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assembly has a non-projecting distal portion when in the
expanded arrangement.



EP 3 345 562 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE PRESENT DISCLOSURE

[0001] This invention relates to electrophysiologic (EP)
catheters, in particular, EP catheters for mapping and/or
ablation in the heart.

BACKGROUND

[0002] Mapping of electrical potentials in the heart is
now commonly performed, using cardiac catheters com-
prising electrophysiological sensors for mapping the
electrical activity of the heart. Typically, time-varying
electrical potentials in the endocardium are sensed and
recorded as a function of position inside the heart, and
then used to map a local electrogram or local activation
time. Activation time differs from point to point in the en-
docardium due to the time required for conduction of elec-
trical impulses through the heart muscle. The direction
of this electrical conduction at any point in the heart is
conventionally represented by an activation vector,
which is normal to an isoelectric activation front, both of
which may be derived from a map of activation time. The
rate of propagation of the activation front through any
point in the endocardium may be represented as a ve-
locity vector. Mapping the activation front and conduction
fields aids the physician in identifying and diagnosing ab-
normalities, such as ventricular and atrial tachycardia
and ventricular and atrial fibrillation, that result from areas
of impaired electrical propagation in the heart tissue.
[0003] Localized defects in the heart’s conduction of
activation signals may be identified by observing phe-
nomena such as multiple activation fronts, abnormal con-
centrations of activation vectors, or changes in the ve-
locity vector or deviation of the vector from normal values.
Examples of such defects include re-entrant areas, which
may be associated with signal patterns known as com-
plex fractionated electrograms. Once a defect is located
by such mapping, it may be ablated (if it is functioning
abnormally) or otherwise treated so as to restore the nor-
mal function of the heart insofar as is possible. As an
illustration, cardiac arrhythmias including atrial fibrilla-
tion, may occur when regions of cardiac tissue abnor-
mally conduct electric signals to adjacent tissue, thereby
disrupting the normal cardiac cycle and causing asyn-
chronous rhythm. Procedures for treating arrhythmia in-
clude disrupting the origin of the signals causing the ar-
rhythmia, as well as disrupting the conducting pathway
for such signals, such as by forming lesions to isolate the
aberrant portion. Thus, by selectively ablating cardiac
tissue by application of energy via a catheter, it is some-
times possible to cease or modify the propagation of un-
wanted electrical signals from one portion of the heart to
another. The ablation process destroys the unwanted
electrical pathways by formation of non-conducting le-
sions.
[0004] A number of advantages may be obtained by

providing a catheter having multiple electrodes to allow
for mapping larger regions and/or for creating a plurality
of lesions either simultaneously or without the need to
reposition the catheter, such as by employing a basket-
shaped electrode assembly. Examples are described in
commonly assigned U.S. Pat. Nos. 5,772,590, 6,748,255
and 6,973,340, the entire disclosures of each of which
are incorporated herein by reference. Basket catheters
feature a plurality of spines, which are connected at their
distal end as well as the proximal end. The spines may
be deployed in an expanded arrangement wherein at
least a portion of each spine extends radially outwardly
from the catheter body or in a collapsed arrangement
wherein each spine is disposed generally along the lon-
gitudinal axis of the catheter body. The collapsed ar-
rangement facilitates advancing the electrode assembly
to the desired location in the patient’s body, such as
through the vasculature in a percutaneous approach.
When the electrode assembly assumes the expanded
arrangement, one or more of the electrodes on the spines
are brought into contact with tissue to allow for measure-
ment of electrical signals and/or ablation of tissue.
[0005] By employing multiple spines, these electrode
assemblies are adapted to provide an array of electrodes
to occupy a three dimensional space defined by the anat-
omy of the patient, such as a chamber of the heart or an
ostium vessel for example. Generally, it is desirable for
the spines to be distributed evenly when expanded to
provide uniform coverage of the electrode array over the
space in which the spines are deployed. Alternatively, it
may be desirable to distribute the spines in an uneven,
but defined configuration in order to concentrate the elec-
trodes at one or more regions of the space. However,
conventional multiple spine electrode assemblies may
not deploy with the spines in the intended configuration.
For example, in a basket-shaped electrode assembly,
they are secured only at their proximal and distal ends
and the spines may not assume their intended radial dis-
tribution, particularly at locations that are farther away
from the secured ends. Notably, the spines may bunch
together more closely or may splay apart to a greater
degree than desired. The tendency of the multiple spine
electrode assemblies to assume such suboptimal distri-
butions may be exacerbated by irregularities in a patient’s
anatomy or by friction with tissue.
[0006] Accordingly, there is a need for a basket-
shaped electrode assembly that helps maintain a desired
relationship between the spines when deployed in their
expanded arrangement. Similarly, there is a need for a
basket-shaped electrode assembly in which the spines
are stabilized with respect to each other. It would also be
desirable to provide basket-shaped electrode assembly
designs that readily take on different expanded arrange-
ments to more readily contact areas or features of a pa-
tient’s anatomy. The techniques of this disclosure as de-
scribed in the following materials satisfy these and other
needs.
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SUMMARY

[0007] The present disclosure is directed to a catheter
with an elongated catheter body having a proximal end,
a distal end and a lumen and a hybrid electrode assembly
mounted at the distal end of the catheter body. The hybrid
electrode assembly has at least two spines and an inflat-
able balloon in fluid communication with the elongated
catheter body lumen. Each spine may have at least one
electrode and a proximal end attached at the distal end
of the catheter body. Each spine may have a collapsed
arrangement in which the spines are arranged generally
along a longitudinal axis of the catheter body and an ex-
panded arrangement in which at least a portion of each
spine bows radially outwards from the longitudinal axis.
The inflatable balloon may be disposed within the spines
when in the expanded arrangement and the hybrid elec-
trode assembly may have a non-projecting distal portion
when in the expanded arrangement.
[0008] In one aspect, the non-projecting distal portion
of the hybrid electrode assembly may be formed by a
portion of the balloon having a distal end being inverted
within the balloon when in the expanded arrangement
[0009] In one aspect, the inflatable balloon may be se-
cured to each spine at a location distal of the proximal
end of the spine. Each spine may have a length and the
inflatable balloon may be secured to each spine along a
portion of the spine length. Further, the inflatable balloon
may be secured to each spine along the spine length.
[0010] In one aspect, the inflatable balloon may be con-
figured to maintain a desired radial distribution of the
spines relative to each other when in the expanded ar-
rangement.
[0011] In one aspect, the inflatable balloon may be
formed from a compliant material, semi-compliant mate-
rial or a non-compliant material.
[0012] In one aspect, the hybrid electrode assembly
may have an expander with proximal and distal ends, the
expander slidably disposed within the lumen, such that
the hybrid electrode assembly has the expanded ar-
rangement when the expander is moved to a longitudi-
nally proximal position relative to the catheter body and
has the collapsed arrangement when the expander is
moved to a longitudinally distal position relative to the
catheter body. The hybrid electrode assembly may be
configured to assume different conformations in the ex-
panded arrangement based at least in part on a relative
longitudinal position of the expander relative to the cath-
eter body. The expander may be secured to a distal end
of the balloon. A portion of the balloon having the distal
end may be inverted within the balloon when in the ex-
panded arrangement, forming the non-projecting distal
end of the hybrid electrode assembly.
[0013] In one aspect, each spine may have a pre-
shaped configuration corresponding to the expanded ar-
rangement. Each spine may be formed from a shape
memory material. In some embodiments, each spine may
have a flexible core with a non-conductive covering. In

some embodiments, each spine may include a flex cir-
cuit.
[0014] This disclosure also include a method for treat-
ment involving providing a catheter with an elongated
catheter body having a proximal end, a distal end, a lu-
men and a hybrid electrode assembly mounted at the
distal end of the catheter having at least two spines and
an inflatable balloon in fluid communication with the elon-
gated catheter body lumen, each spine having at least
one electrode and proximal end attached at the distal
end of the catheter body. The distal end of the catheter
with the hybrid electrode assembly may be advanced to
a desired region within a patient in a collapsed arrange-
ment with the spines arranged generally along a longitu-
dinal axis of the catheter body and the hybrid electrode
assembly may be caused to assume an expanded ar-
rangement having a non-projecting distal portion in which
the spines are positioned radially outwards from the lon-
gitudinal axis of the catheter body so that at least one
electrode is in contact with tissue.
[0015] In one aspect, the hybrid electrode assembly
assumes the expanded arrangement at least in part due
to a preshaped configuration of the spines.
[0016] In one aspect, causing the hybrid electrode as-
sembly to assume the expanded arrangement involves
delivering inflation fluid to the inflatable balloon through
the lumen of the catheter body. Adjusting the amount of
delivered inflation fluid may alter the conformation of the
hybrid electrode assembly in the expanded arrangement
at the desired region within the patient
[0017] In one aspect, the hybrid electrode assembly
may also have an expander with proximal and distal ends,
the expander slidably disposed within the catheter body
lumen, wherein distal ends of the spines are attached to
the expander. The hybrid electrode assembly may be
caused to assume the expanded arrangement by moving
the expander to a longitudinally proximal position relative
to the catheter body. Adjusting the longitudinal position
relative to the catheter body may alter the conformation
of the hybrid electrode assembly in the expanded ar-
rangement at the desired region within the patient.
[0018] In one aspect, causing the hybrid electrode as-
sembly to assume the expanded arrangement may cre-
ate a region of the hybrid electrode assembly with a flat-
tened disc-shaped configuration. The flattened disc-
shaped configuration may include the non-projecting dis-
tal end of the hybrid electrode assembly
[0019] In one aspect, the method may involve receiving
electrical signals from the at least one electrode in contact
with tissue. The method may further involve moving the
hybrid electrode assembly to a new position within the
patient while maintaining the expanded arrangement and
receiving electrical signals from the at least one electrode
in the new position.
[0020] In one aspect, the method may involve altering
the conformation of the hybrid electrode assembly in the
expanded arrangement at the desired region within the
patient.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Further features and advantages will become
apparent from the following and more particular descrip-
tion of the preferred embodiments of the disclosure, as
illustrated in the accompanying drawings, and in which
like referenced characters generally refer to the same
parts or elements throughout the views, and in which:

FIG. 1 is a top plan view of a catheter of the present
invention, with a hybrid electrode assembly, accord-
ing to one embodiment.

FIG. 2 is an end view of the hybrid electrode assem-
bly shown in FIG. 1.

FIG. 3 is a schematic view of a spine having a flexible
core with a non-conductive covering in a preshaped
expanded arrangement, according to one embodi-
ment.

FIG. 4. is a schematic view of flex circuit spine con-
struction, according to one embodiment.

FIG. 5 is a schematic cross sectional view of the flex
circuit spine construction of FIG. 4, according to one
embodiment.

FIG. 6 is a schematic view of cage formed from
spines prior to mounting an inflatable balloon, ac-
cording to one embodiment.

FIG. 7 is a schematic view of a hybrid electrode as-
sembly positioned within the left atrium, according
to one embodiment.

FIG. 8 is a schematic view of a roving operation that
may be performed with a hybrid electrode assembly,
according to one embodiment.

FIGs. 9-11 are schematic illustrations of variable
conformations of a hybrid electrode assembly to
match pulmonary veins of different shapes and siz-
es, according to one embodiment.

FIGs. 12-14 are schematic illustrations of variable
conformations of a hybrid electrode assembly that
may be used for a stamping operation, according to
one embodiment.

FIGs. 15-17 are schematic illustrations of variable
conformations of a hybrid electrode assembly cor-
responding to different relative longitudinal positions
of an expander, according to one embodiment.

FIG. 18 is a schematic illustration of an invasive med-
ical procedure using a hybrid electrode assembly,
according to one embodiment.

FIG. 19 is an elevational view of a hybrid electrode
assembly with flex circuit spines, according to one
embodiment.

FIG. 20 is an end view of the hybrid electrode as-
sembly shown in FIG. 19.

FIG. 21 is a schematic illustration of a grooved bal-
loon with a hemispherical distal region and a conical
proximal region, according to one embodiment.

FIG. 22 is an elevational view of flex circuit spines
disposed within a grooved balloon of a hybrid elec-
trode assembly, according to one embodiment.

FIG. 23 is an end view of the hybrid electrode as-
sembly shown in FIG. 22.

DETAILED DESCRIPTION

[0022] At the outset, it is to be understood that this
disclosure is not limited to particularly exemplified mate-
rials, architectures, routines, methods or structures as
such may vary. Thus, although a number of such options,
similar or equivalent to those described herein, can be
used in the practice or embodiments of this disclosure,
the preferred materials and methods are described here-
in.
[0023] It is also to be understood that the terminology
used herein is for the purpose of describing particular
embodiments of this disclosure only and is not intended
to be limiting.
[0024] The detailed description set forth below in con-
nection with the appended drawings is intended as a de-
scription of exemplary embodiments of the present dis-
closure and is not intended to represent the only exem-
plary embodiments in which the present disclosure can
be practiced. The term "exemplary" used throughout this
description means "serving as an example, instance, or
illustration," and should not necessarily be construed as
preferred or advantageous over other exemplary embod-
iments. The detailed description includes specific details
for the purpose of providing a thorough understanding of
the exemplary embodiments of the specification. It will
be apparent to those skilled in the art that the exemplary
embodiments of the specification may be practiced with-
out these specific details. In some instances, well known
structures and devices are shown in block diagram form
in order to avoid obscuring the novelty of the exemplary
embodiments presented herein.
[0025] For purposes of convenience and clarity only,
directional terms, such as top, bottom, left, right, up,
down, over, above, below, beneath, rear, back, and front,
may be used with respect to the accompanying drawings.
These and similar directional terms should not be con-
strued to limit the scope of the disclosure in any manner.
[0026] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meaning as com-
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monly understood by one having ordinary skill in the art
to which the disclosure pertains.
[0027] Finally, as used in this specification and the ap-
pended claims, the singular forms
"a, "an" and "the" include plural referents unless the con-
tent clearly dictates otherwise.
[0028] This disclosure is directed to a catheter having
a hybrid electrode assembly. As noted above, certain
types of electrical activity within a heart chamber are not
cyclical. Examples include arterial flutter or arterial fibril-
lation, and ventricular tachycardia originating in scars in
the wall of the ventricle that have resulted from infarcts.
To analyze or ’map’ this type of electrical activity, it is
desirable to deploy a plurality of electrodes in contact
with the tissue forming the chamber walls with the hybrid
electrode assembly. In other embodiments, RF energy
may be delivered to selected treatment areas for ablation
based therapies, including for example, isolation of a
source of irregular electrical signals by blocking electrical
conduction. Focal ablations using unipolar devices ben-
efit from targeted delivery of RF energy along with local-
ized feedback of catheter placement, both spatially and
with respect to tissue engagement. However, focal ab-
lation procedures typically involve relative long proce-
dure times as a result of the physician needing to stich
a series of "quantized" RF ablation to form a lesion having
the desired characteristics, such as the creation of a con-
tinuous circumferential block which surrounds the ostium
of the targeted vein. Additionally, the use of a focal uni-
polar electrode requires substantial physician skill levels
augmented with peripheral navigation systems in order
to accurately and reliably position the electrodes. Corre-
spondingly, use of the hybrid electrode assembly may
present the opportunity to simultaneously record electri-
cal signals and/or deliver ablation energy at a plurality of
locations. The hybrid electrode assembly features mul-
tiple spines having an expanded arrangement with a de-
sired distribution of the spines in relation to each other
that may be maintained by an inflated balloon. The inter-
actions between the spines and the balloon may also
allow the hybrid electrode assembly to assume different
conformations to more readily access desired areas of
the patient’s anatomy.
[0029] To help illustrate aspects of this disclosure, an
exemplary embodiment of an electrophysiologic catheter
with a multiple spine electrode assembly is shown sche-
matically in FIG. 1. Catheter 10 comprises an elongated
catheter body 12 having proximal and distal ends, a con-
trol handle 14 at the proximal end of the catheter body
12, and a hybrid electrode assembly 16 comprising a
plurality of spines 18, with proximal ends of spines 18
mounted at the distal end of the catheter body 12. Each
spine 18 may carry one or more electrodes 20 that may
be located at any location and/or distribution along the
length of spine 18. Spines 18 are shown in FIG. 1 in an
expanded arrangement, with inflatable balloon 22 posi-
tioned within the space defined by spines 18. Balloon 22
may be secured to each spine 18 at least at an interme-

diate location between the proximal and distal ends of
spine 18 to stabilize them with respect to each other.
Depending upon the embodiment, each spine 18 may be
secured to balloon 22 at multiple locations or substan-
tially along their length to obtain a desired degree of sta-
bility and/or to assume different expanded arrangements
as will be described in further detail below. An end view
of the hybrid electrode assembly 16 shown in FIG. 1 is
schematically depicted in FIG. 2. In this embodiment,
spines 18 are distributed about the radius of balloon 22
substantially evenly. Alternatively, however, any desired
distribution of spines 18 may be employed.
[0030] Balloon 22 may be formed from any suitable
material, such as biocompatible polymers such as polya-
mides, polyesters, aramids, polyethylenes, poly-
urethanes and others, and may be compliant, semi-com-
pliant, super compliant or non-compliant as warranted
by the desired characteristics. As used herein, the term
"compliant" means the balloon may be deformed, such
as through expansion, when inflated and by forces trans-
mitted via the spines and the term "relatively non-com-
pliant" means the balloon does not substantially deform.
Balloon 22 may be secured to spines 18 using any suit-
able technique, including without limitation adhesives,
mechanical fasteners, heat bonding and the like. The
number of attachments between spines 18 and balloon
22 and their locations, as well as the choice of balloon
material, may be tailored to achieve any combination of
desired characteristics. For example, attachment at in-
termediate locations along spines 18 may impart a rela-
tively greater amount of stability in the radial positioning,
helping to prevent migration of spines 18 towards or away
from each other. Further, providing more points of attach-
ment along the length of spines 18 may cause the spines
to more closely assume an expanded arrangement dic-
tated by the inflated shape of balloon 22. Conversely,
reducing the number or areas of attachment between
spines 18 and balloon 22 may allow hybrid electrode as-
sembly to assume expanded arrangements other than
the balloon shape. Still further, use of a relatively more
compliant balloon material may allow the characteristics
of spines 18, such as those formed from shape memory
materials or preshaped configurations to have more in-
fluence on the expanded arrangement, while a less com-
pliant balloon material may constrain spines 18 more
closely to the balloon shape.
[0031] As described below, some embodiments of hy-
brid electrode assembly 16 may exhibit a manually ad-
justable degree of expansion to change its configuration
and help conform to the tissue in the region in which it is
deployed. As such, compliant balloon 22 may impart a
stabilizing force to spines 18 over a range of relative dis-
tances between adjacent spines. For example, the dis-
tance between a pair of adjacent spines 18 may vary
depending on the degree of expansion. So long as the
distances are within the range of compliance of the bal-
loon material, each spine 18 may be constrained by the
resilience of balloon 22 so that it is stabilized with respect
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to its adjacent spines. Alternatively, balloon 22 may be
formed from a relatively non-compliant material when it
is desired that spines 18 maintain a single defined dis-
tance between each other when in the expanded ar-
rangement. Notably, even for a non-compliant material,
under inflation of the balloon may still allow for changes
in the degree of expansion and correspondingly, changes
in the conformation of the expanded arrangement to in-
crease the ability of hybrid electrode assembly 16 to in-
teract with the patient’s anatomy. Accordingly, it will be
appreciated that the conformation of hybrid electrode as-
sembly 16 when in an expanded arrangement may be
controlled at least in part by varying the inflation charac-
teristics of balloon 22. For example, the pressure to which
balloon 22 is inflated may be adjusted to impart different
conformations. As another example, the volume of the
inflation fluid introduced may also be adjusted to achieve
control over the conformation of the expanded arrange-
ment.
[0032] In the depicted embodiment, hybrid electrode
assembly 16 comprises eight spines 18. Each spine 18
has a proximal end attached at the distal end of the cath-
eter body 12 and a distal end secured to the distal ends
of the other spines, either directly or indirectly. As an
example of a suitable construction, each spine 18 may
have a flexible core, such as an internal strut, a substrate,
or any other structural member comprising a metal or
plastic material having characteristics such as resiliency
and/or shape memory that allow the spines 18 to assume
their expanded and collapsed arrangements per the dis-
cussion below. Hybrid electrode assembly 16 may be a
discrete element that is joined to catheter body 12 or may
comprise one or more elements that extend from catheter
body 12. Further, as will be described in more detail be-
low, the polar region of hybrid electrode assembly 16
may have a non-protruding configuration when in an ex-
panded arrangement so that electrodes 20 positioned in
this region may contact tissue more readily. In some em-
bodiments, the overall diameter of hybrid electrode as-
sembly 16 may be in the range of approximately 1 mm
to 4 mm, such as 2.5 mm, to allow adjustment of the
position when deployed in an expanded arrangement,
so that different regions may be interrogated and/or treat-
ed. In other embodiments, the overall diameter of hybrid
electrode assembly 16 may be configured to substantially
fill the volume in which is deployed, such as having a
diameter of approximately 5 mm for ventricular applica-
tions.
[0033] As will be recognized by one skilled in the art,
the number of spines 18 may vary as desired depending
on the particular application, so that the catheter 10 has
at least two spines, and may have three or more spines
up to twelve or more. Spines 18 are moveable between
an expanded arrangement, wherein, for example, each
spine extends radially outwardly from the catheter body
12, and a collapsed arrangement, wherein, for example,
each spine is disposed generally along a longitudinal axis
of the catheter body 12 so that the spines are capable of

fitting within a lumen of a guiding sheath, as discussed
further below.
[0034] As noted, each spine 18 carries at least one
electrode mounted along its length. In the depicted em-
bodiment, electrodes 20 are mounted along the length
of spines 18 on the non-conductive covering. As desired,
electrodes 20 may be configured as unipolar, bipolar or
both and may be diagnostic electrodes, ablation elec-
trodes, reference electrodes or others. Hybrid electrode
assembly 16 may also have at least one position sensor
24, such as at a distal end as shown, to help determine
the orientation and/or position of hybrid electrode assem-
bly 16 when deployed within a patient as described be-
low.
[0035] The hybrid electrode assembly 16 may also in-
clude an expander 26 is generally coaxial with the cath-
eter body 12 and extends from the proximal end of cath-
eter body 12 through the central lumen and is attached,
directly or indirectly, to the distal ends of spines 18. For
example, the expander may be secured to a distal end
of balloon 22. The expander 26 is afforded longitudinal
movement relative to the catheter body so that it can
move the distal ends of the spines 18 proximally or distally
relative to the catheter body 12 to radially expand and
contract, respectively, the electrode assembly. Since the
proximal ends of spines 18 are secured to the catheter
body 12, relative movement of expander 26 in the prox-
imal direction shortens the distance between the distal
and proximal ends of spines 18, causing them to bow
outwards into an expanded arrangement. The expander
26 comprises a material sufficiently rigid to achieve this
function. In an embodiment, the expander 26 comprises
braided polyimide tubing having inner and outer layers
of polyimide with a braided stainless steel mesh there
between, as is generally known in the art. As will be ap-
preciated, different relative amounts of movement of the
expander 26 along the longitudinal axis may affect the
degree of bowing, such as to enable the spines 18 to
exert greater pressure on the atrial tissue for better con-
tact between the tissue and the electrodes on the spines.
Thus, a user can change the shape of the electrode as-
sembly by adjusting the longitudinal extension or with-
drawal of the expander.
[0036] Alternatively or in addition, spines 18 may in-
clude a material that facilitates assuming the expanded
arrangement, so that spines 18 may have a preshaped
configuration corresponding to the desired shape of hy-
brid electrode assembly 16 when deployed within a pa-
tient. For example, spines 18 may have a core formed
from a shape memory material to help spines 18 assume
the expanded and collapsed arrangements. Notably,
nickel-titanium alloys known as nitinol may be used. At
body temperature, nitinol wire is flexible and elastic and,
like most metals, nitinol wires deform when subjected to
minimal force and return to their shape in the absence
of that force. Nitinol belongs to a class of materials called
Shaped Memory Alloys (SMA) that have interesting me-
chanical properties beyond flexibility and elasticity, in-
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cluding shape memory and superelasticity which allow
nitinol to have a "memorized shape" that is dependent
on its temperature phases. The austenite phase is niti-
nol’s stronger, higher-temperature phase, with a simple
cubic crystalline structure. Superelastic behavior occurs
in this phase (over a 50°-60°C temperature spread). Cor-
respondingly, the martensite phase is a relatively weaker,
lower-temperature phase with a twinned crystalline struc-
ture. When a nitinol material is in the martensite phase,
it is relatively easily deformed and will remain deformed.
However, when heated above its austenite transition
temperature, the nitinol material will return to its pre-de-
formed shape, producing the "shape memory" effect. The
temperature at which nitinol starts to transform to austen-
ite upon heating is referred to as the "As" temperature.
The temperature at which nitinol has finished transform-
ing to austenite upon heating is referred to as the "Af’
temperature.
[0037] Thus, depending on the embodiment, the tran-
sition between the collapsed arrangement and the ex-
panded arrangement may be caused by the character-
istics of spines 18, by mechanistic actuation or by a com-
bination. For example, spines 18 may have a preshaped
configuration when not restrained by a guiding sheath,
causing it to expand radially outwards to assume the ex-
panded configuration. Alternatively, a mechanism, such
as expander 26, may be used to adjust the relative dis-
tance between the distal and proximal ends of spines 18,
causing hybrid electrode assembly 16 to bow outwards
into the expanded arrangement. Regardless of the man-
ner in which expansion occurs, hybrid electrode assem-
bly 16 may have one or more expanded arrangements
in which spines 18 form generally spherical, ovoid, ellip-
soidal, conical or other closed shape, but may also be
designed to take on other shapes which may be regular
or irregular as well as being open or closed. For example,
embodiments discussed below may include conforma-
tions in which hybrid electrode assembly 16 exhibits a
flattened, disc-shaped region at the non-projecting distal
end.
[0038] Catheter body 12 comprises an elongated tu-
bular construction having a single, axial or central lumen
but can optionally have multiple lumens along all or part
of its length if desired. For example, as indicated in the
embodiment shown in FIG. 1, lumen 28 may be provided
to convey inflation fluid to the interior of balloon 22 intro-
duced through adapter 30 to control expansion of hybrid
electrode assembly 16 and/or stabilize spines 18. Cath-
eter body 12 is flexible, i.e., bendable, but substantially
non-compressible along its length. Catheter body 12 can
be of any suitable construction and made of any suitable
material, such as by using an outer wall of polyurethane
or PEBAX® (polyether block amide). The wall may have
an imbedded braided mesh of stainless steel or the like,
as is generally known in the art, to increase torsional
stiffness of the catheter body 12 so that, when the control
handle 14 is rotated, the distal end of the catheter body
12 will rotate in a corresponding manner.

[0039] The length of the catheter body 12 is not critical,
but may range from about 90 cm to about 120 cm, such
as about 110 cm. The outer diameter of the catheter body
12 is also not critical, but generally be adapted to present
an outer diameter sufficient to accommodate the con-
struction of hybrid electrode assembly 16 and any asso-
ciated leads, irrigation lumens, puller wires, position or
other sensors and the like while retaining an insertion
profile that allows advancement through the patient’s
vasculature. In some embodiments, catheter body 12
may be about 10 french or less, such as 8 french or 7
french. Likewise, the thickness of the outer wall of cath-
eter body 12 is not critical but may be thin enough to
provide a lumen or lumens of sufficient size. An example
of a catheter body construction suitable for use in con-
nection with the present invention is described and de-
picted in U.S. Pat. No. 6,064,905, the entire disclosure
of which is incorporated herein by reference.
[0040] In some embodiments, catheter shaft 12 may
be deflectable to impart further control over which areas
of tissue are contacted by asymmetric basket-shaped
electrode assembly 16. At least one puller wire 32 may
be secured at its distal end to a distal portion of catheter
shaft 12 and at its proximal end to an actuator 34 on
control handle 14. Rotating, or otherwise manipulating
actuator 34 may place puller wire 32 under tension, pro-
ducing a deflection of catheter shaft 12 away from its
longitudinal axis. One puller wire may be employed to
impart a uni-directional deflection, while an additional
puller wire may provide bi-directional deflection. Exam-
ples of suitable construction details for deflectable cath-
eters for are described in U.S. Patent No. 7,377, 906,
entitled "Steering Mechanism For Bi-Directional Cathe-
ter," and U.S. Patent No. 8,137,308, entitled "Catheter
With Adjustable Deflection Sensitivity," the entire disclo-
sures of which are hereby incorporated by reference.
Other suitable techniques may also be employed to pro-
vide deflection as desired.
[0041] According to the techniques of this disclosure,
each spine 18 may be formed using any suitable con-
struction. For example, FIG. 3 schematically illustrates
one spine 18 having a flexible core 36 with a non-con-
ductive covering 38. Flexible core 36 may be chosen to
have sufficient resiliency to allow transition from the col-
lapsed and expanded arrangements, and in some em-
bodiments, may be preshaped as noted to help assume
a desired expanded arrangement. In one embodiment,
flexible core 36 may be a shape memory material as de-
scribed above. In other embodiments, the flexible core
36 may be formed from a polymer or other non-conduc-
tive material which may preclude the need for a separate
covering. One or more electrodes 20 are mounted over
the non-conductive covering 38, which may be a suitable
biocompatible plastic tubing, such as polyurethane, pol-
yether or polyimide materials. For example, electrodes
20 may be configured as ring electrodes that are swaged
over non-conductive covering 38. Since interior areas of
such ring electrodes are blocked by the balloon, the may
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be less susceptible to far field signals and provide more
accurate measurements.
[0042] Alternatively, spines 18 may also be formed in
other suitable manners, including through use of a struc-
tural substrate 40 with a polymeric layer 42 as indicated
in the partial detail view depicted in FIG. 3. Such embod-
iments may employ construction techniques used to cre-
ate flexible circuits, or "flex circuits," as known in the art.
Polymeric layer 42 may be any suitable flexible polymer,
such as polyester, polyimide, polyethylene napthalate
(PEN), polyetherimide (PEI), fluropolymers (FEP), poly-
ether ether ketone (PEEK) or the like, including copoly-
mers. Generally, polymeric layer 42 may be provided with
conductive elements, such as electrodes 20, as well as
leads, traces and the like, as desired using metallic foil
and photolithography or equivalent techniques, although
suitable patterns of conductive tape may be laminated
between layers of polymer or electrodeposition methods
may also be used. For example, polymeric layer 42 may
be coated with metallization layers to provide an inter-
face. Suitable metals include gold, titanium, copper and
the like, and may be deposited by sputtering or plating.
[0043] As depicted in FIG. 5, which is a cross sectional
view taken at line A-A in FIG. 4, polymeric layer 34 is
applied over substrate 40 and electrodes 20 are printed
on top. This depiction is intended only to schematically
illustrate the relationship between the various layers and
is not to scale. For example, polymeric layer 42 may
range from approximately 40 to 60 mm in some embod-
iments, but the thickness of this layer and the others may
be adapted to provide the desired mechanical and elec-
trical characteristics. Depending on the embodiment,
electrodes 20 may be relatively flush with the surface of
polymeric layer 42 or may protrude to facilitate tissue
engagement. One or more conductive layers 44 may pro-
vide connectivity for electrodes 20. If different electrode
configurations are employed, any combination and
number of different configurations may be provided as
warranted by the intended application. By employing the
flex circuit techniques, any number of electrodes 20 may
be readily positioned at any location on spines 18. For
example, electrodes 20 may be provided in a density of
approximately 0.25 electrodes/cm2 or greater to allow for
mapping of an area in which the catheter is deployed with
improved resolution. As will be appreciated, the construc-
tion techniques used in forming a flex circuit allow for
significant design freedom with regard to the number and
positioning of electrodes 20. Suitable electrode materials
include gold, titanium, iridium and platinum, as well as
alloys and oxides of these metals.
[0044] Accordingly, as with other spine constructions,
a hybrid electrode assembly 16 having spines 18 with
flex circuits may have a three-dimensional shape that
can be easily collapsed to be fed into a guiding sheath
and then readily returned to its expanded arrangement
upon delivery to the desired region of the patient upon
removal of the guiding sheath. In some embodiments,
substrate 40 may be formed from a nitinol hypotube by

laser cutting or other similar techniques, to provide a
monolithic framework. Depending on the embodiment, a
3mm tube having a wall thickness of approximately 8 to
9 mil may be used to form substrate 40. As an example
of an alternative construction, spines 18 may be formed
with polymeric layer 42 alone without a separate sub-
strate 40. One exemplary material for such embodiments
may be PEEK, such that spines 18 may be cut from a
tube of PEEK or by using any other suitable technique.
Further, balloon 22 may be configured to impart the de-
sired conformation when in the expanded arrangement,
reducing the need for spines 18 to contribute to the struc-
tural characteristics of the expanded arrangement. Inde-
pendently, spines 18 may also help return hybrid elec-
trode assembly 16 to the collapsed arrangement, such
as by facilitating balloon 22 to fold along pleat lines
formed by spines 18.
[0045] During construction, a cage formed by spines
18 may be formed initially as schematically shown in FIG.
6, so that balloon 22 (not shown in this view) may be
positioned within the framework and suitably attached to
spines 18, such as through adhesives, heat-bonding or
any other method. As noted above, the distal ends of
spines 18 may be secured together to form a structure
similar to other basket-shaped electrode assemblies, or
may form a spine structure that covers only on desired
portions of the surface of balloon 22. Since spines 18
may have a preshaped configuration as discussed
above, spines 18 may be used to dictate the overall shape
of hybrid electrode assembly 16 with balloon 22 serving
as a supporting structure, balloon 22 may provide the
shape while spines 18 act as supporting structures, or a
combination of these factors may be used to achieve the
desired conformation of hybrid electrode assembly 16
when expanded.
[0046] In one aspect, an electrophysiologist may intro-
duce a guiding sheath, guidewire and dilator into the pa-
tient, as is generally known in the art. As an example, a
guiding sheath for use in connection with the inventive
catheter is an appropriately-sized PREFACE™ Braided
Guiding Sheath (commercially available from Biosense
Webster, Inc., Diamond Bar, CA). The guidewire is in-
serted, the dilator is removed, and the catheter is intro-
duced through the guiding sheath whereby the guidewire
lumen in the expander permits the catheter to pass over
the guidewire. In one exemplary procedure as depicted
in FIG. 7, the catheter is first introduced to the patient’s
heart (H) through the right atrium (RA) via the inferior
vena cava (IVC), where it passes through the septum (S)
in order to reach the left atrium (LA).
[0047] As will be appreciated, hybrid electrode assem-
bly 16 may be deflected into its collapsed arrangement
and constrained within guiding sheath 50 to allow cath-
eter 10 to be passed through the patient’s vasculature to
the desired location. Once the distal end of the catheter
reaches the desired location, e.g., the left atrium, guiding
sheath 50 is withdrawn to expose the hybrid electrode
assembly 16, allowing it to assume the expanded ar-
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rangement, with balloon 22 stabilizing spines 18 in an
intended configuration. Alternatively, the hybrid elec-
trode assembly 16 may be pushed through the guiding
sheath 50 to expose the hybrid electrode assembly 16,
allowing it to assume the expanded arrangement, with
balloon 22 stabilizing spines 18 in an intended configu-
ration.
[0048] As noted above, hybrid electrode assembly 16
may assume the expanded arrangement due to charac-
teristics of spines 18, such as having a pre-shaped con-
formation, due to manipulation of expander 26 to adjust
the relative position of the distal ends of spines 18 with
respect the proximal ends, due to the degree to which
balloon 22 has been inflated, or any combination of these
factors.
[0049] During use, one aspect associated with the em-
bodiments of this disclosure is the capability to rapidly
collect data points for an area of tissue being investigat-
ed. For example, after hybrid electrode assembly 16 has
assumed an expanded arrangement, data may be col-
lected corresponding to the current position of each elec-
trode 20. To perform a more thorough mapping, it may
be desirable to move hybrid electrode assembly 16 to
successive new positions and/or orientations so that
electrodes 20 may obtain readings from new locations.
Techniques involving such movement may be termed
"roving." One suitable roving operation may involve ro-
tating hybrid electrode assembly 16 axially, schematical-
ly indicated by FIG. 8, such as by suitable manipulation
of control handle 14. Further, the position of hybrid elec-
trode assembly 16 may be adjusted as warranted by de-
flection of catheter shaft 12, such as by suitable manip-
ulation of actuator 34.
[0050] As desired, hybrid electrode assembly 16 may
remain in an expanded arrangement during the roving
operation. Since balloon 22 has been inflated, it creates
a surface across the radial space between spines 18.
Accordingly, hybrid electrode assembly 16 exhibits a rel-
atively smooth surface, reducing the abrupt transitions
that would be associated with spines 18 alone. As noted
above, the tension imparted between spines 18 by bal-
loon 22 resists the tendency for the spines 18 to be de-
flected by friction with tissue when hybrid electrode as-
sembly 16 is rotated. Consequently, the accuracy asso-
ciated with mapping or other operations involving elec-
trodes 20 may be increased. Further, the smooth transi-
tion provided by balloon 22 may reduce trauma that may
be experienced by the tissue when hybrid electrode as-
sembly 16 is rotated. By reducing drawbacks such as
spine deflection or injury, balloon 22 may remain inflated
and hybrid electrode assembly 16 in an expanded ar-
rangement during roving to decrease the time associated
to perform the operation, reducing or eliminating the need
to transition between expanded and collapsed arrange-
ments when reorienting hybrid electrode assembly 16.
[0051] One aspect of hybrid electrode assembly 16
noted above is the ability to alter conformation when in
an expanded arrangement by adjusting inflation of bal-

loon 22 and/or relative longitudinal movement of expand-
er 26. By altering the conformation of hybrid electrode
assembly 16, it may be possible to accommodate a wider
range of variability in the patient’s anatomy, such as dif-
ferent shapes or sizes of pulmonary veins. For example,
FIGs. 9-11 schematically depict three conformations of
hybrid electrode assembly 16 that may be achieved ac-
cording to the techniques of this disclosure. It should be
appreciated that these are examples only and other de-
grees of inflation and/or expander 26 movement may
achieve other shapes as desired to more closely match
the region being investigated. In the context of this ex-
ample, FIG. 9 illustrates hybrid electrode assembly 16
with balloon 22 in a relatively less inflated condition. The
end view shown in FIG. 10 illustrates this conformation
disposed within a pulmonary vein ostium 52. By tailoring
the degree of inflation, the conformation of hybrid elec-
trode assembly 16 may be adjusted to more closely fit
the dimensions desired. Turning to FIG. 11, balloon 22
of hybrid electrode assembly 16 is shown in side view in
a relatively more inflated condition, also positioned within
pulmonary vein ostium 52.
[0052] Further examples of the variable conformations
of hybrid electrode assembly 16 are schematically de-
picted in FIGs. 12-14. For example, FIG. 12 illustrates
hybrid electrode assembly 16 in a conformation as may
be achieved by suitable adjustment in the degree of in-
flation of balloon 22 and/or manipulation of expander 26.
Accordingly, the distal end of hybrid electrode assembly
16 may have a disc-shaped surface that is still convex,
but is flattened with respect to other regions of hybrid
electrode assembly 16 to increase the degree of contact
with tissue 54 having a concave surface. Notably, the
distal ends of spines 18 may be secured to hub 56, which
may be positioned within the interior of balloon 22 when
in the expanded arrangement. As a result, the distal end
of hybrid electrode assembly 16 is non-protruding, allow-
ing any electrodes located in the polar region to be
brought into contact with tissue more readily. In compar-
ison, conventional electrode assemblies have projecting
distal ends that may prevent adjacent electrodes from
contacting tissue. Further, the conformation shown in
FIG. 13, which also may be achieved by suitable adjust-
ment in the degree of inflation of balloon 22 and/or ma-
nipulation of expander 26, also having disc-shaped sur-
face that is relatively flat to correspondingly increase the
degree of contact with a flat surface of tissue 54. Further,
adjustment in the degree of inflation of balloon 22 and/or
manipulation of expander 26 may be used to impart a
flattened surface at the proximal end of hybrid electrode
assembly 16 as shown in FIG. 14. In this conformation,
hybrid electrode assembly 16 may more readily contact
other tissue surfaces, such as septal wall 58. Each of
these conformations, as well as others that may be im-
parted to hybrid electrode assembly 16, may be used in
a technique termed "stamping." During a stamping oper-
ation, the disc-shaped surface may be pressed against
an area of tissue to record signals from electrodes 20
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and then successively shifted to new positions to in-
crease the density of measurements for a given area.
The ability to successfully employ hybrid electrode as-
sembly 16 in such stamping operations is improved by
the non-projecting distal end as described above.
[0053] Still further examples of hybrid electrode as-
sembly 16 conformations are schematically depicted in
FIGs. 15-17. These examples help exhibit the effect of
the relative longitudinal position of expander 26. In FIG.
15, a conformation of hybrid electrode assembly 16 is
shown, which corresponds to a relatively more distal po-
sition of expander 26, increasing the distance between
the proximal and distal ends of spines 18. Next, FIG. 16
depicts a conformation of hybrid electrode assembly 16
corresponding to an intermediate position of expander
26. Correspondingly, a conformation corresponding to
expander 26 being at a relatively proximal position is
shown in FIG. 17, with the distance between the proximal
and distal ends of spines 18 having been reduced. No-
tably, spines 18 may be secured to balloon 22 at inter-
mediate locations rather than along their length, allowing
spines 18 to form a more angular configuration associ-
ated with conformations of hybrid electrode assembly 16
as shown in FIGs. 12-14.
[0054] As will be appreciated, a procedure employing
a hybrid electrode assembly with the techniques of this
disclosure allow any desired operation involving meas-
uring electrical signals and/or ablating tissue within a pa-
tient. To help illustrate use of the hybrid electrode as-
sembly 16, FIG. 18 is a schematic depiction of an invasive
medical procedure, according to an embodiment of the
present invention. Catheter 10, with the hybrid electrode
assembly 16 (not shown in this view) at the distal end
may have a connector 60 at the proximal end for coupling
the leads of the electrodes and sensors (not shown in
this view) to a console 62 for recording and analyzing the
signals they detect as well as for supplying ablating en-
ergy. An electrophysiologist 64 may insert the catheter
10 into a patient 66 in order to acquire electropotential
signals from the heart 68 of the patient. The electrophys-
iologist 64 uses the control handle 14 attached to the
catheter in order to perform the insertion. Console 62
may include a processing unit 70 which analyzes the re-
ceived signals, and which may present results of the anal-
ysis on a display 72 attached to the console. The results
are typically in the form of a map, numerical displays,
and/or graphs derived from the signals. Processing unit
70 may also control the delivery of energy to the elec-
trodes for creating one or more lesions, such as at loca-
tions associated with abnormal electrical activity identi-
fied by analyzing received signals.
[0055] Further, the processing unit 70 may also receive
signals from position sensors, such as sensor 24 (not
shown in this view). As noted, the sensor(s) may each
comprise a magnetic-field-responsive coil or a plurality
of such coils. Using a plurality of coils enables six-dimen-
sional position and orientation coordinates to be deter-
mined. The sensors may therefore generate electrical

position signals in response to the magnetic fields from
external coils, thereby enabling processor 70 to deter-
mine the position, (e.g., the location and orientation) of
the distal end of catheter 10 within the heart cavity. The
electrophysiologist may then view the position of the hy-
brid electrode assembly 16 on an image the patient’s
heart on the display 72. By way of example, this method
of position sensing may be implemented using the CAR-
TO™ system, produced by Biosense Webster Inc. (Dia-
mond Bar, Calif.) and is described in detail in U.S. Pat.
Nos. 5,391,199, 6,690,963, 6,484,118, 6,239,724,
6,618,612 and 6,332,089, in PCT Patent Publication WO
96/05768, and in U.S. Patent Application Publications
2002/0065455 A1, 2003/0120150 A1 and 2004/0068178
A1, whose disclosures are all incorporated herein by ref-
erence. As will be appreciated, other location sensing
techniques may also be employed. If desired, at least
two location sensors may be positioned proximally and
distally with respect to hybrid electrode assembly 16. The
coordinates of the distal sensor relative to the proximal
sensor may be determined and, with other known infor-
mation pertaining to the configuration of hybrid electrode
assembly 16, used to find the positions of each of the
electrodes 20.
[0056] Another embodiment of hybrid electrode as-
sembly 16 is schematically depicted in the elevational
view of FIG. 19 and the end view of FIG. 20. As shown,
spines 18 are formed from flex circuits and may be se-
cured to balloon 22 in any suitable manner. Similar to the
embodiments described above, the distal end of hybrid
electrode assembly 16 is non-projecting, having a rela-
tively smooth outer profile and a radius of curvature con-
sistent with the portions adjacent the polar region. Ac-
cordingly, electrodes 20, including those positioned in
the polar region, may be brought into contact with tissue
more readily. Notably, the size of electrodes 20 is not
necessarily shown to scale and accordingly may have
any suitable surface area as warranted by the intended
application.
[0057] In a further aspect of this disclosure, balloon 22
may be formed with longitudinal grooves 80 to receive
spines 18 as shown in the embodiment of balloon 22
schematically depicted in FIG. 21. Here, balloon 22 has
a distal region 82 having a hemispherical configuration
and a proximal region 84 with a conical configuration. As
known in the art, balloon 22 may be formed from a tubular
parison, such as being blow molded. Following formation
of the balloon, a distal portion 84 may retain the tubular
configuration of the parison. In order to achieve the non-
projecting conformation discussed above, distal portion
82 may be inverted and drawn within the expanded profile
of balloon 22. Correspondingly, balloon 22 will then have
the non-projecting conformation and the distal portion 82
may be used to secure other elements, such as hub 56
(shown in FIGs. 12-14) or expander 26 (shown in FIG.
1).To help illustrate the effect of a grooved balloon, an
embodiment of hybrid electrode assembly 16 is sche-
matically depicted in an elevational view in FIG. 22 and
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an end view in FIG. 23. As shown, at least a portion of
the cross-sectional profile of spines 18 may be disposed
within grooves 80 of balloon 22. Correspondingly, hybrid
electrode assembly 16 may exhibit a relatively smoother
outer profile to facilitate movement across tissue, such
as during repositioning to interrogate different tissue re-
gions.
[0058] The preceding description has been presented
with reference to presently disclosed embodiments of the
invention. Workers skilled in the art and technology to
which this invention pertains will appreciate that altera-
tions and changes in the described structure may be
practiced without meaningfully departing from the princi-
pal, spirit and scope of this invention. As understood by
one of ordinary skill in the art, the drawings are not nec-
essarily to scale. Accordingly, the foregoing description
should not be read as pertaining only to the precise struc-
tures described and illustrated in the accompanying
drawings, but rather should be read consistent with and
as support to the following claims which are to have their
fullest and fair scope.

ASPECTS OF THE INVENTION

[0059]

1. A method for treatment comprising:

providing a catheter with an elongated catheter
body having a proximal end, a distal end, a lu-
men and a hybrid electrode assembly mounted
at the distal end of the catheter having at least
two spines and an inflatable balloon in fluid com-
munication with the elongated catheter body lu-
men, each spine having at least one electrode
and proximal end attached at the distal end of
the catheter body,
advancing the distal end of the catheter with the
hybrid electrode assembly to a desired region
within a patient in a collapsed arrangement with
the spines arranged generally along a longitu-
dinal axis of the catheter body; and
causing the hybrid electrode assembly to as-
sume an expanded arrangement having a non-
projecting distal portion in which the spines are
positioned radially outwards from the longitudi-
nal axis of the catheter body so that at least one
electrode is in contact with tissue.

2. The method of aspect 1, wherein the hybrid elec-
trode assembly assumes the expanded arrange-
ment at least in part due to a pre-shaped configura-
tion of the spines.

3. The method of aspect 1, wherein causing the hy-
brid electrode assembly to assume the expanded
arrangement comprises delivering inflation fluid to
the inflatable balloon through the lumen of the cath-

eter body.

4. The method of aspect 3, further comprising ad-
justing the amount of delivered inflation fluid to alter
the conformation of the hybrid electrode assembly
in the expanded arrangement at the desired region
within the patient.

5. The method of aspect 1, wherein the hybrid elec-
trode assembly further comprises an expander hav-
ing proximal and distal ends, the expander slidably
disposed within the catheter body lumen, wherein
distal ends of the spines are attached to the expander
and wherein causing the hybrid electrode assembly
to assume the expanded arrangement comprises
moving the expander to a longitudinally proximal po-
sition relative to the catheter body.

6. The method of aspect 5, further comprising ad-
justing the longitudinal position relative to the cath-
eter body to alter the conformation of the hybrid elec-
trode assembly in the expanded arrangement at the
desired region within the patient.

7. The method of aspect 1, wherein causing the hy-
brid electrode assembly to assume the expanded
arrangement creates a region of the hybrid electrode
assembly with a flattened disc-shaped configuration.

8. The method of aspect 5, wherein the flattened
disc-shaped configuration comprises the non-pro-
jecting distal end of the hybrid electrode assembly.

9. The method of aspect 1, further comprising re-
ceiving electrical signals from the at least one elec-
trode in contact with tissue.

10. The method of aspect 9, further comprising mov-
ing the hybrid electrode assembly to a new position
within the patient while maintaining the expanded
arrangement and receiving electrical signals from
the at least one electrode in the new position.

11. The method of aspect 1, further comprising de-
livering ablation energy to at least one electrode in
contact with tissue.

12. The method of aspect 11, further comprising
moving the hybrid electrode assembly to a new po-
sition within the patient while maintaining the ex-
panded arrangement and delivering ablation energy
to the at least one electrode in the new position.

Claims

1. A catheter comprising:
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an elongated catheter body having a proximal
end, a distal end and a lumen; and
a hybrid electrode assembly mounted at the dis-
tal end of the catheter body and comprising at
least two spines and an inflatable balloon in fluid
communication with the elongated catheter
body lumen, each spine having at least one elec-
trode and a proximal end attached at the distal
end of the catheter body and wherein each spine
has a collapsed arrangement in which the spines
are arranged generally along a longitudinal axis
of the catheter body and an expanded arrange-
ment in which at least a portion of each spine
bows radially outwards from the longitudinal ax-
is, such that the inflatable balloon is disposed
within the spines and the hybrid electrode as-
sembly has a non-projecting distal portion when
in the expanded arrangement.

2. The catheter of claim 1, wherein the non-projecting
distal portion of the hybrid electrode assembly is
formed by a portion of the balloon having a distal end
being inverted within the balloon when in the expand-
ed arrangement.

3. The catheter of claim 1, wherein the inflatable bal-
loon is secured to each spine at a location distal of
the proximal end of the spine.

4. The catheter of claim 3, wherein each spine has a
length and wherein the inflatable balloon is secured
to each spine along a portion of the spine length.

5. The catheter of claim 4, wherein the inflatable bal-
loon is secured to each spine along the spine length.

6. The catheter of claim 1, wherein the inflatable bal-
loon is configured to maintain a desired radial distri-
bution of the spines relative to each other when in
the expanded arrangement.

7. The catheter of claim 1, wherein the inflatable bal-
loon comprises a compliant material, a non-compli-
ant material, or a semi-compliant material.

8. The catheter of claim 1, further comprising an ex-
pander having proximal and distal ends, the expand-
er slidably disposed within the lumen, such that the
hybrid electrode assembly has the expanded ar-
rangement when the expander is moved to a longi-
tudinally proximal position relative to the catheter
body and has the collapsed arrangement when the
expander is moved to a longitudinally distal position
relative to the catheter body.

9. The catheter of claim 8, wherein the hybrid electrode
assembly is configured to assume different confor-
mations in the expanded arrangement based at least

in part on a relative longitudinal position of the ex-
pander relative to the catheter body.

10. The catheter of claim 8, wherein the expander is se-
cured to a distal end of the balloon.

11. The catheter of claim 10, wherein a portion of the
balloon having the distal end is inverted within the
balloon when in the expanded arrangement.

12. The catheter of claim 1, wherein each spine has a
pre-shaped configuration corresponding to the ex-
panded arrangement.

13. The catheter of claim 12, wherein each spine com-
prises a shape memory material.

14. The catheter of claim 1, wherein each spine com-
prises a flexible core with a a non-conductive cover-
ing.

15. The catheter of claim 1, wherein each spine com-
prises a flex circuit.
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