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Description

BACKGROUND

a. Field

[0001] US 2005/0070894 A1 discloses a fluid-assisted
medical device. US 2009/0163913 A1 discloses an irri-
gated ablation catheter assembly.
[0002] The instant disclosure relates generally to a
manifold assembly for delivering irrigant to a catheter tip
and irrigated catheter tips incorporating such a manifold
assembly. b. Background Art
[0003] Electrophysiology catheters are used in a vari-
ety of diagnostic, therapeutic, and/or mapping and abla-
tive procedures to diagnose and/or correct conditions
such as atrial arrhythmias, including for example, ectopic
atrial tachycardia, atrial fibrillation, and atrial flutter. Ar-
rhythmias can create a variety of conditions including ir-
regular heart rates, loss of synchronous atrioventricular
contractions and stasis of blood flow in a chamber of a
heart which can lead to a variety of symptomatic and
asymptomatic ailments and even death.
[0004] Typically, a catheter is deployed and manipu-
lated through a patient’s vasculature to the intended site,
for example, a site within a patient’s heart or a chamber
or vein thereof. The catheter carries one or more elec-
trodes that can be used for cardiac mapping or diagnosis,
ablation and/or other therapy delivery modes, or both,
for example. Once at the intended site, treatment can
include, for example, radio frequency (RF) ablation, cry-
oablation, laser ablation, chemical ablation, high-inten-
sity focused ultrasound-based ablation, microwave ab-
lation, and/or other ablation treatments. The catheter im-
parts ablative energy to cardiac tissue to create one or
more lesions in the cardiac tissue and oftentimes a con-
tiguous or linear and transmural lesion. This lesion dis-
rupts undesirable cardiac activation pathways and there-
by limits, corrals, or prevents errant conduction signals
that can form the basis for arrhythmias.
[0005] To position a catheter within the body at a de-
sired site, some type of navigation must be used, such
as using mechanical steering features incorporated into
the catheter (or an introducer sheath). In some examples,
medical personnel may manually manipulate and/or op-
erate the catheter using the mechanical steering fea-
tures.
[0006] In order to facilitate the advancement of cathe-
ters through a patient’s vasculature, the simultaneous
application of torque at the proximal end of the catheter
and the ability to selectively deflect the distal tip of the
catheter in a desired direction can permit medical per-
sonnel to adjust the direction of advancement of the distal
end of the catheter and to position the distal portion of
the catheter during an electrophysiological procedure.
The proximal end of the catheter can be manipulated to
guide the catheter through a patient’s vasculature. The
distal tip can be deflected by a pull wire attached at the

distal end of the catheter that extends to a control handle
that controls the application of tension on the pull wire.
[0007] A medical procedure in which an electrophysi-
ology catheter is used includes a first diagnostic catheter
deployed through a patient’s vasculature to a patient’s
heart or a chamber or vein thereof. An electrophysiology
catheter that carries one or more electrodes can be used
for cardiac mapping or diagnosis, ablation and/or other
therapy delivery modes, or both. Once at the intended
site, treatment can include radio frequency (RF) ablation,
cryoablation, laser ablation, chemical ablation, high-in-
tensity focused ultrasound-based ablation, microwave
ablation, etc. An electrophysiology catheter imparts ab-
lative energy to cardiac tissue to create one or more le-
sions in the cardiac tissue and oftentimes a contiguous
or linear and transmural lesion. This lesion disrupts un-
desirable cardiac activation pathways and thereby limits,
corrals, or prevents stray errant conduction signals that
can form the basis for arrhythmias.
[0008] Because RF ablation can generate significant
heat, which if not controlled can result in excessive tissue
damages, such as steam pop, tissue charring, and the
like, it can be desirable to monitor the temperature of
ablation electrode assemblies. It can also be desirable
to include a mechanism to irrigate the ablation electrode
assemblies and/or targeted areas in a patient’s body with
biocompatible fluids, such as saline solution. The use of
irrigated ablation electrode assemblies can also prevent
the formation of soft thrombus and/or blood coagulation,
as well as enable deeper and/or greater volume lesions
as compared to conventional, non-irrigated catheters at
identical power settings.
[0009] The foregoing discussion is intended only to il-
lustrate the present field and should not be taken as a
disavowal of claim scope.

BRIEF SUMMARY

[0010] The invention is defined in independent claim
1. Preferred embodiments are defined in the relating de-
pendent claims. In various embodiments, a catheter tip
assembly can comprise a tip electrode comprising a
ledge feature, a proximal lumen and a center cavity and
a manifold assembly comprising a fluid lumen manifold
and a stop tube. The stop tube can be coupled to the
fluid lumen manifold and configured to abut the ledge
feature such that a distal end of the fluid lumen manifold
extends a pre-determined distance into the center cavity
of the tip electrode. The catheter tip assembly can further
comprise a thermal sensor coupled to the tip electrode.
The thermal sensor can be coupled to a distal end of the
tip electrode. A distal portion of the fluid lumen manifold
can further comprise a plurality of sideholes. The plurality
of sideholes can be of varying sizes. In one embodiment
a subset of the plurality of sideholes that are more distally
located can be a smaller diameter than another subset
of the plurality of sideholes that are more proximally lo-
cated. The catheter tip assembly can further comprise a
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lumen cap coupled to a distal end of the fluid lumen man-
ifold. The lumen cap can comprise a distal port. The tip
electrode of the catheter tip assembly can comprise a
flexible tip electrode. The flexible tip electrode can com-
prise an electrode wall, a coil, a linear gap, and a proximal
stem. The linear gap can extend through the electrode
wall and can be configured to allow an irrigant there-
through.
[0011] In various embodiments, a catheter can com-
prise a tip electrode comprising a ledge feature, a prox-
imal lumen and a center cavity and a manifold assembly
can comprise a barbed connector, a stop shoulder, and
a plurality of sideholes. The manifold assembly can be
configured to abut the ledge feature such that a distal
end of the manifold assembly extends a pre-determined
distance into the center cavity of the tip electrode. The
manifold assembly can further comprise a sensor de-
pression. The sensor depression can be sized and con-
figured to couple to a location sensor. The catheter can
further comprise a catheter body coupled to the tip elec-
trode. The catheter can further comprise a deflectable
catheter shaft section coupled to the tip electrode. The
deflectable catheter shaft section can comprise an elon-
gated body extending along a longitudinal axis and can
comprise a distal end and a proximal end and a plurality
of lumens extending along the longitudinal axis of the
elongated body. At least one of the plurality of lumens
can abut at least another one of the plurality of lumens.
The manifold assembly can comprise PEEK.
[0012] In various embodiments, a flexible tip electrode
can comprise an electrode wall, a linear gap, a proximal
stem, a ledge feature, and a proximal face and a manifold
assembly comprising a fluid lumen manifold and a stop
tube. The manifold assembly can be configured to en-
gage with the ledge feature such that a proximal end of
the stop tube is a predetermined distance from the prox-
imal face of the flexible tip electrode. The flexible tip elec-
trode can further comprise a tapered fluid lumen that can
be configured to couple to the fluid lumen manifold and
abut the stop tube.
[0013] The foregoing and other aspects, features, de-
tails, utilities, and advantages of the present disclosure
will be apparent from reading the following description
and claims, and from reviewing the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a schematic view of a catheter incorporating
a deflectable catheter shaft section in accordance
with an embodiment.

FIG. 2A is a partially cut-away isometric view of the
deflectable catheter shaft section of FIG. 1 taken
along line 2A-2A, with various components of the
catheter omitted for the purposes of clarity.

FIG. 2B is a cross-sectional view of the deflectable
catheter shaft section of FIG. 1 taken along line 2B-
2B seen in FIG. 2A.

FIG. 3 is a longitudinal, side cross-sectional view of
the deflectable catheter shaft section of FIG. 1 taken
along line 3-3, with various components of the cath-
eter omitted for the purposes of clarity.

FIG. 4A is a partially cut-away, isometric view of the
deflectable catheter shaft section of FIG. 1, showing
a shaft coupler in accordance with an embodiment.

FIG. 4B is a partially cut-away, isometric view of the
deflectable catheter shaft section of FIG. 1 showing
a shaft coupler in accordance with an embodiment.

FIG. 5 is a fragmentary view of a deflectable catheter
shaft section and an intermediate catheter shaft sec-
tion.

FIG. 6 is a cross-sectional view taken along line 6-6
of FIG. 5.

FIG. 7 is an end view taken in the direction of line
7-7 of FIG. 6.

FIG. 8 is an enlarged view of circled region CC shown
in FIG. 6.

FIG. 9 is an enlarged, fragmentary, cross-sectional
view of a portion of the deflectable catheter shaft
section depicted in FIGS. 5 and 6, and includes an
enlarged view of the region within dashed circle AA
of FIG. 6.

FIG. 10 is a fragmentary, isometric view of a distal
shaft coupler mounted in the longitudinal end of an
intermediate catheter shaft section, and depicts
short sections of the first and second pull wires ex-
tending from the distal end of the distal shaft coupler.

FIG. 11 is an isometric view of a bendable stiffening
member, which include in this embodiment a coil
support tube and a multi-pitch coil.

FIG. 12 is an isometric view of a multi-pitch coil.

FIGS. 13 and 14 depict two additional views of the
multi-pitch coil depicted in FIG. 12.

FIG. 15 is an end view of the multi-pitch coil taken
along line 15-15 of FIG. 14.

FIG. 16 is an enlarged, fragmentary view of a portion
of the coil depicted in FIGS. 12-15.

FIG. 17 is a fragmentary view of a flexible tip assem-
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bly in accordance with an embodiment.

FIG. 18 is a fragmentary view of the flexible tip as-
sembly depicted in FIG. 17 rotated 90 degrees about
a longitudinal axis of the flexible tip assembly.

FIG. 19 is a cross-sectional view of the flexible tip
assembly of FIGS. 17 and 18 taken along line 19-19.

FIG. 20 is an enlarged view of the circled region la-
beled "FIG. 20" of FIG. 19.

FIG. 21 is a side view of a manifold assembly in ac-
cordance with an embodiment.

FIG. 22 is a cross-sectional view of the manifold as-
sembly of FIG. 21 taken along line 22-22, and also
including a sensor coil and a portion of a fluid lumen,.

FIG. 23 is an isometric view of the manifold assembly
depicted in FIG. 21.

FIG. 24 is a side view of a stop tube in accordance
with an embodiment.

FIG. 25 is an end view of the stop tube depicted in
FIG. 24.

FIG. 26 is a side view of a tapered fluid lumen, with
portions cut-out for clarity in accordance with an em-
bodiment.

FIG. 27 is a side view of a manifold assembly in ac-
cordance with an embodiment.

FIG. 28 is a cross-sectional view of the manifold as-
sembly depicted in FIG. 27 taken along line 28-28.

FIG. 29 is an isometric view of the manifold assembly
depicted in FIGS. 27 and 28.

FIG. 30 is a side view of a manifold assembly in ac-
cordance with an embodiment.

FIG. 31 is a cross-sectional view of the manifold as-
sembly depicted in FIG. 30 taken along line 31-31.

FIG. 32 is an isometric view of the manifold assembly
depicted in FIGS. 30 and 31.

FIG. 33 is a side view of a manifold assembly in ac-
cordance with an embodiment.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0015] Embodiments are described herein of various
apparatuses. Numerous specific details are set forth to
provide a thorough understanding of the overall structure,

function, manufacture, and use of the embodiments as
described in the specification and illustrated in the ac-
companying drawings. It will be understood by those
skilled in the art, however, that the embodiments may be
practiced without such specific details. In other instances,
well-known operations, components, and elements have
not been described in detail so as not to obscure the
embodiments described in the specification. Those of or-
dinary skill in the art will understand that the embodiments
described and illustrated herein are non-limiting exam-
ples, and thus it can be appreciated that the specific struc-
tural and functional details disclosed herein may be rep-
resentative and do not necessarily limit the scope of the
embodiments, the scope of which is defined solely by the
appended claims.
[0016] Reference throughout the specification to "var-
ious embodiments," "some embodiments," "one embod-
iment," or "an embodiment", or the like, means that a
particular feature, structure, or characteristic described
in connection with the embodiment(s) is included in at
least one embodiment. Thus, appearances of the phras-
es "in various embodiments," "in some embodiments,"
"in one embodiment," or "in an embodiment," or the like,
in places throughout the specification, are not necessarily
all referring to the same embodiment. Furthermore, the
particular features, structures, or characteristics may be
combined in any suitable manner in one or more embod-
iments. Thus, the particular features, structures, or char-
acteristics illustrated or described in connection with one
embodiment may be combined, in whole or in part, with
the features, structures, or characteristics of one or more
other embodiments without limitation given that such
combination is not illogical or non-functional.
[0017] It will be appreciated that the terms "proximal"
and "distal" may be used throughout the specification
with reference to a clinician manipulating one end of an
instrument used to treat a patient. The term "proximal"
refers to the portion of the instrument closest to the cli-
nician and the term "distal" refers to the portion located
furthest from the clinician. It will be further appreciated
that for conciseness and clarity, spatial terms such as
"vertical," "horizontal," "up," and "down" may be used
herein with respect to the illustrated embodiments. How-
ever, surgical instruments may be used in many orienta-
tions and positions, and these terms are not intended to
be limiting and absolute.
[0018] FIG. 1 generally illustrates a deflectable elec-
trophysiology catheter 10 that comprises a deflectable
catheter shaft section 12 in accordance with an embod-
iment. Deflectable catheter shaft section 12 comprises
an elongated body having a distal end 14 and a proximal
end 16. In its most general form, catheter 10 further com-
prises a tip assembly 18 located at the distal end 14 of
the deflectable catheter shaft section 12, a proximal cath-
eter shaft section 20 located at the proximal end 16 of
the deflectable catheter shaft section 12, and a handle
assembly 22. Catheter 10 may be used in any number
of diagnostic and therapeutic applications, such as the

5 6 



EP 2 968 841 B1

5

5

10

15

20

25

30

35

40

45

50

55

recording of electrograms in the heart, the performance
of a cardiac ablation procedure, and other similar appli-
cations/procedures. Accordingly, one of ordinary skill in
the art will recognize and appreciate that the inventive
deflectable catheter shaft section and method of manu-
facturing the same can be used in any number of diag-
nostic and therapeutic applications.
[0019] Still referring to FIG. 1, deflectable catheter
shaft section 12 is disposed between the tip assembly
18 and the proximal catheter shaft section 20. The length
and diameter of the deflectable catheter shaft section 12
can vary according to the application. Generally, the
length of the deflectable catheter shaft section 12 can
range from about 50,8 mm (2 inches) to about 152,4 mm
(6 inches) and the diameter of the deflectable catheter
shaft section 12 can range from about 5 French to about
12 French. The diameter of the deflectable catheter shaft
section 12 can be about 7 French in accordance with
some examples. Although these particular dimensions
are mentioned in particular, the dimensions of the de-
flectable catheter shaft section 12 can vary in accordance
with various applications of the deflectable catheter shaft
section 12. The deflectable catheter shaft section 12 can
be configured for deflection independent of the proximal
catheter shaft section 20.
[0020] Referring now to FIG. 2A, deflectable catheter
shaft section 12 extends along a longitudinal axis A and
comprises at least five substantially separate lumens 24,
26, 28, 30, 32, each extending along the longitudinal axis
A from the distal end 14 to the proximal end 16 in accord-
ance with an embodiment. Each of the plurality of lumens
24, 26, 28, 30, 32 can be fully formed in accordance with
an example. In particular, each of the plurality of lumens
can be a desired shape as described hereinbelow. De-
pending upon the intended application of the catheter 10,
each lumen 24, 26, 28, 30, 32 may extend along an entire
length of the deflectable catheter shaft section 12 or may
extend less than the entire length of the deflectable cath-
eter shaft section 12. Each lumen 24, 26, 28, 30, 32 may
be formed to have a predetermined cross-sectional pro-
file and shape. Each lumen 24, 26, 28, 30, 32 is config-
ured such that various components required for perform-
ing the particular functionality of the catheter 10 (e.g.,
recording electrograms, ablation, ultrasound, etc.) are
disposed therein.
[0021] Referring now to FIGS. 2A and 2B, first lumen
24 may be generally round in cross-sectional shape. Al-
though this particular shape is mentioned in detail, the
cross-sectional shape of the first lumen 24 may vary in
accordance with various examples. First lumen 24 may
be configured for housing wiring for electrodes as de-
scribed in more detail hereinbelow or for other electrical
components.
[0022] Second lumen 26 may be located generally ad-
jacent to or abutting the first lumen 24 within deflectable
catheter shaft section 12. In accordance with an example,
the first and second lumens 24, 26 may be disposed as
proximate each other as manufacturally feasible, while

allowing the first and second lumens 24, 26 to be fully
formed. For example and without limitation, the distance
between first lumen 24 and second lumen 26 may be
less than about 0,38 mm (0.015 inches) in accordance
with an example. In an example, the first lumen 24 and
the second lumen 26 may be connected to each other.
Second lumen 26 may be generally round in cross-sec-
tional shape. Although this particular shape is mentioned
in detail, the cross-sectional shape of the second lumen
26 may vary in accordance with various examples Sec-
ond lumen 26 may be configured for use as an irrigation
fluid passageway and the like.
[0023] Third lumen 28 may be located generally adja-
cent to or abutting both first and second lumens 24, 26.
In accordance with an example, the third lumen 28 and
the first and second lumens 24, 26 may be disposed as
proximate each other as manufacturally feasible, while
allowing the first, second, and third lumens 24, 26, 28 to
be fully formed. For example and without limitation, the
distance between third lumen 28 and at least one of the
first lumen 24 and second lumen 26 may be less than
about 0,38 mm (0.015 inches) in accordance with an ex-
ample. In an example, the third lumen 28 and at least
one of the first lumen 24 and the second lumen 26 may
be connected to each other. Third lumen 28 may be gen-
erally rectangular in cross-sectional shape. Although this
particular shape is mentioned in detail, the cross-section-
al shape of the third lumen 28 may vary in accordance
with various embodiments. Third lumen 28 may be con-
figured to house a planarity wire 34 (FIG. 2B). The
planarity wire 34 has opposing flat surfaces 36, 38 and
is configured to maintain the planarity of the deflectable
catheter shaft section 12 as the deflectable catheter shaft
section 12 deflects.
[0024] Fourth and fifth lumens 30, 32 may be located
on opposing sides of the third lumen 28 for the planarity
wire 34. The fourth lumen 30 may be located generally
adjacent to or abutting the third lumen 28. In accordance
with an embodiment, the third and fourth lumen 28, 30
may be disposed as proximate each other as manufac-
turally feasible, while allowing the third and fourth lumens
28, 30 to be fully formed. For example and without limi-
tation, the distance between fourth lumen 30 and the third
lumen 28 may be less than about 0,254 mm (0.010 inch-
es). In an example, the fourth lumen 30 and the third
lumen 28 may be connected to each other. The fifth lu-
men 32 may be located generally adjacent to or abutting
the second lumen 26. In accordance with an example,
the second and fifth lumens 26, 32 may be disposed as
proximate each other as manufacturally feasible, while
allowing the second and fifth lumens 26, 32 to be fully
formed. For example and without limitation, the distance
between the fifth lumen 32 and the second lumen 26 may
be less than about 0,254 mm (0.010 inches). In an ex-
ample, the fifth lumen 32 and the second lumen 26 may
be connected to each other. The fourth and fifth lumens
30, 32 may be generally round in cross-sectional shape.
Although these particular shapes are mentioned in detail,
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the cross-sectional shape of the fourth and fifth lumens
30, 32 may vary in accordance with various examples.
[0025] Fourth and fifth lumens 30, 32 may be config-
ured to each house a pull wire 40, 42 (FIG. 2B) to enable
the deflectable catheter shaft section 12 to deflect in two
or more directions. In particular, the handle assembly 22
described in more detail hereinbelow may comprise at
least one pull wire 40, 42 operatively connected to it to
facilitate deflection of the deflectable catheter shaft sec-
tion 12. Although the deflectable catheter shaft section
12 is described and illustrated as including two opposing
pull wires 40, 42, it should be noted that the deflectable
catheter shaft section 12 of catheter 10 is not limited to
two opposing pull wires 40, 42. Rather, the deflectable
catheter shaft section 12 of catheter 10 may include a
single pull wire arrangement in other embodiments. The
deflectable catheter shaft section 12 of catheter 10 may
include more than two pull wires in other embodiments.
The pull wires 40, 42 may be formed from a superelastic
nickel-titanium (known as NiTi or Nitinol) wire, carbon
fiber, para-aramid synthetic fiber generally available from
DuPont under the brand name KEVLAR®, or other suit-
able material in accordance with various embodiments.
[0026] Still referring to FIG. 2B, each of the lumens 24,
26, 28, 30, 32 may be lined with liners 44 that serve the
purpose of providing a lubricious surface (e.g., to allow
for the sliding of the pull wires) and insulating the com-
ponents within the lumens 24, 26, 28, 30, 32. If provided,
the liners 44 may be constructed of a polymeric material,
such as PTFE or any other suitable material.
[0027] Referring now to FIG. 3, deflectable catheter
shaft section 12 comprises a first pocket 46 at distal end
14 configured to accept a pull ring 48 (FIG. 4A). Pull wires
40, 42 are attached to diametrically opposite locations
on the pull ring 48 by a solder or weld joint, for example
and without limitation. The pull wires 40, 42 then extend
from the pull ring 48 toward the handle assembly 22.
Pulling of the pull wires 40, 42 by the handle assembly
22 during use of the catheter 10 will cause the pull ring
48 to tilt or rock, thereby deflecting the deflectable cath-
eter shaft section 12. The first pocket 46 at distal end 14
is also configured to accept tip assembly 18.
[0028] Referring back to FIG. 1, tip assembly 18 com-
prises a tip electrode 56 having a distal end 50 and a
proximal end 52. Tip electrode 56 may be configured for
various functions and may include, without limitation, an
active outer surface that is configured for exposure to
blood and/or tissue. The tip electrode 56 may be affixed
to distal end 14 of the deflectable catheter shaft section
12 in a number of ways. For instance, the tip electrode
56 may be bonded to an inner radial surface of the de-
flectable catheter shaft section 12 using an epoxy mate-
rial. As used herein, the term "radial surface" means a
surface at a radial distance from a central axis or a surface
developing uniformly around a central axis (for example,
but without limitation, an arcuate surface, an annular sur-
face, or a cylindrical surface). The tip electrode 56 of the
tip assembly 18 may have a recess (not shown) formed

therein that is sufficiently sized and configured to receive
a wire (not shown) that is connected to the tip electrode
56. One end of the wire is connected to the tip electrode
56 and the other end is connected to, for example, mon-
itoring or recording or ablation devices, such as a radi-
ofrequency (RF) generator. The wire is typically a pre-
coated wire that is insulated from other components in
the tip assembly 18. The tip electrode 56 of the tip as-
sembly 18 may further include a recess (not shown)
formed therein that is configured to receive a thermocou-
ple (not shown). The thermocouple may be configured
to measure the temperature of the tip electrode 56, tar-
geted tissue, and/or the interface therebetween and pro-
vide feedback to the monitoring or recording or ablation
devices described hereinabove. The tip electrode 56 may
further include a fluid lumen configured as a passageway
for irrigation fluid.
[0029] Referring back to FIG. 3, deflectable catheter
shaft section 12 comprises a second pocket 58 at prox-
imal end 16 configured to accept a shaft coupler 60
(FIGS. 4A-4B). Referring to FIGS. 4A-4B, the shaft cou-
pler 60 is configured to connect the deflectable catheter
shaft section 12 to the proximal catheter shaft section
20. A distal end 62 of the shaft coupler 60 can be affixed
to the proximal end 16 of the deflectable catheter shaft
section 12 in a number of ways. For instance, an outer
radial surface 64 of the shaft coupler 60 may be bonded
to an inner radial surface 66 of the deflectable catheter
shaft section 12 using an epoxy material, for example
and without limitation. A proximal end 68 of the shaft cou-
pler 60 can be affixed to a distal end 70 (FIG. 1) of the
proximal catheter shaft section 20 in a number of ways.
For instance, the outer radial surface 64 of the shaft cou-
pler 60 may be bonded to an inner radial surface (not
shown) of the proximal catheter shaft section 20 using
an epoxy material, for example and without limitation.
The outer radial surface 64 of the shaft coupler 60 can
comprise a helical groove 71 in accordance with some
examples. The helical groove 71 can be configured to
have a variable depth in accordance with various exam-
ples. The helical groove 71 can be configured to improve
bonding between the shaft coupler 60 and the deflectable
catheter shaft section 12 in accordance with various em-
bodiments. For example, in at least one example the
groove 71 may be configured to hold an adhesive added
during manufacturing of the catheter 10. In another ex-
ample, the groove 71 may be configured to bond and/or
grab onto various portions of the shaft sections 12 and
20 during a reflow process, described in more detail be-
low. In another embodiment, the helical groove 71 may
be configured both to hold an adhesive and bond/grab
onto the shaft sections 12 and 20 during a reflow process.
The shaft coupler 60 can be generally cylindrical in
shape. The shaft coupler 60 can also include a plurality
of lumens 72, 74, 76, 78, 80 in communication with lu-
mens 24, 26, 28, 30, 32 of deflectable catheter shaft sec-
tion 12, which function as an electrical lumen, fluid lumen,
planarity wire lumen, and pull wire lumens, respectively.
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[0030] Referring again to FIG. 1, proximal catheter
shaft section 20 can also include one or more lumens
(not shown). Generally, proximal catheter shaft section
20 can include a single lumen. The single lumen can be
in communication with lumens 72, 74, 76, 78, 80 of shaft
coupler 60, which are in turn in communication with lu-
mens 24, 26, 28, 30, 32 of deflectable catheter shaft sec-
tion 12. Proximal catheter shaft section 20 can also be
constructed of a series of polymer layer(s) and braid
structure(s). In particular, one or more wires wound to
form a cylindrical braid structure can substantially sur-
round the one or more lumens of proximal catheter shaft
section 20. In addition, a polymeric material, such as poly-
urethane, nylon, or various types of plastic materials such
as polyether block amides offered under the trademark
PEBAX®, or any other suitable material, can also sub-
stantially surround the one or more lumens of proximal
catheter shaft section 20. Regardless of the material
used, the material must have capability to be displaced
or to shrink when subjected to a process, such as for
example, a heating process that is performed. The me-
chanical properties of the proximal catheter shaft section
20 can also be varied by varying the properties of the
cylindrical braid structure(s) and the polymeric material
(e.g., dimension of the cylindrical braid structure and/or
durometers of the polymers). Additionally, the mechani-
cal properties of the proximal catheter shaft section 20
can be varied along the length of the proximal catheter
shaft section 20 in accordance with some examples of
the disclosure or can be substantially constant along the
entire length of the proximal catheter shaft section 20 in
accordance with other examples of the disclosure.
[0031] The handle assembly 22 is coupled to the prox-
imal catheter shaft section 20 at its proximal end (dis-
posed within handle assembly 22 and not shown). The
handle assembly 22 is operative to, among other things,
effect movement (i.e., deflection) of the deflectable cath-
eter shaft section 12. The handle assembly 22 includes
a distal end 94 and a proximal end 96. Referring now to
FIGS. 9A and 9B and as will be described in greater detail
below, the handle assembly 22 includes an actuator 98
that can be selectively manipulated to cause deflectable
catheter shaft section 12 to deflect in one or more direc-
tions (e.g., up, down, left, and right). Deflectable catheter
shaft section 12 may be configured for unidirectional de-
flection in accordance with some embodiments and may
be configured for bi-directional deflection in accordance
with other embodiments.
[0032] The catheter 10 may include any number of oth-
er elements such as, for example and without limitation,
thermocouples, thermistor temperature sensors, etc. for
monitoring the temperature of targeted tissue and con-
trolling the temperature.
[0033] FIGS. 5 and 6 depict a deflectable catheter shaft
section 12’ similar to the deflectable catheter shaft sec-
tion 12 shown to good advantage in, for example, FIGS.
1, 3, and 4A. As shown in FIGS. 5 and 6, the catheter
shaft may include the deflectable catheter shaft section

12’, an intermediate catheter shaft section 164, and a
proximal catheter shaft section (not shown in FIGS. 5
and 6, but the proximal catheter shaft section, if present,
would abut the right longitudinal end, as oriented in FIGS.
5 and 6, of the intermediate catheter shaft section 164).
In this embodiment, two shaft couplers are used, includ-
ing a proximal shaft coupler 60P for coupling the proximal
catheter shaft section to the intermediate catheter shaft
section 164, and a distal shaft coupler 60D for coupling
the intermediate catheter shaft section 164 to the de-
flectable catheter shaft section 12’.
[0034] In at least one example, the proximal catheter
shaft section may comprise a portion of the handle as-
sembly, e.g., the proximal catheter shaft section may
comprise a pocket (not shown) sized and configured to
receive a proximal shaft coupler 60P and formed in the
distal end 94 of handle assembly 22 seen in FIG. 1. In
an alternative example, it is possible, depending upon
which handle assembly 22 is selected, that the handle
assembly may connect to the proximal end 168 of the
intermediate catheter section 164, or to the proximal end
166 of the proximal shaft coupler 60P. In these latter con-
figurations, the intermediate catheter shaft section 164
would be analogous to the proximal catheter section
shown in, for example, FIG. 1.
[0035] Referring more particularly to FIG. 6, additional
details will be described. FIG. 6 is a cross-sectional view
taken along line 6-6 of FIG. 5. Starting from the right side
of FIG. 6 and moving leftward, a proximal end 166 of the
proximal shaft coupler 60P may be seen extending prox-
imally beyond the proximal end 168 of the intermediate
catheter shaft section. It is also possible to see that the
intermediate catheter shaft section 164 may include a
first shaft material 170 (e.g., PEBAX) and a second shaft
material 172 (e.g., PEBAX or braided mesh). A first pull
wire 40 may be seen extending along the upper portion
of the proximal shaft coupler 60P, and a second pull 42
wire may be seen extending adjacent a lower portion of
the proximal shaft coupler 60P. The portion of these pull
wires 40, 42 extending from the proximal end 166 of the
proximal shaft coupler 60P back to the handle assembly
22 (see, for example, FIG. 1) may have compression
coils surrounding them. Additionally, there may be com-
pression coils (not shown) extending between a distal
end 174 of the proximal shaft coupler 60P and a proximal
end 176 of the distal shaft coupler 60D. These compres-
sion coils would be under compression (e.g., they may
be compressed 0.070 in.) to help mitigate against unde-
sirable deformation of the intermediate catheter shaft
section 164 extending between the proximal and distal
shaft couplers. In the embodiment shown, the compres-
sion coils do not extend through the proximal shaft cou-
pler, but they could in an alternative embodiment.
[0036] Moving further leftward in FIG. 6, you next en-
counter the distal shaft coupler 60D, which is depicted as
joining the intermediate catheter shaft section 164
(which , as discussed above, may extend to the handle
assembly 22) to the deflectable catheter shaft section 12’
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that extends from the distal shaft coupler to the tip as-
sembly 18’. A distal end 178 of the distal shaft coupler
60D may be seen to better advantage in FIG. 9, which is
an enlarged view of the portion of the catheter within
dashed circle AA of FIG. 6. Since both FIGS. 6 and 9 are
longitudinally-extending, cross-sectional views, it is pos-
sible to see a vertical web 180 (i.e., a line of shaft coupler
material) located between the larger lumen 24’, 26’ and
extending vertically between the first pull wire lumen 30’,
and the second pull wire lumen 32’. You may also see a
portion of the same coupler material above the first pull
wire lumen 30’ and below the second pull wire lumen 32’.
As shown in FIGS. 6 and 9, when the first pull wire 40
exits the distal end 178 of the distal shaft coupler 60D, it
enters a liner 182 (e.g., a thin-walled PTFE tube). The
second pull wire 42, upon exiting the distal end 178 of
the distal shaft coupler 60D, extends through a bendable
stiffening member (e.g., a ’coil pack’ or a ’spring pack’ or
an ’uncompacted spring pack’ or a ’deflection facilitator’)
184, the proximal end of which is visible in FIG. 6. The
construction of the bendable stiffening member 184 in
the deflectable catheter shaft section 12’ will be de-
scribed in more detail below with reference to, for exam-
ple, FIGS. 9 and 11-16.
[0037] As shown to good advantage in dashed circle
CC depicted in both FIGS. 6 and 8, the first and second
pull wires 40, 42 are attached to diametrically opposed
locations on the pull ring 48’. Distal to the pull ring 48’ in
the configuration depicted in FIGS. 5 and 6 are a plurality
of ring electrodes 54 followed distally by a tip assembly
18’, including, for example, a flexible tip electrode from
a Therapy™ Cool Flex™ ablation catheter manufactured
by St. Jude Medical, Inc. of St. Paul, Minnesota. Addi-
tional details regarding a flexible electrode tip may be
found in, for example, United States patent no. US
8,187,267 B2 and United States patent application pub-
lication no. US 2010/0152731 A1. The tip assembly 18’,
as depicted in FIG. 6, also includes a barbed connector
185 that locks into a complementary pocket 187, thereby
facilitating delivery of irrigant to a ported fluid distribution
tube 189. FIG. 7 is an end view of the tip assembly 18’
(looking in the direction of the arrows on line 7-7 of FIG.
6) and illustrates a plurality of irrigation ports 190 through
the distal surface of the tip.
[0038] As may be seen in FIGS. 9 and 11, the bendable
stiffening member 184 includes, in this example, a multi-
pitch coil 186 (see FIG. 12 for an isometric view of the
multi-pitch coil) that is partially covered by a coil support
tube 188. This coil support tube may be, for example, a
polyimide tube or a NiTi tube or a tube constructed from
some other flexible material capable of bending with and
supporting the internal coil 186 comprising part of the
bendable stiffening member. As also shown to good ad-
vantage in FIG. 9, when the second pull wire 42 exits the
distal end of the bendable stiffening member 184, it en-
ters a liner 182 (e.g., a thin-walled PTFE tube). The first
and second pull wires 40, 42 then continue distally to a
pull ring 48’.

[0039] FIG. 10 is an enlarged, fragmentary, isometric
view of the distal end 176 of the distal shaft coupler 60D.
In the figure, the outer shaft material has been removed
for clarity. As shown in FIG. 10, the proximal portion of
the distal shaft coupler 60D is mounted in the intermediate
catheter shaft section 164 and is shown extending from
the distal end 192 of the intermediate catheter shaft sec-
tion 164. The first pull wire lumen 30’ has a first pull wire
40 extending from it, and that first pull wire is covered by
a liner 182. The second pull wire 42 is shown extending
distally from the second pull wire lumen 32’. The second
pull wire is depicted surrounded by a bendable stiffening
member, such as the bendable stiffening member 184
depicted in FIG. 11. In FIG. 10, however, only the prox-
imal portion of the bendable stiffening member 184 is
shown. In particular, in FIG. 10, a proximal, spaced-coil
portion 194 of a multi-pitch coil 186 is shown, as is a
proximal portion of the coil support tube 188. Additionally,
a portion of one coil 202 of a stacked-coil portion 196 of
the multi-pitch coil 186 may also be seen in FIG. 10.
[0040] Referring now most particularly to FIGS. 11-16,
further details of a possible construction for the bendable
stiffening member 184 are provided. FIG. 11 is an iso-
metric view of the bendable stiffening member 184. In
this example, a multi-pitch coil 186 is mounted within a
bendable coil support tube 188. FIG. 12 depicts one type
of multi-pitch coil 186 that could be assembled in the coil
support tube 188. The multi-pitch coil 186 depicted in
FIG. 12 includes two spaced-coil portions 194, two
stacked-coil portions 196, and a centrally-located,
spread-coil portion 198 (see also FIG. 14). In one exam-
ple, each spaced-coil portion 194 comprises a plurality
(e.g., six) of slightly separated, individual coils 200; and
each stacked-coil portion 196 comprises a plurality (e.g.,
thirty-two) of touching, individual coils 202; and the cen-
trally-located, spread-coil portion 198 comprises a plu-
rality (e.g., two) of slightly separated, individual coils 204.
Referring back to FIG. 11, it possible to see that the two
spaced-coil portions 194 extend from the longitudinal
ends of the coil support tube 188 in this embodiment. An
additional advantage of this configuration is that the gaps
between coils 200 permit entry of a melt-processable ma-
terial into these gaps when the catheter is manufactured
(e.g., during a reflow process), which can help to hold
the bendable stiffening member 184 in place in the as-
sembled catheter.
[0041] In the particular example shown in FIGS. 11-16,
the multi-pitch coil 186 is 18,7 mm (0.74 inches) long,
each of the two stacked-coil portions 196 is 2,54 mm (0.1
inches) long, and the spread-coil portion 198 is 0,4572
mm (0.018 inches) long. Further, in this example, each
spaced-coil portion 194 comprises six coils (0.016666
pitch), and the central, spread-coil portion comprises two
coils and 0.001 gaps 206 (0.009 pitch). In an alternative
example, two spaced-coil portions may be separated by
a single, centrally-located stacked-coil portion. In other
alternative examples, a single pitch coil could be used,
for example, a tightly wound coil having no gaps between
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any coils from end-to-end, or a coil having the same size
gap (e.g., a 0.001 gap) between all coils.
[0042] FIGS. 13, 14, and 15, are top, front, and end
views, respectively, of the multi-pitch coil 186 depicted
also depicted in FIG. 12. Although a variety of coil wire
dimensions may be used effectively, a coil formed with
an inner diameter 208 (shown in, for example, FIG. 15)
of 0,279 mm (0.011 inches), a wire thickness 210 (see
FIG. 16) of 0,127 mm (0.005 inches), and a wire width
212 (see FIG. 16) of 0,203 mm (0.008 inches) has been
found to work effectively with an appropriately-sized pull
wire 40, 42. Coils having an inner diameter of 0,356 mm
(0.014 inches), a wire thickness of 0,076 mm (0.003 inch-
es), and a wire width of 0,203 mm (0.008 inches); or an
inner diameter of 0,356 mm (0.014 inches), a wire thick-
ness of 0,127 mm (0.005 inches), and a wire width of
0,203 mm (0.008 inches) have also been found to work
effectively with an appropriately-sized pull wire. By var-
ying, for example, the location and the size of the gaps
between adjacent coils, the dimensions of the wire used
to form the coils, the size of the coils (e.g., ID and OD),
the thickness of the coil support tube, the material from
which the coil support tube is constructed, the length of
the coil support tube relative to the length of the coil, and
how tightly the coil support tube fits over the outer diam-
eter of the coil, it is possible to adjust and customize the
bending stiffness, the bending moment, and the bending
radius of the resulting shape of the deflected catheter
shaft distal portion. It should also be noted that the bend-
able stiffening member 184 does not carry a compression
load like the compression load carried by the compres-
sion coils. It should also be noted that the bendable stiff-
ening member 184 could comprise a single component
(e.g., a flexible tube not requiring an internal spring).
[0043] In various embodiments, a catheter may com-
prise a flexible tip assembly, which may be positioned
and/or constructed similar to tip assemblies 18 and/or
18’ described above. One embodiment of a flexible tip
assembly 300 is illustrated in FIG. 17. The flexible tip
assembly 300 has a longitudinal axis 307 and can com-
prise a flexible tip electrode 301, an electrode wire 315,
a stop tube 310, a fluid lumen manifold 311, and a thermal
sensor 317. The flexible tip electrode 301 can comprise
a tip electrode distal end 306, a proximal stem 305, a
recess 329, and an electrode wall 302. The electrode
wall 302 can comprise at least one linear gap 303. The
at least one linear gap 303 can extend along an outer
radial surface of the flexible tip electrode 301 and can
form a variety of patterns on the outer radial surface of
the flexible tip electrode 301. In one embodiment, the
pattern is an interlocking dovetail pattern. The interlock-
ing dovetail pattern can comprise a plurality of blocks 304
wherein each of the blocks comprises a head 332 and a
neck 331 (see FIG. 18). Alternatively, the pattern can be
and, in one embodiment, is any type of interlocking ar-
rangement that provides for relative movement in the
proximal and distal direction with regard to either all or
part of tip assembly 108. For example, alternative pat-

terns of the interlocking arrangement can be and, in one
embodiment, is bulbous, trapezoidal, triangular, rectan-
gular, and any other shape that creates an interlocking fit.
[0044] The electrode wire 315 is coupled to the recess
329 of the flexible tip electrode 301. The electrode wire
315 can be coupled to the flexible tip electrode 301 by
soldering, adhesive, or other methods known in the art.
The electrode wire 315 can be surrounded along part of
its length by a wire coating 318. The wire coating 318
can electrically insulate the electrode wire 315 from other
components of the catheter. The electrode wire 315 can
be connected to, for example, monitoring or recording or
ablation devices, such as a radio frequency (RF) gener-
ator. The distal end of thermal sensor 317 can be posi-
tioned proximate the tip electrode distal end 306 and can
be used to monitor the operating temperature of the flex-
ible tip electrode 301 or the temperature of tissue adja-
cent the flexible tip electrode 301. The stop tube 310 may
be coupled to the fluid lumen manifold 311 and configured
to interact with a portion of the flexible tip electrode 301
to control the distance that a distal end of the fluid lumen
manifold 311 can extend into the flexible tip electrode
301.
[0045] FIG. 18 illustrates the embodiment of the flexi-
ble tip assembly 300 shown in FIG. 17 rotated 90 degrees
about a longitudinal axis of the flexible tip assembly 300.
The electrode wire 315 and the wire coating 318 covering
a portion of the electrode wire is illustrated traveling par-
allel to a longitudinal axis of the flexible tip assembly 300.
The wiring of thermal sensor 317 is illustrated traveling
parallel to the longitudinal axis of the flexible tip assembly
300 and in the illustrated configuration is offset from the
electrical wire 315 by 90 degrees around the outer radial
surface of the flexible tip electrode 301.
[0046] FIG. 19 shows a cross-sectional view of the em-
bodiment illustrated in FIG. 18 taken along line 19-19.
The flexible tip assembly 300 comprises the flexible tip
electrode 301, a manifold assembly 319, and the thermal
sensor 317. The flexible tip electrode comprises a center
cavity 308, a coil 309, an electrode wall 302, a linear gap
303, a proximal stem 305, a ledge feature 320, and a
proximal face 322. The coil 309 is configured to be locat-
ed within the center cavity 308 of the flexible tip electrode
301 and can be configured to provide structural integrity
to the flexible tip electrode and to bias the flexible tip
electrode 301 into pre-determined arrangements. The
coil 309 can bias the flexible tip electrode 301 in a longi-
tudinal direction or in a pre-bent configuration. In one
embodiment, the coil 309 can comprise a resilient mate-
rial such as stainless steel and/or a shape memory ma-
terial such as nitinol. The electrode wall 302 can comprise
at least one linear gap 303. In the illustrated embodiment
the at least one linear gap extends from an outer radial
surface of the electrode wall 302 through an inner radial
surface of the electrode wall 302. When the at least one
linear gap 303 extends through the electrode wall 302
as illustrated, irrigant delivered to the flexible tip electrode
301 can pass through the electrode wall 302. The irrigant

15 16 



EP 2 968 841 B1

10

5

10

15

20

25

30

35

40

45

50

55

is fluidly coupled to the area surrounding the outer radial
surface of the flexible tip electrode 301. The proximal
stem 305 of the flexible tip electrode 301 may couple the
tip assembly 300 to the deflectable catheter shaft section
12 (see FIGS. 1-4) or 12’ (see FIG. 5) by way of adhesive,
epoxy, reflowed shaft polymer material, and/or other
bonding materials or techniques. Further, the proximal
stem 305 can comprise an inner surface 321, a ledge
feature 320 and a proximal face 322. The inner surface
321 of the proximal stem 305 can define a lumen through
which the manifold assembly can pass. The ledge feature
320 may be an annular or partially annular lip or protru-
sion from inner surface 321 that is sized and configured
to interact with a manifold assembly, such as manifold
assembly 319 illustrated here, such that the manifold as-
sembly 319 can be inserted a predetermined distance
into the center cavity 308. As noted above, the ledge
feature 320 can comprise a ridge or narrowing of the
inner surface 321 of the proximal stem 305. In other em-
bodiments the ledge feature can comprise a noncontin-
uous feature to restrict the movement of the stop tube
310 past a certain point in the proximal stem 305 of the
flexible tip electrode 301. The proximal face 322 of the
proximal stem 305 can be configured to be used as a
bonding surface for a proximal adhesive 323. The prox-
imal adhesive 323 can be used to couple the manifold
assembly 319 to the proximal stem 305 of the flexible tip
electrode 301.
[0047] Referring still to FIG. 19, the manifold assembly
319 can comprise the fluid lumen manifold 311 and the
stop tube 310. The fluid lumen manifold 311 can comprise
a plurality of sideholes 314 in a distal section. The plurality
of sideholes 314 can be configured to deliver irrigant into
the center cavity 308 in a desired manner. As a result, in
some embodiments, more proximally located sideholes
314 can be larger in diameter than the sideholes 314
found more distally on the fluid lumen manifold 311. In
other embodiments the more proximally located side-
holes 314 can be smaller in diameter than the sideholes
314 found more distally on the fluid lumen manifold 311.
In yet other embodiments the plurality of sideholes 314
can comprise the same general diameter. The stop tube
310 can be configured to couple to the fluid lumen man-
ifold 311 through the use of adhesive or other process.
The stop tube 310 can be further configured to interact
with the ledge feature 320 of the proximal stem 305 to
control the length the distal portion of the manifold as-
sembly 319 is inserted into the center cavity 308 of the
flexible tip electrode 301. A proximal end of the stop tube
310 can extend past the proximal face 322 of the proximal
stem 305 when the stop tube 310 is butted to the ledge
feature 320. The stop tube 310 can provide a ledge ad-
jacent the proximal face 322 so that when the proximal
adhesive 323 is applied to the proximal face 322 of the
proximal stem 305 the stop tube 310 will keep the adhe-
sive from an outer surface of the fluid lumen manifold
311. The stop tube 310 can be configured to provide an
appropriate length so that when an adhesive is applied

in a semi-liquid state, the adhesive’s profile is entirely on
a stop tube outer surface 348 and does not cover a prox-
imal face of the stop tube 310 or an outer surface of a
fluid lumen manifold. By keeping the adhesive away from
the proximal face of the stop tube 310 the distance be-
tween the proximal face of the stop tube and other com-
ponents of the flexible tip assembly can be kept to a
known, consistent value. The manifold assembly 319 is
further configured to couple to a fluid lumen, such as
tapered fluid lumen 312. In at least one embodiment the
tapered fluid lumen 312 can cover a proximal portion of
the fluid lumen manifold 311 and abut the stop tube 310.
While the manifold assembly 319 is depicted in the illus-
trated embodiment coupling to a flexible tip electrode
301, the manifold assembly disclosed herein can be used
with any irrigated catheter tip. The manifold assembly
319 can be used to place a distal end of the manifold
assembly 319 at a predetermined location within the tip
electrode and/or to place a proximal end of the manifold
assembly 319 a predetermined distance from a proximal
end of the tip electrode.
[0048] FIG. 20 illustrates the circled portion of FIG. 19.
As illustrated in FIG. 20, in one embodiment of the man-
ifold assembly 319, the stop tube 310 can have an outer
diameter that is slightly larger than the tapered fluid lumen
312 and can be configured to provide a step feature 313
whereby a location sensor, such as a location sensor coil
350 (see FIG. 22) or other electronic sensor, can be
placed a controlled and known distance from the proximal
face 322 of the flexible tip electrode 301. By placing the
location sensor a known distance from the proximal face
322 of the flexible tip electrode 301 a more accurate
placement or registration of the location sensor can de-
termined whereby the longitudinal axis of the sensor
(FIG. 22) is coaxial or nearly coaxial with the longitudinal
axis 307 of the tip assembly 300 (see FIG. 17) to allow
for more accurate tip assembly position determination
than may be possible if the location sensor is not coaxially
aligned with the tip assembly.
[0049] FIG. 21 illustrates an enlarged view of the man-
ifold assembly 319 shown in FIGs. 17-20. The stop tube
310 can be seen covering a middle portion of the fluid
lumen manifold 311 and leaving a proximal portion 343
and a distal portion 342 of the fluid lumen manifold 311
uncovered. The distal portion 342 of the fluid lumen man-
ifold 311 comprises a plurality of sideholes 314. In the
illustrated embodiment the plurality of sideholes 314
comprise a set of 8 more proximally set sideholes 314 at
a first diameter and a set of 8 more distally set sideholes
314 at a second, smaller diameter.
[0050] FIG. 22 depicts a cross-section of an embodi-
ment a manifold assembly 319. The manifold assembly
319 is shown coupled to a tapered fluid lumen 312 and
a location sensor coil 350. The manifold assembly 319
comprises a fluid lumen manifold 311, a stop tube 310,
a stop tube adhesive 345, a plurality of sideholes 314, a
lumen cap 315, and a lumen cap adhesive 346. In the
illustrated embodiment, the plurality of sideholes 314
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form a series of rows extending in a distal direction of the
fluid lumen manifold 311. As seen in FIG. 22 the side-
holes 314 in each row are offset from the sideholes 314
in the adjacent rows. The lumen cap 315 is set in a distal
end 346 of the fluid lumen manifold 311. In the illustrated
embodiment the lumen cap 315 is coupled to the fluid
lumen manifold 311 by the lumen cap adhesive 346. The
lumen cap 315 comprises a distal port 316 that can be
sized to achieve a desired flow rate therethrough. In var-
ious embodiments, the distal port 316 can vary in size
according to the desired fluid flow therethrough. In one
embodiment, the distal port is plugged so that no fluid
can flow through the distal port. The plug in the distal port
can be integral to the distal port or can be a distinct plug
that is coupled to the distal port. The plug can be secured
to the distal port through adhesive or other bonding as
is known in the art. The stop tube 310 can be coupled to
the fluid lumen manifold 311 by a stop tube adhesive
345. In the illustrated embodiment a tapered fluid lumen
312 is coupled to the manifold assembly 319 such that
a step feature 313 is formed at a junction of a distal end
of the tapered fluid lumen and a proximal end of the stop
tube 310. The step feature 313 can allow the placement
of a location sensor coil 350 at a predetermined distance
from a distal end of the stop tube 310, by sliding the lo-
cation sensor coil 350 up to the step feature 313.
[0051] FIG. 23 depicts an isometric view of the embod-
iment of a manifold assembly 319 depicted in FIG. 22.
The manifold assembly 319 comprises the fluid lumen
manifold 311, the stop tube 310, the stop tube adhesive
345, the plurality of sideholes 314, the lumen cap 315,
and the lumen cap adhesive 346. The distal port 316 of
the lumen cap 315 is also depicted.
[0052] FIGS. 24 and 25 illustrate a longitudinal side
view and an end view of a stop tube 310 according to the
disclosure. In one embodiment the stop tube 310 can
have a length 347 of about 1,905 to 3,175 mm (0.075
to .125 inches). In another embodiment the stop tube 310
can have a length 347 of about 2,286 to 2,921 mm (.090
to .115 inches). In yet another embodiment the stop tube
310 can have a length 347 of about 2,54 to 2,845 mm
(.100 to .112 inches). The stop tube 310 can have other
lengths for other embodiments. The stop tube 310 can
comprise a stop tube lumen 354 and a stop tube inner
surface 321. The stop tube lumen 354 can be sized and
configured to fit over a fluid lumen manifold. As discussed
above, the stop tube inner surface 321 can be configured
to bond to said fluid lumen manifold through the use of
an adhesive or other bonding process.
[0053] FIG. 26 depicts a longitudinal side view of an
embodiment of a tapered fluid lumen 312. The tapered
fluid lumen 312 comprises a proximal region 351 with a
first outer diameter, a distal region 353 with a second
outer diameter, and a tapered transition region 352. In
one embodiment the diameter of the distal region 353
can be larger than the diameter of the proximal region
351. The tapered transition region 352 comprises an area
where the diameter of the tapered fluid lumen 312 chang-

es from the larger to the smaller diameter. In one em-
bodiment, the distal region 353 of the tapered fluid lumen
312 can be configured to surround and couple to a prox-
imal portion of a fluid lumen manifold.
[0054] FIGS. 27-29 illustrate various views of another
embodiment of a manifold assembly 419. The manifold
assembly 419 in the illustrated embodiment comprises
a barbed connector 430, a stop shoulder 431, a lumen
cap 415, a distal port 416, and a plurality of sideholes
414. The sideholes 414 can vary in size. In the illustrated
embodiment, a proximal set of the sideholes 414 is larger
than a distal set of the sideholes 414. The lumen cap 415
comprises a distal port 416 that can provide back flow
and/or back pressure during irrigant (e.g. water or saline)
delivery from an inner lumen 432 through the sideholes
414 and/or the distal port 416. Some or all of the manifold
assembly 419 can be made of stainless steel by a ma-
chining process and then passivated, including the side-
holes 414, which may also be drilled first then passivated
to remove iron oxide. By machining the manifold assem-
bly 419 of the current embodiment in a single piece the
manufacture of the manifold assembly 419 can reduce
the variability in the completed manifold assembly 419.
In various embodiments, a fluid (or water) deliver tube
extending through at least a portion of an elongated cath-
eter body, such as the elongated body of the deflectable
catheter shaft section 12 (see FIGS. 1-4) or 12’ (see
FIGS. 5 and 6), and/or intermediate catheter shaft section
164 (see FIGS. 5 and 6), and/or proximal catheter shaft
section 20 (see FIG. 1), and made of a flexible, elastic,
stretchable polymer such as a thermoplastic urethane
("TPU", which may be available under the brand names
PELLETHANE or ESTANE, both from The Lubrizol Cor-
poration, Wickliffe, Ohio, USA) may be stretched over a
barbed connector 430 of the manifold assembly 419 to
form a complementary pocket, such as pocket 187 seen
in FIG. 6. A stop shoulder 431 of the manifold assembly
419 may abut a ledge feature of the flexible tip electrode
of the tip assembly 300 discussed above (see FIG. 17)
such that irrigation fluid may be delivered from sideholes
414 into an inner cavity of the flexible tip electrode and
ultimately out of the electrode through at least one exte-
rior port or gap of an outer wall of the electrode.
[0055] FIGS. 30-32 illustrate several views of another
embodiment of a manifold assembly 519. In the illustrat-
ed embodiment, the manifold assembly 519 comprises
a barbed connector 530, a stop shoulder 531, a lumen
cap 515, a distal port 516, and a plurality of sideholes
514. The sideholes 514 of the illustrated embodiment
can comprise a consistent size and no distal constriction
around a distal port 516.
[0056] FIG. 33 illustrates yet another embodiment of a
manifold assembly 619 according to the disclosure. The
manifold assembly 619 can comprise a barbed connector
630, a sensor depression 632, a stop shoulder 631, and
a plurality of sideholes 614. The sensor depression 632
can be sized and configured to couple to a location sensor
coil 350 (see FIG. 22). The manifold assembly 619 can
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be manufactured from stainless steel, PEEK or the other
suitable. When the manifold assembly 619 is made of
PEEK or the like less interference can occur when using
a location sensor coil.
[0057] Although at least one embodiment of a manifold
assembly have been described above with a certain de-
gree of particularity, those skilled in the art could make
numerous alterations to the disclosed embodiments with-
out departing from the scope of this disclosure. All direc-
tional references (e.g., upper, lower, upward, downward,
left, right, leftward, rightward, top, bottom, above, below,
vertical, horizontal, clockwise, and counterclockwise) are
only used for identification purposes to aid the reader’s
understanding of the present disclosure, and do not cre-
ate limitations, particularly as to the position, orientation,
or use of the devices. Joinder references (e.g., affixed,
attached, coupled, connected, and the like) are to be con-
strued broadly and can include intermediate members
between a connection of elements and relative move-
ment between elements. As such, joinder references do
not necessarily infer that two elements are directly con-
nected and in fixed relationship to each other. It is intend-
ed that all matter contained in the above description or
shown in the accompanying drawings shall be interpreted
as illustrative only and not limiting.

Claims

1. A catheter (10) comprising
a tip electrode (301) comprising a ledge feature (320)
and a center cavity (308), and
a manifold assembly (319; 419; 519; 619) comprising
a fluid lumen manifold (311) and a stop shoulder
(431; 531; 631),
wherein the manifold assembly (319; 419; 519; 619)
is configured to abut the ledge feature (320) such
that a distal end of the manifold assembly (319; 419;
519; 619) extends a pre-determined distance into
the center cavity (308) of the tip electrode (301), and
thereby to control the distance that the distal end of
the fluid lumen manifold (311) can extend into the
tip electrode (301), characterised in that
the manifold assembly (319;419;519;619) further
comprising a plurality of sideholes (314; 414; 514;
614), wherein the sideholes (314; 414; 514; 614) are
configured to deliver irrigation fluid into the center
cavity (308).

2. The catheter (10) according to claim 1 further com-
prising a catheter body coupled to the tip electrode.

3. The catheter (10) according to claim 1 or 2 further
comprising a deflectable catheter shaft section (12;
12’) coupled to the tip electrode (301),
wherein preferably the deflectable catheter shaft
section (12; 12’) comprises an elongated body ex-
tending along a longitudinal axis (A) and comprising

a distal end (14) and a proximal end (16), and a plu-
rality of lumens (24, 26, 28, 30, 32) extending along
the longitudinal axis (A) of the elongated body,
wherein at least one of the plurality of lumens (24,
26, 28, 30, 32) is abutting at least another one of the
plurality of lumens (24, 26, 28, 30, 32).

4. The catheter (10) according to any one of claims 1
to 3, wherein
the manifold assembly (319; 419; 519; 619) compris-
es further a stop tube (310),
wherein the stop tube (310) is coupled to the fluid
lumen manifold (311) and abuts the ledge feature
(320) such that a distal end of the fluid lumen man-
ifold (311) extends a pre-determined distance into
the center cavity (308) of the tip electrode (301).

5. The catheter (10) according to any one of claims 1
to 4, further comprising a thermal sensor (317) cou-
pled to the tip electrode (301).

6. The catheter (10) according to any one of claims 1
to 5, further comprising a stem (305) including a prox-
imal face (322), wherein the stop tube (310) is cou-
pled to the fluid lumen manifold (311) by an adhesive
(345) positioned between the stop tube and the prox-
imal face.

7. The catheter (10) according to any one of claims 1
to 6, wherein a distal portion of the fluid lumen man-
ifold (311) further comprises the plurality of sideholes
(314; 414; 514; 614).

8. The catheter (10) according to claim 7, wherein the
plurality of sideholes (314; 414; 514; 614) are of var-
ying sizes, and
wherein preferably a subset of the plurality of side-
holes (314; 414; 514; 614) more distally located com-
prise a smaller diameter than a subset of the plurality
of sideholes (314; 414; 514; 614) more proximally
located.

9. The catheter (10) according to any one of claims 1
to 8, further comprising a lumen cap (315; 415; 515)
coupled to a distal end of the fluid lumen manifold
(311).

10. The catheter according to claim 9, wherein the lumen
cap (315; 415; 515) comprises a distal port (316;
416; 516).

11. The catheter according to any one of claims 1 to 10,
further comprising a location sensor (350) adjacent
the stop tube (310).

12. The catheter (10) according to any one of claims 1
to 11, wherein the tip electrode (301) comprises a
flexible tip electrode (301), and

21 22 



EP 2 968 841 B1

13

5

10

15

20

25

30

35

40

45

50

55

wherein preferably the flexible tip electrode (301)
comprises an electrode wall (302), a coil (309), a
linear gap (303), and a proximal stem (305).

13. The catheter (10) according to any one of claims 1
to 12, wherein the manifold assembly (419; 519; 619)
further comprises a barbed connector (430; 530;
630).

14. The catheter (10) according to any one of claims 1
to 13, wherein the manifold assembly (619) further
comprises a sensor depression (632), and
wherein preferably the sensor depression (632) is
sized and configured to couple to a location sensor.

15. The catheter (10) according to any one of claims 1
to 12 further comprising a fluid lumen (312) config-
ured to couple to the fluid lumen manifold (311) and
abut the stop tube (310).

Patentansprüche

1. Katheter (10), mit
einer Spitzenelektrode (301), die eine Absatzeinrich-
tung (320) und eine zentrale Kavität (308) aufweist,
und
einer Verteilerrohrgruppe (319; 419; 519; 619), die
ein Fluidlumenverteilerrohr (311) und eine An-
schlagschulter (431; 531; 631) aufweist,
bei dem die Verteilerrohrgruppe (319; 419; 519; 619)
dazu konfiguriert ist, gegen das Absatzeinrichtung
(320) anzustoßen, so dass sich ein distales Ende
der Verteilerrohrgruppe (319; 419; 519; 619) mit ei-
nem vorbestimmten Abstand in die zentrale Kavität
(308) der Spitzenelektrode (301) erstreckt und dabei
den Abstand, mit dem sich das distale Ende des Flu-
idlumenverteilerrohrs (311) in die Spitzenelektrode
(311) erstreckt, steuert,
dadurch gekennzeichnet, dass
die Verteilerrohrgruppe (319; 419; 519; 619) ferner
eine Mehrzahl an Seitenlöchern (314; 414; 514; 614)
aufweist,
bei dem die Seitenlöcher (314; 414; 514; 614) dazu
konfiguriert sind, Irrigationsfluid in die zentrale Kavi-
tät (308) zuzuführen.

2. Katheter (10) nach Anspruch 1, der weiter einen Ka-
theterkörper aufweist, der mit der Spitzenelektrode
gekoppelt ist.

3. Katheter (10) nach Anspruch 1 oder 2, der weiter
einen auslenkbaren Katheterschaftabschnitt (12;
12’), der mit der Spitzenelektrode (301) gekoppelt ist,
bei dem bevorzugt der auslenkbare Katheterschaft-
abschnitt (12; 12’) einen länglichen Körper aufweist,
der sich entlang einer Längsachse (A) erstreckt und
ein distales Ende (14) und ein proximales Ende (16)

aufweist, und eine Mehrzahl von Lumen (24, 26, 28,
30, 32) aufweist, die sich entlang der Längsachse
(A) des länglichen Körpers erstrecken, bei dem zu-
mindest eines der mehreren Lumen (24, 26, 28, 30,
32) zumindest an eines der anderen Lumen (24, 26,
28, 30, 32) stößt.

4. Katheter (10) nach einem der Ansprüche 1 bis 3, bei
dem
die Verteilerrohrgruppe (319; 419; 519; 619) ferner
ein Anschlagrohr (310) aufweist,
bei dem das Anschlagrohr (310) mit dem Fluidlu-
menverteilerrohr (311) gekoppelt ist und gegen das
Absatzeinrichtung (320) stößt, so dass sich ein dis-
tales Ende des Fluidlumenverteilerrohrs (311) mit ei-
nem vorbestimmten Absatz in die zentrale Kavität
(308) der Spitzenelektrode (301) erstreckt.

5. Katheter (10) nach einem der Ansprüche 1 bis 4, der
ferner einen thermischen Sensor (317) aufweist, der
mit der Spitzenelektrode (301) gekoppelt ist.

6. Katheter (10) nach einem der Ansprüche 1 bis 5, der
weiter einen Schaftzapfen (305) aufweist, der eine
proximale Fläche (322) enthält, bei dem das An-
schlagrohr (310) mit dem Fluidlumenverteilerrohr
(311) durch ein Klebemittel (345), das zwischen dem
Anschlagrohr und der proximalen Fläche angeord-
net ist, gekoppelt ist.

7. Katheter (10) nach einem der Ansprüche 1 bis 6, bei
dem ein distaler Teil des Fluidlumenverteilerrohrs
(311) ferner die Mehrzahl der Seitenlöcher (314;
414; 514; 614) aufweist.

8. Katheter (10) nach Anspruch 7, bei dem die mehre-
ren Seitenlöcher (314; 414; 514; 614) von verschie-
dener Größe sind, und
bei dem bevorzugt eine Untergruppe der mehreren
Seitenlöcher (314; 414; 514; 614), die sich mehr dis-
tal befinden, einen kleineren Durchmesser aufweist,
als eine Untergruppe der mehreren Seitenlöcher
(314; 414; 514; 614), die sich mehr proximal befin-
det.

9. Katheter (10) nach einem der Ansprüche 1 bis 8, der
ferner eine Lumenkappe (315; 415; 515) aufweist,
die mit einem distalen Ende des Fluidlumenverteiler-
rohrs (311) gekoppelt ist.

10. Katheter nach Anspruch 9, bei dem die Lumenkappe
(315; 415; 515) eine distale Öffnung (316; 416; 516)
aufweist.

11. Katheter nach einem der Ansprüche 1 bis 10, der
weiter einen Positionssensor (350) benachbart zu
dem Anschlagrohr (310) aufweist.
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12. Katheter (10) nach einem der Ansprüche 1 bis 11,
bei dem die Spitzenelektrode (301) eine flexible Spit-
zenelektrode (301) aufweist, und
bei dem bevorzugt die flexible Spitzenelektrode eine
Elektrodenwand (302), eine Spule (309), einen line-
aren Spalt (303) und einen proximalen Schaftzapfen
(305) aufweist.

13. Katheter (10) nach einem der Ansprüche 1 bis 12,
bei dem die Verteilerrohrgruppe (419; 519; 619) fer-
ner einen mit Widerhaken versehenen Verbinder
(430; 530; 630) aufweist.

14. Katheter (10) nach einem der Ansprüche 1 bis 13,
bei dem die Verteilerrohrgruppe (619) weiter eine
Sensorvertiefung (632) aufweist, und
bei dem bevorzugt die Sensorvertiefung (632) so be-
messen und konfiguriert ist, dass sie mit einem Po-
sitionssensor koppelt.

15. Katheter (10) nach einem der Ansprüche 1 bis 12,
der fernter ein Fluidlumen (312) aufweist, das zum
Verbinden des Fluidlumenverteilerrohrs (311) und
zum Anstoßen an das Anschlagrohr (310) konfigu-
riert ist.

Revendications

1. Cathéter (10) comprenant
une électrode d’embout (301) comprenant un élé-
ment de butée (320) et une cavité centrale (308), et
un ensemble collecteur (319 ; 419 ; 519 ; 619) com-
prenant un collecteur de lumière pour fluide (311) et
un épaulement de terminaison (431 ; 531 ; 631),
dans lequel l’ensemble collecteur (319 ; 419 ; 519 ;
619) est configuré pour venir en butée contre l’élé-
ment de butée (320) de telle sorte qu’une extrémité
distale de l’ensemble collecteur (319 ; 419 ; 519 ;
619) s’étende d’une distance prédéterminée dans la
cavité centrale (308) de l’électrode d’embout (301),
et ainsi pour contrôler la distance de laquelle l’extré-
mité distale du collecteur de lumière pour fluide (311)
peut s’étendre dans l’électrode d’embout (301), ca-
ractérisé en ce que
l’ensemble collecteur (319 ; 419 ; 519 ; 619) com-
prend en outre une pluralité de trous latéraux (314 ;
414 ; 514 ; 614),
dans lequel les trous latéraux (314 ; 414 ; 514 ; 614)
sont configurés pour délivrer un fluide d’irrigation
dans la cavité centrale (308).

2. Cathéter (10) selon la revendication 1 comprenant
en outre un corps de cathéter couplé à l’électrode
d’embout.

3. Cathéter (10) selon la revendication 1 ou 2 compre-
nant en outre une section d’arbre de cathéter souple

(12 ; 12’) couplée à l’électrode d’embout (301),
dans lequel de préférence la section d’arbre de ca-
théter souple (12 ; 12’) comprend un corps allongé
s’étendant le long d’un axe longitudinal (A) et com-
prenant une extrémité distale (14) et une extrémité
proximale (16), et une pluralité de lumières (24, 26,
28, 30, 32) s’étendant le long de l’axe longitudinal
(A) du corps allongé, dans lequel au moins une de
la pluralité de lumières (24, 26, 28, 30, 32) vient en
butée contre au moins une autre de la pluralité de
lumières (24, 26, 28, 30, 32).

4. Cathéter (10) selon l’une quelconque des revendi-
cations 1 à 3, dans lequel
l’ensemble collecteur (319 ; 419 ; 519 ; 619) com-
prend en outre un tube de terminaison (310),
dans lequel le tube de terminaison (310) est couplé
au collecteur de lumière pour fluide (311) et vient en
butée contre l’élément de butée (320) de telle sorte
qu’une extrémité distale du collecteur de lumière
pour fluide (311) s’étende d’une distance prédéter-
minée dans la cavité centrale (308) de l’électrode
d’embout (301).

5. Cathéter (10) selon l’une quelconque des revendi-
cations 1 à 4, comprenant en outre un capteur ther-
mique (317) couplé à l’électrode d’embout (301).

6. Cathéter (10) selon l’une quelconque des revendi-
cations 1 à 5, comprenant en outre une tige (305)
incluant une face proximale (322), dans lequel le tu-
be de terminaison (310) est couplé au collecteur de
lumière pour fluide (311) par un adhésif (345) posi-
tionné entre le tube d’arrêt et la face proximale.

7. Cathéter (10) selon l’une quelconque des revendi-
cations 1 à 6, dans lequel une portion distale du col-
lecteur de lumière pour fluide (311) comprend en
outre la pluralité de trous latéraux (314 ; 414 ; 514 ;
614).

8. Cathéter (10) selon la revendication 7, dans lequel
la pluralité de trous latéraux (314 ; 414 ; 514 ; 614)
est de taille variée, et
dans lequel de préférence un sous-ensemble de la
pluralité de trous latéraux (314 ; 414 ; 514 ; 614) si-
tué de manière plus distale comprend un diamètre
plus petit qu’un sous-ensemble de la pluralité de
trous latéraux (314 ; 414 ; 514 ; 614) situé de ma-
nière plus proximale.

9. Cathéter (10) selon l’une quelconque des revendi-
cations 1 à 8, comprenant en outre un capuchon de
lumière (315 ; 415 ; 515) couplé à une extrémité dis-
tale du collecteur de lumière pour fluide (311).

10. Cathéter selon la revendication 9, dans lequel le ca-
puchon de lumière (315 ; 415 ; 515) comprend un
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orifice distal (316 ; 416 ; 516).

11. Cathéter selon l’une quelconque des revendications
1 à 10, comprenant en outre un capteur d’emplace-
ment (350) adjacent au tube de terminaison (310).

12. Cathéter (10) selon l’une quelconque des revendi-
cations 1 à 11, dans lequel l’électrode d’embout
(301) comprend une électrode d’embout flexible
(301), et
dans lequel de préférence l’électrode d’embout flexi-
ble (301) comprend une paroi d’électrode (302), une
bobine (309), un écartement linéaire (303), et une
tige proximale (305).

13. Cathéter (10) selon l’une quelconque des revendi-
cations 1 à 12, dans lequel l’ensemble collecteur
(419 ; 519 ; 619) comprend en outre un connecteur
rainuré (430 ; 530 ; 630).

14. Cathéter (10) selon l’une quelconque des revendi-
cations 1 à 13, dans lequel l’ensemble collecteur
(619) comprend en outre une dépression de capteur
(632), et
dans lequel de préférence la dépression de capteur
(632) est dimensionnée et configurée pour un cou-
plage au capteur d’emplacement.

15. Cathéter (10) selon l’une quelconque des revendi-
cations 1 à 12 comprenant en outre une lumière pour
fluide (312) configurée pour se coupler au collecteur
de lumière pour fluide (311) et venir en butée contre
le tube de terminaison (310).
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