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DEVICES FOR VALVE SPLITTING

CROSS-REFERENCE TO RELATED APPLICATIONS

The present patent application claims priority from US Provisional Application
63/051,479, filed July 14, 2020, which is assigned to the assignee of the present application

and incorporated herein by reference.

BACKGROUND OF THE APPLICATION

Transcatheter Aortic Valve Implantation (TAVI) has become common practice for
aortic valve replacement for severe aortic stenosis (AS) and valve-in-valve procedures for
biological prosthetic valve degeneration (see, for example, "Five-Year Outcomes of
Transcatheter or Surgical Aortic-Valve Replacement," Makkar RR, et al., N Engl J Med.
2020).

A rare catastrophic complication of TAVI is coronary artery obstruction,
specifically in the case of prosthetic valves ("Assessing the Risk for Coronary Obstruction
After Transcatheter Aortic Valve Implantation and the Need to Perform BASILICA: The
VIVID Classification," Gilbert H L Tang, lkki Komatsu, Liron Tzemach, Matheus
Simonato, Arik Wolak, Philipp Blanke, Danny Dvir Eurolntervention. 2020 May 4) and
TAVI-in-TAVI ("Feasibility of Repeat TAVR After SAPIEN 3 TAVR A Novel
Classification Scheme and Pilot Angiographic Study," Gilbert H.L. Tang, Syed Zaid, Eisha
Gupta, Hasan Ahmad, Asaad Khan, Jason C. Kovacic, Steven L. Lansman, George D.
Dangas, Samin K. Sharma and Annapoorna Kini. JACC: Cardiovascular Interventions

Volume 12, Issue 13, July 2019).

SUMMARY OF THE APPLICATION

Some embodiments of the present invention provide a dedicated device for
intentional splitting of a native or prosthetic valve cusp before performing TAVI, in order

to prevent coronary artery obstruction.

There is therefore provided, in accordance with an application of the present
invention, a valve-splitting device for splitting a native or prosthetic valve cusp, the valve-
splitting device for use with a guidewire, the valve-splitting device including:

a cover sheath; and
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a splitter, which is removably disposed inside the cover sheath, and which includes:

a first over-the-wire cutter, which is shaped so as to define a guidewire
lumen that is configured to accept and slide over the guidewire; and

a second opposing cutter,

wherein the splitter is configured, upon distal advancement of the splitter out
of a distal end of the cover sheath, to be opened such that the first over-the-wire
cutter and the second opposing cutter are separated from each other and are
disposable on opposite sides of the cusp, such that closing the splitter by bringing

the first over-the-wire cutter and the second opposing cutter together cuts the cusp.

For some applications, at least one of the first over-the-wire cutter and the second
opposing cutter includes one or more cutting protrusions, which are configured to cut the

cusp by lacerating the cusp.

For some applications, the second opposing cutter includes the one or more cutting

protrusions.

For some applications, at least one of first over-the-wire cutter and the second
opposing cutter includes an elongate cutting blade, which is configured to cut the cusp by

excising a piece of material of the cusp.

For some applications, the second opposing cutter includes the elongate cutting

blade.

For some applications, the elongate cutting blade is located along at least a portion

of an edge of the second opposing cutter.

For some applications, the splitter further includes a cutting sleeve, which is
configured to be distally advanced toward and then over the open splitter, thereby closing
the splitter by bringing the first over-the-wire cutter and the second opposing cutter
together, and cutting the cusp when the first over-the-wire cutter and the second opposing

cutter are disposed on the opposite sides of the cusp.

For some applications, the cutting sleeve is configured to be advanced out of the

distal end of the cover sheath in order to reach the splitter.

For some applications, the splitter further includes a spring that is configured to
open the splitter by separating the first over-the-wire cutter and the second opposing cutter

from each other.
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For some applications, the valve-splitting device is configured to apply energy

during cutting.

There is further provided, in accordance with an application of the present invention,
a method for splitting a native or prosthetic valve cusp of a patient, the method including:
5 inserting a guidewire into a left ventricle of the patient;
advancing a valve-splitting device over the guidewire to a location above an aortic
root, while a splitter of the valve-splitting device is removably disposed inside a cover
sheath of the valve-splitting device, while the guidewire slides through a guidewire lumen
defined by a first over-the-wire cutter of the splitter, and while the splitter is closed;
10 advancing the splitter out of a distal end of the cover sheath toward the native or
prosthetic valve cusp;
while the splitter is open such that the first over-the-wire cutter and a second
opposing cutter of the splitter are separated from each other, disposing the first over-the-
wire cutter and the second opposing cutter on opposite sides of the cusp;
15 cutting the cusp by closing the splitter by bringing the first over-the-wire cutter and
the second opposing cutter together;
proximally retracting the splitter from the cusp into the cover sheath; and

withdrawing the cover sheath, including the splitter, from a body of the patient.

For some applications, cutting the cusp includes lacerating the cusp using one or
20  more cutting protrusions of at least one of first over-the-wire cutter and the second opposing

cutter.

For some applications, the second opposing cutter includes the one or more cutting
protrusions, and cutting the cusp includes lacerating the cusp using the one or more cutting

protrusions of the second opposing cutter.

25 For some applications, cutting the cusp includes excising a piece of material of the
cusp using an elongate cutting blade of at least one of first over-the-wire cutter and the

second opposing cutter.

For some applications, the second opposing cutter includes the elongate cutting
blade, and cutting the cusp includes excising the piece of material of the cusp using the

30  elongate cutting blade of the second opposing cutter.
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For some applications, the elongate cutting blade is located along at least a portion

of an edge of the second opposing cutter.

For some applications, cutting the cusp includes distally advancing a cutting sleeve
toward and then over the open splitter, thereby closing the splitter by bringing the first over-

5  the-wire cutter and the second opposing cutter together.

For some applications, distally advancing the cutting sleeve toward the open splitter
includes distally advancing the cutting sleeve out of the distal end of the cover sheath

toward the open splitter.

For some applications, the splitter further includes a spring that is configured to
10 open the splitter by separating the first over-the-wire cutter and the second opposing cutter

from each other.

For some applications, the method further includes subsequently implanting a

prosthetic aortic valve.

For some applications, cutting the cusp further includes applying energy during

15  cutting.

The present invention will be more fully understood from the following detailed

description of embodiments thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A-F are schematic illustrations a method for splitting a native or prosthetic
20  valve cusp before performing a Transcatheter Aortic Valve Implantation (TAVI), in

accordance with an application of the present invention;

Figs. 2A-B are schematic illustrations of the cusp after it has been lacerated using a
valve-splitting device described with reference to Figs. 1A-F, in accordance with an

application of the present invention;

25 Figs. 3A-F are schematic illustrations another method for splitting a native or
prosthetic valve cusp before performing TAVI, in accordance with an application of the

present invention;
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Figs. 4A-B are schematic illustration of the cusp after a piece of material has been
removed using a valve-splitting device described with reference to Figs. 3A-F, in

accordance with an application of the present invention; and

Fig. 5 is a schematic illustration of an operating handle positioned at a distal end of
the valve-splitting device of Figs. 1A-F or Figs. 3A-F, in accordance with an application of

the present invention.

DETAILED DESCRIPTION OF THE APPLICATION

Reference is made to Figs. 1A-F, which are schematic illustrations a method for
splitting a native or prosthetic valve cusp 4 before performing a Transcatheter Aortic Valve
Implantation (TAVI), in accordance with an application of the present invention. Figs. 1A-
F also show a valve-splitting device 20 used to perform the method. Fig. 1A shows aortic

valve cusp 4, a left coronary artery 5, and a right coronary artery 6.

As shown in Fig. 1A, a guidewire 3 is inserted into the left ventricle, e.g., via the
femoral artery. Guidewire 3 is typically not an element of valve-splitting device 20. For
example, first a sheath may be inserted into the femoral artery. The aortic valve may be
crossed with a straight wire over a catheter (e.g., an AL1 catheter) and an exchange wire
may be introduced to the left ventricle. Then a pigtail catheter may be introduced, and the

guidewire 3 is inserted to the apex of the left ventricle.

Also as shown in Fig. 1A, valve-splitting device 20 is then advanced over guidewire
3 to a location above the aortic root. Valve-splitting device 20 typically comprises a cover

sheath 22 and/or a nosecone 24.

As shown in Fig. 1B, optionally, after nosecone 24 of valve-splitting device 20 has

been advanced into the left ventricle, cover sheath 22 is proximally retracted.

Valve-splitting device 20 further comprises a splitter 26, which is removably
disposed inside cover sheath 22 at the stage of the procedure shown in Fig. 1B. Splitter 26
comprises a first over-the-wire cutter 30 and a second opposing cutter 32 that comprises
one or more cutting protrusions 34 (e.g., a single cutting protrusion 34, as shown), such as
one or more needles or spikes. Splitter 26 is shaped so as to define a guidewire lumen 40,
configured to accept and slide over guidewire 3. Typically, first over-the-wire cutter 30 of
splitter 26 is shaped to define guidewire lumen 40. Alternatively, first over-the-wire cutter

30 comprises the one or more cutting protrusions 34, or both second opposing cutter 32 and

5
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first over-the-wire cutter 30 comprise respective one or more cutting protrusions 34
(configurations not shown). Even in configurations in which only one of cutters 30 and 32
comprises the one or more cutting protrusions 34, such as shown in the figures, both cutters
30 and 32 are considered cutters, because the cutter without cutting protrusions assists in
the cutting by providing a surface against which the cutting protrusions press during cutting.

Cutters 30 and 32 may also be considered jaws of splitter 26.

Typically, guidewire lumen 40 has a diameter of between 0.035' and 0.042', in order

to accommodate a standard guidewire having a diameter of 0.035' - 0.038".

As shown in Fig. 1C, splitter 26 is advanced out of a distal end of cover sheath 22
toward cusp 4 of the aortic valve. Although the aortic valve is shown in the figures as a
native aortic valve, the aortic valve may also be a prosthetic valve of a previously implanted

prosthetic aortic valve, e.g., implanted in a TAVI procedure.

As shown in Fig. 1D, after confirmation of proper positioning, splitter 26 is opened
by separating first over-the-wire cutter 30 and second opposing cutter 32 from each other.
For some applications, splitter 26 comprises a spring 42 that is configured to separate the
cutters 30 an d32 from each other (as shown, for example, in Fig. 1D); alternatively, splitter
26 is opened using other techniques, such as using one or more control wires (configuration
not shown). Splitter 26 is oriented towards the cusp 4 that needs laceration. As also shown
in Fig. 1D, splitter 26 is advanced into contact with cusp 4, such that cutters 30 and 32 are
disposed on opposite surfaces of cusp 4. For example, first over-the-wire cutter 30 may be
disposed on a ventricular side of cusp 4 and second opposing cutter 32 may be disposed on

an aortic side of cusp 4, or vice versa.

As shown in Fig. 1E, a cutting sleeve 44 of valve-splitting device 20 is distally
advanced toward and then over splitter 26, thereby closing splitter 26 by bringing first over-
the-wire cutter 30 and second opposing cutter 32 together, and cutting cusp 4. Typically,
cutting sleeve 44 is advanced out of the distal end of cover sheath 22 in order to reach

splitter 26.

For some applications, splitter 26 is configured to cut cusp 4 by lacerating cusp 4,

typically substantially without removing any material (e.g., tissue) of cusp 4.
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Optionally, during cutting, heat is applied, such as by a diathermia device, for
improving cutting efficiency. Alternatively, optionally, during cutting, energy, such as RF

ablation energy, is applied, for improving cutting efficiency.

As shown in Fig. 1F, splitter 26 and cutting sleeve 44 are proximally retracted from
lacerated cusp 4 into cover sheath 22. Cover sheath 22, including splitter 26 and cutting

sleeve 44, is withdrawn from the patient's body.
Subsequently, a prosthetic aortic valve is implanted, such as in a TAVI procedure.

Reference is made to Figs. 2A-B, which are schematic illustrations of cusp 4 after
it has been lacerated using valve-splitting device 20 as described with reference to Figs.
1A-F, in accordance with an application of the present invention. As can be seen, the ostium
of right coronary artery 6 is not obstructed when cusp 4 is pushed toward the aorta, such as

during implantation of a prosthetic valve, e.g., during a TAVI procedure.

Reference is now made to Figs. 3A-F, which are schematic illustrations another
method for splitting a native or prosthetic valve cusp 4 before performing TAVI, in
accordance with an application of the present invention. Figs. 3A-F also show a valve-
splitting device 120 used to perform the method. Other than as described below, the method
is identical to the method described hereinabove with reference to Figs. 1A-F, and valve-
splitting device 120 is identical to valve-splitting device 20, described hereinabove with
reference to Figs. 1A-F. Valve-splitting device 120 comprises a splitter 126, which, other
than as described hereinbelow, is generally similar to splitter 26 of valve-splitting device
20, described hereinabove with reference to Figs. 1A-F, and may implement any of the

features of splitter 26, mutatis mutandis.

Unlike in splitter 26 of valve-splitting device 20 described hereinabove with
reference to Figs. 1A-F, a second opposing cutter 132 of splitter 126 of valve-splitting
device 120 comprises an elongate cutting blade 134, which is configured to cut cusp 4 by
excising a piece of material of cusp 4, such as shown in the transition between Figs. 3D and
3E. The excised piece of cusp material is trapped between first over-the-wire cutter 30 and
second opposing cutter 132, and removed from the patient's body using splitter 126 as
splitter 126 is proximally retracted into cover sheath 22, such as shown in Fig. 3F. (The
piece of material is tissue if the cusp is a native cusp, and is material, e.g., graft material, if
the cusp is a prosthetic cusp.) Alternatively, first over-the-wire cutter 30 comprises

elongate cutting blade 134, or both second opposing cutter 132 and first over-the-wire cutter

7
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30 comprise respective elongate cutting blades 134 (configurations not shown). Even in
configurations in which only one of cutters 30 and 132 comprises elongate cutting blade
134, such as shown in the figures, both cutters 30 and 132 are considered cutters, because
the cutter without the elongate cutting blade assists in the cutting by providing a surface
against which the elongate cutting blade presses during cutting. Cutters 30 and 132 may

also be considered jaws of splitter 126.

Optionally, elongate cutting blade 134 is generally U-shaped (as shown in Fig. 3D)
or generally V-shaped (configuration not shown). Alternatively, elongate cutting blade 134

is shaped so as to form a closed loop (configuration not shown).

Optionally, elongate cutting blade 134 is located along at least a portion of an edge

of second opposing cutter 132.

Reference is made to Figs. 4A-B, which are schematic illustration of cusp 4 after
the piece of material has been removed using valve-splitting device 120 as described with
reference to Figs. 3A-F, in accordance with an application of the present invention. As can
be seen, the ostium of right coronary artery 6 is not obstructed when cusp 4 is pushed toward

the aorta, such as during implantation of a prosthetic valve, e.g., during a TAVI procedure.

Reference is made to Fig. 5, which is a schematic illustration of an operating handle
212 positioned at a distal end of valve-splitting device 20 or valve-splitting device 120, in
accordance with an application of the present invention. Although operating handle 212 is
shown in Fig. 5 as positioned at the distal end of valve-splitting device 20, the operating
handle may also be positioned at the distal end of valve-splitting device 120, mutatis

mutandis.

Operating handle 212 comprises one or more of the following elements: a knob 214
for retracting cover sheath 22, a port 216 for guidewire 3, a knob 218 for advancing cutting
sleeve 44, a port 220 for diathermia input to cutting sleeve 44 and/or one or both of the

splitter cutters, and/or a flushing port 222.

In an embodiment, techniques and apparatus described herein are combined with
techniques and apparatus described in US Provisional Application 63/051,479, filed July
14, 2020, which is assigned to the assignee of the present application and incorporated

herein by reference.

It will be appreciated by persons skilled in the art that the present invention is not

8
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limited to what has been particularly shown and described hereinabove. Rather, the scope
of the present invention includes both combinations and subcombinations of the various
features described hereinabove, as well as variations and modifications thereof that are not
in the prior art, which would occur to persons skilled in the art upon reading the foregoing

description.
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CLAIMS

1. A valve-splitting device for splitting a native or prosthetic valve cusp, the valve-
splitting device for use with a guidewire, the valve-splitting device comprising:
a cover sheath; and
a splitter, which is removably disposed inside the cover sheath, and which
comprises:
a first over-the-wire cutter, which is shaped so as to define a guidewire
lumen that is configured to accept and slide over the guidewire; and
a second opposing cutter,
wherein the splitter is configured, upon distal advancement of the splitter out
of a distal end of the cover sheath, to be opened such that the first over-the-wire
cutter and the second opposing cutter are separated from each other and are
disposable on opposite sides of the cusp, such that closing the splitter by bringing

the first over-the-wire cutter and the second opposing cutter together cuts the cusp.

2. The valve-splitting device according to claim 1, wherein at least one of the first
over-the-wire cutter and the second opposing cutter comprises one or more cutting

protrusions, which are configured to cut the cusp by lacerating the cusp.

3. The valve-splitting device according to claim 2, wherein the second opposing cutter

comprises the one or more cutting protrusions.

4. The valve-splitting device according to claim 1, wherein at least one of first over-
the-wire cutter and the second opposing cutter comprises an elongate cutting blade, which

is configured to cut the cusp by excising a piece of material of the cusp.

5. The valve-splitting device according to claim 4, wherein the second opposing cutter

comprises the elongate cutting blade.

6. The valve-splitting device according to claim 5, wherein the elongate cutting blade

is located along at least a portion of an edge of the second opposing cutter.

7. The valve-splitting device according to any one of claims 1-6, wherein the splitter
further comprises a cutting sleeve, which is configured to be distally advanced toward and
then over the open splitter, thereby closing the splitter by bringing the first over-the-wire
cutter and the second opposing cutter together, and cutting the cusp when the first over-the-

wire cutter and the second opposing cutter are disposed on the opposite sides of the cusp.

10



10

15

20

25

30

WO 2022/013857 PCT/IL2021/050844

8. The valve-splitting device according to claim 7, wherein the cutting sleeve is
configured to be advanced out of the distal end of the cover sheath in order to reach the

splitter.

9. The valve-splitting device according to any one of claims 1-6, wherein the splitter
further comprises a spring that is configured to open the splitter by separating the first over-

the-wire cutter and the second opposing cutter from each other.

10. The valve-splitting device according to any one of claims 1-6, wherein the valve-

splitting device is configured to apply energy during cutting.

11. A method for splitting a native or prosthetic valve cusp of a patient, the method
comprising:

inserting a guidewire into a left ventricle of the patient;

advancing a valve-splitting device over the guidewire to a location above an aortic
root, while a splitter of the valve-splitting device is removably disposed inside a cover
sheath of the valve-splitting device, while the guidewire slides through a guidewire lumen
defined by a first over-the-wire cutter of the splitter, and while the splitter is closed;

advancing the splitter out of a distal end of the cover sheath toward the native or
prosthetic valve cusp;

while the splitter is open such that the first over-the-wire cutter and a second
opposing cutter of the splitter are separated from each other, disposing the first over-the-
wire cutter and the second opposing cutter on opposite sides of the cusp;

cutting the cusp by closing the splitter by bringing the first over-the-wire cutter and
the second opposing cutter together;

proximally retracting the splitter from the cusp into the cover sheath; and

withdrawing the cover sheath, including the splitter, from a body of the patient.

12. The method according to claim 11, wherein cutting the cusp comprises lacerating
the cusp using one or more cutting protrusions of at least one of first over-the-wire cutter

and the second opposing cutter.

13. The method according to claim 12, wherein the second opposing cutter includes the
one or more cutting protrusions, and wherein cutting the cusp comprises lacerating the cusp

using the one or more cutting protrusions of the second opposing cutter.

11
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14. The method according to claim 11, wherein cutting the cusp comprises excising a
piece of material of the cusp using an elongate cutting blade of at least one of first over-the-

wire cutter and the second opposing cutter.

15. The method according to claim 14, wherein the second opposing cutter includes the
elongate cutting blade, and wherein cutting the cusp comprises excising the piece of

material of the cusp using the elongate cutting blade of the second opposing cutter.

16. The method according to claim 15, wherein the elongate cutting blade is located

along at least a portion of an edge of the second opposing cutter.

17. The method according to claim 11, wherein cutting the cusp comprises distally
advancing a cutting sleeve toward and then over the open splitter, thereby closing the

splitter by bringing the first over-the-wire cutter and the second opposing cutter together.

18. The method according to claim 17, wherein distally advancing the cutting sleeve
toward the open splitter comprises distally advancing the cutting sleeve out of the distal end

of the cover sheath toward the open splitter.

19. The method according to claim 11, wherein the splitter further includes a spring that
is configured to open the splitter by separating the first over-the-wire cutter and the second

opposing cutter from each other.

20. The method according to claim 11, further comprising subsequently implanting a

prosthetic aortic valve.

21. The method according to claim 11, wherein cutting the cusp further comprises

applying energy during cutting.

12
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