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FIG. 2

(54) Title: MESH-OVERLAYED ABLATION AND MAPPING DEVICE

(57) Abstract: A medical system, including a catheter body, an elongate body disposed in the catheter body; an expandable element
having a proximal portion coupled to the catheter body and a distal portion coupled to the elongate body, the distal portion of the ex -
pandable element defining the distal-most portion of the medical device; a mesh or array of longitudinal splines substantially sur -
o rounding the expandable element, at least a portion of the mesh or splines being electrically conductive; and a coolant source in fluid
communication with the expandable element.
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MESH-OVERLAYED ABLATION AND MAPPING DEVICE
FIELD OF THE INVENTION

The present invention relates to medical systems and methods for
electrophysiological procedures and treatment, and in particular to cardiac tissue
mapping and ablation.

BACKGROUND OF THE INVENTION

Medical procedures are available for treating a variety of cardiovascular
maladies, such as cardiac arrhythmias including atrial fibrillation, and other
irregularities in the transmission of electrical impulses through the heart. As an
alternative to open-heart surgery, many medical procedures are performed using
minimally invasive surgical techniques, where one or more slender implements are
inserted through one or more small incisions into a patient’s body. Such procedures
may involve the use of catheters or probes having multiple sensors, electrodes, or
other measurement and treatment components to treat the diseased area of the heart,
vasculature, or other tissue. Minimally-invasive devices are desirable for various
medical and surgical applications because they allow for precise treatment of
localized discrete tissues that are otherwise difficult to access. For example, catheters
may be easily inserted and navigated through the blood vessels and arteries, allowing
non-invasive percutaneous access to areas of the body selected for treatment, while
other minimally-invasive probes or instruments may be inserted into small openings
and directed through targeted anatomy without significant impact or disruption to
surrounding tissue.

One such example of a minimally invasive therapy involves the treatment of
cardiac arrhythmias or irregular heartbeats in which physicians employ specialized
cardiac assessment and treatment devices, such as mapping catheters and ablation
catheters, to gain access to, diagnose, and treat interior regions of a patient’s body.
Such devices may include energized electrodes or other ablation assemblies to create
lesions or other anatomical effects that disrupt or block electrical pathways through
the targeted tissue.

In the treatment of cardiac arrhythmias, a specific area of cardiac tissue having

aberrant electrically conductive pathways 1s typically initially 1dentified for

subsequent treatment. This localization or 1dentification can include first using a
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medical device such as a mapping catheter to obtain a baseline electrophysiological
map of electrical activity in selected tissue. After mapping and diagnosing aberrant
tissue, a physician may decide to treat the patient by ablating the tissue. An ablation
procedure may involve creating one or more lesions to electrically isolate tissue
believed to be the source of an arrhythmia. One type of ablation is the cryotreatment
or cryogenic ablation, which entails creating cold temperatures at specific regions of
the body or contacting tissue with cold treatment devices to transfer heat from the
targeted tissue to the cryogenic element, thus cooling and/or ablating the tissue. Other
treatments may include radiofrequency tissue ablation or electroporation procedures.

Such treatments may require first repositioning or removing a mapping
catheter before placing a second medical device or ablation catheter into contact with
the tissue to be treated. Following the ablation procedure, the physician may desire to
asses or confirm the efficacy of the treatment by obtaining a second
electrophysiological map of the tissue region. This subsequent mapping procedure
may involve removal or manipulation of the ablation medical device to allow the
desired positioning of the mapping device adjacent to the tissue that was previously
treated.

Each device exchange or manipulation represents an added risk to the patient
as inserting and removing catheters in the vasculature carries a number of inherent
risks, possibly including embolism. Exchanging these various catheters during a
procedure can cause inaccuracies or movement in the placement and location of the

distal tip a device with respect to the tissue to be mapped or ablated, and may further
add to the time required to perform the desired treatment. These potential inaccuracies
and extended duration of the particular procedure further increase the risk to the
patient undergoing treatment. Accordingly, 1t would be desirable to provide an
integrated apparatus and method of use thereof for both diagnosing aberrant electrical
pathways and treating those detected pathways.

In addition, placing and maintaining a medical device in the desired position
with correct alignment and positive contact with the selected tissue may enhanceia
mapping and ablation treatment and its likelthood of success. It is therefore desirable

to provide apparatus and method of use to verify the position of a medical device,
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positive contact and alignment with the selected tissue, and to contemporaneously

evaluate the medical treatment.
SUMMARY OF THE INVENTION

The present invention advantageously provides methods and systems for
diagnosing aberrant electrical pathways, treating those detected pathways, and
verifying the position, contact, and/or orientation of the system.

In particular, a medical system 1s provided, including a catheter body, an
elongate body disposed in the catheter body; an expandable element having a
proximal portion coupled to the catheter body and a distal portion coupled to the
elongate body, the distal portion of the expandable element defining the distal-most
portion of the medical device; a mesh or array of splines or arms substantially
surrounding the expandable element, at least a portion of the mesh or arms are
electrically conductive; and a coolant source may also be 1n fluid communication with
the expandable element. The elongate body may be longitudinally movable within the
catheter body and may define a guide wire lumen. The system may include a fluid
injection lumen coupling the coolant source to an interior of the expandable element;
a fluid distribution element coupled to the fluid injection lumen, the fluid distribution
element being controllably rotatable and translatable within the interior of the
expandable element, where the fluid distribution element may include a valve
movably coupled to the elongate body; an impedance assessment unit coupled to the

mesh; and/or a high-voltage, pulsed signal generator in electrical communication with

the mesh. The mesh or arms may include at least one electrically-insulated portion
and at least one electrically-conductive portion; an electrically-conductive portion
disposed between two electrically-insulated portions; and/or an electrically-insulated
portion disposed between two electrically-conductive portions. The mesh or array of

arms may also include a plurality of independent electrodes to allow collection of
local electrical signals. The mesh may be controllably transitionable from a first shape
to a second shape, where the expansion of the expandable element is inhibited at least
in part by the mesh. The mesh may include a plurality of interwoven wires that are at
least partially electrically-insulated and/or may include a plurality of thermocouples
or thermistors. The system may include a sheath slidably coupled to at least a portion

of the catheter body.
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A method of treating a substantially continuous tissue region is provided,
including positioning a medical device adjacent the tissue region, the medical device
including an expandable element and an electrically conductive mesh or array of
splines substantially enclosing the expandable element; contacting the substantially
continuous tissue region with a distal face of the expandable element; measuring an
electrical signal from the tissue region with the mesh; and ablating at least a portion of
the tissue region with at least one of the expandable element and the mesh. Ablating at
least a portion of the tissue region may include cryogenically ablating the tissue
region with the expandable element; delivering radiofrequency ablation energy
through the mesh; and/or delivering electroporating pulsed energy through the mesh.
The method may include assessing contact between at least a portion of the mesh and
the tissue region; ablating at least a portion of the tissue region by dispersing a coolant
inside the expandable element, and/or manipulating a direction of the coolant
dispersion based at least in part on the assessed contact. Positioning the medical
device adjacent the tissue region may include advancing the medical device along a
gulde wire, and the substantially continuous tissue region may include an atrial wall.

A method of treating a tissue site is provided, including freezing at least a
portion of the tissue site; and inducing trreversible electroporation of an unfrozen
portion of the tissue site. Freezing at least a portion of the tissue site may be achieved
by positioning an expandable element into thermal communication with the tissue site
and circulating a coolant through an interior of the expandable element, and/or
inducing ureversible electroporation may include positioning an electrically-
conductive portion of a mesh adjacent the tissue site, and delivering energy pulses to
at least a portion of the tissue site with the mesh. The method may also include
reversibly cooling at least a portion to the tissue site; and measuring an electrical
signal of the tissue site.

BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understanding of the present invention, and the attendant

advantages and features thereof, will be more readily understood by reference to the

following detailed description when considered in conjunction with the accompanying

drawings wherein:
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FIG. 1 1s an illustration of an example of a medical system constructed in
accordance with the principles of the present invention;
FIG. 2 1s an 1llustration of a distal portion of a medical device of the system of

FIG. 1;

FIG. 3 1s another illustration of a distal portion of a medical device of the

system of FIG. 1;

FI1G. 4 1s an illustration of a parttally-insulated distal portion of a medical
device of the system of FIG. 1;

FIG. 5 1s another 1llustration of a partially-insulated distal portion of a medical
device of the system of FIG. 1;

FIG. 6 1s still another 1llustration of a partially-insulated distal portion of a
medical device of the system of FIG. 1;

FIG. 7 1s an 1llustration of a sheathed distal portion of a medical device of the
system of FIG. 1; and

F1G. 8 1s an illustration of another example of a distal portion of a medical

device for use with the system of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

The present invention advantageously provides methods and systems for
diagnosing aberrant electrical pathways, treating those detected pathways, and
veritying the position, contact, and/or orientation of the system. Referring now to the

drawing figures in which like reference designations refer to like elements, an

embodiment of a medical system constructed in accordance with principles of the
present invention 1s shown in FIG. 1 and generally designated as “10.” The system 10
generally includes a medical device 12 that may be coupled to a control unit 14 or
operating console. The medical device 12 may generally include one or more
diagnostic or treatment regions for energetic, therapeutic and/or investigatory
interaction between the medical device 12 and a treatment site. The treatment
region(s) may deliver, for example, cryogenic therapy, radiofrequency energy,
electroporation treatment or other energetic transfer with a tissue area in proximity to
the treatment region(s), including cardiac tissue.

Now reterring to FIG. 1, the medical device 12 may include an elongate body

16 passable through a patient’s vasculature and/or proximate to a tissue region for
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diagnosis or treatment, such as a catheter, sheath, or intravascular introducer. The

clongate body 16 may define a proximal portion 18 and a distal portion 20, and may
further include one or more lumens disposed within the elongate body 16 thereby
providing mechanical, electrical, and/or fluid communication between the proximal
portion of the elongate body 16 and the distal portion of the elongate body 16, as
discussed in more detail below.

The medical device 12 may include a shaft 22 at least partially disposed within
a portion of the elongate body 16. The shaft 22 may extend or otherwise protrude
from a distal end of the elongate body 16, and may be movable with respect to the
elongate body 16 1n longitudinal and rotational directions. That is, the shaft 22 may
be slidably and/or rotatably moveable with respect to the elongate body 16. The shaft
22 may further define a lumen 24 therein for the introduction and passage of a guide
wire and/or a treatment or diagnostic instrument (not shown).

The medical device 12 may further include a fluid delivery conduit 26
traversing at least a portion of the elongate body 16 and towards the distal portion.
The delivery conduit 26 may be coupled to or otherwise extend from the distal portion
of the elongate body 16, and may further be coupled to the shaft 22 and/or distal tip of
the medical device 12. The fluid delivery conduit 26 may define a lumen therein for
the passage or delivery of a fluid from the proximal portion of the elongate body 16
and/or the control unit 14 to the distal portion and/or treatment region of the medical

device 12. The fluid delivery conduit 26 may further include one or more apertures or

openings therein, to provide for the dispersion or directed ejection of fluid from the
lumen to an environment exterior to the fluid delivery conduit 26. For example, the
fluid delivery conduit 26 may define one or more ports or valves 28 movably
positionable with respect to the shaft 22 and/or elongate body 16. The fluid delivery
conduit 26 and the port(s) 28 may be both rotatable about the shaft 22 and/or
longitudinal axis of the elongate body 16, and may further be longitudinally
positionable or slidable along the at least a portion of the length of the shaft 22 and/or
elongate body 16. The rotational and slidable orientation of the fluid delivery conduit
26 allows for the controlled, directional dispersion of fluid from the delivery conduit
26 towards a particular segment or region of the medical device 12, as described in

more detail herein.
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The medical device 12 may further include one or more expandable elements
30 at the distal portion of the elongate body 16. The expandable element 30 may be
coupled to a portion of the elongate body 16 and also coupled to a portion of the shaft
22 to contain a portion of the fluid delivery conduit 26 therein. The expandable
element 30 defines an interior chamber or region that contains coolant or fluid
dispersed from the fluid delivery conduit 26, and may be in fluid communication with
an exhaust lumen 32 defined by or included in the elongate body 16 for the removal
of dispersed coolant from the interior of the expandable element 30. The expandable
element 30 may further include one or more material layers providing for puncture
resistance, radiopacity, or the like, and may also be substantially electrically
insulative.

Now referring to FIGS. 1-4, the medical device 12 may further include an
expandable mesh 34 coupled to the distal portion of the elongate body 16. The mesh
34 may be configurable into a plurality of geometric configurations, such as those
shown 1n FIGS. 2-4. The mesh 34 may define an interwoven wire structure, and may
be constructed from a combination of elastic materials, non-elastic materials, and/or
shape-memory materials, such as a nickel-titanium alloy or the like, for example. A
particular geometric configuration of the mesh 34 may be achieved through the
application of mechanical force, thermal energy, and/or electrical energy. For
example, the mesh 34 may be predisposed and/or biased towards a first geometric

configuration, which may include a substantially elongated, cylindrical shape as
shown in FIG. 2. Upon the application of a particular mechanical, thermal, and/or
electrical force, the mesh 34 may be selectively transitioned from the first geometric
configuration to a second geometric configuration, having a substantially spherical
shape, for example, as shown in FIG. 3.

The mesh 34 may define a substantially continuous distal face or surface 36

that defines the distal-most point or contact region of the medical device 12. This is in
contrast to prior art devices that have a rigid distal tip or protrusion at a distal end that
prevents positioning a distal tace or surface of a balloon or expandable element of the
30  device against a substantially continuous tissue region, such as an atrial wall. With
regards to the medical device 12, the absence of any such protruding, rigid distal tip

or components allows the distal face 36 of the mesh 34 and the expandable element
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30 to be placed directly against a tissue region without risking unintended injury to

the tissue that a distal protrusion could otherwise inflict, and further allows enhanced
contact across a wider area of tissue, resulting in better electrical and/or thermal
communication than would otherwise be possible. The distal face 36 may include an
opening allowing the exit of a guidewire or other instrument from the lumen in the
shaft 22, but the opening may be substantially planar or contiguous with the portion of
the mesh 34 and/or expandable element 30 immediately surrounding the opening such
that the shaft 22 and/or any interfacing component, washer, or the like between the
mesh 34, expandable element 30, and/or the shaft 22 has a minimal affect on the
positioning of the distal face 36 of the mesh 34 against a tissue wall or region.

Of note, although first and second geometric configurations are described
above and shown 1n FIGS. 2-3, it 1s contemplated that a mesh 34 having more than
two configurations may be employed and achieved through a combination of
mechanical, thermal, and/or electrical forces, as well as through characteristics
provided through material selection in the construction of the shaping element.
Moreover, while examples and illustrations of particular geometric configurations
have been provided, it is understood that virtually any shapes, configurations, and/or
dimensions may be included and/or achieved by the medical device 12 of the present
invention, including but not limited to those shapes illustrated and described herein. A
particular geometric configuration may include circular, conical, concave, convex,

rounded, or tlattened features and/or combinations thereof. Accordingly, an

embodiment of the medical device 12 of the present invention may be able to provide
focal lesions, circular lesions, linear lesions, circumferential lesions, and

combinations thereof.
At least a portion of the mesh 34 may be electrically conductive to provide the

ability to convey an electrical signal, current, or voltage to a designated tissue region
and/or for measuring, recording, or otherwise assessing one or more electrical
properties or characteristics of surrounding tissue. Portions of the mesh 34 may be
electrically insulated, while other portions of the mesh 34 may be exposed and thus
conductive of an electrical signal to facilitate contact and or use of the medical device
12 1n targeted physiological areas. For example, conductive portions of the mesh 34

may be positioned at discrete locations about the expandable element 30, and may
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surround or encircle substantially all or only a fractional portion of the expandable
members. Conductive portions of the mesh 34 may be asymmetrically disposed about
the expandable member 30, e.g., positioned predominantly towards the proximal or
distal portions ot the expandable member 30, and/or on a side of the expandable
member 30 likely to face a contacted tissue area.

For example, as shown in FIG. 4, the mesh 34 may include insulated portions
34a on a proximal and/or distal region of the mesh 34, with an electrically-conductive
portion 34b disposed between the insulated portions 34a. The proximal insulated
portion 34a may be typically positioned away from a tissue site being treated or
diagnosed, and thus may be insulated to direct diagnostic and/or treatment operations
to a more distal conductive portion 34b. Should a second, distal-most insulated or
otherwise non-electrically conductive portion 34a of the mesh 34 also be included, the
resulting conductive “band” may be used to target or treat a surrounding lumen wall
or surface, such as that of a vascular pathway or vessel.

Turning to FIG. 5, the mesh 34 may be segmented into a plurality of discrete
conductive regions 34b divided by a plurality of insulated or non-conductive portion
34a. The conductive regions 34b may be oriented substantially parallel to a
longitudinal axis of the medical device, i.e., in a distal-to-proximal direction. The
divided segments may provide for selective operation or activation of one or more
subsets of the plurality of conductive regions. Such selective operation may allow

selectively focused treatment or diagnosis when a targeted tissue site is only in
contact with a portion of the mesh 34, for example. Further, the insulatively-
delineated conductive portions 34b may be operated in a bipolar manner to conduct
current through tissue along pathways transverse to the longitudinal axis of the

medical device 12 between adjacent or otherwise spaced conductive portion 34b of

the mesh 34.

Reterring now to FIG. 6, the medical device may include an electrically
insulated portion 34a disposed between two conductive portions 34b of the mesh 34.
The divided conductive portions may be selectively operated or activated to treat
tissue that i1s only adjacent one of the regions. For example, the medical device 12
may be passed through a tissue wall (such as a cardiac septal wall), then pulled

proximally such that a proximal portion of the mesh 34 can treat and/or diagnose the
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contacted portion of the septal wall without activation of the distal portion of the mesh
34. Further, the conductive portions 34b may be operated in a bipolar manner to
conduct current around the insulated portion 34a and through tissue along pathways
substantially pzirallel to the longitudinal axis of the medical device 12 between
adjacent or otherwise spaced conductive portion 34b of the mesh 34.

The exposed or otherwise electrically conductive portions of the mesh 34 may
be present at one or more junctions 38 between the interwoven or intersecting wires
that define the mesh 34. The junctions 38 may present a plurality of conductive points
or measurement locations on the medical device 12 for use in assessing or treating a
targeted tissue area. For example, each junction 38 may be electrically coupled to an
output portion of a radiofrequency or electrical signal generator (such as that
described below), and each junction 38 may also include or define a sensor, such as a
thermocouple, an electrical conductivity sensor, a spectrometer, a pressure sensor, a
fluid flow sensor, a pH sensor, and/or a thermal sensor (not shown) coupled to or in
communication with the control unit 14 to trigger or actuate changes in operation
when predetermined sequences, properties, or measurements are attained or exceeded.

Turning now to FIG. 7, the medical device 12 may include a sheath 39
slidably positionable over at least a portion of the mesh 34 and elongate body 16. The
mesh 34 may be controllably manipulated into a desired position by one or more
controls at a proximal end ot the medical device 12, and may further be positioned to

maintain a desired deployment or expansion of the mesh 34. The sheath 39 may
further provide an insulative cover over a portion of the mesh 34 to inhibit electrical
signal conduction and/or thermal energy transfer between the covered portion of the
mesh 34 and the surrounding environment.

Referring now to FIG. 8, the distal portion 20 of the medical device 12 may

include one or more longitudinally-oriented, deployable arms or splines 35 movably
coupled to the elongate body 16, where one or more of the arms 30 may include one
or more electrically conductive surtace(s) and/or electrode(s) 37 to deliver or conduct
electrical pulses to a designated treatment area. The arms 35 may be disposed around
a circumference of the elongate body 16 and/or the expandable element 30, and may

be controllably moved to manipulate an expansion or radial distance between the arms

35 and the elongate body 16. The selectively adjustable radius of the arms 35 allows
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engagement and subsequent diagnosis or treatment of varying anatomical tissue

structures which may include different geometries or dimensions. For example, arms
35 may be expanded to contact a larger radius or portion of a tissue wall or structure,
or alternatively, may be manipulated into a smaller radius to engage a vessel or lumen
tissue structure having a smaller diameter. During operation, the expandable element
30 may be expanded within the space between the splines or arms 35, which forces
energy to preferentially pass into and through the endocardium which is in contact
with the conductive portions of the splines, and also prevents energy loss into the
surrounding blood pool or flow.

Referring again to FIG. 1, the medical device 12 may include a handle 40
coupled to the proximal portion of the elongate body 16. The handle 40 can include
circuitry for identification and/or use in controlling of the medical device 12 or
another component of the system 10. Additionally, the handle 40 may be provided
with a fitting 42 for receiving a guide wire or another diagnostic/treatment instrument
that may be passed into the lumen 24 of the shaft 22. The handle 40 may also include
connectors 44 that are matable to the control unit 14 to establish communication
between the medical device 12 and one or more components or portions of the control
unit 14,

The handle 40 may also include one or more actuation or control features that
allow a user to control, deflect, steer, or otherwise manipulate a distal portion of the

medical device 12 from the proximal portion of the medical device 12. For example,
the handle 40 may include one or more components such as a lever or knob 46 for
manipulating the elongate body 16 and/or additional components of the medical
device 12. For example, a pull wire 48 with a proximal end and a distal end may have
its distal end anchored to the elongate body 16 at or near the distal portion. The

proximal end of the pull wire 48 may be anchored to an element such as a cam in
communication with and responsive to the lever 46. The medical device 12 may
include an actuator element 50 that 1s movably coupled to the proximal portion of the
elongate body 16 and/or the handle 40 for the manipulation and movement of a
portion of the medical device 12, such as the shaft 22, the fluid delivery conduit 26,
the expandable element 30, and/or the mesh 34, for example. The actuator element 50

may include a thumb-slide, a push-button, a rotating lever, or other mechanical
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structure for providing a movable coupling to the elongate body 16, the handle 40,

and/or the shaft 22. Moreover, the actuator element 50 may be movably coupled to
the handle 40 such that the actuator element 50 1s movable into individual, distinct
positions, and is able to be releasably secured 1in any one of the distinct positions.

8 The medical device 12 may include one or more rotational control elements 52
that are rotatably coupled to the proximal portion of the fluid delivery conduit 26,
shaft 22 and/or the handle 40 such that rotating the rotational control element 52 about
a longitudinal axis of the handle 40 and/or elongate body 16 results 1n similar rotation
of the shaft 22 and/or the fluid delivery conduit 26 at the distal portion of the medical
10  device 12. The rotational control element 52 may include a knob, dial, or other
mechanical structure for providing a rotatable coupling to the elongate body 16, the
handle 40 and/or the shaft 22. Moreover, the rotational control element 52 may be
rotatably coupled to the handle 40 and/or elongate body 16 such that the rotational
control element 52 1s movable into individual, distinct positions, and is able to be

15  releasably secured in any one ot the distinct positions.

Manipulation of the actuator element(s) 50 and/or the rotational control
element(s) 52 provides for movement of the fluid delivery conduit 26 to direct
dispersed coolant or fluid flow onto a particular segment or region of the expandable
element 30 for the desired clinical or therapeutic effect. In addition, the actuator
0 element(s) 50 and/or rotational control element(s) 52 can be used to controllably
position and/or rotate the shaft 22 of the medical device 12, which, in turn, can be
used to achieve a desired shape, expansion, or orientation of the mesh 34.

The system 10 may include one or more treatment or diagnostic sources
coupled to the medical device 12 for use in an operative procedure, such as tissue
25  ablation, for example. The control unit 14 may include a fluid supply 54 including a
coolant, cryogenic refrigerant, or the like, an exhaust or scavenging system 10 (not
shown) for recovering or venting expended fluid for re-use or disposal, as well as
various control mechanisms. In addition to providing an exhaust function for the fluid
or coolant supply, the control unit 14 may also include pumps, valves, controllers or

30  the like to recover and/or re-circulate fluid delivered to the handle 40, the elongate

body 16, and/or the fluid pathways of the medical device 12. A vacuum pump 56 in

the control unit 14 may create a low-pressure environment in one or more conduits
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within the medical device 12 so that fluid is drawn into the conduit(s)/lumen(s) of the

elongate body 16, away from the distal portion and towards the proximal portion of
the elongate body 16.

The control unit 14 may include a treatment energy source 58 as a treatment or
diagnostic mechanism in communication with one or more portions of the mesh 34 of
the medical device 12. The treatment energy source 58 may include an electrical
current or pulse generator, a radiofrequency generator or the like having a plurality of
output channels, with each channel coupled to an individual junction and/or
electrode(s) 37. The treatment energy source 58 may be operable in one or more
modes of operation, including for example: (i) bipolar energy delivery between at
least two electrodes or electrically-conductive portions of the medical device 12
within a patient’s body, (1) monopolar or unipolar energy delivery to one or more of
the electrodes or electrically-conductive portions on the medical device 12 within a
patient’s body and through a patient return or ground electrode (not shown) spaced
apart from the electrodes of the medical device 12, such as on a patient’s skin, in the
pericardial space, on an independently movable guide wire, or on an auxiliary device
In another region or vessel of the patient, for example, and (ii1) a combination of the
monopolar and bipolar modes.

The treatment energy source 38 may provide electrical pulses to the medical
device 12, such as the mesh 34 or electrically conductive portions thereof and/or the

electrodes 37, to pertorm an electroporation procedure. “Electroporation”™ utilizes high

density, short (e.g., microsecond to millisecond) electrical pulses to effectuate a
physiological modification (i.e., permeabilization) of the cells to which the energy is
applted. In particular, the pulsed energy induces the formation of microscopic pores
or openings in the cell membrane. Depending upon the characteristics of the
electrical pulses, an electroporated cell can survive electroporation (i.e., “reversible
electroporation”) or die (i.e., irreversible electroporation, “IEP””). Conventionally,
reversible electroporation has been used to transter agents into targeted cells for
various purposes.

The treatment energy source 58 may be configured and programmed to deliver
pulsed, high voltage density, pulsed energy as described below, appropriate for

achieving desired pulsed, high voltage ablation (or IEP ablation). As a point of
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reference, the pulsed, high voltage ablation effects of the present disclosure are
distinguishable from DC current ablation, as well as thermally-induced ablation
attendant with conventional RF techniques. The IEP in accordance with the present

disclosure 1s sufficient to induce cell death for purposes of completely blocking an
aberrant conductive pathway along or through cardiac tissue, destroying the ability of
the so-ablated cardiac tissue to propagate or conduct an electrical signal.

To that end, the treatment energy source 58 may deliver a number of different
various waveforms or shapes of pulses to achieve electroporation ablation of cardiac
tissue, including sinusoidal AC pulses, DC pulses, square wave pulses, exponentially
decaying wavetorms, or other pulse shapes such as combined AC/DC pulses, or DC
shifted signals. The parameters of pulsed energy generated by the treatment energy
source 58 can vary in one or more of the following manners: waveform shape, pulse
polarity, amplitude, pulse duration, interval between pulses, number of pulses
(frequency), combination of waveforms, etc. One or more of these parameters can be
altered or changed during the ablation procedure. For example, the treatment energy
source 58 may be adapted to generate a high density energy gradient in the range of
10-1,000 V/cm, pulsed at rates on the order of 1-1,000 microseconds. The voltage
level, pulse rate, wavetorm, and other parameters can be varied as described below,
with the control unit including, in some embodiments, a controller that automatically
dictates operational parameters as a function of one or more characteristics of the

cardiac tissue target site (e.g., tissue type (such as fatty tissue, thickness, cell

orientation, naturally-occurring electrical activity, etc.)).

The treatment energy source 58 may be configured to deliver biphasic
electrical pulses to one or more portions of the mesh and/or the medical device. As a
point of reterence, while monophasic electrical pulses may alternatively be employed,
the application of biphasic electrical pulses has surprisingly been found to produce
unexpectedly beneficial results in the context of cardiac tissue ablation. With
biphasic electroporation pulses, the direction of the pulses completing one cycle
alternates in less than a few hundred microseconds. As a result, the cells to which the
biphasic electrical pulses are applied undergo alternation of electrical field bias. With
IEP cardiac tissue ablation, changing the direction of bias surprisingly helps to reduce

prolonged post-ablation depolarization and/or 1on charging. As a result, it reduces
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prolonged muscle excitation (e.g., skeletal and cardiac cells) and risks of post shock
fibrillation of the cardiac cells. Further, biphasic electrical pulses overcome the high
impedance characteristics of fatty cells often times associated with cardiac ablation
procedures. Thus, biphasic electrical pulses avoid the possible drawbacks of
monophasic electrical pulses including: 1) atrial or ventricular fibrillation, 2) less
effective in making lestons through fat, 3) propensity to make thermal lesions on the
anode side of an electrode pair, and 4) prolonged muscle excitation.

With respect to biphasic energy (i.e., half positive phase and half negative
phase), the treatment energy source 58 may be programmed to deliver a plurality of
pulses each having a cycle time of not more than 5 milliseconds, but preferably not
more than 50 microseconds; an output voltage between approximately 200-2000
volts, preferably between 500 and 1000 volts at a pulse width between approximately
0.005 microseconds - 5 milliseconds, preferably between 0.005microseconds and 50
microseconds; and/or a series of pulse trains, with each train having between
approximately 1-500 monophasic or biphasic pulses, preferably 10-100 pulses. The
pulses may include a plurality.

The system 10 may further include one or more sensors to monitor the
operating parameters throughout the system 10, including for example, pressure,
temperature, flow rates, volume, power delivery, impedance, or the like in the control
unit 14 and/or the medical device 12, in addition to monitoring, recording or

otherwise conveying measurements or conditions within the medical device 12 or the

ambient environment at the distal portion of the medical device 12. The sensor(s) may
be in communication with the control unit 14 for initiating or trigeering one or more
alerts or therapeutic delivery modifications during operation of the medical device 12.
One or more valves, controllers, or the like may be in communication with the

sensor(s) to provide for the controlled dispersion or circulation of fluid through the
lumens/fluid paths of the medical device 12. Such valves, controllers, or the like may
be located in a portion of the medical device 12 and/or in the control unit 14.

The control unit 14 may include one or more controllers, processors, and/or
software modules containing instructions or algorithms to provide for the automated
operation and performance of the features, sequences, calculations, or procedures

described herein. For example, the control unit 14 may include an impedance
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measurement module or signal processing unit 60 to measure one or more impedance

characteristics between the selected portions or regions of the mesh 34, such as
individual junctions. An excitation current may be applied between one or more of the
junctions 38 on the medical device 12 and/or a patient return electrode, and the
resulting impedance may be measured and recorded at multiple locations of the mesh
34. Measured impedance values can vary depending on the type of tissue in the
electrically conductive pathway resulting in the measured impedance. For example, a
measured impedance value for an electrical path through a blood stream 1s
significantly different from an impedance measurement taken through a contacted
cardiac tissue wall. The resulting measurements or recordings can thus be used to
assess whether specific portions of the mesh 34 are in contact with a targeted tissue
area, and the resulting treatment may be modified accordingly based on the assessed
contact to direct therapeutic or treatment energies or methods towards the contacted
sector or region of the device 12.

In an exemplary use of the medical system 10, the distal portion 20 of the
medical device 12 may be positioned in proximity to a tissue region to be treated. In
particular, a portion of the mesh 34 and/or the electrically conductive portions of the
arms 35 may be positioned to contact a tissue region, such as a substantially
continuous portion of an atrial wall, a circumference of a blood vessel, or the like. The
mesh 34, arms 35 and/or expandable element 30 may be manipulated into a desired

geometric configuration. For example, the expandable element 30 may be inflated

within the mesh 34 or arms 335, thereby conforming to the shape of mesh 34 or the
arms 35. As such, irrespective of whether the expandable element 30 has a particular
shape or dimensional capacity, the mesh 34 or arms 35 may be used to provide a
restraining or confining guide and/or “shell” within which the expandable element 30
may be inflated to ensure a desired geometric configuration and/or a desired volume.
In addition, the sheath may be manipulated to affect the expansion or deployment of
at least a portion of the mesh 34 and the expandable element 30 therein.

The mesh 34 or arms 35 may be employed to determine a region of contact
between the mesh 34 or arms 35 and the surrounding tissue. For example, the
electrically-conductive portions of the mesh 34 or arms 35 may be used to measure a

plurality of impedance values around the circumference and length of the mesh 34 or
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arms 33 for a contact assessment between the device and the tissue. The impedance

measurements can be taken at individual junctions or electrodes 37, which may each
have an independent channel for communicating with the control unit 14. Those
portions of the mesh 34 (such as one or more discrete junctions) or arms 35 identified
having the greatest contact with the targeted tissue can be identified based on the
impedance values, and subsequently used to target or direct therapeutic and/or
diagnostic energies towards the contacting region or sector of the device.
Alternatively, the medical device 12 may be repositioned or realigned until the
contact assessment indicates a desired portion of the mesh 34 is in contact with a
particular tissue segment.

The electrically-conductive portions of the mesh 34, such as the exposed or
un-insulated junctions 38, or the electrodes 37 on the arms 35, may be used to
measure and/or record electrical signals or conduction pathways 1n the contacted
tissue region, commonly referred to as “mapping.” The targeted tissue region may be
mapped to identify the location of abnormal signal pathways for subsequent therapy
or treatment. Further, regions of tissue 1dentitied or suspected of having such aberrant
electrical activity may be temporarily electrically inhibited by reducing the
temperature of the tissue. In particular, a coolant may be circulated through the
expandable element 30, thus cooling tissue in proximity to the expandable element.
The surrounding tissue may be cooled to a temperature that temporarily prevents or

reduces electrical conduction without destroying or ablating the affected tissue — e.g.,

“cryo-mapping.” Subsequent electrical measurement may be taken with the medical
device 12 to confirm that the cryomapped segment should be treated further through

the application of one or more ablative techniques.
Once attaining the desired position, contact assessment, and/or confirmation

that a tissue site is problematic, the medical device 12 may be used to treat the
contacted tissue area. For example, the expandable element 30 of the medical device
12 may be subjected to a fluid flow, including a cryogenic coolant or the like, to
create an ablative lesion within a desired tissue region. The expandable element 30
may be inflated such that portions of the expandable element 30 protrude through the
mesh 34 or arms 35 to contact and/or be in position to thermally affect the desired

tissue region, while substantially retaining the geometric configuration of the mesh 34
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or arms 35. The coolant may be controllably delivered through the fluid delivery

conduit 26 and directed towards the particular portion of the mesh 34 or expandable
element 30 indicated as having the greatest contact with the tissue. The manipulation
of the fluid delivery conduit 26 may be achieved through manipulating one or more
actuators on the handle 40, and may further be facilitated by visualizing one or more
positional or orientation markers (not shown) on a distal part of the delivery conduit
26 through medical imaging means, such as fluoroscopy or the like.

In addition and/or alternatively to cryogenically treating the targeted tissue
region, one or more portions of the mesh 34 or arms 35 may be used to conduct
radiofrequency energy or electrical pulses 1nto the tissue to create one or more
ablation zones 1n the tissue. The radiofrequency energy may be delivered to the
specific junctions or electrodes identified as being in contact with the tissue. The
radiofrequency energy may be delivered independently, simultaneously, and/or
sequentially with the delivery of the cryogenic fluid flow through the expandable
element 30 to achieve the desired clinical effect.

In addition, the medical device may be operated to deliver electroporating
energy pulses through the conductive portions of the mesh 34 or arms 35 to achieve
IEP of the targeted tissue using one or more of the energy delivery characteristics
described above. For example, a string of biphasic pulses may be delivered over 5
seconds, with each train or train segment comprised of 40 pulses over 8§ milliseconds

at a frequency of 1 Hz effect ablation of the targeted cardiac tissue by IEP.

Exemplary pulse trains may include a biphasic pulse width and inter-pulse interval of
100 microseconds, for example. Other biphasic waveforms can also be employed,
having diftering parameters such as shapes, amplitudes, pulse duration, interval

between pulses, combination of pulses, etc. For example, biphasic energy pulses may

be applied at very short durations (on the order of 1 nanosecond - 50 microseconds,
up to 100 microseconds, in some embodiments in the range of 50-200 microseconds)

to etfectively ablate tatty areas of heart tissue. Further, trains of short biphasic pulses

having low amplitude can be effective in the permeabilization of cells while
minimizing thermal damage. Such delivered biphasic pulse trains may be provided

over a range of 2-6 seconds, each train having 20-60 biphasic pulses, each pulse

having a cycle time of not more than 5 milliseconds, but preferably not more than 50
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microseconds; an output voltage between approximately 200-2000 volts, preferably
between 500 and 1000 volts at a pulse width between approximately 0.005
microseconds - 5 milliseconds, preferably between 0.005microseconds and 50
microseconds; and/or a series of pulse trains, with each train having between
approximately 1-500 monophasic or biphasic pulses, preferably 10-100 pulses.
Delivery of energy pulse trains are preferably timed to correspond with the onset of
depolarization of the myocardium. Alternately the pulse trains may be delivered to
myocardium that 1s fully polarized, just before normal sinus thythm activation occurs.
By employing pulsed, high voltage energy to effectuate IEP ablation of cardiac tissue
cells, transmural lesions can be rapidly created at rates much less than those typically
encountered with conventional radiofrequency ablation. Further, the applied current
can be specifically directed to create very specific lesion patterns without the
generation of excessive heat.

One or more treatment modalities may be combined through the use of the
medical device 12 to achieve the desired effect. For example, electroporation
treatment may be combined with cryogenic treatment to achieve a synergistic affect
facilitating deeper and more continuous tissue treatment. For example, a cryogenic
coolant may be circulated through the expandable element 30, which results in
thermal exchange with the surrounding tissue to create frozen tissue regions.

During the cooling of the expandable element 30 and thus portions of the

targeted tissue region, one or more portions of the mesh 34 or arms 35 may be

powered by the energy treatment source 58 to deliver electroporating pulses between
one or more regions of the mesh 34 and/or arms 35 and a reference or patient
electrode on or in the patient. Electrical conduction through the frozen tissue is
significantly reduced or altogether eliminated, and accordingly, electrical current
paths between the activated portions of the mesh 34 or arms 35 flow around the
frozen tissue regions, thus driving the current paths deeper into the targeted tissue
area. By controllably increasing the cooling rate of the expandable element 30 (via the
control unit 14, for example) while also correspondingly adjusting the power delivery
to the mesh 34 or arms 35, increased tissue depths can be frozen, thus driving the
current paths even deeper into the target tissue region, resulting in a deeper,

potentially more effective tissue leston or ablation site. The combined operation of the
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expandable element 30 and the mesh 34 or arms 35 takes advantage of the electrical

1solation property of frozen tissue, by freezing the tissue between electrically
conductive portions of the mesh and/or a ground electrode and forcing the provided
clectroporating, pulsed energy to travel deeper 1n the periphery of the frozen tissue
and promote deeper tissue destruction and ablation.

Moreover, Cryogenic ablation through the expandable element is effective
when good tissue contact 1s achieved when ablating about a great vessel ostium. In
locations about the ostium where blood flow 1s not occluded by contact of the
expandable element, the tissue may not become frozen. This also creates an
inhomogeneity of tissue electrical conductivity about the targeted ostial ablation
circumference. The frozen tissue 1s electrically insulative and the non-frozen portions
remain electrically conductive. Exemplary uses of the combined cryogenic and
electrical energy delivery, described above, can also take advantage of the two
complimentary modes of cryogenic and electroporative ablation to produce
contiguous circumferential lesions. In the regions that are unable to be frozen and
cryogenically ablated, the electroporation energy passes preferentially, such that these
regions become ablated by this alternate energy mode.

The cardiac tissue ablation systems and methods of the present disclosure
provide a marked improvement over previous applications. The IEP energy delivery
may be performed with a series of microsecond or nanosecond duration, high voltage

pulses. The delivery 1s non-thermal so heat-sink issues encountered with

conventional thermal ablations are eliminated. A focal irrigated, radiofrequency
ablation procedure typically requires approximately 35 — 45 minutes of actual energy
delivery time. During that time, over a liter of saline may be infused into the patient
to cool an RF electrode. A cryogenic ablation procedure typically requires
approximately 30 minutes of cryogenic application time. In stark contrast, the
duration of IEP energy delivery could be approximately 2-5 seconds. This is a major
reduction in time required to perform a procedure. In addition, it eliminates the risk
of complications such as esophageal fistulae, pulmonary vein stenosis, and phrenic
nerve palsy. This results in a procedure to treat paroxysmal AF that could be
accomplished 1n less than an hour, without the risk of the most feared complications.

Additionally, IEP ablation does not require saline irrigation to cool the electrodes.
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This eliminates the problem of fluid overload in fluid compromised patients during an
atrial fibrillation ablation procedure. Further, radiofrequency ablation may disrupt the
cardiac endothelial surface, activate the extrinsic coagulation cascade, and lead to

char and thrombus formation, which in turn may lead to systemic thromboembolism —

all of which IEP avoids

It will be appreciated by persons skilled in the art that the present invention is
not limited to what has been particularly shown and described herein above. In
addition, unless mention was made above to the contrary, 1t should be noted that all of
the accompanying drawings are not to scale. A variety of modifications and
variations are possible in light of the above teachings without departing from the

scope and spirit of the invention, which 1s limited only by the following claims.
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What is claimed 1s:
1. A medical system, comprising:
a catheter body,
an elongate body disposed in the catheter body;

S an expandable element having a proximal portion coupled to the catheter
body and a distal portion coupled to the elongate body, the distal portion of the
expandable element defining the distal-most portion of the medical device;

a mesh substantially surrounding the expandable element, at least a portion
of the mesh being electrically conductive; and
10 a coolant source in fluid communication with the expandable element.

2. The medical system of Claim 1, wherein the elongate body 1s longitudinally
movable within the catheter body.

3. The medical system of Claim 2, wherein the elongate body defines a guide
wire lumen.

15 4. The medical system of Claim 1, further comprising a fluid injection lumen
coupling the coolant source to an interior of the expandable element.

5. The medical system of Claim 1, further comprising a fluid distribution element
coupled to the fluid injection lumen, the fluid distribution element being
controllably rotatable and translatable within the interior of the expandable

20 element.

6. The medical system of Claim 5, wherein the fluid distribution element
includes a valve movably coupled to the elongate body.
7. The medical system of Claim 1, further comprising an impedance assessment
unit coupled to the mesh.
235 8. The medical system of Claim 1, further comprising a high-voltage pulsed

signal generator in electrical communication with the mesh.
9. The medical system of Claim 1, wherein the mesh includes at least one
electrically-insulated portion and at least one electrically-conductive portion.
10. The medical system of Claim 9, wherein the mesh includes an electrically-
30 conductive portion disposed between two electrically-insulated portions.
11. The medical system of Claim 9, wherein the mesh includes an electrically-

insulated portion disposed between two electrically-conductive portions.
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12. The medical system of Claim 1, wherein the mesh 1s controllably

transitionable from a first shape to a second shape.
13. The medical system of Claim 9, wherein the expansion of the expandable

element is inhibited at least in part by the mesh.

14. The medical system of Claim 1, wherein the mesh includes a plurality of
interwoven wires that are at least partially electrically-insulated.

15. The medical system of Claim 1, wherein the mesh includes at least one of a
plurality of thermistors or plurality of thermocouples.

16. The medical system of Claim 1, further comprising a sheath slidably coupled

to at least a portion of the catheter body.
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