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LACERATION SYSTEM AND DEVICE, AND METHODS FOR LACERATION
FIELD:

[0001] This document relates to medical procedures that involve laceration of an anatomical
structure. More specifically, this document relates to devices for laceration, and related systems

and methods.
SUMMARY:

[0002] The following summary is intended to introduce the reader to various aspects of the

detailed description, but not to define or delimit any invention.

[0003] Laceration devices for use in medical procedures are disclosed. According to some aspects,
a laceration device for use in medical procedures includes a shaft having a proximal portion
defining a proximal end, and an opposed distal portion defining a distal end. A perforating tip is
at the distal end. An outwardly extending barb is positioned proximally of the distal end. The barb
has an inner end proximate the shaft and an outer end opposite the inner end. A laceration electrode
is proximal of and adjacent the inner end of the barb, and an electrical connector extends

proximally from the laceration electrode for connection to a power source

[0004] In some examples, the laceration device further includes a handle connected to the

proximal end of the shaft. The handle can include a control for manipulating the barb.

[0005] In some examples, the barb is integral with the shaft. The shaft and the barb can be formed

from an electrically insulative material.

[0006] In some examples, the perforating tip includes a perforation electrode, and the device
includes another electrical connector extending proximally from the perforation electrode for
connection to the power source. The electrical connectors can be in the form of wires that are

embedded in the electrically insulative material of the shaft.

[0007] In some examples, the barb is movable between a deployed position in which the outer end
is moved radially outwardly from the shaft, and a collapsed position in which the outer end is
moved radially towards the shaft. The barb can be biased towards the deployed position. The

device can further include a retainer for retaining the barb in the collapsed position.
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[0008] In some examples, the laceration device includes a first insulated wire forming the shaft,
and a second insulated wire. The second insulated wire can be crimped to define a first section
extending along the first insulated wire, and a second section extending radially outwardly from
the first portion and forming the barb. The laceration electrode can be positioned at the crimp. The
retainer can include a sheath housing at least a portion of the first insulated wire and at least a
portion of the first section of the second insulated wire. When in the collapsed position, the second
section of the second insulated wire can be housed within the sheath, and when in the deployed
position, the second section of the second insulated wire can be outside of the sheath. The barb
can be movable from the collapsed position to the deployed position by sliding the second insulated

wire proximally relative to the sheath.

[0009] Methods for creating lacerations are also disclosed. According to some aspects, a method
for creating a laceration includes a. advancing a perforating tip of a laceration device towards a
proximal surface of a target anatomical structure; b. advancing the perforating tip to perforate the
target anatomical structure; c. advancing the laceration device to position the perforating tip
beyond a distal surface of the target anatomical structure and to pass a barb of the laceration device
through the perforation; d. retracting the laceration device to abut the barb with the distal surface
of the target anatomical structure and position a laceration electrode of the laceration device in
contact with the target anatomical structure; and e. with the barb abutting the distal surface of the
target anatomical structure, activating the laceration electrode of the laceration device applying

force to the laceration device to lacerate the target anatomical structure.

[0010] In some examples, the perforating tip includes a perforation electrode, step b. includes
supplying RF energy to the perforation electrode, and step e. includes supplying RF energy to the

laceration electrode.

[0011] In some examples, between step c. and step d., the method further includes moving the
barb from a collapsed position to a deployed position. Moving the barb from the collapsed position
to the deployed position can include moving the barb radially outwardly from the laceration
electrode. Moving the barb from the collapsed position to the deployed position can include sliding
the barb proximally with respect to the perforating tip. The barb can be biased towards the

deployed position, and during steps a. to c., the barb can be held in the collapsed position. Moving
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the barb from the collapsed position to the deployed position can include releasing the hold on the

barb.
[0012] In some examples, the target anatomical structure is a valve leaflet.

[0013] Laceration systems for use in medical procedures are also disclosed. According to some
aspects, a laceration system includes an RF generator, and a laceration device. The laceration
device includes a shaft. The shaft has a proximal portion defining a proximal end, and an opposed
distal portion defining a distal end. A perforating tip is at the distal end. An outwardly extending
barb is positioned proximal of the distal end. The barb has an inner end proximate the shaft and an
outer end opposite the inner end. A laceration electrode is proximal of and adjacent the inner end

of the barb. The laceration electrode is electrically connectable to the RF generator.
BRIEF DESCRIPTION OF THE DRAWINGS:

[0014] The accompanying drawings are for illustrating examples of articles, methods, and

apparatuses of the present disclosure and are not intended to be limiting. In the drawings:
[0015] Figure 1 is a perspective view of an example laceration system;

[0016] Figure 2 is a perspective view of the laceration device of Figure 1;

[0017] Figure 3 is an enlarged front view of a portion of the laceration device of Figure 1;

[0018] Figure 4 is a cross-section taken through the portion of the laceration device shown in

Figure 3;

[0019] Figure 5 is a schematic view showing a first step of a method for creating a laceration;
[0020] Figure 6 is a schematic view showing a second step of the method of Figure 5;

[0021] Figure 7 is a schematic view showing a third step of the method of Figures 5 and 6;
[0022] Figure 8 is a schematic view showing a fourth step of the method of Figures 5 to 7;

[0023] Figure 9 is a schematic view showing a fifth step of the method of Figures 5 to &;
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[0024] Figure 10 is a schematic view showing a sixth step of the method of Figures 5 to 9;

[0025] Figure 11 is a front view of a portion of another example laceration device, with a barb

thereof in a collapsed position;

[0026] Figure 12 is a front view of the portion of the laceration device of Figure 11, with the barb

in a deployed position;

[0027] Figure 13 is a cross-section taken through the laceration device as shown in Figure 11; and
[0028] Figure 14 is a cross-section taken through the laceration device as shown in Figure 12.
DETAILED DESCRIPTION:

[0029] Various apparatuses or processes or compositions will be described below to provide an
example of an embodiment of the claimed subject matter. No example described below limits any
claim and any claim may cover processes or apparatuses or compositions that differ from those
described below. The claims are not limited to apparatuses or processes or compositions having
all of the features of any one apparatus or process or composition described below or to features
common to multiple or all of the apparatuses or processes or compositions described below. It is
possible that an apparatus or process or composition described below is not an embodiment of any
exclusive right granted by issuance of this patent application. Any subject matter described below
and for which an exclusive right is not granted by issuance of this patent application may be the
subject matter of another protective instrument, for example, a continuing patent application, and
the applicants, inventors or owners do not intend to abandon, disclaim or dedicate to the public

any such subject matter by its disclosure in this document.

[0030] Generally disclosed herein are devices, and related systems and methods, that can be used
in medical procedures in which a target anatomical structure is lacerated. Such medical procedures
can include transvenous structural heart procedures, which can involve the laceration of soft tissue.
Such soft tissue can include, for example, a valve leaflet or an atrial septum. The devices disclosed
herein can be an “all-in-one” device that can perforate the target anatomical structure (e.g. the

valve leaflet), anchor to the target anatomical structure, and then lacerate the target anatomical
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structure. This can reduce the complexity of such procedures, and reduce the number of devices

required for such procedures.

[0031] Referring now to Figure 1, an example laceration system 100 is shown. The system 100
includes a power source in the form of a radiofrequency (RF) generator 102, as well as a laceration
device 104. The laceration device 104 is electrically connectable to the RF generator 102, to supply
RF energy to electrodes (described below) of the laceration device 104. The system can also
include one or more grounding pads (not shown) connected to the RF generator 102 for operation
in monopolar mode (if operation is in bipolar mode, the grounding pad can be omitted and a return
electrode can be added). The system 100 may further include an electro-anatomical mapping
(EAM) monitoring system (not shown) electrically connectable to the laceration device 104 to
monitor advancement of the perforating tip of the laceration device towards a proximal surface of
the anatomical structure 202 and to confirm perforation of the target anatomical structure 200. The

position of the perforating tip can be confirmed using EAM system.

[0032] Referring to Figure 2, in the example shown, the laceration device 104 includes a shaft
106, which has a proximal portion 108 defining a proximal end 110 and a distal portion 112
defining a distal end 114. A handle 116 is connected to the proximal end 110 of the shaft 106. The
handle can optionally include various controls (not shown), e.g. for controlling delivery of RF
energy from the generator or for manipulating a barb of the device (described below). The shaft
can be of various constructions. For example, the shaft can be in the form of an insulated wire, as

described below, or can be a plastic tube that houses various other components of the device.

[0033] Referring to Figures 3 and 4, the laceration device 104 includes a perforating tip. In the
example shown, the perforating tip is in the form of a perforation electrode 118, which is positioned
at the distal end 114 of the shaft 106. A first electrical connector 120 extends proximally from the
perforation electrode 118, for connection to the RF generator 102. In alternative examples, the

perforating tip can be of another configuration, e.g. it can be configured for mechanical perforation.

[0034] Referring still to Figures 3 and 4, in the example shown, the laceration device 104 further
includes an outwardly extending barb 122, which extends outwardly from the shaft 106 and is
positioned proximally of the distal end 114 of the shaft 106. The barb 122 has an inner end 124

that is proximate the shaft 106, and an outer end 126 opposite the inner end 124. In the example
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shown, the inner end 124 is joined to and integral with the shaft 106; however, in alternative
examples, the inner end can be proximate to but separated from the shaft 106, or joined to the shaft

in a non-integral fashion.

[0035] In the example shown, the barb 122 is biased towards the position shown in Figures 5, 6
and 8, referred to as a “deployed position”, in which the outer end 126 is spaced radially from the
shaft 106, and the barb 122 is inclined with respect to the shaft 106, so that the outer end 126 is
positioned proximally of the inner end 124. As shown in Figure 7, upon the application of force
(e.g. by an anatomical structure 200 such as a valve leaflet), the barb 122 can collapse towards the
shaft 106, to a “collapsed position”. Upon the application of force in the opposite direction (e.g.
by the anatomical structure 200), the barb 122 can flex to move the outer end 126 further radially
outwardly to an “engaged position”, as shown in Figures 9 and 10; however, the barb 122 is
configured to resist movement of the outer end 126 beyond the engaged position, so that when in
the configuration shown in Figures 9 and 10, the barb 122 prevents or resists proximal movement

of the laceration device 104.

[0036] In alternative examples, the barb may not flex to an engaged position. Instead, barb may
move only between the deployed and collapsed positions, and may be sufficiently stiff to resist
further movement. Such examples may be particularly useful in examples where the device is used
to lacerate tissues that are relatively movable, such as valve leaflets, as the application of force to

the device may be undesirable as it may cause the tissue to move.

[0037] Referring back to Figures 3 and 4, the laceration device 104 further includes a laceration
electrode 128. The laceration electrode 128 is positioned proximal of and adjacent the inner end
124 of the barb 122. When the barb 122 is in the position shown in Figure 9 and is abutting a
surface of the anatomical structure 200, the laceration electrode 128 is in contact with the
anatomical structure 200. A second electrical connector 130 extends proximally from the

laceration electrode 128, for connection to the RF generator 102.

[0038] As mentioned above, the laceration electrode 128 is positioned proximal of and adjacent
the inner end 124 of the barb 122. In the example shown, wherein the barb is configured to flex to
the engaged position, the laceration electrode 128 is positioned in the crook of the barb 122, so

that it is positioned to contact the anatomical structure 200 when the barb 122 is in the engaged
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position and abutting the surface of the anatomical structure 200. In alternative examples, wherein
the barb does not flex to an engaged position, the laceration electrode can be positioned proximal
of and adjacent the inner end of the barb, but can be slightly proximal of the position shown in
Figures 3 and 4, so that when the outer end of the barb is in contact with the surface of the

anatomical structure, the laceration electrode is in contact with the anatomical structure.

[0039] Referring still to Figures 3 and 4, in the example shown, the barb 122 is integral with the
shaft 106. That is, in the example shown, the shaft 106 and the barb 122 are both formed from an
electrically insulative material. The first electrical connector 120 is in the form of a first wire that
is embedded in the electrically insulative material of the shaft 106, and the second electrical
connector 130 is in the form of a second wire that is embedded in the electrically insulative material
of the shaft 106. The perforation electrode 118 and laceration electrode 128 can be formed by
exposed ends of the first and second wires, respectively, or can be separate metallic pieces that are

secured to the first and second wires, respectively, as shown.

[0040] While in the example shown the barb 122 includes a single elongate piece of material, in
alternative examples, the barb can be of another configuration that allows for the barb to pass
through the anatomical structure 200 and then anchor to the anatomical structure 200 to prevent
proximal movement of the laceration device. For example, the barb can include two elongate
pieces of material that are circumferentially spaced apart around the shaft, or can be configured

similar to an umbrella that can be opened and closed.

[0041] In some examples (not shown), the barb can be radiopaque or can include a radiopaque
marker, to allow for fluoroscopic visualization. Similarly, the barb can be echogenic or can include

an echogenic marker, to allow for ultrasound visualization.

[0042] Referring now to Figures 5 to 10, in use, the laceration device 104 can be used to lacerate
the target anatomical structure 200. Particularly, referring first to Figure 5, the laceration device
104 can be advanced towards a proximal surface 202 of the target anatomical structure 200.
Referring to Figure 6, the perforation electrode 118 can then be activated (e.g. by supplying RF
energy from the RF generator 102 to the perforation electrode 118) to perforate the target
anatomical structure 200. Referring to Figures 7 and 8, the laceration device 104 can then be

advanced, to position the perforation electrode 118 beyond a distal surface 204 of the target
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anatomical structure 200 and to pass the barb 122 through the perforation. As the barb 122 passes
through the perforation, as shown in Figure 7, it collapses from the deployed position to the
collapsed position. When the barb 122 clears the target anatomical structure 122, it moves back to
the deployed position, as shown in Figure 8. The laceration device 104 can then be retracted, as
shown in Figure 9, to abut the barb 122 with the distal surface 204 of the target anatomical structure
200 and cause the barb 122 to flex towards the engaged position. In alternative examples, where
the barb 122 is relatively stiff, rather than the barb 122 flexing to the engaged position, the barb
can simply contact the distal surface of the target anatomical structure 200 and remain in the

deployed position.

[0043] With the barb 122 in the position shown in Figure 9, the laceration electrode 128 is in
contact with the target anatomical structure 200, and the laceration electrode 128 can be activated
(e.g. by supplying RF energy to the laceration electrode 128 from the RF generator 102). Referring
to Figure 10, with the laceration electrode 128 activated, force can be applied to the laceration
device 104, to pull the laceration electrode 128 laterally, and lacerate the target anatomical
structure 200. When laceration is complete, the laceration device 104 can be withdrawn from the
target structure 200, by retracting the barb 122 and the perforation electrode 118 through the

laceration.

[0044] In some examples, the areas around the perforation electrode 118 and laceration electrode
128 can be flushed with non-ionic fluid (e.g. a dextrose solution, saline, or a contrast solution) to
act as an insulator. The device can be provided with various fluid lumens and fluid ports (not

shown) to facilitate fluid delivery.

[0045] Referring now to Figures 11 to 14, another example of a laceration device is shown. In
Figures 11 to 14, features that are similar to those of Figures 1 to 10 will be referred to with like

reference numerals, incremented by 1000.

[0046] Referring to Figures 11 and 12, the laceration device 1104 is configured to allow for a user
to move the barb 1122 from the collapsed position (shown in Figure 11, in which the barb 1122 is
not visible) to the deployed position (shown in Figure 12), and vice versa, without relying on
contact with an anatomical structure to do so. That is, the user can more readily control the position

of the barb 1122. Particularly, referring to Figures 13 and 14, the laceration device 1104 includes
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a first insulated wire 1132, which forms the shaft 1106 of the laceration device 1104. An exposed
tip of the insulated wire 1132 provides the perforation electrode 1118. The laceration device 1104
further includes a second insulated wire 1134, which provides the barb 1122. That is, the second
insulated wire 1134 is crimped to define a first section 1136 that extends along the first insulated
wire 1132, and a second section 1138 that extends radially outwardly from the first section 1136
and forms the barb 1122. Similarly to the device of Figures 1 to 10, the barb 1122 is biased towards
the deployed position, shown in Figure 14, and can be moved to the collapsed position, shown in
Figure 13, with the application of force. The barb 1122 can further be moved to an engaged
position (not shown), which is similar to the engaged position of Figure 9. An exposed section of
the second insulated wire 1134 provides the laceration electrode 1128. Similarly to the device of
Figures 1 to 10, the laceration electrode 1128 is positioned proximal of and adjacent the inner end

of the barb 1122, generally at the position of the crimp and in the crook of the crimp.

[0047] Referring still to Figures 13 and 14, in the example shown, the laceration device further
includes a retainer 1140 for retaining the barb 1122 in the collapsed position and selectively
releasing the barb 1122 to the deployed position. In the example shown, the retainer 1140 is
generally in the form of a sheath that has a lumen 1142. The sheath can be low-profile, to pass
through a perforation. The retainer houses a portion of the first insulated wire 1132; however, the
first insulated wire 1132 passes through the retainer 1140, so that the perforation electrode 1188
is outside of the lumen 1142. The retainer 1140 further houses the first section 1136 of the second
insulated wire 1134. Furthermore, when in the collapsed position, the barb 1122 (i.e. the second
section 1138 of the second insulated wire 1134) is also retained in the lumen 1142. The lumen
1142 has an opening 1146 at its proximal end. The position of the retainer 1140 is fixed with
respect to the first insulated wire 1132. For example, both the retainer 1140 and the first insulated
wire 1132 can be secured to the handle (not shown) of the laceration device 1104. However, the
second insulated wire 1134 is movable distally and proximally with respect to the retainer 1140.
When in the position shown in Figure 13, the barb 1122 is housed within the lumen 1142 of the
retainer 1140 and held in the collapsed position by the retainer 1140. As shown in Figure 14, the
second insulated wire 1134 can be slid proximally relative to the retainer 1140 (e.g. by pulling the
proximal end of the second insulated wire through the handle, not shown) to move the barb 1122
through the opening 1146 and out of the retainer 1140, and thereby release the barb 1122 to the

deployed position. To move the barb 1122 back to the collapsed position, the second insulated



WO 2021/186329 PCT/1IB2021/052142

10

wire 1134 can be slid distally, back to the position shown in Figure 13 (e.g. by pushing the
proximal end of the second insulated wire through the handle, not shown). Sliding of the second
insulated wire 1134 can optionally be done using a control such as a sliding switch, which can for

example be provided on the handle.

[0048] The laceration device of Figures 11 to 14 can be used in a similar fashion to the laceration

device of Figures 1 to 10; however, the position of the barb can be manually controlled by the user.

[0049] In any of the above examples, the device can be configured so that the delivery of RF
energy is determined by the position of the barb. For example, the device can be configured so that
when the barb is in the deployed position and RF energy is delivered, the RF energy is
automatically directed to the laceration electrode; however when the barb is in the collapsed

position and RF energy is automatically directed to the perforation electrode.

[0050] While the above description provides examples of one or more processes or apparatuses or
compositions, it will be appreciated that other processes or apparatuses or compositions may be

within the scope of the accompanying claims.

[0051] To the extent any amendments, characterizations, or other assertions previously made (in
this or in any related patent applications or patents, including any parent, sibling, or child) with
respect to any art, prior or otherwise, could be construed as a disclaimer of any subject matter
supported by the present disclosure of this application, Applicant hereby rescinds and retracts such
disclaimer. Applicant also respectfully submits that any prior art previously considered in any
related patent applications or patents, including any parent, sibling, or child, may need to be re-

visited.
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WE CLAIM:

1. A laceration device for use in medical procedures, comprising:
a shaft, the shaft having a proximal portion defining a proximal end, and an opposed distal
portion defining a distal end;
a perforating tip at the distal end;
an outwardly extending barb positioned proximal of the distal end, the barb having an inner
end proximate the shaft and an outer end opposite the inner end;
a laceration electrode proximal of and adjacent the inner end of the barb, and an electrical
connector extending proximally from the laceration electrode for connection to a power

source.

2. The laceration device of claim 1, further comprising a handle connected to the proximal

end of the shaft, wherein the handle comprises a control for manipulating the barb.

3. The laceration device of claim 1, wherein the barb is integral with the shaft.

4. The laceration device of claim 1, wherein the perforating tip comprises a perforation
electrode, and the device further comprises another electrical connector extending

proximally from the perforation electrode for connection to the power source.

5. The laceration device of claim 4, wherein
the shaft and the barb are formed from an electrically insulative material;
the electrical connectors are in the form of wires that are embedded in the

electrically insulative material of the shaft.
6. The laceration device of claim 1, wherein the barb is movable between a deployed position
in which the outer end is moved radially outwardly from the shaft, and a collapsed position

in which the outer end is moved radially towards the shaft.

7. The laceration device of claim 6, wherein the barb is biased towards the deployed position.
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8. The laceration device of claim 7, further comprising a retainer for retaining the barb in the

collapsed position.

9. The laceration device of claim 8, wherein:
the laceration device comprises a first insulated wire forming the shaft, and a
second insulated wire,
the second insulated wire is crimped to define a first section extending along the
first insulated wire, and a second section extending radially outwardly from the first

portion and forms the barb.

10. The laceration device of claim 9, wherein the laceration electrode is positioned at the crimp.

11. The laceration device of claim 9, wherein the retainer comprises a sheath housing at least
a portion of the first insulated wire and at least a portion of the first section of the second
insulated wire, wherein when in the collapsed position, the second section of the second
insulated wire is housed within the sheath, and when in the deployed position, the second

section of the second insulated wire is outside of the sheath.

12. The laceration device of claim 11, wherein the barb is movable from the collapsed position
to the deployed position by sliding the second insulated wire proximally relative to the

sheath.

13. A method for creating a laceration, comprising:
a. advancing a perforating tip of a laceration device towards a proximal surface of a
target anatomical structure;
b. advancing the perforating tip to perforate the target anatomical structure;
c. advancing the laceration device to position the perforating tip beyond a distal
surface of the target anatomical structure and to pass a barb of the laceration device

through the perforation;
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15.

16.

17.

18.

19.

20.

13

d. retracting the laceration device to abut the barb with the distal surface of the target
anatomical structure and position a laceration electrode of the laceration device in
contact with the target anatomical structure; and

e. with the barb abutting the distal surface of the target anatomical structure, activating
the laceration electrode of the laceration device applying force to the laceration

device to lacerate the target anatomical structure.

The method of claim 13, wherein step b. comprises supplying RF energy to a perforation
electrode of the perforating tip and step e. comprises supplying RF energy to the laceration

electrode.

The method of claim 13, wherein between step c. and step d., the method further comprises

moving the barb from a collapsed position to a deployed position.

The method of claim 15, wherein moving the barb from the collapsed position to the
deployed position comprises moving the barb radially outwardly from the laceration

electrode.

The method of claim 15, wherein moving the barb from the collapsed position to the
deployed position comprises sliding the barb proximally with respect to the perforation

electrode.

The method of clam 15, wherein

the barb is biased towards the deployed position;

during steps a. to c., the barb is held in the collapsed position; and

moving the barb from the collapsed position to the deployed position comprises releasing

the hold on the barb.

The method of claim 13, wherein the target anatomical structure is a valve leaflet.

A laceration system for use in medical procedures, comprising:

an RF generator; and
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a laceration device, the laceration device comprising 1) a shaft, the shaft having a proximal
portion defining a proximal end, and an opposed distal portion defining a distal end, ii) a
perforating tip at the distal end, iii) an outwardly extending barb positioned proximal of
the distal end, the barb having an inner end proximate the shaft and an outer end opposite
the inner end, and iv) a laceration electrode proximal of and adjacent the inner end of the

barb, the laceration electrode electrically connectable to the RF generator.
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