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Description

BACKGROUND OF THE INVENTION

a. Field of the Invention

[0001] The instant invention relates to a catheter or
sheath, including a circuit with a trace printed on the cir-
cuit and configured for connection to an electrode.

b. Background Art

[0002] US 2006/100618 A1 discloses the features of
the preamble of claim 1.
[0003] Catheters have been in use for medical proce-
dures for many years. Catheters can be used for medical
procedures to examine, diagnose, and treat while posi-
tioned at a specific location within a body that is otherwise
inaccessible without more invasive procedures. During
these procedures a catheter is commonly inserted into a
vessel near the surface of the body and is guided to a
specific location within the body for examination, diag-
nosis, and/or treatment. For example, one procedure of-
ten referred to as "catheter ablation" utilizes a catheter
to convey an electrical stimulus to a selected location
within the human body to create tissue necrosis. Another
procedure often referred to as "mapping" utilizes a cath-
eter with sensing electrodes to monitor various forms of
electrical activity in the human body.
[0004] Catheters are also used increasingly for medi-
cal procedures involving the human heart. Typically, the
catheter is inserted in an artery or vein in the leg, neck,
or arm of the patient and directed, sometimes with the
aid of a guide wire or introducer, through the vessels until
a distal tip of the catheter reaches the desired location
for the medical procedure in the heart.
[0005] A typical human heart includes a right ventricle,
a right atrium, a left ventricle, and a left atrium. The right
atrium is in fluid communication with the superior vena
cava and the inferior vena cava. The atrioventricular sep-
tum separates the right atrium from the right ventricle.
The tricuspid valve contained within the atrioventricular
septum provides communication between the right atri-
um and the right ventricle.
[0006] In a normal heart, contraction and relaxation of
the heart muscle (myocardium) takes place in an organ-
ized fashion as electro-chemical signals pass sequen-
tially through the myocardium from the sinoatrial (SA)
node, which comprises a bundle of unique cells disposed
in the wall of the right atrium, to the atrioventricular (AV)
node and then along a well-defined route, which includes
the His-Purkinje system, into the left and right ventricles.
The AV node lies near the ostium of the coronary sinus
in the interatrial septum in the right atrium. Each cell
membrane of the SA node has a characteristic tendency
to leak sodium ions gradually over time such that the cell
membrane periodically breaks down and allows an inflow
of sodium ions, thereby causing the SA node cells to

depolarize. The SA node cells are in communication with
the surrounding atrial muscle cells such that the depo-
larization of the SA node cells causes the adjacent atrial
muscle cells to depolarize. This results in atrial systole,
wherein the atria contract to empty and fill blood into the
ventricles. The atrial depolarization from the SA node is
detected by the AV node which, in turn, communicates
the depolarization impulse into the ventricles via the bun-
dle of His and Purkinje fibers following a brief conduction
delay. The His-Purkinje system begins at the AV node
and follows along the membranous interatrial septum to-
ward the tricuspid valve through the atrioventricular sep-
tum and into the membranous interventricular septum.
At about the middle of the interventricular septum, the
His-Purkinje system splits into right and left branches
which straddle the summit of the muscular part of the
interventricular septum.
[0007] Sometimes abnormal rhythms occur in the
heart, which are referred to generally as arrhythmia. For
example, a common arrhythmia is Wolff-Parkinson-
White syndrome (W-P-W). The cause of W-P-W is gen-
erally believed to be the existence of an anomalous con-
duction pathway or pathways that connect the atrial mus-
cle tissue directly to the ventricular muscle tissue, thus
bypassing the normal His-Purkinje system. These path-
ways are usually located in the fibrous tissue that con-
nects the atrium and the ventricle. Another arrhythmia is
ventricular tachycardia ("V.T."). VT is a disease of the
ventricles of the heart in which the heart’s normal arrhyth-
mic contraction is altered. Frequently, the rate of heart
beat is too fast, although the conditions of the disease
itself are generally quite complex. VT may occur most
often in patients following a myocardial infarction. A my-
ocardial infarction, commonly referred to as a heart at-
tack, is a loss of blood to a region of the heart causing
the myocardial tissue in that region to die and be replaced
by an area of scar tissue known as a myocardial infarct.
Frequently, the myocardial infarct is present in the left
ventricle. As a result of the myocardial infarct, circular
pathways ("reentry circuits") are frequently created within
the left ventricle which conduct electrical impulses of the
heart. These reentry circuits may cause the electrical im-
pulses of the heart to travel in circles about the myocardial
infarct, frequently causing an erratic and sometimes ac-
celerated beating of the heart. These reentry circuits may
also occur around discrete elements of the heart, such
as valves. In addition, the reentry circuits sometime occur
around both the myocardial infarct and the discrete ele-
ments of the heart.
[0008] Other abnormal arrhythmias sometimes occur
in the atria, which are referred to as atrial arrhythmia.
Three of the most common atrial arrhythmia are ectopic
atrial tachycardia, atrial fibrillation, and atrial flutter. Atrial
fibrillation can result in significant patient discomfort and
even death because of a number of associated problems,
including the following: an irregular heart rate, which
causes patient discomfort and anxiety; loss of synchro-
nous atrioventricular contractions, which compromises
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cardiac hemodynamics, resulting in varying levels of con-
gestive heart failure; and stasis of blood flow, which in-
creases the likelihood of thromboembolism.
[0009] Efforts to alleviate these problems in the past
have included significant usage of pharmacological treat-
ments. While pharmacological treatments are some-
times effective, in some circumstances drug therapy has
had only limited effectiveness and is frequently plagued
with side effects, such as dizziness, nausea, vision prob-
lems, and other difficulties.
[0010] An increasingly common medical procedure for
the treatment of certain types of cardiac arrhythmia and
atrial arrhythmia involves the ablation of tissue in the
heart to cut off the path for stray or improper electrical
signals. Such procedures are performed many times with
an ablation catheter. Typically, the ablation catheter is
inserted in an artery or vein in the leg, neck, or arm of
the patient and threaded, sometimes with the aid of a
guidewire or introducer, through the vessels until a distal
tip of the ablation catheter reaches the desired location
for the ablation procedure in the heart (endocardial ab-
lation). Ablation may also be performed from outside the
heart (epicardial ablation) using devices introduced into
the chest. The ablation catheters commonly used to per-
form these ablation procedures produce lesions and
electrically isolate or render the tissue non-contractile at
particular points in the cardiac tissue by physical contact
of the cardiac tissue with an electrode of the ablation
catheter and application of energy. The lesion partially
or completely blocks the stray electrical signals to lessen
or eliminate arrhythmia.
[0011] Another medical procedure using ablation cath-
eters with sheaths to ablate accessory pathways asso-
ciated with W-P-W utilizing both a transseptal and retro-
grade approach is discussed in Saul, J. P., et al., "Cath-
eter Ablation of Accessory Atrioventricular Pathways in
Young Patients: Use of long vascular sheaths, the trans-
septal approach and a retrograde left posterior parallel
approach," Journal of the American College of Cardiol-
ogy, Vol. 21, no. 3, pgs. 571 583 (1 Mar. 1993). Other
catheter ablation procedures are disclosed in Swartz, J.
F., "Radio frequency Endocardial Catheter Ablation of
Accessory Atrioventricular Pathway Atrial Insertion
Sites," Circulation, Vol. 87, no. 2, pgs. 487 499 (February
1993).
[0012] Ablation of a specific location within or near the
heart typically requires the precise placement of the ab-
lation catheter. Precise positioning of the ablation cath-
eter is especially difficult because of the physiology of
the heart, particularly because the heart continues to beat
throughout the ablation procedures. Commonly, the
choice of placement of the catheter is determined by a
combination of electrophysiological guidance and fluor-
oscopy (placement of the catheter in relation to known
features of the heart, which are marked by radiopaque
diagnostic catheters that are placed in or at known ana-
tomical structures, such as the coronary sinus, high right
atrium, and the right ventricle).

[0013] The energy necessary to ablate cardiac tissue
and create a permanent lesion can be provided from a
number of different sources. Originally, direct current was
utilized although laser, microwave, ultrasound, and other
forms of energy have also been utilized to perform abla-
tion procedures. Thermal ablation catheters have also
been used. During thermal ablation procedures, a heat-
ing element, secured to the distal end of a catheter, heats
thermally conductive fluid, which fluid then contacts the
human tissue to raise its temperature for a sufficient pe-
riod of time to ablate the tissue.
[0014] Conventional ablation procedures utilize a sin-
gle distal electrode secured to the tip of an ablation cath-
eter. Increasingly, however, cardiac ablation procedures
utilize multiple electrodes affixed to the catheter body.
These ablation catheters often contain a distal tip elec-
trode and a plurality of ring electrodes. Mapping catheters
also often contain a plurality of sensing electrodes to
monitor various forms of electrical activity in the human
body. Sheaths may be provided for the placement and
translation of an ablation or mapping catheter in a body
cavity. Sheaths may also be provided with one or more
electrodes for mapping of an endocardial or epicardial
surface, for example.
[0015] Ablation and mapping catheters are labor-inten-
sive to assemble. Each electrode must be individually
brazed to a conductor, holes must be punctured into the
catheter shaft, each conductor must be threaded through
the catheter shaft, and the electrodes must be slid into
their position along the catheter shaft. Some ablation and
mapping catheters may have up to 20 electrodes that
need to be spaced in a particular configuration. Assem-
bling the electrodes may take up to or even more than
approximately 45 minutes. Sheaths configured to include
electrodes may be similarly labor-intensive to assemble.
[0016] Thus, there remains a need for improving the
timing for production and ease of manufacture for an elec-
trode assembly for a catheter or sheath, as well as in-
creasing the reliability of the electrodes on the catheter
or sheath, without sacrificing the ability of the catheter or
sheath to be deflected.

BRIEF SUMMARY OF THE INVENTION

[0017] It is desirable to be able to remove the multi-
conductor wiring from a catheter or sheath, since multi-
conductor wiring is highly labor-intensive and results in
an increased assembly time. It is also desirable to be
able to indicate the desired locations of the electrodes
on the catheter or sheath prior to assembly to further
speed up assembly time. It may also be desirable to in-
crease the reliability of the electrodes on the catheter or
sheath by making the electrodes integral with the con-
ductor to prevent any unreliability that may be associated
with the weld between discrete electrodes and conduc-
tors. Finally, it may be desirable to modify the design of
a conductor for a catheter or sheath without sacrificing
the ability of the catheter or sheath to be deflected, which
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is necessary for the applications of each.
[0018] A catheter or sheath is provided. The catheter
or sheath comprises a circuit including a member extend-
ing along at least a portion of the length of the catheter
shaft, wherein the member includes a trace printed on
the member and having a longitudinal segment extending
along a longitudinal axis of the member and a transverse
segment extending transverse to the longitudinal axis
and an electrode connected to the circuit proximal the
trace. The circuit is disposed along a center of the open-
ing of the catheter or sheath, in the neutral axis, in order
to prevent undue stress from being placed on the circuit
when the catheter or sheath is deflected.
[0019] The foregoing and other aspects, features, de-
tails, utilities, and advantages of the present invention
will be apparent from reading the following description
and claims, and from reviewing the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is a perspective view of a circuit and electrodes
for use with a catheter in accordance with a first em-
bodiment of the invention.
Fig. 2 is a perspective view of a circuit and electrodes
for use with a catheter in accordance with a second
embodiment of the invention.
Fig. 3 is a front cross-sectional view of a circuit and
electrodes for use with a catheter in accordance with
the second embodiment of the invention.
Fig. 4 is a side cross-sectional view of a circuit and
electrodes embedded in a catheter in accordance
with the first or second embodiment of the invention.
Fig. 5 is a top plan view of a circuit for use with a
catheter or sheath in accordance with a third config-
uration which does not fall within the scope of the
invention.
Fig. 6 is a perspective view of a circuit and electrodes
for use with a catheter or sheath in accordance with
a third configuration which does not fall within the
scope of the invention.
Fig. 7 is a front cross-sectional view of a circuit and
electrodes for use with a catheter or sheath in ac-
cordance with a configuration which does not fall
within the scope of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] A circuit configured for connecting an electrode
to mapping and ablation catheters or to sheaths is pro-
vided in which no discrete wiring is required. In accord-
ance with a first embodiment, circuit 10 may be provided
for use with a mapping or ablation catheter. Referring to
Fig. 1, circuit 10 may include member 12. Member 12
may have a longitudinal axis 14. Member 12 may extend
along at least a portion of the length of the catheter. In

some embodiments, member 12 may extend along a ma-
jority of or even substantially along the entire length of
the catheter. At least a portion of member 12 may gen-
erally be flat prior to use in a catheter. A majority of mem-
ber 12 or substantially all of member 12 may generally
be flat prior to use in a catheter in some embodiments.
At least a portion of member 12 may be generally flat
when in use in a catheter. A majority of member 12 or
even substantially all of member 12 may generally be flat
when in use in a catheter in some embodiments. Refer-
ring again to Fig. 1, member 12 is illustrated as generally
flat. Member 12 may be approximately 0,762 mm (0.030")
in width. Of course, depending upon the intended appli-
cation, member 12 may have a larger or smaller width in
some embodiments.
[0022] Circuit 10 may be configured to be disposed
along a center of the opening of a catheter. Location of
circuit 10 along the center of a catheter in the neutral axis
may prevent undue stress from being placed on circuit
10 when the catheter is deflected. A neutral axis is gen-
erally defined as the axis in the cross-section of the cath-
eter shaft along which there are no longitudinal stresses
and/or strains. Some catheters may include a planarity
ribbon wire extending along at least a portion of the length
of the catheter in order to aid the catheter in deflection
along a single axis. Circuit 10 may be configured to re-
place the planarity ribbon wire. In some embodiments,
circuit 10 may be of increased thickness when it is con-
figured to replace the planarity ribbon wire.
[0023] Circuit 10 may comprise a material that is flex-
ible in order to allow for deflection of the catheter, or
sheath in some embodiments. However, circuit 10 may
also comprise a material that is of sufficient rigidity to
maintain the electrical integrity of the circuit. Circuit 10
may comprise a polymer or plastic. For example, circuit
10 may comprise polyimide or polyethylene terephtha-
late polyester. In some embodiments, circuit 10 may
comprise KAPTON® or MYLAR® available from E.I du
Pont de Nemours and Company.
[0024] Circuit 10 includes a trace 16 included (e.g.,
printed) on member 12. The trace may comprise platinum
or gold or copper (e.g., copper plated with platinum, gold,
or silver). Trace 16 may include a longitudinal segment
18 extending generally along the longitudinal axis 14 of
member 12 and a transverse segment 20 extending gen-
erally transverse to the longitudinal axis 14. The proximal
end of longitudinal segment 18 of trace 16 may originate
at a solder pad that is compatible with a circuit connector
conventional in the art (e.g., a zif type connector). Trace
16 may be about 50,8 mm (0.002") to about 76,2 mm
(0.003") in width. Of course, depending upon the intend-
ed application, trace 16 may have a larger or smaller
width. Trace 16 may also be disposed between a first
and second layer of insulation, with the trace and insu-
lating layers being about 0.003" to about 0.008" in thick-
ness. Again, depending upon the intended application,
trace 16 and the insulating layers may be more or less
thick. Member 12 may include a plurality of traces. For
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example, member 12 may include three traces as illus-
trated in Fig. 1. Member 12 may include fewer or more
traces. If member 12 includes a plurality of traces, the
longitudinal segment of each trace may extend a different
length along longitudinal axis 14 of member 12, so that
the each transverse segment is disposed at a different
length along member 12. For example, longitudinal seg-
ment 22 of a second trace illustrated in Fig. 1 is a different
length than longitudinal segment 18 of trace 16. Trans-
verse segment 24 of a second trace illustrated in Fig. 1
is therefore at a different location along the length of
member 12. Accordingly, a plurality of electrodes may
be connected to circuit 10 proximal the transverse seg-
ment of each trace at different locations along the length
of member 12. Circuit 10 may include other trace patterns
(e.g., where the trace does not extend along the longitu-
dinal axis or transverse to the longitudinal axis, but at
any number of angles or directions).
[0025] Circuit 10 may include a pad 26 extending be-
yond the edge of member 12. Pad 26 may be integral
with member 12. Pad 26 may extend from member 12
proximal the transverse segment 20 of trace 16. The
transverse segment 20 may terminate into pad 26 in an
embodiment. Pad 26 may extend generally transversely
from longitudinal axis 14 of member 12. Pad 26 may be
configured for connection to electrode 28. Pad 26 may
comprise a built-up or heavy solder pad which may be
formed around the catheter shaft so that it may be con-
figured for contact with the inner surface of electrode 28.
Pad 26 may generally be smaller in width than electrode
28. Pad 26 may also be of sufficient length to allow for
proper positioning of electrode 28 over it.
[0026] Electrode 28 may be provided on the catheter
for ablation or mapping. For example, electrode 28 may
emit an electrical stimulus to create tissue necrosis
and/or electrode 28 may comprise a sensing electrode
to monitor various forms of electrical activity in the human
body. In an embodiment, electrode 28 may comprise a
ring or a band. Accordingly, electrode 28 may include
both an inner surface and an outer surface. In an em-
bodiment, electrode 28 may be approximately 7 French
(e.g., about 0.030") in cross-sectional dimension. Elec-
trode 28 may have a larger or smaller cross sectional
dimension in some embodiments. The width of electrode
28 may, for example, be about 1.5 mm. Of course, de-
pending on the intended application, electrode 28 may
have a larger or smaller width. For some embodiments,
electrode 28 may be comprised of platinum. Electrodes
28 may be welded to pad 26. For example, electrodes
28 may be laser welded to pad 26. Pad 26 may have
about 0.005" of solder discretely positioned on it so that
electrode 28 may be soldered in place once it has been
positioned over pad 26. During assembly, laser energy
may be focused onto the outer surface of electrode 28
to create a solder puddle which would solder itself to the
inner surface of electrode 28. Electrode 28 may further
be connected to circuit 10 using a conductive adhesive.
[0027] Referring now to Fig. 2, a circuit 110 in accord-

ance with a second embodiment of the invention is pro-
vided. Circuit 110 may be substantially similar to circuit
10, including member 112 and trace 116, but circuit 110
may include a ring extension or pad 126 that is compar-
atively wider and longer than pad 26. For example, ring
extension or pad 126 may be about 1.5 mm wide and
have a length about equal to the circumference of a 7
French catheter (e.g., about 0,762 cm (0.30"). Ring ex-
tension or pad 126 may be configured to form an elec-
trode ring or pad for ablation and/or mapping applica-
tions. Pad 126 may be biocompatible and may be of suf-
ficient composition and/or density to facilitate visualiza-
tion under fluoroscopy. Pad 126 may comprise gold or
platinum and, depending upon the intended configura-
tion, may not be masked.
[0028] For example, pad 126 may comprise gold or
platinum plating that is about 38,1 mm (0.0015") to about
50,8 mm (0.0020") thick. Pad 126 may be integral with
member 112. Pad 126 may extend from member 112
proximal a transverse segment 120 of trace 116. The
transverse segment 120 may terminate with or into pad
126. Pad 126 may extend generally transversely to the
longitudinal axis of member 112. Further, pad 126 may
be configured to be formed (e.g., rolled) into a ring to
form an electrode for use in connection with the catheter.
The formed pad 126 may be adhesive-backed to allow
for positioning on the catheter shaft (e.g., 7 French cath-
eter). During the reflow processing, the catheter or
sheath shaft may be bonded to the circuit 110 to hold it
in position. In some embodiments, circuit 110 may be
fabricated with approximately one to twenty pads, each
pad configured to be formed or rolled into a ring to form
a portion of an electrode. If fewer electrodes were re-
quired in a catheter or sheath assembly than on the fab-
ricated circuit, then the extra pads 126 could easily be
removed (e.g. cut-off). In some embodiments, two or
more circuits 110 could be utilized in tandem to achieve
the desired number of pads for forming the desired
number of electrodes or electrode portions.
[0029] Referring now to Fig. 3, circuit 110 is disposed
along the neutral axis of the catheter. Accordingly, a first
pull wire 130 may be disposed on a first side of member
112, and a second pull wire 132 may be disposed on a
second (e.g., diametrically opposing) side of member
112. In an embodiment as generally illustrated in Fig. 3,
the first and second pull wires 130, 132 may be disposed
generally alongside a centerline of member 112.
[0030] Referring now to Fig. 4, after each electrode is
connected (i.e., whether by connector or initial formation
as part of the circuit) to circuit 10 (or 110), the entire
catheter shaft can be formed (e.g., reflowed with mate-
rial) in order to seal and/or secure the placement of circuit
10 (or 110) and the electrodes 28 (or 126). The electrodes
28 (or 126) may be bonded and/or adhered to the shaft
during the reflow process. The reflow material 34 may
comprise plastic. In an embodiment, the reflow material
34 may comprise polyether block amides. In an embod-
iment, the reflow material 34 may comprise PEBAX®.
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However, during deflection of the catheter or sheath, the
electrodes may loosen (i.e., the circuit 10, 110 away from
the electrodes 28, 126 may be pulled and compressed,
causing the circuit to move, push back, and even buckle.
Placement of the circuit 10, 110 in spaghetti tubing may
be utilized to allow for some movement (e.g., slight move-
ment) of the circuit within the catheter or sheath shaft to
try to prevent buckling. For example, without limitation,
the spaghetti tubing may comprise polytetrafluroethylene
(PTFE) and may be disposed between the circuit 10, 110
and the material of the shaft of the catheter or sheath.
For a circuit with more complicated geometry, holes may
need to be provided in the spaghetti tubing to allow for
protrusion of the pads or rolled electrodes. As shown in
Fig. 4, the catheter may further include a tip 36 configured
for tissue ablation. Referring still to the embodiment il-
lustrated in Fig. 4, a first electrode 28 may be disposed ,
for example, about 2 mm away from the ablation tip 36.
A second electrode 38 may be disposed, for example,
about 5 mm away from the first electrode 28. A third elec-
trode 40 may be disposed, for example, about 2 mm away
from the second electrode 38. Additional electrodes may
be disposed in the same pattern along the length of the
catheter. The distance between the ablation tip and the
electrode and/or between adjacent electrodes may be
greater or less then 2 mm or 5 mm in connection with
other embodiments.
[0031] In accordance with a third configuration, circuit
210 may be provided for use in connection with a map-
ping or ablation catheter and/or a sheath and/or another
tubular object configured for insertion into a body cavity
or blood vessel. Referring now to Figs. 5 and 6, circuit
210 may include a member 212. Member 212 may have
a longitudinal axis 214. Member 212 may extend along
at least a portion of the length of the catheter or sheath.
In some configurations, member 212 may extend along
a majority of or even substantially the entire length of the
catheter or sheath. At least a portion of member 212 may
generally be flat prior to use in a catheter or sheath as
shown in the configuration generally illustrated in Fig. 5.
A majority of member 212 or even substantially all of
member 212 may generally be flat prior to use in a cath-
eter or sheath in some configurations.
[0032] Referring again to Figs. 5 and 6, member 212
may include a first transverse segment 216 extending
generally transverse to longitudinal axis 214. Member
212 may include a first longitudinal segment 218 extend-
ing generally along at least a portion of longitudinal axis
214. Member 212 may include a second transverse seg-
ment 220 extending generally transverse to longitudinal
axis 214. Member 212 may include a second longitudinal
segment 222 extending generally along at least a portion
of longitudinal axis 214. First and second longitudinal
segments 218 and 222 may be configured to be disposed
on opposing sides of a catheter or sheath (e.g., approx-
imately 180° apart). Further, at least a portion of member
212 may be curved when it is embedded within a catheter
shaft or a sheath. A majority of member 212 or even

substantially all of member 212 may be generally curved
when it is embedded with a catheter shaft or sheath. In
a configuration, each transverse segment (e.g., 216, 220)
may extend approximately one-half of the circumference
of the catheter or sheath. In other configurations, each
transverse segment (e.g., 216, 220) may extend less
than one-half of the circumference of the catheter or
sheath or more than one-half of the circumference off the
catheter or sheath. Each transverse segment (e.g., 216,
220) may be configured to be about one-half of the cir-
cumference of a 7 French size catheter or sheath. How-
ever, each transverse segment may be configured to be
used with any size catheter or sheath (e.g., 6 French or
5 French size catheter or sheath). Member 212 may in-
clude a pad 226. Pad 226 may be substantially aligned
with transverse segment 216 and may extend generally
transversely to the longitudinal axis 214 of member 212.
In the third configuration, pad 226 may be configured for
connection to an electrode 228 similar to the first embod-
iment illustrated in Fig. 1. In a fourth configuration, pad
226 may be configured to be rolled or otherwise formed
into an electrode similar to the configuration illustrated in
Fig. 2. Member 212 may comprise a material that is flex-
ible in order to allow for deflection of the catheter or
sheath. Member 212 may also comprise a material that
has sufficient rigidity to maintain the electrical integrity of
the circuit. Member 212 may comprise a polymer or plas-
tic. For example, without limitation, member 212 may
comprise polyimide or polyethylene terephthalate poly-
ester. In some configurations member 212 may comprise
KAPTON® or MYLAR®.
[0033] Referring again to Figs. 5 and 6, pad 226 may
have a reduced profile and, depending upon the intended
circumstance or application, may not be masked to pro-
vide connection to another component (e.g., an elec-
trode). In some configurations, electrodes 228 may be
welded (e.g., laser welded) to pads 226 substantially as
described in connection with circuit 10 in the first embod-
iment. In other configurations, pads 226 may be substan-
tially thicker and longer as described in connection with
circuit 110 in the second embodiment such that pads 226
may be configured to be rolled or otherwise formed into
an electrode.
[0034] Still referring to Fig. 5, member 212 may com-
prise a plurality of transverse and longitudinal segments
and a plurality of pads. For example, illustrated member
212 includes six transverse segments, four of which are
aligned with four pads, as illustrated in Fig. 5. Member
212 further includes six longitudinal segments as illus-
trated in Fig. 5. Member 212 may include fewer or more
transverse and longitudinal segments. Each of the trans-
verse segments may be disposed at a different length of
member 212 so that each electrode may be disposed at
a different location along the length of member 212. In a
configuration, pads 226 may be spaced, for example,
approximately 10 mm apart along the length of member
212. In other configurations, pads 226 may be spaced
closer or further apart.
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[0035] Member 212 may include a trace 230. The 230
may, for instance, comprise platinum or gold or copper
(e.g., copper plated with platinum, gold, or silver). The
proximal end of trace 230 may originate at a solder pad
that is compatible with a circuit connector conventional
in the art (e.g., a zif type connector). The trace may extend
along each of the longitudinal segments and each of the
transverse segments of member 212. The trace may ter-
minate with, at, or about pad 226. Additional traces may
be printed on member 212 if member 212 includes ad-
ditional pads to which electrodes are or may be connect-
ed. For example, four traces are illustrated in Figs. 5-6.
The proximal end of each trace may originate at a solder
pad that is compatible with a circuit connector conven-
tional in the art, and each trace may extend along the
longitudinal segments and transverse segments of mem-
ber 212 and terminate at a different pad disposed at a
different length along longitudinal axis 214 of member
212. Accordingly, an electrode connected to each pad or
formed from each pad may be disposed at a different
location along the length of member 212. Member 212
may include other trace patterns (e.g., where the trace
extends in any number of angles or directions).
[0036] Referring now to Fig. 7, member 212 may be
positioned so that the longitudinal segments 218 of mem-
ber 212 may be positioned on or about the neutral axis
of the catheter or sheath shaft. Accordingly, a first pull
wire 231 and a second pull wire 232 may be disposed
approximately 90° from an end of transverse segment
216 of member 212. This geometry and the positioning
at the neutral axis may permit circuit 210 to maintain elec-
trical integrity and avoid shaft disruption.
[0037] As with the first and second embodiments, after
each electrode is connected to member 212 or formed
from pads 226, the entire catheter shaft can be formed
(e.g. reflowed with material) in order to seal and/or secure
the placement of circuit 210 and the electrodes. The elec-
trodes may be bonded and/or adhered to the shaft during
the reflow process. The reflow material 234 may com-
prise plastic. In an embodiment, the reflow material 234
may comprise polyether block amides. In an embodi-
ment, the reflow material may comprise PEBAX®.
[0038] Although two embodiments of this invention
have been described above with a certain degree of par-
ticularity, those skilled in the art could make numerous
alterations to the disclosed embodiments without depart-
ing from scope of this invention. All directional references
(e.g., upper, lower, upward, downward, left, right, left-
ward, rightward, top, bottom, above, below, vertical, hor-
izontal, clockwise, and counterclockwise) are only used
for identification purposes to aid the reader’s understand-
ing of the present invention, and do not create limitations,
particularly as to the position, orientation, or use of the
invention. Joinder references (e.g., attached, coupled,
connected, and the like) are to be construed broadly and
may include intermediate members between a connec-
tion of elements and relative movement between ele-
ments. As such, joinder references do not necessarily

infer that two elements are directly connected and in fixed
relation to each other. It is intended that all matter con-
tained in the above description or shown in the accom-
panying drawings shall be interpreted as illustrative only
and not limiting. Changes in detail or structure may be
made without departing from the scope of the invention
as defined in the appended claims.

Claims

1. A catheter or sheath, comprising:

a circuit (10) including a member (12, 112) ex-
tending along at least a portion of the length of
the catheter shaft; wherein
the member (12, 112) includes a trace (16) print-
ed on the member (12, 112) and having a lon-
gitudinal segment (18) extending along a longi-
tudinal axis (14) of the member (12, 112) and a
transverse segment (20) extending transverse
to the longitudinal axis (14); and
an electrode (28) connected to the circuit (10)
proximal the trace (16); characterized in that
the circuit (10) is disposed along a center of the
opening of the catheter or sheath, in the neutral
axis, in order to prevent undue stress from being
placed on the circuit (10) when the catheter or
sheath is deflected.

2. The catheter or sheath according to claim 1, wherein
the circuit (10) is secured to the catheter shaft by a
reflow process such that the entire catheter shaft is
reflowed with a reflow material (34).

3. The catheter or sheath according to claim 1 or 2,
wherein first and second pull wires (130, 132) are
disposed alongside a centerline of the member
(112), wherein the first pull wire (130) is disposed on
a first side of the member (112) and the second pull
wire (132) is disposed on a second diametrically op-
posing side of the member (112).

4. The catheter or sheath according to any one of
claims 1 to 3, wherein the circuit (10) further com-
prises a pad (26, 126) integral and extending from
the member (12,112) proximal the transverse seg-
ment (20) of the trace (16) wherein the transverse
segment terminates into the pad (126).

5. The catheter or sheath according to claim 4, wherein
the pad (126) is configured to be rolled into a ring to
form the electrode.

6. The catheter or sheath according to claim 4, wherein
the pad (26) is configured for contact with the inner
surface of the electrode (28) provided on the catheter
shaft.
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7. The catheter or sheath according to claim 6, wherein
the pad (26) is of sufficient length to allow for proper
positioning of the electrode (28) over it.

8. The catheter or sheath according to claims 6 or 7,
wherein the electrode (28) is a ring electrode.

Patentansprüche

1. Katheter oder Schaft, mit:

einer Schaltung (10), die ein Bauteil (12, 112)
aufweist, das sich entlang mindestens eines Be-
reichs der Länge des Katheterschafts erstreckt;
wobei
das Bauteil (12, 112) eine Bahn (16) aufweist,
die auf das Bauteil (12, 112) gedruckt ist, und
ein Längssegment (18) hat, das sich entlang ei-
ner Längsachse (14) des Bauteils (12, 112) er-
streckt, und ein Quersegment (20), das sich
quer zur Längsachse (14) erstreckt; und
einer Elektrode (28), die mit der Schaltung pro-
ximal der Bahn (16) verbunden ist;
dadurch gekennzeichnet, dass
die Schaltung (10) entlang eines Zentrums der
Öffnung des Katheters oder des Schafts ange-
ordnet ist, in der neutralen Achse, um zu verhin-
dern, dass eine unzulässige mechanische
Spannung auf die Schaltung (10) wirkt, wenn
der Katheter oder der Schaft gebogen ist.

2. Katheter oder Schaft nach Anspruch 1, bei dem die
Schaltung (10) an dem Katheterschaft durch einen
Reflow-Prozess derart gesichert ist, dass der ge-
samte Katheterschaft mit einem Reflow-Material
(34) umflossen ist.

3. Katheter oder Schaft nach Anspruch 1 oder 2, bei
dem erste und zweite Ziehdrähte (130, 132) längs-
seits einer Mittellinie des Bauteils (112) angeordnet
sind, wobei der erste Ziehdraht (130) auf einer ersten
Seite des Bauteils (112) angeordnet ist, und der
zweite Ziehdraht (132) auf einer zweiten diametral
gegenüberliegenden Seite des Bauteils (112) ange-
ordnet ist.

4. Katheter oder Schaft nach einem der Ansprüche 1
bis 3, bei dem die Schaltung (10) ferner einen An-
schluss (26, 126) integriert aufweist, und der sich
von dem Bauteil (12, 112) proximal zu dem Quer-
segment (20) der Bahn (16) erstreckt, wobei das
Quersegment in dem Anschluss (126) endet.

5. Katheter oder Schaft nach Anspruch 4, bei dem der
Anschluss (126) konfiguriert ist, um in einen Ring
gerollt zu sein zur Bildung der Elektrode.

6. Katheter oder Schaft nach Anspruch 4, bei dem der
Anschluss (26) konfiguriert ist zur Kontaktierung mit
der inneren Fläche der Elektrode (28), die auf dem
Katheterschaft vorgesehen ist.

7. Katheter oder Schaft nach Anspruch 6, bei dem der
Anschluss (26) eine ausreichende Länge aufweist,
um ein geeignetes Positionieren der Elektrode (28)
darüber zu ermöglichen.

8. Katheter oder Schaft nach Anspruch 6 oder 7, bei
dem die Elektrode (28) eine Ringelektrode ist.

Revendications

1. Cathéter ou gaine, comprenant :

un circuit (10) incluant un élément (12, 112)
s’étendant le long d’au moins une partie de la
longueur de la tige de cathéter ; dans lequel/la-
quelle
l’élément (12, 112) inclut un tracé (16) imprimé
sur l’élément (12, 112) et comportant un seg-
ment longitudinal (18) s’étendant le long d’un
axe longitudinal (14) de l’élément (12, 112) et
un segment transversal (20) s’étendant trans-
versalement à l’axe longitudinal (14) ; et
une électrode (28) connectée au circuit (10) à
proximité du tracé (16) ; caractérisé(e) en ce que
le circuit (10) est disposé le long d’un centre de
l’ouverture du cathéter ou de la gaine, dans l’axe
neutre, afin d’empêcher le circuit (10) de subir
des contraintes excessives lorsque le cathéter
ou la gaine est fléchi(e).

2. Cathéter ou gaine selon la revendication 1, dans le-
quel/laquelle le circuit (10) est fixé à la tige de ca-
théter par un procédé de refusion de telle sorte que
la totalité de la tige de cathéter est refusionnée à
l’aide d’un matériau de refusion (34).

3. Cathéter ou gaine selon la revendication 1 ou 2, dans
lequel/laquelle des premier et second câbles de trac-
tion (130, 132) sont disposés le long d’une ligne mé-
diane de l’élément (112), dans lequel/laquelle le pre-
mier câble de traction (130) est disposé sur un pre-
mier côté de l’élément (112) et le second câble de
traction (132) est disposé sur un second côté dia-
métralement opposé de l’élément (112).

4. Cathéter ou gaine selon l’une quelconque des re-
vendications 1 à 3, dans lequel/laquelle le circuit (10)
comprend en outre un coussinet (26, 126) intégré et
s’étendant à partir de l’élément (12, 112) à proximité
du segment transversal (20) du tracé (16) dans le-
quel/laquelle le segment transversal se termine dans
le coussinet (126).
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5. Cathéter ou gaine selon la revendication 4, dans le-
quel/laquelle le coussinet (126) est configuré pour
être enroulé en un anneau pour former l’électrode.

6. Cathéter ou gaine selon la revendication 4, dans le-
quel/laquelle le coussinet (26) est configuré pour être
en contact avec la surface interne de l’électrode (28)
placée sur la tige de cathéter.

7. Cathéter ou gaine selon la revendication 6, dans le-
quel/laquelle le coussinet (26) a une longueur suffi-
sante pour permettre le positionnement correct de
l’électrode (28) sur celui-ci.

8. Cathéter ou gaine selon les revendications 6 ou 7,
dans lequel/laquelle l’électrode (28) est une électro-
de annulaire.
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（10,110,210）。所述回路（10,110,210）包括具有纵向轴线
（14,214）的构件（12,112,212），所述构件构造成沿着所述导管或护
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括至少一个纵向段（18）。 118）通常沿纵向轴线（14,214）的至少一
部分延伸，并且横向部分（20,120）大致横向于纵向轴线（14,214）延
伸。在一个实施例中，电路还包括垫（26,126,226），其与迹线
（16,116,230）的横向段（20,120）附近的电路（10,110,210）成一体
并从其延伸。 。还公开了包括电路（10,110,210）和连接到电路
（10,110,210）的电极（28,126,228）的导管或护套组件。还提供了一
种形成导管或护套组件的方法。
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