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(54) SPINE CONSTRUCTION FOR BASKET CATHETER

(57) A spine of an electrode assembly is constructed
by simultaneously deploying a plurality of individual bob-
bins of lead wire radially around the longitudinal axis of
a polymeric tube. A free end of lead wire from each bobbin
is electrically connected to a respective electrode and
the electrodes are sequentially installed from a distal first

location on the polymeric tube to a proximal location.
Each lead wire may be helically wound around the poly-
meric tube between the electrode to which the lead wire
is electrically connected and a proximally adjacent elec-
trode, such that each lead wire between adjacent pairs
of electrodes has an alternating direction of winding.
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Description

FIELD OF THE PRESENT DISCLOSURE

[0001] This invention relates to electrophysiologic (EP)
catheters for mapping and/or ablation in the heart, in par-
ticular, to spines used to form a basket-shaped electrode
assembly and systems and methods for constructing
them.

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, which may 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. One suitable configuration is a
basket-shaped electrode assembly, such as described
in commonly assigned U.S. Pat. Nos. 5,772,590,
6,748,255 and 6,973,340, the entire disclosures of each
are incorporated herein by reference. Basket catheters
typically have an elongated catheter body and a basket-
shaped electrode assembly mounted at the distal end of
the catheter body. The basket assembly has proximal
and distal ends and comprises a plurality of spines con-
nected at their proximal and distal ends. Other electrode
assembly configuration may be employed that also fea-
ture one or more spines having multiple electrodes. For
example, commonly assigned U.S. Pat. No. 6,961,602,
which is hereby incorporated by reference, discloses a
multiray electrode assembly having two or more spines,
attached at their proximal with free distal ends.
[0005] Each spine comprises at least one electrode,
and more commonly, several. Correspondingly, each
electrode requires its own lead to conduct the electrical
signals received at the electrodes through the catheter
for recording and processing by instrumentation coupled
to the catheter. Conventionally, the spines may be
formed using a core substrate, such as a shape memory
wire, coaxially disposed within a polymeric tube. The mul-
tiplicity of leads may be embedded in the polymeric tube,
providing insulation and protection. However, each lead
must be connected to its respective electrode, which rep-
resents a significant investment of time and labor as well
as being subject to a high failure rate. For example, as
each ring electrode is installed, an opening in the outer
layer of the polymeric tube is created to provide access
to the lead. The end of the lead is then teased out from
the polymeric tube and prepared for connection to the
electrode. This may include sandblasting the end of the
lead or performing another operation to remove the
epoxy insulation and to clean the lead. The electrode is
then welded or soldered to the lead and crimped onto
the polymeric tube.
[0006] The sequence of steps of isolating each lead,
cleaning it and securing it to the electrode must be re-
peated for each electrode on the spine. To provide a more
accurate map, or to access more area with greater res-
olution, current trends in catheter design call for a rela-
tively high density of electrodes. For example, a typical
spine may have sixteen electrodes or more, necessitat-
ing a corresponding number of repetitions of the elec-
trode connection process. The leads may be of relatively
small gauge, such as 0.0012 in, making them fragile and
susceptible to breakage. Should any lead be damaged
during electrode installation, the entire spine and all the
effort expended to that point is wasted. The costs asso-
ciated with the time and labor required to connect each
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electrode are significant and the polymeric tubing with
embedded wires represents a substantial portion of the
material costs associated with a basket-shaped elec-
trode assembly.
[0007] As noted above, each spine may have a core
substrate that is configured to allow the electrode assem-
bly to assume a desired configuration when deployed. In
some embodiments, this may include the use of shape
memory materials that may exhibit a preformed config-
uration. It has been observed that the polymeric tubing
with embedded wires tends to interfere with the spine
assuming its desired shape when deployed. Generally,
the polymeric tubing tends to constrain the spine in a
more linear configuration, keeping the spine from bowing
outwards to the desired degree. Further, the embedded
wires exacerbate this effect, by functioning like braided
reinforcements. For example, a basket-shaped electrode
assembly may be intended to assume a relatively spher-
ical configuration when deployed, but the polymeric tub-
ing with embedded wires may provide resistance that
causes the electrode assembly to be ellipsoidal instead.
Furthermore, the leads may be wound around the longi-
tudinal axis in a given direction and, in turn, may impart
a force that tends to laterally deflect the spine when the
electrode assembly is deployed in its expanded config-
uration. As a result, the deployed assembly may exhibit
an undesirable asymmetry.
[0008] In light of the above context, it would be desir-
able to provide a spine construction that is more fault
tolerant, such that a failure with one electrode need not
affect the already installed electrodes or the electrodes
still to be connected. Likewise, it would be desirable to
provide systems and methods for facilitating the connec-
tion and installation of electrodes when manufacturing
the spine. Further, it would be desirable to minimize the
resistance offered by the polymeric tubing to allow the
spine to more closely assume its intended shape when
deployed. Still further, it would also be desirable to pro-
vide a spine construction to facilitate the formation of a
symmetrical configuration when deployed. The tech-
niques of this disclosure as described in the following
materials satisfy these and other needs.

SUMMARY

[0009] The present disclosure is directed to a method
for constructing a spine of an electrode assembly for an
electrophysiologic catheter. The method may involve sta-
bilizing a polymeric tube along a longitudinal axis, pro-
viding a number of electrodes, simultaneously deploying
a plurality of individual bobbins of lead wire correspond-
ing to the number of electrodes radially around the lon-
gitudinal axis, wherein a free end of lead wire from each
bobbin is electrically connected to a respective electrode
and sequentially installing the electrodes from a distal
first location on the polymeric tube to a proximal location.
[0010] In one aspect, the lead wire of each electrode
may be helically wound around the polymeric tube be-

tween the electrode to which the lead wire is electrically
connected and a proximally adjacent electrode, such that
each lead wire between adjacent pairs of electrodes has
an alternating direction of winding. Each lead wire may
be longitudinally aligned with the longitudinal axis along
the polymeric tube proximal of the proximally adjacent
electrode.
[0011] In one aspect, tension may be applied to the
lead wire of each bobbin during electrode installation.
[0012] In one aspect, the lead wires between adjacent
electrodes may be covered with a polymeric material fol-
lowing electrode installation.
[0013] In one aspect, the individual bobbins of lead
wire may be deployed by a holder that rotates about the
longitudinal axis and the lead wires may be wound around
themselves proximally of the polymeric tube following
electrode installation.
[0014] In one aspect, the electrical connection be-
tween the free end of lead wire from each bobbin and its
respective electrode may be provided by securing the
lead wire to a ring electrode and threading each ring elec-
trode over the polymeric tube in sequence. Each ring
electrode may be installed by crimping the ring electrode
to the polymeric tube at a desired location.
[0015] In one aspect, the electrical connection be-
tween the free end of lead wire from each bobbin and its
respective electrode may be provided by securing the
lead wire perpendicularly to a strip of electrode material
and forming a ring electrode during installation by wrap-
ping the strip of electrode material around the polymeric
tube. The strip of electrode material may be folded over
a secured portion of the lead wire prior to wrapping the
strip of electrode material around the polymeric tube.
[0016] This disclosure also includes a spine of an elec-
trode assembly for an electrophysiologic catheter having
a flexible core disposed within a lumen of a polymeric
tube, wherein the polymeric tube has a number of elec-
trodes and is constructed by stabilizing the polymeric
tube along a longitudinal axis, simultaneously deploying
a plurality of individual bobbins of lead wire correspond-
ing to the number of electrodes radially around the lon-
gitudinal axis, wherein a free end of lead wire from each
bobbin is electrically connected to a respective electrode
and sequentially installing the electrodes from a distal
first location on the polymeric tube to a proximal location.
[0017] In one aspect, constructing the spine may also
include helically winding the lead wire around the poly-
meric tube between the electrode to which the lead wire
is electrically connected and a proximally adjacent elec-
trode, such that each lead wire between adjacent pairs
of electrodes has an alternating direction of winding.
[0018] In one aspect, constructing the spine may in-
clude securing each lead wire to a ring electrode and
threading each ring electrode over the polymeric tube in
sequence.
[0019] In one aspect, constructing the spine may in-
clude securing a lead wire perpendicularly to a strip of
electrode material and forming a ring electrode during
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installation by wrapping the strip of electrode material
around the polymeric tube. Constructing the spine may
also include folding the strip of electrode material over a
secured portion of the lead wire prior to wrapping the strip
of electrode material around the polymeric tube.
[0020] This disclosure also includes a spine of an elec-
trode assembly for an electrophysiologic catheter having
a flexible core disposed within a lumen of polymeric tube,
wherein the polymeric tube has a number of electrodes
and wherein a lead wire for each electrode is helically
wound around the polymeric tube between the electrode
to which the lead wire is electrically connected and a
proximally adjacent electrode, such that each lead wire
between adjacent pairs of electrodes has an alternating
direction of winding.
[0021] In one aspect, each lead wire may be longitu-
dinally aligned along the polymeric tube proximal of the
proximally adjacent electrode.
[0022] This disclosure also includes a construction de-
vice for a spine of an electrode assembly for an electro-
physiologic catheter, wherein the spine has a number of
electrodes. The device may include a mandrel for stabi-
lizing a polymeric tube along a longitudinal axis, a plurality
of individual bobbins of lead wire corresponding to the
number of electrodes and a holder that deploys the plu-
rality of bobbins radially around the longitudinal axis.
[0023] In one aspect, the holder may rotate about the
longitudinal axis.
[0024] In one aspect, the construction device may also
include a track that is fixed in relation to the mandrel,
wherein the holder is slidably mounted to the track to
move along the longitudinal axis relative to the mandrel.
[0025] In one aspect, the construction device may also
include a tensioner for each of the lead wires.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] 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 basket-shaped electrode
assembly, according to one embodiment.

FIG. 2 is a detail view of a spine of a basket-shaped
electrode assembly, according to one embodiment.

FIG. 3 is a schematic view of a construction device
for use when installing electrodes on a polymeric
tube, according to one embodiment.

FIG. 4 is a schematic view of a tensioner for a lead
wire, according to one embodiment.

FIG. 5 is a schematic view of a lead wire secured to

a strip of electrode material, according to one em-
bodiment.

FIG. 6 is an end view of a lead wire secured to a strip
of electrode material, according to one embodiment.

FIG. 7 is a schematic view of a first configuration of
wrapped electrode material to form a ring electrode,
according to one embodiment.

FIG. 8 is a schematic view of a second configuration
of wrapped electrode material to form a ring elec-
trode, according to one embodiment.

FIG. 9 is a schematic view of complementary dies
used to swage wrapped electrode material to form
a ring electrode, according to one embodiment.

FIG. 10 is a schematic view of the alternating direc-
tion of winding of lead wires between adjacent pairs
of electrodes, according to one embodiment.

DETAILED DESCRIPTION

[0027] 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.
[0028] 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.
[0029] 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.
[0030] 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.
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These and similar directional terms should not be con-
strued to limit the scope of the disclosure in any manner.
[0031] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by one having ordinary skill in the art
to which the disclosure pertains.
[0032] 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.
[0033] As noted above, certain types of electrical ac-
tivity within a heart chamber are not cyclical. Examples
include arterial flutter or arterial fibrillation, and ventricular
tachycardia originating in scars in the wall of the ventricle
that have resulted from infarcts. Such electrical activity
is random from beat to beat. To analyze or ’map’ this type
of electrical activity, it is desirable to obtain the ’picture’
as quickly as possible, such as within one heartbeat. In
other words, all the points of the map or picture may be
obtained simultaneously within one-tenth of a second.
According to the techniques of this disclosure, an assem-
bly having multiple spines may deploy an array of elec-
trodes to accurately map this electrical activity.
[0034] Further, RF energy may be delivered to select-
ed treatment areas for ablation based therapies, includ-
ing for example, isolation of a source of irregular electrical
signals by blocking electrical conduction. Focal ablations
using unipolar devices benefit from targeted delivery of
RF energy along with localized feedback of catheter
placement, both spatially and with respect to tissue en-
gagement. However, focal ablation procedures typically
involve relative long procedure times as a result of the
physician needing to stich a series of "quantized" RF ab-
lation to form a lesion having the desired characteristics,
such as the creation of a continuous circumferential block
which surrounds the ostium of the targeted vein. Addi-
tionally, the use of a focal unipolar electrode requires
substantial physician skill level augmented with periph-
eral navigation systems in order to accurately and reliably
position the electrodes. Correspondingly, an assembly
having multiple spines may deploy an array of electrodes
to simultaneously deliver ablation energy at a plurality of
locations.
[0035] To provide a context for the disclosure, an ex-
emplary basket-shaped electrode assembly 10 is depict-
ed in FIG. 1. As will be appreciated, the techniques of
this disclosure may be applied to any electrode assembly
featuring one or more spines, each carrying a plurality of
electrodes, which may assume any desired configuration
when deployed. In this embodiment, basket-shaped
electrode assembly 10 is shown to be disposed at the
distal end of an elongated catheter body 12 and includes
a plurality of spines 14, each carrying multiple electrodes
16. The proximal portion of the catheter may have a con-
trol handle as conventionally used to manipulate the cath-
eter as it is advanced through the patient’s vasculature.
Likewise, the proximal end also may be configured to
provide suitable connections between the electrode

leads and the adjunct equipment used to perform the
procedure, such as a processor to record and analyze
the electrical signals obtained with the electrodes.
[0036] Any number of spines 14 may be employed. For
example, a basket-shaped electrode assembly having a
relatively high density electrode array may have eight,
twelve, sixteen or more spines. Depending on the appli-
cation, fewer spines, such as one or more may be used.
Spines 14 may be evenly or unevenly distributed radially.
Further, each spine 14 may include multiple electrodes
16, such in the range of ten to twenty electrodes per spine.
In other applications, fewer numbers electrodes may be
employed as desired. In one illustrative embodiment, the
basket-shaped electrode assembly may have sixteen
spines with twelve electrodes each to deploy an array of
192 electrodes. Further, the electrodes may be evenly
distributed along each spine or may be skewed proximal-
ly, centrally or distally to facilitate analysis of the meas-
ured electrical signals or to access desired regions of the
patient’s anatomy. In some embodiments, one or more
of electrodes 16 may be configured to deliver radio fre-
quency energy to ablate tissue adjacent the electrode.
[0037] The catheter body 12 is flexible, i.e., bendable,
but substantially non- compressible along its length. The
catheter body 12 can be of any suitable construction and
made of any suitable material. One construction com-
prises an outer wall made of polyurethane or PEBAX®
(polyether block amide). The outer wall comprises an im-
bedded braided mesh of stainless steel or the like to in-
crease torsional stiffness of the catheter body 12 so that,
when the control handle is rotated, the distal end of the
catheter body will rotate in a corresponding manner. The
outer diameter of the catheter body 12 is not critical, but
generally should be as small as possible and may be no
more than about 10 french depending on the desired ap-
plication. Likewise, the thickness of the outer wall is not
critical, but may be thin enough so that the central lumen
can accommodate a pulling member wire, lead wires,
sensor cables and any other wires, cables or tubes. If
desired, the inner surface of the outer wall is lined with
a stiffening tube (not shown) to provide improved torsion-
al stability. An example of a catheter body construction
suitable for use in connection with the present invention
is described and depicted in U.S. Pat. No. 6,064,905, the
entire disclosure of which is incorporated herein by ref-
erence.
[0038] In basket-shaped electrode assembly 10, the
distal ends of spines 14 are secured together and option-
ally may be attached to a pulling member 18 that is gen-
erally coaxial with the catheter body 12 and extends from
the proximal end of catheter body 12 through the central
lumen. The pulling member 18 is afforded longitudinal
movement relative to the catheter body so that it can
move the distal ends of the spines 14 proximally relative
to the catheter body 12 to radially expand the electrode
assembly. The expanded arrangement may have the
generally spherical shape shown in FIG. 1, although con-
figurations such as elliptical, ovoid or others may be em-
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ployed as desired. In some embodiments, spines 14 may
have a preshaped expanded configuration that they as-
sume when unconstrained, such as through the use of a
shape memory material as noted below, and do not re-
quire a pulling member. The proximal ends of spines 14
may be secured at the catheter body 12, so that the dis-
tance between the distal and proximal ends of spines 14
shortens when they bow outwards into an expanded ar-
rangement, which may be associated with relative move-
ment of pulling member 18 in the proximal direction.
[0039] When in a collapsed arrangement, the spines
may be constrained, such as by a guiding sheath, and
may be deflected from the collapsed arrangement to the
expanded deployed arrangement by withdrawing the
guiding sheath and, in some embodiments, imparting suf-
ficient force to pulling member 18. As will be appreciated,
in the collapsed arrangement, spines 14 assume a gen-
erally linear alignment with the catheter body 12 to min-
imize the outer diameter for insertion within and with-
drawal from the patient. In the expanded arrangement,
spines 14 of basket-shaped electrode assembly 10 bow
outwards. When positioned at a desired location within
a patient, assuming an expanded arrangement may bring
electrodes 16 into contract or closer proximity with the
walls of the chamber or other region in which basket-
shaped electrode assembly 10 is positioned. The overall
size of basket-shaped electrode assembly 10 may be
selected based on the patient’s anatomy to provide a
close fit to the area of the patient being investigated or
treated, such as the right or left atria.
[0040] A single spine 14 is shown in detail in FIG. 2
and may be constructed by employing a substrate ma-
terial, such as a shape memory material, to form a flexible
core 20 that is coaxially disposed within a polymeric tube
22. Electrodes 16 may be configured as ring electrodes
and may be secured over polymeric tube 22 as described
in further detail below.
[0041] Notably, the use of a shape memory material
may be used to aid assuming the expanded and col-
lapsed arrangements. For example, nickel-titanium al-
loys 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 mechanical properties
beyond flexibility and elasticity, including shape memory
and superelasticity which allow nitinol to have a "memo-
rized shape" that is dependent on its temperature phas-
es. The austenite phase is nitinol’s stronger, higher-tem-
perature phase, with a simple cubic crystalline structure.
Superelastic behavior occurs in this phase (over a 50°-
60°C temperature spread). Correspondingly, the marten-
site phase is a relatively weaker, lower-temperature
phase with a twinned crystalline structure. 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-deformed shape, pro-
ducing the "shape memory" effect. The temperature at
which nitinol starts to transform to austenite upon heating
is referred to as the "As" temperature. The temperature
at which nitinol has finished transforming to austenite up-
on heating is referred to as the "Af" temperature.
[0042] Accordingly, basket-shaped electrode assem-
bly 10 when formed from such materials may have a three
dimensional shape that can be easily collapsed to be fed
into a guiding sheath and then readily returned to its ex-
panded shape memory configuration upon delivery to the
desired region of the patient upon removal of the guiding
sheath and/or actuation of pulling member 18. In one
exemplary embodiment, a framework comprising some
or all the spines 14 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. Alternative embodiments may employ
other materials do not necessarily have shape memory
characteristics, but have sufficient resilience to assume
the expanded and collapsed arrangements, including
metallic materials such as stainless steel or polymeric
materials such as polyetheretheketone (PEEK).
[0043] Since each spine carries multiple electrodes, a
corresponding plurality of leads must be provided to elec-
trically couple the electrodes and provide a connection
at the proximal end of the catheter. As discussed above,
conventional constructions may employ a "prewired" pol-
ymeric tube in which the requisite number of leads are
already embedded. This technique results in the time and
labor intensive practice of accessing, exposing, prepar-
ing and welding each lead to its respective electrode as
they are installed over the polymeric tube. There is no
practical way to repair a break if one of the lead wires is
damaged during electrode installation, requiring the cost-
ly prewired polymeric tube to be scrapped and causing
a loss of all the time and effort already expended.
[0044] To overcome these drawbacks, as well as pro-
viding other advantages that will be noted below, the
techniques of this disclosure involve simultaneously pro-
viding individual supplies of lead wire for each electrode
to be installed on a single spine. As an example and
without limitation, one embodiment of a spine construc-
tion device 30 is schematically depicted in FIG. 3. A base
plate 32 provides mounting for a mandrel support 32 and
track 34. In turn, mandrel support 32 positions mandrel
36 that defines a corresponding longitudinal axis. A pol-
ymeric tube 22 (shown in phantom) may be disposed
over mandrel 36 so that the polymeric tube is stabilized
along the longitudinal axis. PEBAX or other similar ma-
terials may be used. A bobbin holder 40 is carried by a
bracket 42 that is slidably secured to track 34, so that the
position of bobbin holder 40 may be adjusted along the
longitudinal axis. If desired, bobbin holder 40 may have
an axial opening (not shown in this view) aligned with the
longitudinal axis to allow it to be advanced over the prox-
imal end of the polymeric tube. Bobbin holder 40 deploys
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a plurality of bobbins 44, each of which supplies lead wire
46 for electrodes to be mounted on polymeric tube 22.
In some embodiments, the lead wire may be monel wire
having a diameter of 0.001 inch, although other materials
may be used as warranted by the intended application.
Generally, the number of bobbins 44 corresponds to the
number of electrodes that will be installed per spine,
which in this embodiment is sixteen. Accordingly, each
bobbin 44 simultaneously supplies lead wire for each
electrode being installed. Since each bobbin 44 is inde-
pendent, if one lead breaks during electrode installation,
a fresh length of lead wire may be unspooled from the
respective bobbin and secured to its electrode without
affecting the other electrodes or lead wires. As shown,
bobbins 44 are arranged radially around the longitudinal
axis. Bobbin holder 40 may be mounted to bracket 42 in
a manner that allows rotation about the longitudinal axis.
[0045] It may be desirable to impart a slight tension to
the lead wires during the spine construction process to
keep the wires properly organized and to help avoid dam-
age. For example, FIG. 4 schematically depicts one suit-
able arrangement with respect to a single bobbin for clar-
ity, with the understanding a similar mechanism may be
provided for each bobbin. As shown, a tensioner body
50 may slidably deploy piston 52 carrying roller 54 that
engages lead wire 46. Bobbin 44 may have a brake to
prevent the lead wire from unspooling freely. Piston 52
may be biased to slide outwards from tensioner body 50
using a spring, hydraulics or any other suitable mecha-
nism in order to cause lead wire 46 to be under tension
when the free end 56 is restrained, such as being secured
to an electrode 16 that has been installed on polymeric
tube 22. The free ends of lead wires 46 may also be
temporarily clamped to a distal section of polymeric tube
22, mandrel 36 and/or mandrel support 32 to allow ten-
sion to be applied.
[0046] In one aspect, the free end of each lead wire
may be secured to an electrode that is already ring
shaped. The preshaped ring electrode may have an inner
diameter that fits closely over the outer diameter of pol-
ymeric tube 22, allowing the longitudinal position of the
electrode to be adjusted as desired prior to installation.
The spacing between the inner diameter of the ring elec-
trode and the outer diameter of polymeric tube 22 may
also allow travel of one or more lead wires. These dimen-
sions allow each the longitudinal position of each ring
electrode to be adjusted relative to each other prior to
being secured to polymeric tube 22. Lead wire 46 is se-
cured to electrode using any suitable technique that
forms an electrical as well as mechanical connection. In
some embodiments, the lead wire may be welded to the
electrode, but soldering or other functionally equivalent
procedures may also be employed. Welding may include
preparatory steps such as sandblasting or other cleaning
methods, as well as finishing steps, such as buffing or
sanding. Following welding, a sequence of ring elec-
trodes may be threaded over polymeric tube 22, with
each electrode secured to its respective lead wire. Instal-

lation of the ring electrodes may be completed by crimp-
ing the electrodes over polymeric tube 22 at desired lo-
cations. In some embodiments, a two step crimping proc-
ess may be employed involving a first crimping operation
that fixes the ring electrode at a given longitudinal posi-
tion, but still allows one or more lead wires to slide be-
tween the polymeric tube 22 and the ring electrode so
that the position of the other electrodes may be adjusted.
After the initial crimp and when the positions of all elec-
trodes on the spine have been established, a secondary
crimping process may be performed to complete the in-
stallation.
[0047] In another aspect, each electrode 16 may be
formed in place. Beginning with a suitably sized strip of
electrode material 60 as shown in elevation view FIG. 5,
the free end of a lead wire 46 may be secured generally
perpendicularly by weld 62, or any other technique as
described above, leaving a flap to one side. As an illus-
tration only and without limitation, the dimensions of the
strip of electrode material may include a width of approx-
imately 0.025 inch, a length of approximately 0.25 inch
and a thickness of approximately 0.001 inch and may be
formed from palladium, gold, platinum or other similar
metals or alloys. The flap then may be folded over the
lead wire 46 and weld 62 as shown in the end view of
FIG. 6 to protect the bond and add another degree of
mechanical and electrical connection. As will be appre-
ciated, this process may provide a more reliable and du-
rable connection than would be achieved using a spot
weld or the like. Next, electrode material 60 may be
wrapped around polymeric tube 22 at a desired location
to form a ring electrode. As shown in FIG. 7, the strip of
electrode material may wrap around polymeric tube 22
so that the end opposite the enfolded lead wire abuts the
fold and the ring may be completed by weld 64. Alterna-
tively, as shown in FIG. 8, the strip of electrode material
may wrap around polymeric tube 22 so that the end op-
posite the enfolded lead wire overlaps the fold and the
ring may be completed by weld 66.on the other side of
the fold. The length of strip 60 may be adjusted depending
on which technique is used. The first configuration offers
the benefit of reducing the overall diameter of the formed
ring electrode while the second configuration may pro-
vide more tolerance for the welding operation. One suit-
able technique for wrapping the strip of electrode material
may involve swaging the strip between complementary
dies 68 and 70 as schematically indicated in FIG. 9 to
increase the consistency of the formed ring electrodes.
[0048] In yet another aspect, the lead wires 46 for each
electrode 16 may be helically wound around polymeric
tube 22 in alternating directions as schematically shown
in FIG. 10. Beginning with the most distal electrode, lead
wire 46a that is secured to electrode 16a may be wound
a plurality of times around polymeric tube in one direction,
such as either a right hand wrap or a left hand wrap. The
wrapping of lead wire 46a may terminate at the proximally
adjacent electrode, electrode 46b in this example, and
then extend substantially aligned with the longitudinal ax-
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is of polymeric tube 22 to its proximal end. Correspond-
ingly, lead wire 46b may be wound around polymeric tube
22 in the opposite direction until reaching the next prox-
imally adjacent electrode, electrode 16c. Again, once
reaching the proximally adjacent electrode, the lead wire
may be longitudinally aligned. Likewise, lead wire 46c for
electrode 16c may be wrapped in the opposite direction
as compared to lead wire 46b, which is the same direction
as lead wire 46a. As shown, lead wires 46d and 46e for
electrodes 16d and 16e, respectively, continue the pat-
tern of alternating winding direction of the lead wire be-
tween adjacent pairs of electrodes. The lead wire for elec-
trode 16f is not shown in this schematic view for the sake
of clarity, but also continues the pattern as do the lead
wires for all the remaining electrodes, save for the most
proximal electrode. The lead wire for the most proximal
electrode may either be wound in an opposite direction
for a similar distance or may immediately extend in lon-
gitudinal alignment. As desired, each lead wire may be
color coded to facilitate identification at the proximal end
of the catheter.
[0049] By employing alternating winding directions of
the lead wires, the resulting polymeric tube may be more
flexible than conventional tubing having embedded
wires, allowing a spine constructed using the techniques
of this disclosure to more readily assume the desired
expanded configuration when deployed. Further, alter-
nating the direction of winding may reduce the tendency
for a directional force to accumulate as compared to tub-
ing have the lead wires wound in a single direction. Cor-
respondingly, a spine employing such alternating wind-
ing may assume a more symmetrical configuration when
deployed rather than being skewed in one direction. Still
further, winding a lead wire over one or more longitudi-
nally aligned lead wires has the potential to induce a cur-
rent in the longitudinally aligned lead wires that may man-
ifest as noise in the electric signal measured by the cor-
responding electrode(s). By alternating the winding di-
rection between each pair of electrodes, any induced cur-
rents may substantially cancel each other, reducing
noise.
[0050] As will be appreciated, spine construction de-
vice 30, or a similar device, may be employed while in-
stalling electrodes 16 along a polymeric tube 22 accord-
ing to the principles discussed above. A similar process
may be used whether the ring electrodes are preshaped
or whether they are formed in place from a strip of elec-
trode material. Similarly, the electrodes may be installed
so that their respective lead wires exhibit the alternating
winding pattern.
[0051] For example, a suitable routine using pre-
shaped ring electrodes may begin by securing the free
ends of lead wires 46 from each bobbin 44 to a corre-
sponding electrode 16. Each electrode 16 may then be
threaded over polymeric tube 22 in sequence and the
polymeric tube mounted over mandrel 36. The lead wire
for each electrode is routed through the rings of all the
electrodes that are proximal. Tension may be applied to

the lead wires as desired to prevent slack from develop-
ing and to keep the lead wires organized and aligned with
the longitudinal axis. The first electrode threaded over
the polymeric tube becomes the most distal electrode. It
may be slid along polymeric tube 22 until positioned at
the desired location. Prior to crimping, the electrode may
be rotated about the longitudinal axis to create the ap-
propriate direction of winding of the associated lead wire.
Crimping each electrode completes its installation.
These steps may be repeated for each subsequent elec-
trode, with alternating winding directions. Once all elec-
trodes are installed, suitable lengths of the lead wires
may be wrapped around themselves to extend from the
proximal end of polymeric tube 22 to the proximal end of
the catheter. This may be performed by rotating bobbin
holder 40 multiple times around the longitudinal axis. All
lead wires and ring edges on polymeric tube 22 may be
covered with polyurethane, heat shrink PEBAX tubing or
other similar materials. Polymeric tube 22 may be placed
in an oven to cure the polyurethane or shrink the tubing.
[0052] A similar routine may be employed when form-
ing the ring electrodes in place from strips of electrode
material. All lead wires are pulled to the distal end of
polymeric tube 22 and clamped. A first lead wire is then
cut to appropriate length, secured to strip of electrode
material 60 and wound around polymeric tube 22 in a
first direction. The strip of electrode material 60 may then
be wrapped, swaged and welded to form a ring electrode
at the desired location. The steps are repeated for each
successive electrode in the proximal direction, with the
ring electrodes formed around polymeric tube 22 and any
longitudinally aligned lead wires from more distally posi-
tioned electrodes. The other aspects of the routine may
be similar to those described above.
[0053] Whether using preshaped ring electrodes or
forming ring electrodes in place, these techniques allow
a damaged lead wire to be easily replaced without affect-
ing the already installed electrodes. For example, if a
lead wire breaks or is damaged during the welding or
installation process, a suitable length of new wire may
be unspooled from the corresponding bobbin 40. The
free end of the lead wire may be secured to a ring elec-
trode or strip of material depending on the technique be-
ing used, and construction of the spine may continue. As
necessary, the free end of the new length of lead wire
may be threaded through any proximal ring electrodes
prior to being welded to a replacement ring electrode.
[0054] 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
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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 not yet claimed:

[0055]

1. A spine of an electrode assembly for an electro-
physiologic catheter comprising a flexible core dis-
posed within a lumen of a polymeric tube, wherein
the polymeric tube has a number of electrodes and
is constructed by:

stabilizing the polymeric tube along a longitudi-
nal axis;
simultaneously deploying a plurality of individual
bobbins of lead wire corresponding to the
number of electrodes radially around the longi-
tudinal axis, wherein a free end of lead wire from
each bobbin is electrically connected to a re-
spective electrode; and
sequentially installing the electrodes from a dis-
tal first location on the polymeric tube to a prox-
imal location.

2. The spine of aspect 1, wherein constructing the
spine further comprises helically winding the lead
wire around the polymeric tube between the elec-
trode to which the lead wire is electrically connected
and a proximally adjacent electrode, such that each
lead wire between adjacent pairs of electrodes has
an alternating direction of winding.

3. The spine of aspect 2, wherein constructing the
spine further comprises securing each lead wire to
a ring electrode and threading each ring electrode
over the polymeric tube in sequence.

4. The spine of aspect 2, wherein constructing the
spine further comprises securing a lead wire perpen-
dicularly to a strip of electrode material and forming
a ring electrode during installation by wrapping the
strip of electrode material around the polymeric tube.

5. The spine of aspect 4, wherein constructing the
spine further comprises folding the strip of electrode
material over a secured portion of the lead wire prior
to wrapping the strip of electrode material around
the polymeric tube.

Claims

1. A method for constructing a spine of an electrode
assembly for an electrophysiologic catheter com-
prising:

stabilizing a polymeric tube along a longitudinal
axis;
providing a number of electrodes;
simultaneously deploying a plurality of individual
bobbins of lead wire corresponding to the
number of electrodes radially around the longi-
tudinal axis, wherein a free end of lead wire from
each bobbin is electrically connected to a re-
spective electrode; and
sequentially installing the electrodes from a dis-
tal first location on the polymeric tube to a prox-
imal location.

2. The method of claim 1, further comprising helically
winding each lead wire around the polymeric tube
between the electrode to which the lead wire is elec-
trically connected and a proximally adjacent elec-
trode, such that each lead wire between adjacent
pairs of electrodes has an alternating direction of
winding.

3. The method of claim 2, wherein each lead wire is
longitudinally aligned with the longitudinal axis along
the polymeric tube proximal of the proximally adja-
cent electrode.

4. The method of claim 1, further comprising applying
tension to the lead wire of each bobbin during elec-
trode installation.

5. The method of claim 1, further comprising covering
lead wires between adjacent electrodes with a pol-
ymeric material.

6. The method of claim 1, wherein the individual bob-
bins of lead wire are deployed by a holder that rotates
about the longitudinal axis, further comprising wind-
ing the lead wires around themselves proximally of
the polymeric tube following electrode installation.

7. The method of claim 1, further comprising providing
the electrical connection between the free end of
lead wire from each bobbin and its respective elec-
trode by securing the lead wire to a ring electrode
and threading each ring electrode over the polymeric
tube in sequence.

8. The method of claim 7, further comprising installing
each ring electrode by crimping the ring electrode to
the polymeric tube at a desired location.

9. The method of claim 1, further comprising providing
the electrical connection between the free end of
lead wire from each bobbin and its respective elec-
trode by securing the lead wire perpendicularly to a
strip of electrode material and forming a ring elec-
trode during installation by wrapping the strip of elec-
trode material around the polymeric tube.
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10. The method of claim 9, further comprising folding the
strip of electrode material over a secured portion of
the lead wire prior to wrapping the strip of electrode
material around the polymeric tube.

11. A spine of an electrode assembly for an electrophys-
iologic catheter constructed by the methods accord-
ing to any of claims 1, 2, 7, 9 or 10.

12. A spine of an electrode assembly for an electrophys-
iologic catheter comprising a flexible core disposed
within a lumen of polymeric tube, wherein the poly-
meric tube has a number of electrodes and wherein
a lead wire for each electrode is helically wound
around the polymeric tube between the electrode to
which the lead wire is electrically connected and a
proximally adjacent electrode, such that each lead
wire between adjacent pairs of electrodes has an
alternating direction of winding.

13. The spine of claim 12, wherein each lead wire is lon-
gitudinally aligned along the polymeric tube proximal
of the proximally adjacent electrode.

14. A construction device for a spine of an electrode as-
sembly for an electrophysiologic catheter, wherein
the spine has a number of electrodes, comprising:

a mandrel for stabilizing a polymeric tube along
a longitudinal axis;
a plurality of individual bobbins of lead wire cor-
responding to the number of electrodes; and
a holder that deploys the plurality of bobbins ra-
dially around the longitudinal axis.

15. The construction device of claim 14, wherein the
holder rotates about the longitudinal axis.

16. The construction device of claim 15, further compris-
ing a track that is fixed in relation to the mandrel,
wherein the holder is slidably mounted to the track
to move along the longitudinal axis relative to the
mandrel.

17. The construction device of claim 14, further compris-
ing a tensioner for each of the lead wires.
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