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FIG. 2A

for removal or alteration a mitral valve clip or heart tissue, such as the anterior leaflet of the mitral
valve, and methods of use are disclosed. The removal device includes a delivery catheter configured
to be deployed near a mitral valve using a guide catheter. The delivery catheter has a snare head at
the distal end, which assumes a collapsed state during movement of the delivery catheter through
the guide catheter and deployed state for capturing a mitral valve clip or anterior leaflet. The snare
head has one or more ablation delivery catheters configured to ablate tissue surrounding the pre-
positioned mitral valve clip or anterior leaflet. In some arrangements within the scope of the present
disclosure, the removal device includes a deployment mechanism for deploying a new transcatheter
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TRANSAPICAL REMOVAL DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The priority benefit of U.S. Provisional Patent Application No. 62/352,235, filed June
20, 2016, and entitled “Transapical Removal Device” is claimed and the entire contents thereof

are incorporated by reference herein.
FIELD OF THE DISCLOSURE

[0002] This disclosure relates generally to a transapical removal device, and more specifically,
to a transapcial removal device for removal of a mitral valve clip or the anterior leaflet of the

mitral valve.
BACKGROUND

[0003] Mitral valve regurgitation occurs when a heart’s mitral valve does not close tightly,
allowing some blood to leak backward through the mitral valve into the atrium rather than
flowing through the aortic valve. Mitral valve regurgitation is present in approximately 1.7% of
the adult population, and the incidence rises with advancing age such that more than 9% of
adults 75 years of age and older have moderate or severe mitral valve regurgitation. Because
blood cannot move through the heart or to the rest of the body as efficiently in people suffering
from mitral valve regurgitation, symptoms include shortness of breath and fatigue, as well as
heart murmur, heart palpitations, and swollen feet or ankles. Severe mitral valve regurgitation
can lead to heart failure, atrial fibrillation, and pulmonary hypertension. If left untreated, the one

year mortality rate for mitral valve regurgitation is 57%.

[0004] A variety of treatment options have been developed to treat mitral valve regurgitation,
including medications, open-heart surgery, and catheter procedures. One catheter procedure
involves clipping together mitral valve leaflets of the mitral valve in order to improve the
function of the mitral valve. Under certain circumstances, such as an allergic reaction,
dislodgement of the clip, or infection, removal of a mitral valve clip is necessary. Unfortunately,
after mitral valve clip deployment, the mitral valve clip can only be removed surgically, closing
the door for future percutaneous mitral valve replacement and causing elevated morbidity and
mortality. Preferably, removal of the mitral valve clip could be achieved by a catheter procedure

that would not require open-heart surgery. Additionally, some patients with mitral valve
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regurgitation undergo transcatheter mitral valve replacement and subsequently experience a left
ventricular outflow tract (LVOT) obstruction. The anterior mitral leaflets have been identified as
playing a considerable role in the etiology of LVOT obstructions in many patients. Preferably,
any catheter procedure for removing a mitral valve clip could also ablate, remove or modify the
anterior mitral valve leaflets as a first step to transcatheter mitral valve replacement in order to

prevent future complications, such as an LVOT obstruction.
SUMMARY OF THE DISCLOSURE

[0005] The current disclosure is directed to multiple arrangements of a transapical removal
device that can be deployed in a catheter procedure to capture for removal or alteration a mitral
valve clip or heart tissue, such as the anterior leaflet of the mitral valve, as well as to methods of
use of such a transapical removal device. The removal device includes a delivery catheter
configured to be deployed near a mitral valve using a guide catheter. In some arrangements, the

guide catheter can be used to deploy the delivery catheter.

[0006] The delivery catheter has a snare head at the distal end, which assumes a collapsed
state during movement of the delivery catheter along the guide catheter and a deployed state for
capturing a mitral valve clip or anterior leaflet. The snare head controller controls the transition
of the snare head between the collapsed and deployed states. The snare head has a snare basket
for at least partially surrounding a pre-positioned mitral valve clip or the anterior leaflet. The
snare basket may be made of, for example, medical-grade plastic, medical-grade metal, or both.
The snare basket may be made of a shape memory material, such as nitinol, that assists in the
transition from the collapsed state to the deployed state. In some arrangements, the snare head
may comprise a spring that is compressed when the snare head is in the collapsed state and at rest
when the snare head is in the deployed state, the spring configured to be compressed within the
snare basket unless the snare basket is in the deployed state. A retraction funnel may be
provided at a proximal end of the delivery catheter in order to forcibly return the snare head to
the collapsed state from the deployed state. In some arrangements, magnets may be provided on
the snare basket to facilitate closing the snare basket around the pre-positioned mitral valve clip
or the anterior leaflet. In other arrangements, the snare basket may comprise a cord for cinching

the snare basket around the pre-positioned mitral valve clip or the anterior leaflet.
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[0007] In some arrangements, the snare basket may be a single-part basket having an oval
shape. In other arrangements, the snare basket may be a two-part basket having a first basket
side and a second basket side. The two-part basket may have a closed state, in which the first
basket side and the second basket side are arranged to secure a mitral valve clip, tissue, or
another element between them, and an open state, in which the first and second basket sides are

separated from one another.

[0008] The snare head also has one or more ablation delivery catheters configured to ablate
tissue surrounding the pre-positioned mitral valve clip or anterior leaflet. In some arrangements
within the scope of the present disclosure, each ablation delivery catheter comprises an electrode
for supplying radiofrequency energy to ablate tissue adjacent the mitral valve clip or anterior
leaflet to allow for removal of the mitral valve clip or removal or alteration of the anterior leaflet.
An electrical source, such as a battery, may be provided that is in communication with the
electrodes, and a switch may alternately permit and cease to permit electrical current to flow
from the electrical source to the electrodes. The switch may be controlled remotely. In other
arrangements within the scope of the present disclosure, each ablation delivery catheter includes
an optical fiber positioned to deliver a laser ablation signal to ablate tissue adjacent the mitral
valve clip or anterior leaflet to allow for removal of the mitral valve clip or removal or alteration
of the anterior leaflet. The transapical removal device may include an ablation source, such as a
radiofrequency source, a laser source, or a cryo-thermal source. When the ablation source is a
radiofrequency source, the radiofrequency signal may be in the range of 250-500 kHz. The snare
head is controlled by a snare head controller connected at a proximal end of the delivery catheter.
The snare head controller is configured to control the position and/or size of the snare basket
during the deployed state and to control ablation source delivery to the tissue during the

deployed state.

[0009] In some arrangements within the scope of the present disclosure, the transapical
removal device comprises a grasping tool movable between a closed and open state and
controlled by the snare head controller. The grasping tool is configured to allow manipulation
of tissue or a mitral valve clip as needed. The grasping tool may be controllably movable by the
snare head controller between a position inside a tube and a position outside the tube, and the
snare head controller may control the movement of the grasping tool between the positions. The

tube may be connected with or integral with the snare head.
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[0010] In some arrangements within the scope of the present disclosure, the removal device
includes a deployment mechanism for deploying a transcatheter valve into the mitral valve to
replace a removed mitral valve clip. The deployment mechanism may comprise a delivery
catheter, which contains the transcatheter valve and is configured to deliver, in a valve
replacement mode, the transcatheter valve into the mitral valve to replace the removed mitral

valve.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1A illustrates a top view of a first arrangement of a transapical removal device of

the present disclosure with the snare head in a deployed state.

[0012] FIG. 1B illustrates a top view of the first arrangement of the transapical removal device

of FIG. 1A with the snare head in a collapsed state.

[0013] FIG. 2A illustrates an isometric side view of a second arrangement of a transapical
removal device of the present disclosure with the snare head in a collapsed state wand a grasping

tool of the snare head in a closed state.

[0014] FIG. 2B illustrates an isometric side view of the second arrangement of the transapical
removal device of FIG. 2A with the snare head in a deployed state and the grasping tool of the

snare head in a closed state.

[0015] FIG. 2C illustrates an isometric side view of the second arrangement of the transapical
removal device of FIGS. 2A and 2B with the snare head in a deployed state and the grasping tool

of the snare head in an open state.

[0016] FIG. 3A illustrates an isometric side view of a third arrangement of a transapical

removal device of the present disclosure with a snare head in a collapsed state.

[0017] FIG. 3B illustrates an isometric side view of the third arrangement of the transapical
transapical removal device of FIG. 3A with the snare head in a deployed state and the snare

basket of the snare head in a closed state.

[0018] FIG. 3C illustrates an isometric side view of the third arrangement of the transapical
removal device of FIGS. 3A and 3B with the snare head in a deployed state, the snare basket of

the snare head in an open state, and a retractable grasping tool of the snare head in a closed state.
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[0019] FIG. 4 illustrates a heart of a patient having a mitral clip at the mitral valve, wherein
the transapical removal device of the present disclosure is being used to puncture the left

ventricle of the heart.

[0020] FIG. 5 illustrates the heart of the patient depicted in FIG. 4, wherein a guide wire of the
transapical removal device of the present disclosure 1s being inserted through the puncture in the

left ventricle, into the left ventricle, and up into the left atrium.

[0021] FIG. 6 illustrates the heart of the patient depicted in FIGS. 4 and 5, wherein a guide
wire of the transapcial removal device of the present disclosure is being inserted into a

pulmonary vein.

[0022] FIG. 7 illustrates the heart of the patient depicted in FIGS. 4-6, wherein a delivery
catheter of the transapical removal device of the present disclosure is inserted into the left

ventricle over the guide wire.

[0023] FIG. 8 illustrates the heart of the patient depicted in FIGS. 4-7, wherein a snare head is
deployed from the delivery catheter.

[0024] FIG. 9 illustrates the heart of the patient depicted in FIGS. 4-8, wherein the snare head

is opened so that it can surround the mitral clip.

[0025] FIG. 10 illustrates the heart of the patient depicted in FIGS. 4-9, wherein the snare
head is closed around the mitral clip, the tissue surrounding the mitral clip is ablated, and the

mitral clip is captured in the snare head.

[0026] FIG. 11 illustrates the heart of the patient depicted in FIGS. 4-10, wherein the snare

head is in a collapsed state after capturing the mitral clip.

[0027] FIG. 12 illustrates the heart of the patient depicted in FIGS.4-11, wherein a new

transcatheter valve is deployed into the mitral valve through the delivery catheter.

[0028] FIG. 13 is an example block diagram 100 illustrating the various components used in

implementing an example arrangement of a method of using a transapical removal device 102.
DETAILED DESCRIPTION

[0029] FIGS. 1A and 1B illustrate a first arrangement of a transapical removal device 2 of the

present disclosure. The transapical removal device 2 includes a delivery catheter 4, a snare head

5
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6, a snare basket 8, a spring 52, and ablation delivery catheters 10 with electrodes 12. An
electrical source 42 and an ablation source 48 are in communication with the electrodes 12, and a
switch 44 alternately permits and ceases to permit electrical current from the electrical source 42
to flow to the electrodes 12. In FIG. 1A, the snare head 6 and snare basket 8 are in a deployed
state outside of the delivery catheter 4, and a mitral clip 14 is surrounded by the sides of the
snare basket 8. The electrodes 12 of the ablation delivery catheters 10 are aligned with tissue of
the heart that is to be ablated in order for the mitral clip 14 to be captured. For example, such
tissue may be ablated when a control signal is provide to activate the ablation source 48 to
provide an ablation signal, such as a radiofrequency signal, through the catheter 10 to ablate
tissue of the mitral valve. FIG. 1B depicts the transapical removal device 2 after ablation has
occurred and the mitral clip 14 has been captured by the snare basket 8. The snare head 6 is now
in a collapsed configuration and can be removed from the heart, e.g., by being retracted through
the delivery catheter 4. The transition of the snare head 6 between the collapsed state and the
deployed sate is controlled by a snare head controller 40 connected at a proximal end of the
delivery catheter 4. A retraction funnel 40 is provided to forcibly return the snare head to a
collapsed state. The spring 52 is compressed when the snare head 6 is in the collapsed state and
at rest when the snare head 6 is in the deployed state. For this catheter-based removal technique,
the snare head 6 may apply pressure to the captured mitral valve clip 14 to collapse the clip down
to a size or close to that of its initial size prior to deployment. This will allow the clip 14 to be
removed through the catheter 4 more easily. It is noted that in some instances a slightly larger
diameter delivery catheter 4 may be desired (in comparison to the original mitral valve clip
delivery catheter) to compensate for tissue attached to the mitral valve clip 14 and ablated by the

delivery catheters 10.

[0030] FIGS. 2A-2C illustrate a second arrangement of a transapical removal device 2 of the
present disclosure. In addition to the elements discussed with respect to FIGS. 1A and 1B, the
second arrangement of the transapcial removal device 2 includes a grasping tool 30 controllable
by the snare head controller 40. The grasping tool 30 is movable between a closed state (shown
in FIGS. 2A and 2B) and an open state (shown in FIG. 2C) and is configured to allow
manipulation of tissue or the mitral valve clip as needed. The grasping tool 30 may be
retractable such that it is controllably movable between a position inside a tube 32 and a position

outside the tube 32. The snare basket 8 of the transapical removal device 2 depicted in FIGS.

6
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2A-2C is closed by pulling on a cord 38, optionally using the grasping tool 30, in order to cinch

the snare basket 8 closed.

[0031] FIGS. 3A-3C illustrate a third arrangement of a transapical removal device 2 of the
present disclosure. The third arrangement of the transapical removal device 2 includes the
elements disclosed with respect to the first and second arrangements. In the third arrangement of
the transapical removal device 2, the snare head 6 has a two-part snare basket 8 having a first
basket side 9a and a second basket side 9b. The third arrangement of the transapical removal
device 2 allows the transapical removal device 2 to move between a collapsed state (shown in
FIG. 3A), a deployed and closed state in which the first basket side 9a and the second basket side
9b are arranged to secure a mitral valve clip, tissue, or another element between them (shown in
FIG. 3B), and a deployed and open state in which the first basket side 9a and the second basket
side 9b are separated from one another, such as by being rotated to be at an angle relative to each
other (shown in FIG. 3C). The first basket side 9a and the second basket side 9b have magnets
36 disposed on them that attract one another and thus facilitate moving the snare basket § to a

closed state. In the third arrangement, ablation of heart tissue is achieved by an optical fiber 46.

[0032] FIGS. 4-12 depict a transapical method of removing a mitral valve clip 14. This
method could also be used to remove or alter an anterior leaflet of the mitral valve. In FIG. 4, a
mitral valve clip 14 that has been pre-positioned on the mitral valve 22 to bind at least a portion
of the mitral valve is depicted in a heart 16 of a patient. The transapical removal device 2 is used
to puncture the left ventricle 18 of the heart 16. As shown in FIG. 5, a guide catheter 20 is then
inserted into the left ventricle, through the mitral valve 22, and into the left atrium 24. As shown
in FIG. 6, the guide catheter 20 may be inserted into a pulmonary vein 34. As shown in FIG. 7,
using the guide catheter 20, the delivery catheter 4 is inserted into the left ventricle 18. As
shown in FIG. 8, the snare head 6 is deployed from a collapsed state that allowed it to move
through the delivery catheter 4 to a deployed state that allows it to capture the mitral valve clip
14. A snare head controller (not pictured) controls the transition of the snare head between the
collapsed state and the deployed state. As shown in FIG. 9, the snare head 6 has a snare basket 8
that opens to at least partially surround the pre-positioned mitral valve clip 14. The snare basket
may include medical-grade plastic, medical-grade metal, or both. In some arrangements within
the scope of the present disclosure, the snare head 6 may be made from a shape memory material

such as nitinol in order to assist with deployment of the snare head 6. In other arrangements
7
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within the scope of the present disclosure, such as that shown in FIGS. 1A and 1B, the snare
head 6 may include a spring that is compressed when the snare head 6 is in the collapsed state
and at rest when the snare head 6 is in the deployed state, the spring configured to be compressed
within the snare basket 8 unless the snare basket 8 is in the deployed state. As shown in FIG. 10,
the snare basket 8 then closes around the mitral valve clip 14. In some arrangements, the snare
head 6 may include magnets 36 (shown in FIGS. 3B and 3C) that cause the snare head basket 8

to close.

[0033] Once the snare basket is closed around the mitral valve clip 14, an ablation signal is
provided to the ablation delivery catheters 10 and delivered to the tissue surrounding the mitral
valve clip 14. In some arrangements within the scope of the present disclosure, the ablation
delivery catheters 10 each have an electrode 12 provided on a proximal end for supplying
radiofrequency energy to ablate tissue. The radiofrequency signal may be in the range of 250-
500 kHz. An electrical source 42 (shown in FIGS. 1A and 1B) such as a battery, can be in
communication with the electrodes 12, and a switch 44 may be provided that alternately permits
and ceases to permit electrical current to flow from the electrical source to the electrodes. The
switch may be controlled remotely. In other arrangements within the scope of the present
disclosure, an optical fiber 46 (shown in FIG. 3C) is positioned at a proximal end of each
ablation delivery catheter 10 to deliver a laser ablation signal to ablate tissue adjacent the mitral

valve clip 14. In other arrangements, the ablation source may be a cryo-thermal source.

[0034] The snare head controller controls the position and/or size of the snare basket 8 during
the deployed state and also controls ablation source delivery to the tissue during the deployed
state. The mitral valve clip 14 is then captured by the snare basket 8 of the snare head 6. As
shown in FIG. 11, the snare head 6 assumes a collapsed state and is retracted into the delivery
catheter 4. In some arrangements within the scope of the present disclosure, a retraction funnel
(shown in FIG. 1A and 1B) may be provided at a proximal end of the delivery catheter 4 to help
forcibly return the snare head 6 to the collapsed state from the deployed state. In order to
provide a functional mitral valve 22, a new transcatheter valve 28 may be deployed by a
deployment mechanism 26, which includes the delivery catheter 4 in the arrangement depicted in

FIG. 12.
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[0035] Although the method of using a transapical removal device 2 depicted in FIGS. 4-12 is
directed to removal of a mitral valve clip 14, the transapical removal device 2 could be used for
other purposes, such as to remove or alter the anterior leaflet. A person having skill in the art
would recognize that substantially the same steps as discussed above could be used for such
purposes. Although the snare basket 8 is depicted as having a two-part snare basket in FIGS. 4-
12, a single-part basket or a multi-part basket having more than two sides may be used. Further,
the snare basket 8 may be configured in a variety of shapes may.. For example, the snare basket
8 may be open-ended at its distal and proximal ends for slidable removal of the captured tissue
and/or clip, once the assembly is fully extracted from the subject. In other examples, the snare
basket 8 may be continuous or otherwise sealed at the distal and proximal ends. In some
examples, the snare basket 8§ may have a flat configuration that facilitates removal or alteration
of the anterior leaflet. In yet other examples, the ablation delivery catheters 10 may be secured
to the snare basket 8§ in a way that allows ablation of only a portion of an anterior leaflet, such as

the center portion.

[0036] FIG. 13 is an example block diagram 100 illustrating the various components used in
implementing an example arrangement of a method of using a transapical removal device as
discussed herein. A transapical removal device may be inserted into a patient 122 via a delivery
catheter 103 that may include ablation features 115 and sensors 116. The removal device may be
controlled by a control system 102 having a snare head controller 104 operatively connected to
various elements of the system 102. The control system 102 may be a standalone transapical
device removal system, such as a portable machine at a point of care position. In other
examples, the control system 102 may be implemented into existing control systems, such as an
existing ablation control system, having an ablation pump, a catheter sensor/switching control
system, etc. While not shown, the control system 102 may include mechanical controls, such as
foot controls and hand controls for providing full or partial mechanical operation of catheter
delivery, snare head deployment, and ablation features. It will be appreciated that some portion
of the control system 102, whether electronic and/or mechanical portions, may be distributed into
a control handle for the delivery catheter of the removal device, for snare head, sensor, and/or

catheter control.

[0037] In the illustrated example, the control system 102 includes a database 114 (via a link

122 connected to an input/output (I/O) circuit 112) for storing collect data, such as historical data
9
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from the controller 104 and/or from external data sources, such as historical data collected from
other medical devices and medical databases. That is, it should be noted that, while not shown,

additional databases may be linked to the snare head controller 104 in a known manner.

[0038] The snare head controller 104 includes a program memory 106, the processor 108 (may
be called a microcontroller or a microprocessor), a random-access memory (RAM) 110, and the
input/output (I/O) circuit 112, all of which are interconnected via an address/data bus 120. It
should be appreciated that although only one microprocessor 108 is shown, the snare head
controller 104 may include multiple microprocessors 108. Similarly, the memory of the
controller 104 may include multiple RAMs 110 and multiple program memories 106. Although
the 1/O circuit 112 is shown as a single block, it should be appreciated that the 1/O circuit 112
may include a number of different types of I/O circuits. The RAM(s) 110 and the program
memories 106 may be implemented as semiconductor memories, magnetically readable
memories, and/or optically readable memories, for example. A link 124 may operatively connect

the controller 104 to the sensors 116 through the I/O circuit 112.

[0039] The program memory 106 and/or the RAM 110 may store various applications (i.e.,
machine readable instructions) for execution by the microprocessor 108. For example, an
operating system 130 may generally control the operation of the control system 102 and provide
a user interface to the control system 102 to implement the removal processes described herein.
The program memory 106 and/or the RAM 110 may also store a variety of subroutines 132 for
accessing specific functions of the testing apparatus 102. By way of example, and without
limitation, the subroutines 132 may include, among other things: a subroutine for controlling
ablation of mitral valve tissue, a subroutine for controlling activation of a snare head from a first
collapsed state for delivery to the mitral value, to a deployed state for snaring the mitral valve
clip, and then to a second collapsed state for removing the capture mitral valve clip, as well as
other subroutines, for example, implementing software keyboard functionality, interfacing with
other hardware in the computer system 102, etc. The program memory 106 and/or the RAM 110
may further store data related to the configuration and/or operation of the transapical removal
device, and/or related to the operation of one or more subroutines 132. In addition to the

controller 104, the control system 102 may include other hardware resources.

10
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[0040] The control system 102 may also include various types of input/output hardware such
as a visual display 126 and input device(s) 128 (e.g., keypad, keyboard, etc.). In an arrangement,
the display 126 is touch-sensitive, and may cooperate with a software keyboard routine as one of
the software routines 132 to accept user input. It may be advantageous for the testing apparatus
to communicate with broader medical analysis networks or medical treatment networks (not
shown) through any of a number of known networking devices and techniques (e.g., through a
commuter network such as a hospital or clinic intranet, the Internet, etc.). For example, the
control system 102 may be connected to a medical records database, hospital management
processing system, health care professional terminals (e.g., doctor stations, nurse stations),
patient monitoring systems, automated drug delivery systems. Accordingly, the disclosed
arrangements may be used as part of an automated closed loop system or as part of a decision

assist system.

[0041] Throughout this specification, plural instances may implement components, operations,
or structures described as a single instance. Although individual operations of one or more
methods are illustrated and described as separate operations, one or more of the individual
operations may be performed concurrently, and nothing requires that the operations be
performed in the order illustrated. Structures and functionality presented as separate components
in example configurations may be implemented as a combined structure or component.
Similarly, structures and functionality presented as a single component may be implemented as
separate components. These and other variations, modifications, additions, and improvements

fall within the scope of the subject matter herein.

[0042] Additionally, certain arrangements are described herein as including logic or a number
of routines, subroutines, applications, or instructions. These may constitute either software (e.g.,
code embodied on a non-transitory, machine-readable medium) or hardware. In hardware, the
routines, etc., are tangible units capable of performing certain operations and may be configured
or arranged in a certain manner. In example arrangements, one or more computer systems (e.g.,
a standalone, client or server computer system) or one or more hardware modules of a computer
system (e.g., a processor or a group of processors) may be configured by software (e.g., an
application or application portion) as a hardware module that operates to perform certain

operations as described herein.
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[0043] In various arrangements, a hardware module may be implemented mechanically or
electronically. For example, a hardware module may comprise dedicated circuitry or logic that is
permanently configured (e.g., as a special-purpose processor, such as a field programmable gate
array (FPGA) or an application-specific integrated circuit (ASIC)) to perform certain operations.
A hardware module may also comprise programmable logic or circuitry (e.g., as encompassed
within a general-purpose processor or other programmable processor) that is temporarily
configured by software to perform certain operations. It will be appreciated that the decision to
implement a hardware module mechanically, in dedicated and permanently configured circuitry,
or in temporarily configured circuitry (e.g., configured by software) may be driven by cost and

time considerations.

[0044] Accordingly, the term “hardware module” should be understood to encompass a
tangible entity, be that an entity that is physically constructed, permanently configured (e.g.,
hardwired), or temporarily configured (e.g., programmed) to operate in a certain manner or to
perform certain operations described herein. Considering arrangements in which hardware
modules are temporarily configured (e.g., programmed), each of the hardware modules need not
be configured or instantiated at any one instance in time. For example, where the hardware
modules comprise a general-purpose processor configured using software, the general-purpose
processor may be configured as respective different hardware modules at different times.
Software may accordingly configure a processor, for example, to constitute a particular hardware
module at one instance of time and to constitute a different hardware module at a different

instance of time.

[0045] Hardware modules can provide information to, and receive information from, other
hardware modules. Accordingly, the described hardware modules may be regarded as being
communicatively coupled. Where multiple of such hardware modules exist contemporaneously,
communications may be achieved through signal transmission (e.g., over appropriate circuits and
buses) that connect the hardware modules. In arrangements in which multiple hardware modules
are configured or instantiated at different times, communications between such hardware
modules may be achieved, for example, through the storage and retrieval of information in
memory structures to which the multiple hardware modules have access. For example, one
hardware module may perform an operation and store the output of that operation in a memory

device to which it is communicatively coupled. A further hardware module may then, at a later
12
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time, access the memory device to retrieve and process the stored output. Hardware modules
may also initiate communications with input or output devices, and can operate on a resource

(e.g., a collection of information).

[0046] The various operations of example methods described herein may be performed, at
least partially, by one or more processors that are temporarily configured (e.g., by software) or
permanently configured to perform the relevant operations. Whether temporarily or permanently
configured, such processors may constitute processor-implemented modules that operate to
perform one or more operations or functions. The modules referred to herein may, in some

example arrangements, comprise processor-implemented modules.

[0047] Similarly, the methods or routines described herein may be at least partially processor-
implemented. For example, at least some of the operations of a method may be performed by
one or more processors or processor-implemented hardware modules. The performance of
certain of the operations may be distributed among the one or more processors, not only residing
within a single machine, but deployed across a number of machines. In some example
arrangements, the processor or processors may be located in a single location (e.g., within a
home environment, an office environment or as a server farm), while in other arrangements the

processors may be distributed across a number of locations.

[0048] The performance of certain of the operations may be distributed among the one or
more processors, not only residing within a single machine, but deployed across a number of
machines. In some example arrangements, the one or more processors or processor-implemented
modules may be located in a single geographic location (e.g., within a home environment, an
office environment, or a server farm). In other example arrangements, the one or more
processors or processor-implemented modules may be distributed across a number of geographic

locations.

[0049] Unless specifically stated otherwise, discussions herein using words such as

EEINT3 EEINT3 EEINT3

“processing,” “computing,” “calculating,” “determining,” “presenting,” “displaying,” or the like
may refer to actions or processes of a machine (e.g., a computer) that manipulates or transforms
data represented as physical (e.g., electronic, magnetic, or optical) quantities within one or more
memories (e.g., volatile memory, non-volatile memory, or a combination thereof), registers, or

other machine components that receive, store, transmit, or display information.

13
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[0050] Some arrangements may be described using the expression “coupled” and “connected”
along with their derivatives. For example, some arrangements may be described using the term
“coupled” to indicate that two or more elements are in direct physical or electrical contact. The
term “coupled,” however, may also mean that two or more elements are not in direct contact with

each other, but yet still co-operate or interact with each other. The arrangements are not limited

[0051] This detailed description is to be construed as examples and does not describe every
possible arrangement, as describing every possible arrangement would be impractical, if not
impossible. One could implement numerous alternate arrangements, using either current

technology or technology developed after the filing date of this application.

[0052] As used herein any reference to "one arrangement” or "an arrangement” means that a
particular element, feature, structure, or characteristic described in connection with the
arrangement is included in at least one arrangement. The appearances of the phrase "in one
arrangement” in various places in the specification are not necessarily all referring to the same

arrangement.

nn non: non:

[0053] As used herein, the terms "comprises,” "comprising,” "includes," "including,” "has,"
"having" or any other variation thereof, are intended to cover a non-exclusive inclusion. For
example, a process, method, article, or apparatus that comprises a list of elements is not
necessarily limited to only those elements but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. Further, unless expressly stated to the
contrary, "or" refers to an inclusive or and not to an exclusive or. For example, a condition A or

B is satisfied by any one of the following: A is true (or present) and B is false (or not present), A

is false (or not present) and B is true (or present), and both A and B are true (or present).

[0054] In addition, use of the "a" or "an" are employed to describe elements and components
of the arrangements herein. This is done merely for convenience and to give a general sense of
the description. This description, and the claims that follow, should be read to include one or at

least one and the singular also includes the plural unless it is obvious that it is meant otherwise.

[0055] While the present invention has been described with reference to specific examples,
which are intended to be illustrative only and not to be limiting of the invention, it will be
apparent to those of ordinary skill in the art that changes, additions and/or deletions may be made

to the disclosed arrangements without departing from the spirit and scope of the invention.

14
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[0056] The foregoing description is given for clearness of understanding; and no unnecessary
limitations should be understood therefrom, as modifications within the scope of the invention

may be apparent to those having ordinary skill in the art.
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CLAIMS
What is claimed:

1. A transapical removal device comprising:

a delivery catheter configured to be deployed near a mitral valve using a guide catheter;

a snare head at a distal end of the delivery catheter, the snare head having (i) a collapsed
state for movement of the delivery catheter through the guide catheter and (ii) a deployed state
for capturing a mitral valve clip that has been pre-positioned on the mitral valve to bind at least a
portion of the mitral valve or for capturing for alteration or removal the anterior leaflet of the
mitral valve;

a snare head controller connected at a proximal end of the delivery catheter and
configured to control transition of the snare head between the collapsed state and the deployed
state;

the snare head having a snare basket for at least partially surrounding the pre-positioned
mitral valve clip or the anterior leaflet and having one or more ablation delivery catheters
configured to ablate tissue surrounding the pre-positioned mitral valve clip or the anterior leaflet;

the snare head controller configured to control the position and/or size of the snare basket
during the deployed state, the snare head controller configured to control ablation source delivery

to the tissue during the deployed state.

2. The transapical removal device of Claim 1, further comprising:

the guide catheter used to deploy the delivery catheter.

3. The transapical removal device of Claim 1 or Claim 2, wherein a proximal end of each of
the one or more ablation delivery catheters comprises an electrode for supplying radiofrequency
energy to ablate tissue adjacent the mitral valve clip or anterior leaflet to allow for removal of the

mitral valve clip or removal or alteration of the anterior leaflet.

4. The transapical removal device of any of Claims 1-3, further comprising:
an electrical source in electrical communication with the electrodes;
a switch, the switch alternately permitting and ceasing to permit electrical current from

the electrical source to flow to the electrodes.
16
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5. The transapical removal device of any of Claims 1-4, wherein a proximal end of each of
the one or more ablation delivery catheters comprises an optical fiber positioned to deliver a
laser ablation signal to ablate tissue adjacent the mitral valve clip or anterior leaflet to allow for

removal of the mitral valve clip or removal or alteration of the anterior leaflet.

6. The transapical removal device of any of Claims 1-5, further comprising an ablation
source, wherein the ablation source is one of a radiofrequency source, laser source, and cryo-

thermal source.

7. The transapical mitral valve clip removal device of any of Claims 1-6, further comprising
a deployment mechanism for deploying a transcatheter valve into the mitral valve to replace a

removed mitral valve clip.

8. The transapical removal device of Claim 6, wherein the ablation source is a

radiofrequency signal in the range of 250-500 kHz.

9. The transapical removal device of any of Claims 4-8, wherein the switch is controlled

remotely.

10. The transapical removal device of any of Claims 4-9, wherein the electrical source is a

battery.

11. The transapical removal device of any of Claims 7-10, wherein the deployment
mechanism comprises the delivery catheter, which contains the transcatheter valve and is
configured to deliver, in a valve replacement mode, the transcatheter valve into the mitral valve

to replace the removed mitral valve clip.

12. The transapical removal device of any of Claims 1-11, wherein the snare basket

comprises at least one of medical-grade plastic and medical-grade metal.

17
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13. The transapical removal device of any of Claims 1-12, wherein the snare head comprises

shape memory material.

14. The transapical removal device of Claim 13, wherein the shape memory material is
nitinol.
15. The transapical removal device of any of Claims 1-14, further comprising a retraction

funnel at a proximal end of the delivery catheter configured to forcibly return the snare head to

the collapsed state from the deployed state.

16. The transapical removal device of any of Claims 1-15, wherein the snare head comprises
a spring that is compressed when the snare head is in the collapsed state and at rest when the
snare head is in the deployed state, the spring configured to be compressed within the snare

basket unless the snare basket is in the deployed state.

17. The transapical removal device of any of Claims 1-16, wherein the snare basket

comprises a first basket side and a second basket side.

18. The transapical removal device of any of Claims 1-17, wherein magnets are provided on
the snare basket to facilitate closing the snare basket around the mitral valve clip or the anterior

leaflet.

19. The transapical removal device of any of claims 1-17, wherein the snare basket comprises

a cord for cinching the snare basket around the mitral valve clip or the anterior leaflet.
20. The transapical removal device of any of claims 1-19, wherein the snare head comprises

a grasping tool movable between a closed and open state and controlled by the snare head

controller.

18
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21. The transapical removal device of Claim 20, wherein the grasping tool is controllably
movable by the snare head controller between a position inside a tube and a position outside the

tube.

22. A transapical method of removing a mitral valve clip or removing or altering an anterior
leaflet of the mitral valve comprising:

providing a guide catheter for insertion into the left ventricle and then into the left atrium;

providing a delivery catheter for insertion into the left ventricle;

providing a snare head having (i) a collapsed state for movement of the delivery catheter
through the guide catheter and (ii) a deployed state for capturing a mitral valve clip that has been
pre-positioned on the mitral valve to bind at least a portion of the mitral valve or an anterior
leaflet of the mitral valve;

providing a snare head controller to control transition of the snare head between the
collapsed state and the deployed state; and

providing a snare basket on the snare head for at least partially surrounding the pre-
positioned mitral valve clip;

providing one or more ablation delivery catheters configured to ablate tissue surrounding
the pre-positioned mitral valve clip or the anterior leaflet on the snare head; and

configuring the snare head controller to control the position and/or size of the snare
basket during the deployed state and to control ablation source delivery to the tissue during the

deployed state.

23. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of Claim 22, and providing a deployment mechanism for

deploying a transcatheter valve into the mitral valve to replace a removed mitral valve clip.

24. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of Claim 22 or Claim 23, and providing an electrode on a
proximal end of each of the one or more ablation delivery catheters for supplying a

radiofrequency energy to ablate tissue adjacent the mitral valve clip or the anterior leaflet to

allow for removal of the mitral valve clip.
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25. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of Claim 24, and providing an electrical source in electrical

communication with the electrodes.

26. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of Claim 25, and providing a switch, the switch alternately
permitting and ceasing to permit electrical current from the electrical source to flow to the

electrodes.

27. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of any of Claims 22-26, and providing an optical fiber
positioned to deliver a laser ablation signal to ablate tissue adjacent the mitral valve clip or the
anterior leaflet to allow for removal of the mitral valve clip or removing or altering the anterior

leaflet at a proximal end of each of the one or more ablation delivery catheters.

28. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of any of Claims 22-27, and providing an ablation source,
wherein the ablation source is one of a radiofrequency source, laser source, and cryo-thermal

source.

29. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of Claim 28, and providing a radiofrequency signal in the

range of 250-500 kHz as the ablation source.
30. The transapical method of removing the mitral valve clip or removing or altering the

anterior leaflet of the mitral valve of any of Claims 26-29, and providing a remote control for the

switch.
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31. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of any of Claims 25-30, and providing a battery as the

electrical source.

32. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of any of Claims 23-31, and providing the delivery catheter as

the deployment mechanism.

33. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of any of Claims 22-32, and providing at least one of medical-

grade plastic and medical-grade metal in the snare basket.

34. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of any of Claims 22-33, and providing shape memory material

in the snare head.

35. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of Claim 34, and providing nitinol as the shape memory

material.

36. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of any of Claims 22-35, and providing a retraction funnel at a
proximal end of the delivery catheter configured to forcibly return the snare head to the collapsed

state from the deployed state.

37. The transapical method of removing the mitral valve clip or removing or altering the
anterior leaflet of the mitral valve of any of Claims 22-36, and providing a spring that is
compressed when the snare head is in the collapsed state and at rest when the snare head is in the
deployed state, the spring configured to be compressed within the snare basket unless the snare

basket is in the deployed state.
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38. The transapical method of removing a mitral valve clip or removing or altering an
anterior leaflet of the mitral valve of any of Claims 22-37, and providing a guide catheter for

insertion into the a pulmonary vein from the left atrium.

39. The transapical method of removing a mitral valve clip or removing or altering an
anterior leaflet of the mitral valve of any of Claims 22-38, and providing a first basket side and a

second basket side of the snare basket.

40. The transapical method of removing a mitral valve clip or removing or altering an
anterior leaflet of the mitral valve of any of Claims 22-39, and providing magnets on the snare

basket to facilitate closing the snare basket around the mitral valve clip or the anterior leaflet.

41. The transapical method of removing a mitral valve clip or removing or altering an
anterior leaflet of the mitral valve of any of Claims 22-39, and providing a cord for the snare

basket for cinching the snare basket around the mitral valve clip or the anterior leaflet.

42. The transapical method of removing a mitral valve clip or removing or altering an
anterior leaflet of the mitral valve of any of Claims 22-41, and providing the snare head with a

grasping tool movable between a closed and open state.
43. The transapical method of removing a mitral valve clip or removing or altering an

anterior leaflet of the mitral valve of any of Claim 42, and providing a tube into which the

grasping tool may be moved.

22



WO 2017/223073 1712 PCT/US2017/038309

O
$

\ZD
XX
T
%

%
)
TR0
SRS

&

%,
0

(R
T
T

.,,
5

6 <

\/
O
4
44
0‘0

,9‘

Y
0
:0
%
5
W

A

/ ‘:‘
0’0
O
X

-
&

Y,
4
"

Laebdt
-7

44

42 A

FIG. 1A FIG. 1B
Prior Art Prior Art



PCT/US2017/038309

WO 2017/223073
2/12

IR

==
270

6<

2L

Z 24

K

'w,w"";'
CARXKXY
AN

N

(

\ N

FIG. 2A

y

e
SOSCOT Y
St

—
"“‘
O

-

e

e

TS
oS
23S

5

25

25

52
geS
S

20
o
25

&
3

e
52

&>

40 40 40

FIG. 3A FIG. 3B FIG. 3C



PCT/US2017/038309

3/12

WO 2017/223073

FIG. 4



PCT/US2017/038309
4/12

WO 2017/223073

20

FIG. 5



PCT/US2017/038309

5/12

WO 2017/223073

FIG. 6



PCT/US2017/038309
6/12

WO 2017/223073

FIG. 7



PCT/US2017/038309

7/12

WO 2017/223073

FIG. 8



PCT/US2017/038309

8/12

WO 2017/223073

FIG. 9



PCT/US2017/038309

9/12

WO 2017/223073

FIG. 10



PCT/US2017/038309
10/12

WO 2017/223073

FIG. 11



PCT/US2017/038309
11/12

WO 2017/223073

FIG. 12



PCT/US2017/038309
12/12

WO 2017/223073

el

€L "Old

ol

S3HNLv3d
NOILVI8Y

Sh

S3¥NLvad
NOILLY8VY

€01
HFLIHLVYD AHIANT3A

Jnn Smmen Ammnn Ammann AR mmnn e SAAAR AAAAA AR AR AN AMARAR AR ARAARS ARAA  nn A RAAAAR  Ammma nmens e

SNLVHVddY ONILS3L

{

> =

|

|

|

|

|

[}

]

| gzl )

| oLl

_ 30IA3A LNdN! jg¢—7 e

| ]

_ 8cl —] HOSSIO0Nd
_ AVIdSI gt wm:

| N O/l |

| Y4}

_ 7ET

| 3svavivd = —

| zh) quv 0Er

| 0Z1

| \ AHOWIW
_ an AN WYHO0Md
| a0l

| HIATIOHINOD

| T

| 0L



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2017/038309

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B 17/00; A61B 17/04; A61B 17/068; A61B
CPC -

AB1F 2230/0065; A61F 2230/0078 (2017.05)

17/22; A61B 17/32; A61B 17/34 (2017.01)

AB1B 17/00234; A61B 17/221; A61B 17/32056; A61B 2017/00243; A61B 2017/00247; A61B
2017/00358; A61B 2017/22035; A61B 2017/3488; A61F 2/2409; A61F 2/2412; AG1F 2/2418,;
AB1F 2/2427; A61F 2/2436; A61F 2/2466; A61F 2220/0008; A61F 2220/0016; AB1F 2230/005;

i

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search Hislury ducument

Minimum documentation searched (classification system followed by classification symbols)

USPC - 606/139; 623/2.1; 623/2.11; 623/2.17; 623/2.18; 623/2.38 (ke

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

yward delimited)

Electronic data base consulted during the international search (name of
See Search History document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2015/0257883 A1 (EVALVE INC) 17 September 2015 (17.09.2015) entire document 1-3, 22-26
A US 2006/0074484 A1 (HUBER) 06 April 2006 (06.04.2006) entire document 1-3, 22-26
A US 2015/0238729 A1 (JENSON et al} 27 August 2015 (27.08.2015) entire document 1-3, 22-26
A US 2009/0082857 A1 (LASHINSKI et al) 26 March 2009 (26.03.2009) entire document 1-3, 22-26
A US 2008/0140189 A1 (NGUYEN et al) 12 June 2008 (12.06.2008) entire document 1-3, 22-26

[:I Further documents are listed in the continuation of Box C.

I:l See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“p”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art
“&” document member of the same patent family

Date of the actual completion of the international search

31 July 2017

Date of mailing of the international search report

2 1AUG 2017

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, VA 22313-1450

Facsunile No. §71-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2017/038309

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no moaningful intornational soarch can bo oarried out, speeifically:

3. Claims Nos.: 4-21, 27-43

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of fiist sheet (2)) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

