioning device.

6. The system of claim 5, wherein the deployment control comprises a torque shaft
connected to the coupling element for unscrewing the coupling element from the

ventricular partitioning device.
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7.

10.

11.

12.

13.

14.

The system of claim 5, wherein the deployment control comprises a pullwire connected
to the coupling element for pulling a hitch pin to release the ventricular partitioning

device.

The system of claim 1 further comprising a ventricular partitioning device wherein eh
ventricular partitioning device comprises an umbrella-like structure having a plurality of

struts joined at a central hub.

The system of claim 1, wherein the plurality of arms of the mechanical expander are
joined at their proximal and distal ends and configured to expand outwards when the

proximal and distal ends are brought closer together.
The system of claim 1, wherein the coupling element comprises a helical screw.
The system of claim 1, wherein the coupling element comprises a hitch pin.

The system of claim 1, wherein the guide catheter further comprises a proximal handle

having a one-handed activation release.

The system of claim 1 further comprising a steering mechanism that bends the distal end

region of the guide catheter.

A system for reducing the effective volume of the ventricle by securing a ventricular
partitioning device within the ventricle, the system including:
an umbrella-shaped ventricular partitioning device having a central hub, a
plurality of struts, and a membrane, wherein the partitioning device has a
collapsed delivery configuration and an expanded deployed configuration; and
a delivery system including:

an elongate guide catheter having a proximal end and a distal end;

a mechanical expander near the distal end of the guide catheter comprising a
plurality of arms joined configured to extend outwards to expand the
ventricular partitioning device by applying pressure against the struts to
open the ventricular partitioning device;

a expansion pullwire coupled to the mechanical expander; and

a coupling element distal to the expansion member and configured to
deployably secure to the central hub of the partitioning device and to
retain the expansion member at least partially surrounded by the

collapsed partitioning device prior to deployment.
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