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TISSUE LESION EVALUATION

FIELD

This disclosure relates to the evaluation of the effectiveness of surgically created
lesions in tissue, in particular, cardiac tissue. In one particular example, this disclosure
relates to improved tools and methods used to determine the effectiveness of surgically

created lesions intended to reduce or eliminate atrial fibrillation.

BACKGROUND

In certain people at certain times, electrical signals within heart tissue may not
function properly and can create cardiac arrhythmias. Ablation of cardiac conduction
pathways in the region of tissue where the signals are malfunctioning may reduce or
eliminate such faulty signals. Ablation involves creating lesions on tissue during surgery.
To provide effective therapy, surgically created lesions may block the transmission of
cardiac contractions.

Ablation may be accomplished in several ways. Sometimes ablation is necessary
only at discrete positions along the tissue, is the case, for example, when ablating
accessory pathways, such as in Wolff-Parkinson-White syndrome or AV nodal reentrant
tachycardias. At other times, however, ablation is desired along a line (either straight or
curved), called linear ablation. (In contrast to linear ablation, ablations at discrete
positions along the tissue are called non-linear or focal ablations.) One way is to position
a tip portion of the ablation device so that an ablation electrode is located at one end of the
target site, which may be a lesion line. Then energy is applied to the electrode to ablate
the tissue adjacent to the electrode. The tip portion of the electrode is then dragged or slid
along the length of the desired lesion line while delivering energy. A second way of
accomplishing linear ablation is to use an ablation device having a series of spaced-apart
band or coil electrodes that, after the electrode portion of the ablation device has been
properly positioned, are energized simultancously or one at a time to create the desired
lesion. If the electrodes are close enough together the lesions run together sufficiently to

create a continuous linear lesion.



10

15

20

25

30

WO 2009/140359 PCT/US2009/043751

2

Typical areas of the heart that are treated using surgically created continuous linear
lesions are located in the atria. This may be the case for atrial fibrillation, which is a
common form of arrhythmia. The aim of linear ablation in the treatment of atrial
fibrillation may be to reduce the total mass of electrically connected atrial tissue below a
threshold believed to be needed for sustaining multiple reentry wavelets. Linear
transmural lesions may be created between electrically non-conductive anatomic
landmarks to reduce the contiguous atrial mass. Transmurality is achieved when the full
thickness of the target tissue is ablated.

In a procedure to treat atrial fibrillation, the pulmonary vein ostia may be isolated
on a beating heart from the left atrium using a linear bipolar ablation clamp device. The
linear clamp device often delivers radio frequency energy between the linear electrodes,
which may heat and kill the portion of myocardium that is clamped between the two
electrodes. This may form a continuous line of inactive myocardium encircling that
portion of the heart. With this method, all tissue distal to, or away from, the heart may be
isolated from the normal heart contractile function.

Before the procedure is complete, the area of the heart may be tested to confirm a
conduction block or see if the ablation is effective and eliminates the undesired electrical
signals. Present methods to confirm conduction block include the use of
electrophysiology catheters to evaluate pulmonary vein isolation lesions and monopolar
and bipolar focal probes using pacing or electrogram techniques, and are described below.
Surgeons may use multi-polar electrophysiology catheters to evaluate pulmonary vein
isolation by manually placing the catheters on the lesion or on one side or the other of the
lesion. The catheters may be used to provide information that will display bipolar
electrograms from electrode pairs on the catheters for analysis. This can be done using an
electrophysiology recording system or a portable pacemaker programmer/analyzer. In
these cases, the surgeon removes the ablation device from the patient and then replaces it
with the catheters or the probes. This can be cumbersome in that medical professionals
may prefer the simplicity of a single surgical instrument with which to perform both
ablation and lesion evaluations whenever possible.

Additionally, procedures on a beating heart may be preferred over procedures on
an arrested or stopped heart. Holding a catheter designed for endocardial use on the

epicardial surface in a stable location on a beating heart may be challenging. The
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catheters may be held against the epicardial surface with forceps where the surgeon
provides a force to keep the catheter steady against the beating heart. In addition to having
to maintain a constant position placement of the catheter, the catheter can be misplaced.
Only the active myocardium below each pair of electrodes may be detected. If the
electrodes are not positioned correctly, the results can falsely indicate that isolation has
been achieved. In the same way, pacing can be used from an electrode pair to evaluate if
there is an effective conduction block.

In addition to the catheters, probe-type devices can be used to evaluate cardiac
conduction block using pacing or local electrogram sensing techniques. For example, a
monopolar pacing device can be used to evaluate conduction block by placing a ground
electrode needle into the intercostal muscle of the chest, which is also connected to the
positive pole of the pacing pulse generator. A detector probe may be connected to the
negative pole of the pacing pulse generator. The detector probe can be used to apply
pacing stimuli to discrete locations within a region of tissue isolated from the ablation.
The region can be considered isolated if pacing from the region does not produce
ventricular capture. Failure to capture the tissue under the probe tip, however, could also
be due to a lack of myocardium in that specific area. In addition, myocardium could be
present and remain undetected in other adjacent areas within the areas intended for
isolation. Thus, even though the probe may appear to be positioned properly, if it is not
positioned directly adjacent to a portion of the lesion that failed to create a complete block,
the probe may fail to register the existence of the incomplete lesion. This is because while
the portion of the lesion it is adjacent to may be complete, other portions of the lesion may
not be complete.

Other probes may be designed for monopolar and bipolar focal ablation and also
bipolar pacing and electrogram sensing. In a similar way to the above-described bipolar
probe, the probes may not cover much area on the tissue as they detect or stimulate active
non-isolated myocardium. Probes may be placed on the myocardium that connects to the
atrium to improve the likelihood that tissue adjacent to the probe is connected to the
atrium. Thus, the probe may be moved over many portions of the isolated tissue to
determine that no isolated regions exist. Further, the probes might not be the preferred

ablation device of the medical professional, and so the selected ablation device may be
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removed and replaced with a new sensing tool, similar to the cumbersome procedures

described above with the electrophysiology catheters.

SUMMARY

While medical professionals have developed methods which may mitigate the
likelihood of a non-elongate probe missing an incomplete lesion by prescribing moving
the probe and testing at many different locations, such methods may be time consuming.
An ablation device has been developed with elongate, generally linear electrodes which
may be utilized both in ablating tissue and in sensing for complete entry or exit block by
being repositioned once to a spot distal of the ablation location relative to the heart and
sensing. While in the past it may have been thought that elongate electrodes may not be
effective at sensing and pacing, devices and methods have been developed which may
enable elongate electrodes to be effective in sensing and pacing.

Moreover, additional embodiments of the ablation device may incorporate more
than two elongate electrodes, spaced apart so that the ablation device need not be
repositioned in order to first ablate the tissue, then sense and pace the tissue in order to
determine the effectiveness of the ablation procedure. In addition, research into the impact
of the force of electrodes on the tissue during sensing and pacing has suggested that while
it may be advantageous to deliver ablation energy while using a relatively strong clamping
force, it may be advantageous to sense and pace using a relatively weak force.
Accordingly, ablation energy and sensing and pacing may incorporate different clamping
forces. Similarly, while it may be desirable to utilize relatively large amounts of
conductive fluid during ablation, it may be desirable to limit the amounts of conductive
fluid during sensing and pacing. Accordingly, fluid delivery may be managed based on
whether the ablation device is delivering ablation energy or sensing or pacing.

In an embodiment, a method is disclosed for ablating tissue of a heart having an
atrium. The tissue is clamped between a pair of opposing jaws. A portion of the tissue is
ablated at a first generally linear position on the tissue by applying ablative energy to two
of a plurality of elongate electrodes, each of the two of the plurality of elongate electrodes
being coupled in opposing relationship to each other and the pair of opposing jaws,
respectively. Then an effectiveness of ablation on the portion of the tissue at a second

generally linear position on the tissue is sensed with at least one of the plurality of
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clongate electrodes positioned on one of the pair of opposing jaws. The second linear
position on the tissue are laterally distal to the first linear position on the tissue with
respect to the atrium.

In an embodiment, the plurality of elongate electrodes are a pair of elongate
electrodes.

In an embodiment, after the ablating step, the pair of opposing jaws are
repositioned to the second generally linear position.

In an embodiment, the plurality of elongate electrodes are at least three electrodes,
and the ablating step ablates with a first two of the plurality of elongate electrodes of the
sensing step senses with a third one of the plurality of elongate electrodes.

In an embodiment, the plurality of elongate electrodes are four electrodes, the
ablating step ablates the tissue with a first two electrodes of the plurality of elongate
electrodes, and the sensing step senses an effectiveness of ablation with a second two
electrodes of the plurality of elongate electrodes. Each of the second two of the plurality
of elongate electrodes are coupled in opposing relationship to each other and the pair of
opposing jaws, respectively.

In an embodiment, the two electrodes of the sensing step are positioned generally
parallel to the two electrodes of the ablating step.

In an embodiment, the clamping step comprises clamping the tissue between the jaws with
a first clamping force, and further comprising the step, after the ablating step and before
the sensing step of clamping the tissue between the jaws with a second clamping force, the
first clamping force being greater than the second clamping force, without repositioning
the jaws.

In an embodiment, the clamping step comprises clamping the tissue between the
jaws with a first clamping force, and further comprising the step, after the ablating step
and before the sensing step of clamping the tissue between the jaws at the second linear
position with a second clamping force, the first clamping force being greater than the
second clamping force.

In an embodiment, the jaws are fluidly coupled to a fluid supply of a fluid, and
during the ablating step a first amount of the fluid is delivered to the jaws. During the
sensing step a second amount of the fluid is delivered to the jaws, the first amount of fluid

being greater than the second amount of fluid.
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In an embodiment, the first amount and the second amount are a first total volume
of the fluid and a second total volume of the fluid, respectively.

In an embodiment, the first amount and the second amount are a first rate of
delivery of the fluid and a second rate of the fluid, respectively.

In an embodiment, sensing comprises a first test and a second test.

In an embodiment, the first test senses cardiac muscle cell depolarization.

In an embodiment, at least one of the plurality of elongate electrodes is coupled to
a source of pacing energy and the test comprises delivering the pacing energy and
detecting a response of the heart to the pacing energy.

In an embodiment, sensing uses two of the plurality of electrodes.

In an embodiment, the heart has a right pulmonary vein having a width and a left
pulmonary vein having a width, and the first generally linear position spans the width of at
least one of the right pulmonary vein and the left pulmonary vein.

In an embodiment, the second generally linear position spans a width of the at least
one of the right pulmonary vein and the left pulmonary vein distal of the first generally
linear position relative to the atrium.

In an embodiment, system is disclosed for ablating tissue of a heart having an
atrium. The system has a set of opposing jaws movably coupled with respect to each other
and a plurality of opposing clongate electrodes positioned with respect to the set of jaws.
The system also has a source of ablation energy coupled to two opposing ones of the
plurality of elongate electrodes and delivering ablation energy to the tissue to form a
lesion and a sensing module coupled to at least one of the plurality of elongate electrodes
which senses a completeness of the lesion.

In an embodiment, the system as has a clamp force regulator which regulates a
clamping force on the tissue by the set of jaws.

In an embodiment, the clamp force regulator regulates the clamping force to a first
clamping force and a second clamping force.

In an embodiment, the first clamping force is greater than the second clamping
force.

In an embodiment, the system also has a fluid supply containing a fluid, the fluid

supply being fluidly coupled to the jaws to deliver a first amount of the fluid



10

15

20

25

30

WO 2009/140359 PCT/US2009/043751

7

corresponding to the source of ablation energy delivering the ablation energy and a second
amount of fluid corresponding to the sensing module sensing a completeness of the lesion.

In an embodiment, the heart has a right pulmonary vein having a width and a left
pulmonary vein having a width, and each of the plurality of opposing elongate electrodes
spans the width of at least one of the right pulmonary vein and the left pulmonary vein.

In an embodiment, an ablation device has a set of opposing jaws movably coupled
with respect to each other, a first pair of opposing elongate electrodes positioned with
respect to the set of jaws, and a second pair of opposing elongate electrodes positioned
with respect to the set of jaws and generally adjacent and parallel to the first pair of

opposing elongate electrodes.

Brief Description of the Drawings

The accompanying drawings are included to provide a further understanding of
embodiments and are incorporated in and constitute a part of this specification. The
drawings illustrate embodiments and together with the description serve to explain
principles of embodiments. Other embodiments and many of the intended advantages of
embodiments will be readily appreciated as they become better understood by reference to
the following detailed description. The elements of the drawings are not necessarily to
scale relative to each other. Like reference numerals designate corresponding similar parts.

Figures 1A and 1B are schematic drawings of a heart with incomplete surgically
created lesions;

Figure 2 illustrates a schematic view of a device constructed in accordance with
the present disclosure;

Figures 3A and 3B illustrate an example of the device of Figure 2;

Figures 4A and 4B illustrate another example of the device of Figure 2;

Figure 5 is an electrogram recording;

Figures 6A, 6B, and 6C illustrate various clamping pressures in the examples of

Figure 3A and 3B;

Figure 7 is another electrogram recording;

Figure 8 is a flowchart of a method of utilizing an ablation device;

Figure 9 is a flowchart of a method of utilizing the ablation device of Figures 3A
and 3B;
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Figure 10 is a flow chart of a method of utilizing the ablation device of Figures
4A and 4B; and

Figure 11 is a flow chart illustrating using sensed cardiac energy to determine
adequacy of clamping force for ablation.

Description

Figures 1A and 1B illustrate a portion of heart 20 as viewed from facing the back
of a patient. The portion of heart 20 includes left atrial myocardium 22, left superior
pulmonary vein 24, left inferior pulmonary vein 26, right superior pulmonary vein 28 and
right inferior pulmonary vein 30. Newly oxygenated blood returns from the lungs into the
left atrium through right and left pulmonary veins 24,26,28,30. The Figures also illustrate
left atrial myocardium and myocardial extensions 32 onto pulmonary veins 24,26,28,30.
In order to treat atrial fibrillation, transmural lesion 34 may be formed on the left atrium
proximal to left pulmonary veins 24, 26 and transmural lesion 36 may be formed on the
left atrium proximal to right pulmonary veins 28, 30. In alternative embodiments,
transmural lesion 34 may be formed on the left atrium, proximate left pulmonary veins 24,
26, and transmural lesion 36 may be formed on the left atrium proximate right pulmonary
veins 28, 30. As illustrated, lesions 34, 36 are incomplete. An incomplete lesion 36
allows an unablated and thus active muscle extension, or sleeve 38, in the right superior
pulmonary vein 28 to connect with the left atrium 22. Also, incomplete lesion 34 allows
an unablated muscle extension, or sleeve, 40 in left inferior pulmonary vein 26 to connect
with the atrium 22.

Evaluating conduction block can be performed with two methods, entrance block
and exit block. Entrance block involves verification that there are no local electrogram
signals detected on the intended isolated side of the lesion. If electrogram signals are
detected on the intended isolated side, then isolation may not have been achieved. Exit
block involves pacing tissue within the intended isolated side to determine whether the
activation leaves or exits the intended isolated region. If the activation does exit the
intended isolated region, then isolation may not have been achieved.

Figures 1A and 1B illustrate the difficulties of detecting incomplete lesions on
ablated tissues of heart 20 designed to treat atrial fibrillation. Figure 1A illustrates a
bipolar probe 42 placed on an isolated portion of muscle 32. Pacing stimulation at this

location 32 would not pace heart 20 and would not detect active muscle fiber 38. This
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may result in falsely concluding right pulmonary veins 28, 30 are fully isolated or
repeating the test on several other locations of right pulmonary veins 28, 30. Figure 1B
illustrates bipolar probe 42 placed on non isolated sleeve 38. Pacing stimulation at this
location 38 would pace heart 20 and an electrogram would be detected. This would
indicate a lack of electrode block on right pulmonary veins 28, 30. Similar results can be
achieved by point pacing left pulmonary veins 24, 26.

Figure 2 illustrates bipolar ablation device 50 having a pair of opposing jaws 51,
cach having eclongate linear ablation electrodes 52, which may be “full length,” in
opposition to each other. Opposing jaws 51 are configured to be clamped together on
tissue, e.g., cardiac tissue, during surgery. Full length linear ablation electrodes 52 have a
length larger than a length of point probes and are effective in performing functions of this
disclosure. Bipolar ablation device 50 and electrodes 52 may be used to ablate tissue to
create lesions 34, 36 as well as evaluate lesions 34, 36 by sensing the effectiveness of the
ablation, for example by pacing tissue and sensing a response without having to use a
separate device. Elongate electrodes 52 may be straight or have curves to conform to the
anatomy of the patient. In an embodiment, electrodes 52 may have curves while
remaining generally linear. In alternative embodiments, electrodes 52 are straight.

In one embodiment, bipolar electrodes 52 are used to create lesion 34, 36 at a first
generally linear position. Then jaws 51 are moved to a second generally linear position on
the tissue distal of lesion 34, 36 relative to the atria and placed against the tissue for
sensing effectiveness of ablation by determining isolation. Jaws 51 can be moved very
soon after ablating to test isolation. The use of the elongate ablation electrodes 52 to
evaluate a conduction block allows detection of small areas of myocardium that could be
missed if discrete electrodes such as probes were used, such as indicated in Figure 1A.
Further, the elongate electrodes 52 may be able to detect and integrate any discrete arcas
of cardiac activity along the length of electrodes 52 so an electrogram may be detected if
there is any cardiac muscle contractile activity along the length of electrodes 52. Jaws 51
may be moved distal to the atria from the lesion site to measure the tissue for electrograms
to determine entrance block and to pace heart 20 from jaws 51 to determine exit block.

Ablation generator 73 is electrically coupled to bipolar electrodes 52 to provide a
source of ablation energy. Further, sensing module 79 may be electrically coupled to

electrodes 52 in order to allow electrogram collection for sensing the effectiveness of
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ablation in conventional manner. Further, electrodes 52 can be coupled to a
radiofrequency (RF) filtered device such that pacing and electrogram collection can be
performed during ablation of the tissue site being ablated. Pacing and electrogram
collection while ablating tissue can be used to determine an effectiveness of ablation when
tissue distal to and, in an embodiment, within the lesion line becomes at least partially
electrically isolated and disconnected from the atrial chamber.

An irrigation fluid may be delivered to jaws 51 and may be any suitable fluid such
as saline, an ionic fluid that is conductive or another conductive fluid. The irrigating fluid
can serve to cool the electrodes 52 of ablation device 50. Irrigated ablation may also
create deeper lesions that are more likely to be transmural. In an embodiment, electrodes
52 are composed of an internal metal conductive element covered by a non-metallic
conductive fluid or saline eluting porous material that makes electrical contact with the
myocardial tissue through the conductive fluid to collect electrograms and to deliver
pacing.

Ionic irrigation fluid may also serve to conduct energy. The presence of an ionic
fluid layer between one of electrodes 52 and the tissue to be ablated may also improve the
likelihood that an ionic fluid layer conforming to the tissue contours is created. In
addition to saline, other energy-conducting liquids, such as Ringer's solution, ionic
contrast, or even blood, may be used. Diagnostic or therapeutic agents, such as Lidocaine,
Ca *" blockers, anti-inflammatory agents, steroids, or gene therapy agents may also be
delivered before, with, or after the delivery of the irrigating fluid.

Figure 3A illustrates a side view of an example of device 50 described in Figure 2
and Figure 3B illustrates an end view of the example embodiment of Figure 3A. In both,
bipolar elongate electrodes 52 are positioned on jaws 51 of device 50 and are
mechanically squeezing tissue 74 on or near heart 20, such as myocardium with two
separate layers 77, 78. Jaws 51 are clamped with a light pressure and are electrically
connected with tissue 74. In one example, device 50 can be a parallel or scissors jaw
bipolar clamp ablation device. Each one of electrodes 52 may include one discrete
conducting member on each jaw 51. This may provide an electrogram measurement of
tissue 74 clamped with myocardial conduction vectors 76a, 76b being transverse to the
tissue surface orientation, as illustrated in Figure 3B. The measured bipolar electrogram

from sensing module 79 may be a composite of the depolarizations sensed from two
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separate layers 77, 78 of myocardium 74. The timing of the electrical activity passing
through the tissue 74 near jaws 51 is typically separated by at least a few milliseconds, a
sharp local electrogram spike potential can be collected by electrodes 52 and displayed on
an electrogram recording system. In addition, device 50 can be used for pacing, which can
be delivered between the electrodes 52 to determine conduction block. Processor 81 may
be operatively coupled to sensing module 79. When sensing module 79 senses
characteristics of the electrical activity of heart 20, processor may utilize the information
to determine and adequacy of conditions related to ablation of the tissue. These processes
will be discussed with respect to Figures 6A — 6C.

Figure 4A illustrates a side view of an alternative embodiment of device 50
described in Figure 2 and Figure 4B illustrates an end view of the example embodiment
of Figure 4A. Jaws 80 of device 82 each include two elongate electrodes including
discrete electrically conducting members 84, 86. This provides the option of collecting the
bipolar electrogram from the two side by side elongate electrodes 84, 86 of a single jaw 80
with electrodes 85, 87 on opposing jaw 80 in contact with one surface of the tissue 74.
Myocardial electrical conduction vectors 76a, 76b in this case are in line with electrodes
84, 85, 86, 87. A second bipolar electrogram could be collected from electrodes 84, 86 on
opposite jaw 80. Like above, the measured bipolar electrogram from sensing module 79 is
a composite of the depolarizations sensed from two separate layers 77, 78 of myocardium
74. Also like above, device 82 can be used for pacing, which can be delivered between
the two electrode jaws 80 to determine conduction block.

Alternatively, electrodes 84, 85 may be coupled to source of ablation energy 73
and utilized to deliver the ablation energy to create lesion 34 or 36 in tissue 74. Electrodes
86, 87 may be utilized to sense cardiac energy in electrical conduction vectors 76a, 76b to
determine entrance block and to deliver pacing energy to determine exit block. By
providing the two lateral sets of electrodes 84, 85, 86, 87, device 82 may be positioned
once without having to reposition device 82 between the steps ablating tissue and sensing
to determine if ablation has been sufficiently performed.

In further alternative embodiments, device 82 may be comprised of three
electrodes, for example electrodes 84, 85 and 86. In such an embodiment, ablation
electrodes 84 and 85 may deliver ablation energy in a bipolar configuration while

electrode 86 may sense and deliver pacing energy in a unipolar configuration. In such a
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configuration an electrode separate from device 50 may need to be provided to sense and
deliver pacing energy. In further alternative embodiments, more than four electrodes 84,
85, 86, 87 may be utilized. For instance, it may be advantageous to have dedicated
sensing electrodes and dedicated pacing electrodes.

Alternate embodiments of device 50 are contemplated and the following are just a
few of these other embodiments. One example can use parallel or scissors jaw bipolar
clamp ablation devices where separate electrodes that are not used for ablation are
mounted adjacent and along the length of the jaw-mounted ablation electrodes. These can
be on one or both of the jaws. Any bipolar combination of electrodes can be selected to
provide an electrogram for evaluation of conduction block or to deliver pacing.

In an embodiment, electrodes 86, 87 may be of equal length to electrodes 84, 85.
Electrodes 84, 85, 86, 87 may be positioned in parallel with respect to one another, with
electrodes 86, 87 displaced laterally with respect to electrodes 84, 85 so as to remove them
from the margin of lesion 34 or 36. In such an embodiment, a user may have the ability to
test for conduction block using laterally displaced electrodes 86, 87 without needing to
move device 82 from an initial site.

In another example, the ablation device may include a radio frequency (RF)
filtered output from the electrogram electrical output from the ablation power supply.
This may reduce or eliminate an amount of RF energy that may pass through the
electrogram output connection, which may provide a low noise signal for analysis. In still
another example, a specially designed or dedicated cable may allow a direct connection of
the jaw electrogram output to an electrophysiology recording system, temporary pacer, or
programmer/analyzer that can display electrograms, deliver pacing pulses, or both.

Figure 5 illustrates a typical electrogram recording from signals received from
electrodes 52. A bipolar atrial electrogram signal is displayed at 90. The recorded signal
90 shows each local atrial potential 92 followed by a far-field ventricular signal 94. A
recorded signal from a surface electrocardiogram (ECG) is shown at 96.

Relative clamping pressure of jaws 51 on the tissue may affect measured
electrogram amplitude. Figures 6A, 6B, and 6C illustrate end views of the example
embodiment of Figure 3A under different relative clamp pressure from the jaws 51.
Vectors 76a, 76b represent direction, timing, amplitude of conduction wavefronts moving

in both layers 77, 78 of myocardium 74. Figure 6A illustrates tissue 74 being subjected to
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a relatively light electrode jaw pressure and vectors 76a, 76b have a relatively long length
representing a high amplitude. Figure 6B illustrates tissue 74 being subjected to a
relatively moderate electrode jaw pressure and vectors 76a, 76b have a relatively smaller
length representing a medium amplitude. Figure 6C illustrates tissue 74 being subjected
to a relatively high electrode jaw pressure and vectors 76a, 76b have a relatively short
length representing a low amplitude.

In various examples, the clamping force that corresponds to an adequate clamping
force for ablation to occur may also correspond to a significant decrease in the amplitude,
e.g., voltage amplitude, of the sensed local electrical signals from heart 20. In such
embodiments, the local electrogram amplitude may be minimized to the extent possible
without causing damage to the tissue. In addition to a significant reduction in electrogram
amplitude, the loss of a sharp, local electrogram spike signal that is replaced by a broad,
far-field electrogram signal is also indicative of adequate clamping force. In various
embodiments, the sensed local electrogram voltage amplitude may be reduced to zero
volts. Alternatively, a decrease in amplitude may be sufficient based on a percentage
change in amplitude compared between a relatively weak clamping force and a strong
clamping force. In an embodiment, if the local electrogram amplitude decreases by at
least 75% then the clamping force may be adequate. In another embodiment, if the local
electrogram amplitude decreases to about zero, then the clamping force may be adequate.
In yet more alternative embodiments, the percentage decrease in clamping force may be
alternative values which may be selected based on the condition of the patient.

Figure 7 illustrates an embodiment of a user interface 95 that may display to a user
electrical characteristics of heart 20 as sensed by sensing module 79. User interface may
be coupled to processor 81 to display various data and indicia related to clamp force. As
shown on user interface 95, the amplitude of a measured electrogram 97 changes when the
jaws are subject to a light clamp pressure 98 as compared with a higher clamp pressure 99.
A user may interpret from the displayed electrical activity whether the clamp force is
adequate to ablate.

User interface 95 may also be adapted to indicate to a user the adequacy of the
clamping force being applied for the purposes of ablation. For instance, if the amplitude
of the electrical signals of heart 20 are sufficiently low user interface may display an

indicia of the clamp force being acceptable, such as a “+” symbol, a checkmark or a
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reasonable equivalent. Alternatively, if the amplitude is too high a “-” symbol or
reasonable equivalent may be displayed. Alternatively, either a positive or negative result
may be described to a user using text to convey the message.

While it may be desirable to exert a relatively strong clamping pressure on the
tissue during ablation, it may be desirable to exert a relatively weak clamping pressure
during sensing of cardiac signals or delivering pacing energy. In an embodiment, only
enough clamp pressure needed to bring the desired length of tissue into contact with the
jaws may be preferred to bring about a suitable measurement. As shown above, excessive
pressure may reduce an amplitude of sensed signals or may eliminate the electrogram
altogether. Because amplitude height of the electrogram may also correlates with clamping
pressure, amplitude height can also be used to determine when or whether adequate
pressure has been applied to the tissue to be ablated. The greater the clamping force
applied, particularly in preparation for and during the delivery of ablation energy, the
greater the reduction may be in myocardial activation between jaws 51. Such an
activation reduction may be used to assure adequate clamping force prior to and during
delivery of ablation energy. Processor 81 and user interface 95 may likewise be adapted
to be sensitive to a voltage amplitude or other characteristic which indicates that the
clamping force is adequate for sensing and pacing, and may likewise display an indication
to a user that the clamping force is adequate.

Measurements of amplitude may differ from the measurements of conduction
block, which may emanate from tissue adjacent to the lesion relative to the atria. Other
uses are also contemplated. For example, ablation jaws 51 of device 50 may also be
uscful for the detection of autonomic ganglia. Ablation jaws 51 may deliver high
frequency stimulation to the entire line of tissue proximal to and adjacent the lesion line,
preferably fat covered, to attempt to elicit an AV nodal or sinus node response. A positive
response can indicate the presence of active autonomic ganglia that a surgeon may wish to
ablate.

In various embodiments, device 50 and device 82 may incorporate a clamp force
regulator that may either show or alert a user as to how much force is being applied on
jaws 51 or 80, or may actively prevent excessive force altogether. In an embodiment, the
clamp force regulator may be positioned on jaws 51 or 80, or may be coupled to jaws 51

or 80 for a user to see. The clamp force regulator may be a force gauge well known in the
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art. Alternatively, the clamp force regulator may be a device similar to a torque wrench
calibrated to not deliver greater than a certain specified amount of force to jaws 51 or 80.
In various embodiments utilizing a torque device, the torque device may be positioned at a
junction of jaws 51, 80 in order to prevent excessive clamping force from being exerted on
jaws 51, 80 during pacing or sensing activities.

Various circumstances may make various clamping forces to be advantageous. In
general, it may be desirable to ablate with between three and eight pounds of force. In
various embodiments, it may be desirable to ablate with approximately five pounds of
force. For sensing and delivering pacing energy it may be desirable to apply less than five
pounds of force. In various embodiments, it may be desirable to sense and pace with as
close to zero pounds of force as possible while still maintaining electrical contact with the
tissue. In an embodiment it may be desirable to sense and pace with one pound of force.
In alternative embodiments, sensing and pacing may be conducted with anywhere from
zero to fifteen pounds of force.

Figure 8 is a flowchart of a method for ablating tissue utilizing device 50. Tissue
may be clamped (800) between jaws 51 at a first position. Then ablation energy may be
delivered (802) at the first generally linear position in order to create lesion 34 or 36.
After ablation energy has been delivered, device 50 may then sense (804) an effectiveness
of the ablation energy in creating lesion 34 or 36 at a second generally linear position
distal of lesion 34 or 36 relative to the atria.

Figure 9 is a flowchart of a method for ablating tissue utilizing device 50. Jaws 51
may be clamped (900) on tissue at a first generally linear position with a first amount of
clamping force. A first amount of fluid may be delivered (902) from a source of fluid, and
ablation energy may be delivered (904) to the tissue to attempt to create lesion 34 or 36.

In various embodiments, fluid may be delivered (902) before during or after ablation
energy is delivered (904). In various embodiments, fluid delivery (902) is concurrent with
the delivery (904) of ablation energy.

After the delivery of ablation energy (904) device 50 may be repositioned (906) to
a second generally linear position distal of lesion 34 or 36 relative to the atria. Jaws 51
may be clamped (908) on the tissue with a second amount of clamping force. In an
embodiment, a second amount of fluid (910) may be delivered. In various embodiments it

may be unnecessary to deliver a second amount of fluid at all. In other embodiments, the
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second amount of fluid may be less than the first amount of fluid. In such embodiments,
the second amount of fluid may serve to aide an electrical connection between electrodes
52 and the patient tissue, but it may be advantageous to limit the amount of fluid in order
to not impede the subsequent measurements.

In various embodiments cardiac activation energy may be sensed (912) in order to
determine an effectiveness of the delivery of ablation energy (904) in the creation of lesion
34 or 36. In addition, pacing energy may be delivered (914) and depolarization of cardiac
tissue monitored to determine an effectiveness of the delivery of ablation energy (904) in
the creation of lesion 34 or 36. In various embodiments, both sensing (912) and pacing
(914) may be utilized. In alternative embodiments, one or the other may be utilized. In
such embodiments, pacing (914) may not be delivered if cardiac conditions would make
depolarization in the heart unlikely or impossible. Such conditions may include atrial
fibrillation. Under such conditions it may be desirable to only sense (912). Alternatively,
in certain embodiments pacing may be a relatively more effective way of determining the
effectiveness of the delivery (904) of ablation energy, and a medical professional may
conclude that sensing (912) may not be an efficient use of time. In such an embodiment
sensing (912) may be skipped.

Figure 10 is a flowchart of a method utilizing device 82. The electrodes 84, &5,
86, 87 of device 82 may obviate the need to reposition device 82 as occurred in the
method of Figure 9 (906), as clectrodes 84, 85 may be positioned at a first generally linear
position to make lesion 34 or 36 while electrodes 86, 87 may already be positioned at the
second generally linear position to sense or pace. In particular, jaws 80 may be clamped
(1000) with a first clamping force such that electrodes 84, 85 are at the first generally
linear position and electrodes 86, 87 are at the second generally linear position distal of
said first generally linear position relative to the atria.

A first amount of fluid may be delivered (1002) from a source of fluid, and
ablation energy may be delivered (1004) to the tissue to attempt to create lesion 34 or 36.
In various embodiments, fluid may be delivered (1002) before during or after ablation
energy is delivered (1004). In various embodiments, fluid delivery (1002) is concurrent
with the delivery (1004) of ablation energy.

After the delivery of ablation energy (1004) device 82 may be clamped (1006) with

a second amount of clamping force. Because electrodes 86, 87 may already be at the
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second generally linear position it may be unnecessary to reposition device 82. In an
embodiment, a second amount of fluid (1008) may be delivered. In various embodiments
it may be unnecessary to deliver a second amount of fluid at all. In other embodiments,
the second amount of fluid may be less than the first amount of fluid. In such
embodiments, the second amount of fluid may serve to aide an electrical connection
between electrodes 84, 85, 86, 87 and the patient tissue, but it may be advantageous to
limit the amount of fluid in order to not impede the subsequent measurements.

In various embodiments, cardiac energy may be sensed (1010) in order to
determine an effectiveness of the delivery of ablation energy (1004) in the creation of
lesion 34 or 36. In addition, pacing energy may be delivered (1012) and depolarization of
cardiac tissue monitored to determine an effectiveness of the delivery of ablation energy
(1004) in the creation of lesion 34 or 36. In various embodiments, both sensing (1010)
and pacing (1012) may be utilized. In alternative embodiments, one or the other may be
utilized. In such embodiments, pacing (1012) may not be delivered if cardiac conditions
would make depolarization in the heart unlikely or impossible. Such conditions may
include atrial fibrillation. Under such conditions it may be desirable to only sense (1010).
Alternatively, in certain embodiments pacing may be a relatively more effective way of
determining the effectiveness of the delivery (1004) of ablation energy, and a medical
professional may conclude that sensing (1010) may not be an efficient use of time. In
such an embodiment sensing (1010) may be skipped.

Figure 11 is a flowchart of a method for determining an adequacy of a clamping
force of jaws 51 on tissue. In an embodiment, jaws 51 are clamped (1100) on the tissue
and sensing module 79 senses (1102) an amplitude of the electrical signals of heart 20. In
alternative embodiments, alternate characteristics may be sensed which indicate electrical
conductivity and contractile conductivity of the tissue. In an embodiment, processor 81
may then determine (1104) an adequacy of the clamping force by comparing the sensed
amplitude or other characteristic against various requirements or standards. In various
embodiments, processor 81 may analyze the amplitude to determine if it has fallen below a
minimum value. In an embodiment, the minimum value is about.0.05mV. In another
embodiment, the minimum value is equivalent to the level of signal noise. In yet an
alternative embodiment, the minimum value is zero Volts. If the amplitude has fallen

below the minimum value then the clamping force may be adequate to ablate the tissue. If
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the amplitude has not fallen below the minimum value then the clamping force may not be
adequate to ablate the tissue.

After the determination (1104) of the adequacy of the clamping force, jaws 51 may
be adjusted (1106) by applying a new clamping force depending on the adequacy. In an
embodiment, if the minimum value has not been reached, then the clamping force may be
increased. In an embodiment, the sensing step (1102) may be repeated. Alternatively, if
the clamping force is adequate, then the adjustment step (1106) may be skipped. Ablation
energy may be delivered (1108) either based on a determined adequacy of the clamping
force or without obtaining an indication of adequacy. In an embodiment, ablation energy
is delivered (1108) based on the clamping force being optimized for the tissue.

In various embodiments, the determining step (1104) may be sensitive to the clamping
force being too great. In an embodiment, if the sensed amplitude falls below an maximum
force threshold then too much clamping force may have been applied. In such an
embodiment, user interface 95 may indicate that less clamping force may be applied to
obtain an optimized ablation delivery (1108).

In further embodiments, the flow chart of Figure 11 may be adapted to sensing or
pacing. In such an embodiment, determining step (1104) may determine adequacy on the
basis of having an adequately high amplitude, and an indication of inadequacy may
prompt the adjustment step (1106) to decrease the clamping force. The delivering ablation
energy step (1108) may then be a sensing or pacing step, as appropriate.

Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes can be made in form

and detail without departing from the spirit and scope of the present invention.
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What is claimed is:

1. A system for ablating tissue of a heart having an atrium, comprising:

a set of opposing jaws movably coupled with respect to each other;

a plurality of opposing elongate electrodes positioned with respect to said set of jaws;
a source of ablation energy coupled to two opposing ones of said plurality of elongate
electrodes and delivering ablation energy to said tissue to form a lesion; and

a sensing module coupled to at least one of said plurality of elongate electrodes which

senses a completeness of said lesion.

2. The system of claim 1, wherein said plurality of elongate electrodes are a pair of

clongate electrodes.

3. The system of claim 1, wherein said plurality of elongate electrodes are at least
three electrodes, and wherein said source of ablation energy is coupled to a first two of
said plurality of elongate electrodes and wherein said sensing module is coupled to at least

a third one of said plurality of elongate electrodes.

4. The system of claim 3, wherein said plurality of clongate electrodes are four
electrodes, and wherein said sensing module is coupled to a second two opposing ones of

said plurality of elongate electrodes.

5. The system of claim 4, wherein said first two of said plurality of elongate

electrodes are generally parallel to said second two of said plurality of elongate electrodes.

6. The system of any one of claims 1-5, further comprising a clamp force regulator

which regulates a clamping force on said tissue by said set of jaws.

7. The system of claim 6, wherein said clamp force regulator regulates said clamping

force to a first clamping force and a second clamping force.

8. The system of claim 6, wherein said first clamping force is greater than said second

clamping force.
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9. The system of any one of claims 1-8, further comprising a fluid supply containing
a fluid, said fluid supply being fluidly coupled to said jaws to deliver a first amount of said
fluid corresponding to said source of ablation energy delivering said ablation energy and a
second amount of fluid corresponding to said sensing module sensing a completeness of

said lesion.

10.  The system of claim 9, wherein said first amount of fluid is greater than said

second amount of fluid.

11.  The system of claim 9, wherein said first amount and said second amount are a
first total volume and a second total volume.
12.  The system of claim 9, wherein said first amount and said second amount are a

first rate of delivery and a second rate of delivery.

13.  The system of any one of claims 1-12, wherein said sensing module is configured

to perform a first test and a second test at said second generally linear position.

14.  The system of claim 13, wherein said first test senses cardiac energy.

15.  The system of claim 13 or claim 14, wherein said sensing module includes a source
of pacing energy and wherein said second test comprises delivering pacing energy to said

tissue and detecting a response of said heart to said pacing energy.

16.  The system of any one of claims 1-15, wherein said heart has a right pulmonary
vein having a width and a left pulmonary vein having a width, and wherein each of said
plurality of opposing elongate electrodes spans said width of at least one of said right

pulmonary vein and said left pulmonary vein.
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17.  An ablation device, comprising:

a set of opposing jaws movably coupled with respect to each other;

a first pair of opposing clongate electrodes positioned with respect to said set of jaws; and
a second pair of opposing clongate electrodes positioned with respect to said set of jaws
and generally adjacent and parallel to said first pair of opposing clongate electrodes.

18.  The ablation device of claim 17, further comprising a clamp force regulator which

regulates a clamping force on said tissue by said set of jaws.

19. The ablation device of claim 18, wherein said clamp force regulator regulates said

clamping force to a first clamping force and a second clamping force.

20.  The ablation device of claim 19, wherein said first clamping force is greater than

said second clamping force.

21. A system for sensing an electrical signal in tissue, comprising:

a set of opposing jaws movably coupled with respect to each other;

an electrode positioned with respect to said set of jaws;

a voltage amplitude sensor operatively coupled to said electrode sensing an amplitude of
said electrical signal based on a clamping force exerted by said jaws on said tissue when
said tissue is clamped between said jaws and said electrode being in electrical contact with
said tissue; and

a processor, operatively coupled to said voltage amplitude sensor, determining an

adequacy of said clamping force based on said amplitude.

22.  The system as in claim 21, further comprising a source of ablation energy
operatively coupled to said electrode, wherein said ablation energy is deliverable to said

tissue based on said adequacy of said clamping force.

23.  The system of any one of claims 21-22, further comprising a user interface
operatively coupled to said processor, said user interface displaying an indicia indicative

of said adequacy of said clamping force.
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24. The system of any one of claims 21-23, wherein said electrode is an clongate
electrode.
25.  The system of any one of claims 21-24, wherein the said processor is coupled to

the ablation power supply and wherein said power supply is prevented from delivering

ablation energy when said amplitude exceeds a predetermined minimum value.

26.  The system of any one of claims 21-25, wherein the said processor is coupled to
the ablation power supply, and wherein said power supply is prevented from delivering

ablation energy when said amplitude exceeds 0.05mV.
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