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BI-POLAR ABLATION FORCEPS DEVICES WITH PARALLEL JAWS

TECHNICAL FIELD

{6061 The present imvention relates generally to surgical tools and procedures, and more

particularty to the use of electrosurgical ablation for treatment of tissue.

BACKGROURND

{3082} In paticnts with chronic atrial fibrillation or having atrial tachycardia that 18
resistant to medical treatment, certain treatment procedures have been used that control
propagation of depolarization wavefronts in the right and left atria. Such procedures can
mclude surgical incisions through the walls of the right and left atria, which create blind
or dead end conduction pathways that prevent re-entrant atrial tachycardias from
occurring. While such procedures can be successful in treating atrial fibrillation, the
procedure can be quite complex and therefore be practiced by only a few very skilled
cardiac physicians in conjunction with other open-heart procedures. The procedure also
is relatively traomatic to the heart, as the right and left atria are essentially severed and
then sewed back together in order to define lines of lesion across which the
depolarization wavefronts will not propagate.

{6063 As an alternative fo the incisions described above, electrosurgical ablation
procedures can be used, for exaraple, by applying radiofrequency (RF) energy to internal
or external surfaces of the atria to create lestons across which depolarization wavefronts
will not propagate. In order for such procedures to be cffective, if 18 desirable that the
electrosurgically created lesions are continuous along their length and extend completely
through the tissue of the heart (i.e. transmural lesions). These goals may be difficult to
accomplish employing dry ablation electrodes or electrodes apphied only to the interior
or exterior surfaces of the heart tissue. Thercfore, certain electrosurgical hemostats are
configured to allow fluid-assisted tissue ablation, such as those generally described in
U.S. Patent No. 6,096,037 ( Mulier), which is incorporated herein by reference in its
cutirety.

{3004} Certain fluid-assisted tissue ablation systems include jaws at a distal end

for providing ablative treatment of tissuc, where control mechanisms for these jaws

are typically located at a proximal end of the device, such as at a handle. In some
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cases, the distance between the proximal and distal ends of the system can be
relatively large and the system can therefore inchide at least one malleable or
articulating comnponent to allow the surgeon to customize the system for cach
particular patient. While such systems can be effective for many situations, there is a
desire to provide additional ablation systems that provide for a smaller distance
between distal jaws and the control end of the syster to provide surgeons with

additional altornative devices for accessing arcas of the patient’s body.

SUMMARY

[(6065] In one aspect of the foveution, bipolar parallel jaw sub-asseroblies are
provided that can be used in different orientations on a bipolar ablation device. Such
jaw asscrablies can be used as an independent clamp in a concomitant procedure.
Alternatively, the jaw assemblies can be extended with a rigid or malleable neck to
expand their versatility to different types of procedures. The jaws of such devices
can operate in a mechanical channel for a manner of shiding in a distal and proximal
direction. In another aspect of the invention, a protected sheath drive cable can be
used to provide a level of tlexibility and also to provide enough force to allow the
iaws to clamp the tissue sufficiently. Such devices may optionally include an
internal spring to keep the jaws i a closed position. In yet another aspect of the
invention, a stand-alone jaw set could be clipped onto tissue in a similar manner to
that of a clothespin during open chest concomitant procedures. o another aspect of
the invention, bipolar ablation jaws are provided with parallel closure as a
subassembly, which provides many options for bipolar ablation procedural
adaptability. With any or all of these embodiments, it is possible for the system to
mclude a quick connect feature which allows the user to casily exchange
components, such as to provide devices with differing neck lengths, styles,
flexibility, rigidity, angles, or other features. It is further contermplated that the jaw
subassemblies can be used as a monopolar device.

{6066] In another aspect of the invention, a relatively rigid bipolar direct drive
device 1s provided, which includes a malleable section with an internal
incompressible cotl. Such a bipolar device can be used in a concomitant ablation
procedure to treat atrial fibrilation. A device can include the capability to

mechantcally drive the jaws and still remain malleable on the ountside. Such a device
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can be relatively small in size and can be configured to sllow for sufficient
visualization of the treatment arca. This can be accomplished, for example, by using
a handle design that has a low profile and includes a malleable section that allows
more degrees of freedom for device placement and for spacing the surgeon’s hand
from the ablation site. In onc embodiment, the device includes a direct drive
assembly that has a one to one mechanical advantage as the jaws are actuated. The
device inchudes an internal incompressible coil that is slightly longer than a malleable
neck section in order to allow the used to shape the neck with a particular radius,
while still having direct drive actuation of the jaws. The internal incompressibie coil

may bave a liner {¢.g., a PTFE liner) over the coil.

Brivy DESCRIPTION OF THE DRAWINGS

{80671 The present invention will be further explained with reference to the
appended Figures, wherein like structure 1s referred to by like numerals throughout

the several views, and wherein:

{0008] Figure 1 is a front view of an embodiment of an ablation device of the
invention;
13009] Figure 2 is an exploded view of the ablation device illustrated in Figure 1;

[B6G18]  Figure 3 is a front view of an embodiment of an ablation device of the
mvention;

{08611}  Figure 415 a front view of an embodiment of an ablation device, including
attached fluid tubing and electrical wiring;

[06612] Figure 5 is a front view of an embodiment of an ablation device in a relaxed
configuration with the jaws in a naturally closed position;

[00013]  Figure 618 a front view of the ablation device of Figure 5 1n an activated
coufiguration with the jaws rooved to an open position;

{00014] Figure 7 is a perspective view of a proximal end portion of an ablation
device in a relaxed configuration;

{B0015]  Figure 8 is a perspective view of the proximal end portion of an ablation
device of Figure 7 as it 18 bemg activated with a hand;

{00016] Figure 9 is a schematic perspective view of a finger flange that is adaptable

for use with ablation devices of the invention;
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[06617]  Figure 1015 a front view of another embodiment of an ablation device being
activated by a hand;

[00018]  Figures 1la-1lc are front, perspective, and front views, respectively, of an
embodiment of an ablation device that optionally includes finger grips and finger wraps
to sceure the device to fingers of the operator;

[G6G19]  Figure 12 is a front view of an ablation device of the mvention,;

{000208]  Figure 13 1s a front view of another ablation device of the mventiony
[00021]  Figure 14 1s an exploded view of the ablation device illastrated in Figure 13;
100022]  Figure 15 is an enlarged view of a handle of an ablation device of the

mvention;

{00023]  Figure 16 is a front view of an ablation device of the invention with an
clectrical cord extending from its proximal end;

{30024]  Figure 17 is a front view of another embodiment of an ablation device of the
mvention,

{000625]  Figure 18 is a front view of another embodiment of an ablation device of the
mvention;

[00026]  Figure 19 1s an exploded view of the ablation device dlustrated in Figure 18;
108027}  Figure 20 is a front view of another embodiment of an ablation device of the
mvention;

{00028] Figure 21 is a front view of another embodiment of an ablation device of the
invention,

{300298]  Figure 22 is a front view of another embodiment of an ablation device of the
mvention,

{B0038]  Figure 23 is a front view of another embodiment of an ablation device of the
mvention, tHustrating a quick connect/discormect feature;

[00031]  Figure 24 1ucludes a front view and an exploded view of another
embodiment of an ablation device of the invention;

[60032]  Figure 25 is a perspective view of a clip-on sensing apparatus of the
mvention;

{00033]  Figure 2618 a frout view of a clip-on sensing apparatus positioned relative to
an ablation device; and

{00034]  Figure 27 1s a perspective view of a portion of an ablation device with a clip-

o sensing apparatus positioned on one of the distal jaws of the ablation device.
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DETAILED DESCRIPTION

{00035]  The present mvention relates gencrally to devices and systems that can be
used in open-chest (i.c., sterpotomy} concomitant bipolar ablation surgical procedures.
These ablation devices can include a dual linear electrode device that provides mtegral
saline delivery to both electrodes. These devices are generally capable of rapidly
creating linecar transmural lesions in both atria of the heart during open chest cardiac
procedures to reproduce certain lesion patierns on the heart.

100636}  In certain ombodiments, the devices are relatively small and are capable of
reaching the desived lesion locations with minirsal steering or coraphicated mancuvering.
Some of the devices disclosed herein are therefore somewhat smaller and shorter than
known deviees that are used for bipolar surgical procedures. These relatively small
devices can be held in the palm of a surgeon’s hand, for example, and can therefore serve
as a sort of extension of the surgeon’s hand for accessing the lesion arcas. In many
embodiments, the device includes two wires or tubes that arc used for activation of the
device, which include a tube that connects to a saline bag and an electric wire or
counector that can be connected to a radio frequency (RF) generator. The device can
optionally include an EPROM within its connectors to prevent re-use of the device.
{60037}  Referring now to the Figures, wherein the components are labeled with like
rumerals throughout the several Figures, and initially to Figures 1 and 2, an exemplary
configuration of an ablation device 10 1s tHustrated, which can be connected to
components such as electrical and fluidic connections, as described generally above,
although such components are not illustrated 1 these figures. Ablation device 10
includes a first member 12, and a second member 14 that is linearly moveable relative to
the first member 12, In particular, first member 12 includes an extension merber 16,
which 1s a generally elongated tubular shaft, from which a first or lower jaw 18 exiends,
while second member 14 includes an extension member 20, which is generally an
elongated shaft, from which a second or upper jaw 22 extends. Extension member 20 of
second member 14 includes a portion 24 that has a smaller cross-section than the portion
26 that extends directly from the upper jaw 22, In this way, when the device 10 18
assembled, a spring 30, which has an inner diameter that is at least slightly smaller than
an outer diarncter of portion 26 but shightly larger than an outer diameter of portion 24,

can be shid over the portion 24 until it reaches portion 26, The spring 30 will then be

(¥ 41



WO 2013/162678 PCT/US2013/026472

unable to slide further along extension member 20 toward the jaw 22, thereby
maintaining the spring in this position relative to second member 14, Second member 14
further includes an sttachment post 32 to which a finger grip 34 can be attached, as
explained in further detail below

100638}  Sccond member 14 1s positioned relative to first rnember 12 so that s
extension roember 280 1s generally co-Hoear and at least partially cuclosed within a center
lurmen of extension mernber 16, Extension meraber 16 includes an opening (not visible),
such as a slot, that extends along a portion of its length and 1s sized to allow the finger
grip 34 to be attached to the attachment post 32 that extends through it, such as with a
fastener 36. In order to assernble the device, a handle 40, which includes a thumb rest 42
from which a post 44 extends, 18 attached to the first member 12 via the post 44, The
device may optionally include a cover 50 over at least a portion of the thumb rest 42,
{30639} To assembie the components of the device, a fastener 46 can be inserted into
an opening of the thumb rest 42, such as by screwing the fastener 46 into an opening in
the bandle portion 40, The second member 14 can move in a proximal and a distal
direction along the first member 12, along with the spring 30, which can be a coil spring.
Spring 30 coutrols the force at which the lower jaw 18 and upper jaw 22 can close
together and also defines the force that needs to be overcome in order to move the jaws
18, 22 away from each other and 1uto an open position. Therefore, the spring 30 can be
chosen and/or designed to provide a desired actuation force for the user to move the jaws
relative to each other.

{30646] The jaws 18§, 22 of ablation device 18 are in a normally closed position when
the device 10 18 not subjected to extornal forces, with the jaws 18, 22 being generally
parallel to each other along at least a portion of their surfaces that face each other. That
18, a bottom face of jaw 22 is preforably in contact with at least a portion of an top face of
jaw 18 wheo the jaws are closed. In order to move these jaws away from cach other, a
user can place a thumb on the thumb rest 42 and a finger on a curved surface of finger
grip 34, and then squeeze the finger grip 34 toward the thumb rest 42 to slide the secound
member 14 toward the thumb rest 42, thereby moving the jaws 18, 22 away from cach
other. When this movement is occurring, the spring 30 will be corpressed by a
corresponding amount. The spring 30 may be made of spring steel, for example, and

may optionally be coated, such as with a PTFE coating.
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{00041] The ablation device 10 can be a part of a larger system that includes an RF
electrode, which may include a porous polymer, hypo-tube, wires, one or more saline
lines, and/or strain-relief members. The various components of the device 10 may
include machined components, injection molded components, or components that are
made using a variety of different manufacturing techniques. The device 10 may further
include additiounal pins, {asteners, and/or hinges in order to maintain the components 1o
alignment with cach other during the ablation process.

{00642] Figure 3 illustrates another embodiment of an ablation device 60 that i
similarty configured to the embodiment of Figures 1 and 2. Ablation device 60 includes
a first merober 62 and a second roember 64, each of which includes a jaw extending at a
distal end from an clongated member. The clongated member of second member 64 s
positioned generally within the clongated member of first mermber 62, and a finger grip
70 extends from the first member 62, The device 68 further includes a handle 66 with a
thumb rest 72 and a spring 68 positioned between first and second mernbers 62, 64, In
order to move the jaws relative to each other, a finger is placed under the curved surface
of the finger grip 70, a thumb or palm is placed on the thumb rest 72, and then the finger
and thumb are squeezed toward each other to pull the jaws apart, while the spring 68
provides resistance to the movement.

{G0043] Figure 4 illustrates an embodiment of an ablation device 80 that 1s generally
configured with the same basic components as the ablation device 10 of Figures 1 and 2,
including jaw portions 82, 84, This embodiment also 1s provided in a normally closed
position such that a spring force needs to be overcome in order fo move the jaws away
from cach other. These configurations of the jaws in both ecmbodiments arc mtended to
be illustrative, and it is understood that the jaws can be provided with a wide variety of
configurations, and may be rigid or malleable. With any configuration of the jaws,
however, the surfaces of the jaws that contact cach other when the device 1s n a closed
position will generally match or meet each other across some or all of their contact
surfaces.

{00844}  Ablation device 80 includes a first line or tube 86 that fluidly connects the
device 80 to a saline source 8E, such as a saline bag, and a second line 90 that is an
electrical wire connector, which can be connected to a radio frequency (RF) gencrator
92, for example. The tube 86 and electrical line 90 may be attached to the device 80 at

any location along its length that does not interfere with the surgeon’s ability to move the



WO 2013/162678 PCT/US2013/026472

jaws during the ablation process. The tube 86 may be a PVC or silicone saline line, for
example, and may optionally include a coating, such as parylene. The electrical line 99
ray be a 48 AWG twisted wire pair, for exaraple, which can optionally include a
lubricous outer coating. Such an electrical line 90 can be selected to be of a type that is
resistant to kinking during movement of the upper jaw relative to the lower jaw.

[G0845] Figures S and 6 dlusirate another embodiment of an ablation device 10010 ifs
closed and open positions, respectively. This device 100 provides a syringe-like style of
handle actuation. Ablation device 100 generally includes an outer shaft 102 that extends
along the length of the device 100, from which a first distal jaw 104 extends. An inner
shatt is not visible in these Figures, but such a shaft also extends along the length of the
device 100, and is positioned within the outer shaft 102. A second distal jaw 106
extends frora the distal end of the inner shaft and 1s moveable relative to the first distal
jaw 104, Ablation device 100 further includes an elastomeric finger flange 110 that is
shdeable relative to the outer surface of outer shatt 102, Finger flange 110 is tllustrated
in tts relaxed or uncompressed state in Figure 5. The ablation device 100 further
includes a traveling collar 112 that interfaces with the inner shaft. The finger flange 110
i attached at or near #ts proxiral end to the collar 112, Finally, the ablation device 100
also includes a thumb grip 114 at its proximal end, which can be made of an clastomeric
material, for example. Such a thurab goip 114 18 shown i a relaxed state in Figare 5.
{00846}  Figure © illustrates the ablation device 100 with the first and second distal
jaws 104, 106 in an open position relative to cach other, along with fingers 120 and a
thumb 122 of an exemplary human hand, which are holding the jaws 104, 106 in an open
position. In order to move the device 110 into this position, a person {¢.g., a surgeon)
will place at least one finger 120 on the finger flange 110 and thumb 122 on the thumb
grip 114, The finger flange 110 can then be slid toward the proximal end of the device
100 by squeezing the fingers 120 toward the thumb 122, When this motion 1s intiated,
the elastomeric finger flange 110 is slid along the outer shaft 102 while the finger flange
110 expands radially outwardly, thereby providing a surface that increases in diarete
against which the fingers 120 can press. At the same time, the pressure of thumb 122 on
thurob grip 114 can compress the thumb grip 114 so that it also expands radially
outwardly, which also provides a surface with a larger diameter for contact with thumb
122, H s further contemplated that compression of the thumb grip 114 can provide a

concave surface, which can in turn provide for better contact between the thumb 122 and
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thumb grip 114, This configuration of an ablation device provides for a relatively clean
and unobstructed line of view for the surgeon from the proximal end of the device 100 to
its distal end.

{10647F A proximal end of an ablation device 140 is iflustrated in Figures 7 and 8,
which operates in a similar manner to the activation end of ablation device 100 described
above. Figure 7 shows the device 140 n its relaxed or inactivated condifion, while
Figure 8 shows the device 140 during an activation stage. Ablation device 140 generally
includes a shaft 142 on which an elastomeric finger flange 144 1s positioned, a spring
146, and a thumb rest 148, In order to move the device 140 toward its activation
configuration of Figure R, at least oue finger s placed at or near the distal end of the
flange 144, and then the fingers are brought toward a thumb that is positioned on the
thurnb rest 148, During this rootion, the spring 146 will be compressed as the flange
moves along the length of the shaft 142 and the finger flange 144 expands radially
outwardly, thereby providing a larger surface for contact with the fingers.

{(0048]  Figure 9 illustrates an exemplary elastomeric finger flange 150, which can be
used with the device 140 of Figures 7 and &, for example, and/or other ablation devices
of the wvention. Finger flange 150 18 geverally configured as an elongated tube that
includes a series of ribs 152 that are molded into the tube and/or attached to the inside or
outside of the tube. These ribs 152 can be provided in a migzag patier, as shown, or can
have a different configuration. In any case, the ribs 152 can provide structural integrity
to the tube i order to prevent the flange from folding over on itself when it is being
compressed from s relaxed state to its activated stage. The finger flange 150 can
further include one or more conceniric rings 154 that can be molded into the tube and/or
attached to the inside or outside of the tube. These rings 154 can provide the flange 150
with a surface that is casicr to grip with the fingers and move in a consistent manner
along a shaft during the activation stage.

100649} Figure 10 provides yet another proximal end configuration for activation of
distal jaws of an ablation device. In particular, an ablation device 160 15 illustrated,
which generally includes two distal jaws 162, 164, which are in a closed position when
the device 160 is in a relaxed state. Device 160 is further provided with a thurab rest 166
at its proximal end and molded finger grips 168 positioned between the thumb rest 166
and the distal jaws 162, 164. The finger grips 168 are shown as being positioned at an

angle of 180 degrees relative to each other, although it is possible that they are arranged
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at an angle greater or smaller than 180 degrees. Hach of the finger grips 168 extends
radiaily relative to a shaft 170 and 18 provided as a U-shaped extension into which an
operator can casily shide a finger. The internal surface of the finger grips 168 can be
smooth or textured to provide additional engagement with the surface of a finger. As
with other ablation devices described hercin, in order to open the distal jaws 162, 164,
the finger grips 168 are moved toward the thumb rest 166 by squeezing the fingers
toward the thurb until the jaws 162, 164 arc moved apart from cach other by a sufficient
distance. Duc to the shape of the finger grips 168, it is also possible for a user to move
the fingers toward each other at lcast slightly in order to move the grips toward the shaft
174 during the jaw opening process.

{00058}  Figures 11a-1lc illustrate another ablation device 180 that is similar to the
device 170 described above, but that further includes at least onc finger wrap 184 (not
specifically shown in Figure 11a) that can provide a more secure engagement between
the fingers and finger grips 182, Preferably, cach finger grip 182 includes a
corresponding finger wrap 184, The finger wraps 184 can be made of a bendable
material to accommodate fingers of different sizes, and can optionally include a covering
roaterial. The finger wraps 184 can have a variety of different lengths; however, cach of
the finger wraps 184 shown in these figures are long enough to come in contact with or
overlap an outer surface of a correspouding finger grip 182, although it is understood that
the finger wraps 184 can be shorter such that they do not gverlap the finger grips 182,
The finger grips 182 and wraps 184 can be anchored to the shaft of an ablation device, or
can alternatively be provided as a removable component that can be used with different
ablation devices.

{60851}  Another embodiment of an ablation device 200 is tlhustrated in Figure 12,
which generally includes distal jaws 202, 204 that are in a normally closed position when
the device has not yet been activated. The device 200 further includes a finger grip 206
that is a molded picce that is positioned around a shaft 210 of the device and that can be
used in cooperation with a thurab/palm rest 208 at the proximal end of the device 200,

i order to move the distal jaws 202, 204 away from ecach other and into an open
position, the user can place one or more fingers on the bottor side of finger grip 206 and
either a palm or thumb on the thumb/palm rest 208, and then pull these two clements
toward cach other. The thumb/palm rest 208 can have a wide varicty of different shapes

and sizes to accommodate the desires of the surgeon, the location of the patient in which
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the device 15 to be positioned, and a number of other considerations and preferences.
This ablation device 200 is provided to position the user’s hand away from the center
axis of the device to gain additional visibility of the surgical arca during placement of the
device. In addition, the handle of this device is shifted upward as compared to other
embodiments, in order to provide a device that has extra length while being able to
miniraize the length of shaft 210,

{00052] Figurcs 13 and 14 illustrate an exemplary embodiment of an ablation device
300 of the wnpvention, which can be connected to components such as electrical and
fluidic connections, as described generally above, although such components are not
ilustrated 1o these figures. Ablation device 300 includes a first mernber 302, which
includes an extension mermber 306 from which a lower jaw 308 extends, and a second
raember 304, which includes an extension member 310 to which an upper jaw 312 can
be attached and extend therefrom. Extension member 310 of second member 304
includes a portion 314 that has a smaller cross-section than a portion 316, In this way,
when the device 300 is assembled, a spring 330, which can have an inner diameter that is
at least slightly smaller than an outer diameter of portion 316 but slightly larger than an
outer diameter of portion 314, can be shid over the portion 314 until it reaches portion
316. The spring 330 will then be unable to slide further along extension member 310
toward the jaw 312, thereby maintaining the spring in this position relative to second
member 304, First member 302 further includes a finger flange 320 cxtending radially
outwardly beyond s outer surface,

{30653}  Second member 304 is positiongd relative to first member 302 so that its
extension member 310 18 generally co-hincar and at least partially enclosed within a
center lumen of extension member 306. The ablation device 300 further includes a
handle 340, which includes a thumb rest 342 from which a post 344 extends. The device
roay optionally include a cover 350 over at least a portion of the thumb rest 342,
100054] The ablation device 300 s provided with a push-button type of locking
mechanisrm 342 and jaws that are 1o a normally open position prior to activation. In this
embodiment, the first member 302 is a generally tubular structure that is attached to the
handle 340, while the upper jaw 312 rides in a proximal and distal direction of the first
member 302 inside its tubular structure. Cotl spring 330 15 also positioned within the
tubular structure of member 302 and on the portion 314 of cxtension member 310,

Locking mechanism 342 is spring deployed so that when the jaws 308, 312 come in

It
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contact with cach other or a plunger reaches the full potential of the spring, a notch or
other mechanism can engage with the push button. The push button lock is generally
only pushed or activated to releasc the locking jaws, as opposed to being used fo lock the
jaws, although it is possible that it is used for both purposes.

{000655]  The spring 330 1s chosen or designed to be capable of controlling force at
which the upper and lower jaws close relative to cach other. The spring 330 can be
capable of being changed or replaced to alter the force of the jaw and actuation force
required by pulling on the finger flange 320, That is, spring 330 conirols the force that
needs to be overcome to move the lower jaw 308 and upper jaw 312 toward each other
and into a closed posttion. Therefore, the spring 330 can be chosen and/or designed to
provide a desired actuation force for the user to move the jaws relative to cach other
{00056]  The jaws 308, 312 of ablation device 300 are in a normally open position
when the device 300 is not subjected to external forces, with the jaws 308, 312 being
generally parallel to cach other along at least a portion of their surfaces that face each
other. That is, a lower face of jaw 312 would be in contact with at least a portion of an
upper face of jaw 308 when the jaws are closed. In order to move these jaws toward
cach other from thew open position, a user would place a thumb on the thursb rest 342
and a finger on a curved surface of finger flange 320, and then squeeze the finger grip
320 toward the thomb rest 342 to sHde the first member 302 toward the thurnb rest 342,
thereby moving the jaws 308, 312 toward cach other. When this movement is occurring,
the spring 330 will be compressed by a correspouding amount. The spring 330 may be
made of spring steel, for example, and may optionally be coated, such as with a PTFE
coating,

{G60357]  The ablation device 300 can be a part of a larger system that includes an RF
clectrode, which may include a porous polyrmer, hypo-tube, wires, one or more saline
fines, and strain-relief memwbers. The various components of the device 300 may include
machined components, injection molded components, or components that are made using
a variety of different manufacturing techniques. The device 300 may further include
additional pins, fasteners, and/or hinges in order to maintain the components in
alignment with each other during the ablation process.

100658]  Figure 15 illustrates another embodiment of a proximal end of a handle 350
that can be used with ablation devices of the type described herein, such as the ablation

device 300 of Figure 13. In this embodiment, an alternative or additional locking
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mechanisin 1s lustrated, which mcludes a mating latch systern that includes a first
locking element 352 on a thumb rest 354 and a second locking clement 356 on a finger
grip 358, The locking elements 352, 356 can be configured so that they engage with
cach other when pushed together and so that the lock is released or unlatched by pushing
the finger grip 358 and thumb rest 354 toward cach other again. Alternatively, the lock
can be released by pulling the finger grip 358 and thurab rest 354 1n opposite divections
s0 that they are released from cach other.

{300589]  Another excmplary ablation device 360 is illustrated w Figure 16, which
includes an clectrical connector 362 extending from its proximal end. Because the
connector 362 extends from an end of the ablation device 360 that might otherwise
include a thumb or palm rest, the second clement that can be gripped and squeezed by an
operator is instead positioned to extend radially from a shaft of the device 360, In
particular, ablation device 360 includes shafts concentrically positioned with one inside
the tubular opening of the other, with finger grips 364, 366 extending radially relative to
the longttudinal axes of the shafts. Ablation device 360 further includes two extending
jaws 370, 372 that are generally parallel to cach other along their lengths and that are
spaced from cach other when the device 1s in a relaxed or inactivated configuration. In
order to move these jaws 370, 372 toward cach other, an operator can place a finger in
the curved arca of cach of the finger grips 364, 366 and squeeze them toward each other.
This ablation device 360 can optionally include a push-button lock 374, which may be
spring deployed, for example, so that wheu the jaws 370, 372 are pressed into coutact
with each other or a phunger reaches the full potential of the spring and/or moves to a
certain location, a notch or other feature engages with the push button.

{60868}  An ablation device 380 is illustrated in Figure 17 that is similar in structure to
other gblation devices described herein. Device 380 includes normally open jaws 382,
384 that veed to be activated 1o order be moved toward each other. Device 380 further
includes a shaft 390 with a slight curve or bend, which terminates at grip 386 that is
provided with at least a slightly larger shape than other described embodiments. Finger
grip 38¥ is also larger than the grips of other desceribed embodiments, and is shown as
including two ndeotations for fingers, although it 18 understood that fiuger grip 388 can
include more or less than two finger indentations. The curved shape of shaft 390 can
provide different visual access to the surgical arca as compared to other devices

described herein, in that the shape of the shaft removes the operators hand from the
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center axis of the device. It 1s further understood that overall device length and
corresponding length of various components that make up the device 380 can be
relatively longer or shorter than tllustrated in the Figure., Device 380 can also include a
locking mechanism, such as a push-button lock, which is used to maintain the device in a
closed position when external forces are not being applied to the device 380, and/or to
keep the device o an open or semi-opened position.

{00061]  The ablation device 400 illustrated in Figures 18 and 19 has many of the same
raechanical properties as previously described embodiments, along with similar
components and arrangements thereof. Note that Figure 19 15 an cxploded view of the
ablation device 400, while Figare 18 dlustrates device 400 m s assembled
configuration. Device 400 is at least slightly longer and includes a malleable neck
section as comparcd to other embodiments. This malleable neck section provides the
capability to bend the neck to allow the surgeon to gain visibility while clamping. The
malleable neck section can be relatively small (e.g., one or two inches in length) or can
be relatively large relative to the overall neck length, and should be capable of bending
to a predetermined radius. For example, the malleable neck section may be capable of
bending up to approxirately 45 degrees.

{80062] The ablation device 400 includes a first member 402 and a sccond member
404, which compouents are asserubled so that at least a portion of the second meraber is
positioned within an open tubular area of the first member 402, First member 402
includes a jaw 412 and second member 404 includes a jaw 414, both of which extend
from distal ends of elongated members of their respective members. Distal jaws 412, 414
are moveable toward and away frorn each other, and are configured to be in an open
position when the device 1s in its relaxed state. The jaws 412, 414 are configured to be
moveable toward cach other when the device 1s activated. Device 400 further includes a
thurab rest 406 extending from a proximal end of second member 404, and an
incompressible cotl 408 extending along a portion of its length. This cotl 408 may
optionally include a protectable cover layer, such as a PTFE jacket ot cover, for exaraple.
First member 402 includes a ring-like finger grip 416, which may optionally be replaced
with oue or roore open finger grips of the type described above relative to other ablation
device embodiments. First member 402 further inchudes a malleable section 410 that

extends for a portion of the length of the device, and 1s positioned to generally align with
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the incompressible cotl 408 of second member 404 when the device is assembled, as is
ithustrated in Figure 1K,

{00663}  The incompressible coil 408 may be a stainless steel Hat-wire coil, which may
include a jacket that is heat shrunk onto the cotl. The malleable neck section may be
made of & corrugated stainless steel, which may also have an outer jacket that 1s heat
shrunk onto the neck section or that is provided as a silicone sleeve, for example. With
this embodiment, the flexabilities of the mcorapressible cotl and the malleable neck
section can be coordinated to provide overall predetermined Hlexibility characteristics for
the device.

[G0064]  Because the device 400 1s in a normally open postiion when at rest, 1t will
need to be activated or manipulated in order to put the jaws 412, 414 in contact with cach
other, In order to accomplish this, the thumb rest 406 18 moved relative to the finger grip
416, during which the coil 408 will move up and down within the malleable neck section
410. The mcompressible coil 408 provides on-axis rigidity for actuation of the device,
while simultaneously allowing for the neck to have at least slight malleability. The
device 400 may include a locking mechanism, if desired, to keep the components in a
desired position relative to cach other.

[00665]  Figure 20 illustrates another ablation device 420 that is configured simularly
to the device 400 of Figures 18 and 19; however, ablation device 420 includes a longer
incompressible coil section 422 (the length of which is designated by reference mumber
424), which may be longer than a corresponding malleable section of the device. This
neck will remain at least semi-malleable at all times, no matter where the device 1s in its
actuation cycle. In addition, device 420 mcludes ring-like finger grips for both of its first
and second members, although different shaped and sized finger grips are contemplated
and are within the scope of the invention.

[38866]  Another ablation device embodiment 440 is illustrated in Figare 21, which
includes many of the same components described above relative to other ablation devices
of the invention. The ablation device 440 includes von-paralle] jaws thatare in a
normally open configuration when not subjected to external forces. This device 440 can
include a somewhat shorter neck than ablation device 400, for example, and can include
a push-button lock. As shown, a lower jaw 442 is fixed to the main heel structure and an
upper jaw 444 1s controlied by way of a cable and rolier system. The optional lock

mechanisma can be spring deployed such that it is engaged once both jaws 442, 444 are
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closed relative to cach other, or so that it is engaged when the lower finger grip moves its
farthest distance where a notch becomes engaged with the push button. A main coil
spring will also be used to control the force at which the upper and lower jaws close
together. This spring can be altered in a number of different ways in order to alter the
force of the jaws and the actuation force of the finger grips.

[G0067]  Figure 22 iltustrates another ablation device 459, which includes a number of
the features and configurations described above relative to normally closed ablation
devices of the mvention. This device 450 1ucludes a neck section 452 that is relatively
long as compared to those discussed herein for other embodiments. This longer neck
section 452 provides a configuration with which the surgeon gaius visibility while
clamping and to reach all lesion locations. A top plunger 454 1s actuated to open the
jaws 456, 458, This ermbodimaent of an ablation device provides for a “direct drive” type
of actuation, which can be relatively casy to mancuver and activate by a surgeon.
{600G68]  Figure 23 illustrates a feature for ablation devices that can be used with many
of the ablation device configurations described herein. In particular, an ablation device
460 13 illustrated, which incluades a quick-connect/quick-disconnect coupling 462, Such
a coupling can nclude a snap-fit connection, for exarople, and cau provide for significant
flexibility for interchanging components of various ablation devices. For example, if a
surgeon prefers a particular activation mechanism at a proximal end of the device or
prefers a certain malleability for a device, while alse requiring a particular jaw
configuration, the surgeon can sclect components having the desired features and casily
fit them together to make a customized device. In such a case, it is possible that the
ablation device s provided to the surgeon as a kit that includes a varicty of different
components.

{00069]  Figurc 24 illustrates an ablation device 480 with assembled and exploded
views, wherein this device 480 can be connected to components such as electrical and
fluidic connections, as described generally above, although such components are not
itlustrated 1o these figures. Ablation device 480 includes a first mevaber 482, and a
second member 484 that is lincarly moveable relative to the first member 482, In
particular, first member 482 includes an extension raember from which a jaw 486
extends, while second member 484 includes an cxtension member from which a jaw 488
extends. The first member 484 includes a quick-connect/quick-disconnect coupling,

such as is described above relative to Figure 23, Device 480 is further provided with a
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spring 494 that is posttioned between the first and sccond members 482, 484 when the
device is assembled. Second member 484 further inchudes a finger grip 490 that extends
radially at its distal end. The device further includes a handle 492 at is proximal end,
which can include a member against which a thumb or palm can be pressed to compress
a spring 494 to move the jaws 486, 488 relative to cach other.

[60078]  Figure 25 is a perspective view of a clip-on sensing apparatus 500 of the
mvention, which is configured for attaching to a nurnber of different devices, such as
standard bipolar ablation jaw, an ablation device of the type described above, and/or other
devices or apparatuses that can utilize such a sensing apparatus. The sensing apparatuses of
the invention allow an operator to pace or sense for confirmation of condaction block in a
patient. In particular, during creation of a bipolar ablation line or after such a linc is created,
a surgeon can pace or sense with the sensing apparatus on both sides of a created ablation
line to confirm conduction block while leaving the ablation jaws and the device in position
within the patient. If foedback from the sensing apparatus ndicates that conduction block
has not been achieved by the ablation procedure, the surgeon can then optionally perform
one or more additional ablation procedures unti a complete Hine of block is created.

{00071] A sensing apparatus of the mvention can have monopolar or bipolar electrodes
for pacing and/or sensing. The clectrodes can optionally be spring loaded or otherwise
repositionable so that they can collapse or otherwise be reoriented while ablation 1s taking
place in order to not interfere with the ablation process. The apparatus can further inchude
side tabs for holding the clectrodes, which can also serve as spring tabs. The sensing/pacing
electrodes can be made of a variety of materials, such as electrodes that are 8% platinum
and 20% iridium n order o provide noise-free signals, for example. The use of one or
more sensing apparatuses of the invention can eliminate the need to use a secondary
mstrument to check for conduction block after ablation, which can be particularly benceficial
when the ablation is being performoed 0 an area of the body that is difficult to reach and/or
when it is useful to monitor live conduction signals.

[66072]  In accordance with the tovention, a sensing apparatus can be designed to
provide a low cffort clip-on design. Attachment of the apparatus to an associated device
can be accomplished 1o a number of ways, such as via a clarnping woechamsm or with a
snap-fit connection, for example. The apparatus can include any shape or size that best fits
the device positioning and does not impede with the placernent of an instrurment to which 1t

is attached, such as a bipolar ablation justrument. The pacing/sensing electrodes of the
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device can be provided in any configuration, inchuding monopolar or bipolar pairs, for
example, or can include multiple electrodes on one or both sides of the apparatus in order to
be able to observe the entire cardiac cycle potentials and refractory periods. In use, this
apparatus provides a surgeon with the ability to check entrance and exit block of isolated
arcas of the heart. H 15 also contomplated that raultiple clip-con pacing/sensing apparatuses
of the mvention can be used on a single mstrument, such as on an ablation device of the
type described herein and/or other devices. With ablation devices of the type having upper
and lower jaws, as described herein, one sensing apparatus can be attached to the upper jaw
and another one can be attached to the lower jaw, for example. Any sensing/pacing
apparatuses can be either permanently or removably attached to the desired device, and can
be repositionable for optimum placement of the apparatus relative to the device to which it
is attached.
{06731 As is illustrated relative to the embodiment of Figure 25, sensing apparatus
500 mneludes trame 502 and two pacing/sensing clectrodes S0, 512, In this
embodiment, frame 502 includes a generally U-shaped member 504 with a first member
506 extending from one distal end of the U-shaped member 504 and a second member
SOR extending from the other distal end of the U-~shaped mersber 304 and 1u an opposite
direction from the first member 304. Each of the first and second members 506, 508
includes one of the electrodes 510, 512 extending outwardly from one of s surfaces
{c.g., extending from a lower surface relative to the illustrated figure). it is contemplated
that the U-shaped member 504 can instead have a shape other than a “U” in order to
accommodate the shape of a device to which it will be attached. However, the illustrated
embodiment includes an inner arca 514 of member 504 that is detined by a surface that 18
curved to correspond with a curved outer surface of a member to which it will be
attached.
{30074]  The sensing apparatus 500 15 tllustrated in an exemwplary configuration
relative to an ablation device 520 in Figures 26 and 27, wherein the apparatus 500 is
attached to an upper jaw 522 of device 328, One or both of the clectrodes 518, 512 are
visible in these drawings, and as illustrated, are spaced at a distance from the upper jaw
22, wherein these electrodes are positioned for sensing at desired locations relative to
an ablation line that will be created by the ablation device.
[B0075] In addition to materials discussed above, the ablation devices of the invention

can be made from a wide variety of maternials, such as porous media, hypotube, coated
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metals, uncoated metals, combinations of materials, and/or other materials approved for
use in surgical procedures. Embodiments can inchude internal thermocouples for

g, and after ablation. It is further noted that in

roonitoring the terperature betore, durin
embodiments that include an axial spring, the spring force can be adjustable for
transmurality on myocardial tissue.

[60476]  In accordavce with embodiments of the nvention, the jaw subassemblics may
be used as a monopolar device, as well as g device having one mactive jaw. The devices
of the wnvention ruay be wrrigated or non~-urigated, wherein when the devices are
irrigated, they can be associated with an irrigation source that can deliver irritation fluid
to the ablation site. The urigation source can be manually coutrollable, such as with a
switch that can be turned on and off by a surgeon or other operator, or can be designed to
automatically start and stop in responsce to certain input received during the ablation
process, wherein various irrigation processes, fluids, and controls are discussed in UK.
Patent No. 6,887,238, the entire disclosure of which is mcorporated herein by reference.
{60877F  Itis further contemplated that the devices of the invention can deliver
ablation via a number of different energy sources, such as such as can be provided by RF
sources, microwave, ultrasound, pulsed RF, electroporation, and the like, whereim a
number of different energy sources that can be used are disclosed in U.S. Patent No.
6,887,238, the entire disclosure of which is incorporated herein by reference. It is further
contemplated that although the disclosure herein is directed primartly to use of the
devices i open chest types of surgical procedures, it is understood that the devices can
also be used in minimally invasive surgical procedures, along with those that are
controled robotically.

{66878}  The present invention has now been described with reference to several
embodiments thereot. The entire disclosure of any patent or patent application identified
herewn 1s hereby incorporated by reference. The foregoing detailed description aund
examples have been given for clarity of understanding only. No unnecessary limitations
are to be understood therefrom. I will be apparent to those skilled n the art that many
changes can be made in the embodiments described without departing from the scope of
the invention. Thus, the scope of the present invention should not be limited to the
structures described herein, but only by the structures described by the language of the

claims and the equivalents of those structures.
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CLAIMS
What is claimed is:

i An ablation device for use in a surgical procedure, comprising:

a first member comprising a first elongated shaft and a first jaw
extending from a distal end of the first clongated shaft;

a second member coraprising a second elongated shaft and a second
jaw extending froro a distal end of the sccond clongated shafi, whercin the second
clongated shaft is at least partially positioned within an fnner tubular opening of the
first clongated shaft, and whercin the second jaw has a bottom surface that is
generally parallel to at feast a portion of a top surface of the fivst jaw;

a handle extending from a proximal end of the first clongated shaft;
and

a finger grip extending radially outward relative to an outer surface of

the first elongated shaft.

2. The ablation device of claim 1, further comprising a spring
positioned between an outer surface of the second elongated shaft and an noer

surface of the first clongated shaft.

3 The ablation device of claim 2, wherein the first and second
jaws are 1u a closed configuration when the ablation device is not subjected to

external compression forces.

4. The ablation device of claim 2, wherein the first and second
jaws are moveable by compression of the spring to an open position that comprises a
space between the bottow surface of the secoud jaw and the top surface of the first

jaw.

5. The ablation device of claim 1, wherein the handle comprises a

shaft and a thamb rest extending from a proximal end of the shaft.

6. An ablation device for use in a surgical procedure, comprising:
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a first member comprising a first elongated shatt and a first jaw
extending from a distal end of the first elongated shaft;

a second member comprising 4 second clongated shaft and a second
jaw extending from a distal end of the second clongated shaft, wherein the second
clongated shaft is at least partiaily positioned within an mner tubular opening of the
first clongated shaft, and wherein the second jaw has a bottom surface that 1s
generally parallel to at least a portion of a top surface of the first jaw;

a thumb rest extending from a proximal end of the first elongated
shaft; and

a tubular finger flange at least partially surrounding an outer surface
of the first elongated shaft, wherein a distal end of the finger flange is slideable
toward a proximal end of the first elongated shaft while the finger flange

simultaneously expands radially outwardly.

7. The ablation device of claim 6, wherein the finger flange

comprises an elastomeric material.

g. The ablation device of claim 6, wherein the finger flange

comprises a plurality of ribs located around ifs perimeter.

9. The ablation device of c¢laim 6, wherein the finger flange
comprises a plurality of support rings spaced from ecach other along at least a portion

of a length of the finger flange.

10.  An ablation device for use in a surgical procedure, comprising:

a first mevober comprising a first clongated shaft and a first jaw
extending from a distal end of the first clongated shaft;

a second member coraprising a second elongated shaft and a second
jaw extending from a distal end of the second clongated shaft, wherein the second
clongated shaft is at least partially positioped within an fnner tubular opening of the
first clongated shaft, and whercin the second jaw has a bottom surface that is

generally parallel to at fcast a portion of a top surface of the first jaw;



WO 2013/162678 PCT/US2013/026472

a thumb rest extending from a proximal end of the first clongated
shaft; and

a finger grip momber extending radially fromn and adjacent to an outer
surface of the first elongated shaft, wherein the finger grip comprises at east one

finger engagement portion spaced longitudinally from the thumb rest.

11, The ablation device of claim 10, whercin the finger grip
roember cotprises a fivst finger engageroent portion positioned approximately 180

degrees from a second finger engagement portion.

12, The ablation device of claim 10, wherein the finger grip
raember cornprises a flexible finger wrap associated with each finger engagement

portion for wrapping around an upper surface of a finger of a user.

13, The ablation device of claim 10, wherein the finger grip

member comprises at least one U-shaped finger engagement member.
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