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(57) ABSTRACT 
A catheter assembly comprises a deflectable catheter shaft 
comprising a distal end and alumen extending therethrough. 
The catheter assembly further comprises least one pull wire 
comprising a distal portion comprising a side and a distal end, 
wherein the side comprises a first side portion and a second 
side portion. The catheter assembly further comprises a distal 
pull assembly operatively coupled to the at least one pull wire. 
The distal pull assembly comprises a longitudinal axis, a first 
Surface, and a second Surface. The first side portion of the at 
least one pull wire is adjacent to the first surface of the distal 
pull assembly, and the second side portion of the at least one 
pull wire is adjacent to the second surface of the distal pull 
assembly. 

  



Patent Application Publication Apr. 10, 2014 Sheet 1 of 4 US 2014/0100566 A1 

F.G. 1 

  



Patent Application Publication Apr. 10, 2014 Sheet 2 of 4 US 2014/0100566 A1 

  



Patent Application Publication Apr. 10, 2014 Sheet 3 of 4 US 2014/0100566 A1 

  



Patent Application Publication Apr. 10, 2014 Sheet 4 of 4 US 2014/0100566 A1 

  



US 2014/01 00566 A1 

MEDICAL CATHETER ASSEMBLY WITH 
DEFLECTION PULL RING AND DISTAL TIP 

INTERLOCK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 13/453.525, filed 23 Apr. 2012 (the 525 appli 
cation) now pending, which is a continuation of U.S. appli 
cation Ser. No. 1 1/963,441, filed 21 Dec. 2007, (the 441 
application), now U.S. Pat. No. 8,162.934, issued 24 Apr. 
2012. The 525 application and the 441 application are 
hereby incorporated by reference as though fully set forth 
herein. 

BACKGROUND OF THE INVENTION 

0002 a. Field of the Invention 
0003. The present invention relates to medical catheter 
assemblies, and in particular to medical catheter assemblies 
which utilize a deflection pull ring adjacent a distal tip at the 
distal end of the catheter shaft to bend the deflectable catheter 
shaft and move the distal tip in a desired direction. 
0004 b. Background Art 
0005 Medical catheter assemblies used in the diagnosis or 
treatment of various medical abnormalities are in common 
use in medical facilities throughout the world. They generally 
include a deflectable catheter shaft that can be inserted in and 
extended along a suitable vein or artery of person being 
diagnosed or treated to a desired site; a handle actuator which 
supports a proximal end of the catheter shaft; a distal tip 
which is connected to the distal end of the catheter shaft and 
which includes a specialized tip element for the appropriate 
diagnosis or treatment; and a pull ring assembly which 
includes a pull ring near the distal end of the catheter shaft and 
pull wires which extend from the pull ring through the cath 
eter shaft back to the handle actuator for tilting or rocking the 
pull ring upon manual operation of the handle actuator and 
consequential pulling of the pull wires, i.e., for deflecting a 
distal end portion of the catheter shaft with distal tip in a 
desired direction. 
0006. Ablation catheter assemblies area category of medi 
cal catheter assembly used to ablate tissue, e.g., in the treat 
ment of heart malfunctions. They can be irrigated (discharge 
ablation fluid in addition to ablation energy) or non-irrigated 
(discharge of ablation energy but not fluid). The distal tip will 
include a tip electrode as the specialized tip element and an 
energy source will be connected to their handle actuator to 
supply energy to the tip electrode. In irrigated catheter assem 
blies a fluid manifold is attached to, or is one-piece with, the 
tip electrode, and a fluid source is attached to their handle 
actuator to supply ablation fluid thereto. In either, the distal 
tip can include a mounting shaft which cooperates with the 
distal end of the adjacent deflectable catheter shaft for con 
nection thereto. 
0007. It has been found that the operation of such medical 
catheter assemblies, including irrigated or non-irrigated abla 
tion catheter assemblies, can become compromised over time 
with creeping of the pull ring towards the handle actuator (and 
away from the distal tip) due to repeated tilting or rocking 
thereof by the pull wires. In addition, failure of the medical 
catheter assemblies can occur with separation of the pull 
wires from the pull rings of the pull ring assemblies due to 
stress failure of the braze or weld joints therebetween. 
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0008. It is thus an object of the present invention to provide 
a medical catheter assembly (including an irrigated or non 
irrigated ablation catheter assembly) which is constructed 
such that creeping of the pull ring towards the handle actuator 
(and away from the distal tip) is prevented. 
0009. It is another object of the present invention to pro 
vide a medical catheter assembly (including an irrigated or 
non-irrigated catheter assembly) which is constructed Such 
that stress on the connecting joints between the pull wires and 
pull ring is reduced, reducing failure of medical catheter 
assembly due to failure of the pull ring assembly. 

BRIEF SUMMARY OF THE INVENTION 

0010. A catheter assembly can comprise a deflectable 
catheter shaft comprising a distal end and a lumen extending 
therethrough; at least one pull wire comprising a distal por 
tion comprising: a side and a distal end, wherein the side 
comprises a first side portion and a second side portion; and a 
distal pull assembly operatively coupled to the at least one 
pull wire. The distal pull assembly can comprise a longitudi 
nal axis; a first surface; and a second surface. The first side 
portion of the at least one pull wire can be adjacent to the first 
surface of the distal pull assembly. The second side portion of 
the at least one pull wire can be adjacent to the second surface 
of the distal pull assembly. In accordance with some embodi 
ments of the invention, the first side portion of the at least one 
pull wire can contact and/or be in engagement with the first 
surface of the distal pull assembly and the second side portion 
of the at least one pull wire can contact and/or be in engage 
ment with the second surface of the distal pull assembly. 
0011. In accordance with some embodiments of the inven 
tion, the second surface of the distal pull assembly is substan 
tially transverse to the first surface of the distal pull assembly. 
The first surface can comprise a radially facing surface and 
the second surface can comprise a substantially distally fac 
ing surface in accordance with some embodiments of the 
invention. The catheter assembly can further comprise a distal 
tip at the distal end of the catheter shaft and including a tip 
element and a mounting shaft. 
0012. The at least one pull wire can extend through the 
catheter shaft along the longitudinal axis of the distal pull 
assembly toward the distal end and then extend at least in part 
in a direction that is non-parallel to the longitudinal axis of the 
distal pull assembly. The at least one pull wire can extend 
through the catheter shaft along the longitudinal axis of the 
pull assembly toward the distal end and then at least a portion 
of the pull wire can extend distal of the second surface of the 
distal pull assembly. Pulling of the at least one pull wire can 
directly impart force to the distal pull assembly to bend the 
catheter shaft. The catheter assembly can comprise two pull 
wires attached to diametrically opposite locations on the dis 
tal pull assembly in accordance with some embodiments of 
the invention. The at least one pull wire can be flat along at 
least a portion of its length in accordance with some embodi 
ments of the invention. At least a portion of the at least one 
pull wire can be adjacent to an outer surface of the distal pull 
assembly in accordance with some embodiments of the 
invention. The at least one pull wire can be configured such 
that when force is applied to the at least one pull wire in a 
proximal direction, the pull assembly deflects. 
0013. A catheter assembly can comprise a deflectable 
catheter shaft comprising a distal end and a lumen extending 
therethrough; at least one pull wire comprising a distal por 
tion comprising: a side, wherein the side comprises a first side 
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portion and a second side portion; and a distal end; and a distal 
pull assembly comprising: a longitudinal axis; a first Surface 
comprising a radially facing Surface; and a second Surface 
comprising at least in part a Substantially distally facing Sur 
face. The first side portion of the at least one pull wire can be 
adjacent to the first surface of the distal pull assembly. The 
second side portion of the at least one pull wire can be adja 
cent to the second surface of the distal pull assembly. The at 
least one pull wire can extend through the catheter shaft along 
the longitudinal axis of the distal pull assembly toward the 
distal end and then extend at least in part in a direction that is 
non-parallel to the longitudinal axis of the distal pull assem 
bly. At least a portion of the at least one pull wire can extend 
distal of the second surface of the distal pull assembly. The at 
least one pull wire and the distal pull assembly are configured 
Such that pulling of said pull wire can directly impart force to 
the distal pull assembly to bend the catheter shaft. 
0014. The invention will be better understood by reference 
to the attached drawings, taken in conjunction with the fol 
lowing discussion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is an isometric view of an irrigated ablation 
catheter system that includes an ablation catheter assembly, 
an energy source and a fluid source in accordance with a first 
embodiment of the present invention; 
0016 FIG. 2 is an enlarged side view of the distal end 
portion of the deflectable ablation catheter shaft, the pull ring 
assembly and distal tip of the catheter of FIG. 1: 
0017 FIG. 3 is an enlarged detail of FIG. 2: 
0018 FIG. 4 is a side view, partly in section, of a distal end 
portion of a catheter shaft, a pull ring assembly and a distal tip 
according to a second embodiment of the invention, and 
0019 FIGS. 5 and 6 show side views of third and fourth 
embodiments. 

DETAILED DESCRIPTION OF THE INVENTION 

0020 FIG. 1 shows an irrigated ablation catheter system 
10 according to a preferred embodiment of the present inven 
tion. It includes an irrigated ablation catheter assembly 12 
connected to an energy source 130 and a fluid source 140. 
0021. The irrigated ablation catheter assembly 12 includes 
a catheter 20, a handle actuator 120 which supports a proxi 
mate end of the catheter 20, a distal tip 30 attached to a distal 
end of the catheter and a pull ring assembly 50. 
0022. As seen in FIGS. 2 and 3, the distal tip 30 includes a 

tip electrode 31, a fluid manifold 33 and a mounting shaft 38. 
The fluid manifold 33 is attached to the tip electrode with 
adhesive (in another embodiment the fluid manifold and the 
tip electrode can be one piece). The mounting shaft 38 is one 
piece with the fluid manifold 33, and it extends into the 
hollow interior 23 of the catheter shaft 21. It has a smaller 
diameter than that of the fluid manifold (which is cylindrical 
in shape), thus leaving an outer annular ledge 34 on a rear face 
of the fluid manifold. The mounting shaft defines a central 
axial passageway 39 for ablation fluid supplied by a fluid 
delivery tube (not shown) in the catheter shaft. The fluid 
manifold 33 defines a central axial passageway 35 which is an 
extension of the central axial passageway 39, and delivery 
channels 36 that extend from the axial passageway 35 to 
orifices 37 spaced around its periphery (in another embodi 
ment only one delivery channel leading to one orifice is 
employed). Fluid supplied to the axial passageway 39 in the 
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mounting shaft will flow to the axial passageway 35 and then 
through delivery channels 36 to orifices 37 for discharge 
around the distal tip. The tip electrode 31 includes a channel 
32 which will deliver fluid from the axial passageway 35 to its 
distal end. It can be made of platinum or other well-known 
materials. 
0023 Guide channels 41 and 42 are provided in the 
mounting shaft 38 at diametrically-opposed locations. The 
guide channel 41 includes a curved section 41a and a recti 
linear section 41b. The curved section 41a has an inlet open 
ing in the outer Surface of the mounting shaft near fluid 
manifold 33 and the rectilinear section 41b has an outlet 
opening at the free end 40 of the mounting shaft. The guide 
channel 42 has corresponding sections 42a and 42b. The pull 
wires of the pull ring assembly respectively extend through 
these guide channels. 
0024. The pull ring assembly 50 includes a pull ring 51 and 
pull wires 52 and 53 attached to diametrically opposite loca 
tions on an inner face of the pull ring by a solder or weld joint 
54. The pull wires are flat along at least a portion of their 
length, in particular at their distal ends, otherwise round. 
Other configurations are possible. The pull ring 51 is posi 
tioned between the distal end 22 of the catheter shaft 21 and 
the outer annular ledge 34 of the fluid manifold, and the pull 
wires extend from the pull ring toward the fluid manifold and 
then loop back respectively in and through the guide channels 
41 and 42 to the handle actuator 120. Pulling of the pull wires 
52, 53 by the handle actuator during use of the catheter 
assembly will cause the pull ring to tilt or rock, thereby 
bending the catheter shaft 21, and also pulling the pull ring 51 
toward contact with the outer annular ledge 34 of the fluid 
manifold 33. 
0025 Turning now to the embodiment of FIG.4, the distal 
tip 60 includes a specialized tip element 61 (in an ablation 
catheter assembly a tip electrode) and a mounting shaft 62 
having a distal portion 63 and a proximal portion 67. The 
proximal portion 67 includes barbs 68 in its outer surface to 
grip the distal end of the catheter shaft 21 a, and axial grooves 
(guide channels) 69, 70 at diametrically opposed locations. 
The barbs could be replaced by surface protrusions of varying 
configurations. The distal portion 63 includes an annular 
flange 64 having axial guide channels 65 and 66 therethrough 
which are aligned with axial grooves 69 and 70. The pull ring 
72 of pull ring assembly 71 is positioned between the distal 
end of catheter shaft 21 a and an outer annular ledge 61 a of 
the tip element 61, and the pull wires 73 and 74 attached to 
diametrically opposed locations on its inner face extend 
toward the tip electrode and then loop back through respective 
guide channels 65, 69 and 66, 70 to a handle actuator. 
0026. In the embodiment of FIG. 5, a compression ring 
100 compresses a distal end portion of catheter shaft 21b 
against an outer Surface of mounting shaft 82, which is one 
piece with the tip element 81, and the pull wires 93 and 94 of 
pull ring assembly 91 extend toward the tip element 81 of 
distal tip 80 and then loop back toward the catheter shaft and 
pass through respective axial grooves (guide channels) 95.96 
in the outer Surface of the mounting shaft. The compression 
ring 100 has a generally rectangular cross-section. 
0027. In the embodiment of FIG. 6, which is similar to that 
of FIG. 5, the compression ring 110 defines a generally flat 
Surface 111 facing inwardly toward the mounting shaft and a 
generally convex outwardly facing Surface 112. 
0028. Although a detailed explanation of various embodi 
ments of the invention have been provided, changes therein 
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can be made and still fall within the scope of the present 
invention. For example, the pull ring assembly may include 
more than two pull wires attached to the pull ring around its 
circumference, with corresponding guide channels provided 
in the distal tip to guide the individual pull wires first toward 
the tip element of the distal tip and then to loop back to the 
handle actuator. Also, the compression ring as shown in 
FIGS. 5 and 6 could have shapes other than those specifically 
depicted. 
What is claimed is: 
1. A catheter assembly comprising: 
a deflectable catheter shaft comprising a distal end and a 
lumen extending therethrough; 

at least one pull wire comprising a distal portion compris 
1ng: 
a side, wherein the side comprises a first side portion and 

a second side portion; and 
a distal end; and 

a distal pull assembly operatively coupled to the at least 
one pull wire, the distal pull assembly comprising: 
a longitudinal axis; 
a first Surface; and 
a second surface, wherein the first side portion of the at 

least one pull wire is adjacent to the first surface of the 
distal pull assembly and wherein the second side por 
tion of the at least one pull wire is adjacent to the 
second surface of the distal pull assembly. 

2. The catheter assembly of claim 1, wherein the second 
surface of the distal pull assembly is substantially transverse 
to the first surface of the distal pull assembly. 

3. The catheter assembly of claim 1, wherein the first 
Surface comprises a radially facing Surface. 

4. The catheter assembly of claim 1, wherein the second 
Surface comprises a Substantially distally facing Surface. 

5. The catheter assembly of claim 1, further comprising a 
distal tip at the distal end of the catheter shaft and including a 
tip element and a mounting shaft. 

6. The catheter assembly of claim 1, wherein the at least 
one pull wire extends through the catheter shaft along the 
longitudinal axis of the distal pull assembly toward the distal 
end and then extends at least in part in a direction that is 
non-parallel to the longitudinal axis of the distal pull assem 
bly. 

7. The catheter assembly of claim 1, wherein the at least 
one pull wire extends through the catheter shaft along the 
longitudinal axis of the pull assembly toward the distal end 
and then at least a portion of the pull wire extends distal of the 
second surface of the distal pull assembly. 

8. The catheter assembly of claim 1, wherein pulling of the 
at least one pull wire directly imparts force to the distal pull 
assembly to bend the catheter shaft. 
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9. The catheter assembly of claim 1, wherein the catheter 
assembly comprises two pull wires attached to diametrically 
opposite locations on the distal pull assembly. 

10. The catheter assembly of claim 1, wherein the at least 
one pull wire is flat along at least a portion of its length. 

11. The catheter assembly of claim 1, wherein at least a 
portion of the at least one pull wire is adjacent to an outer 
surface of the distal pull assembly. 

12. The catheter assembly of claim 1, wherein the at least 
one pull wire is configured such that when force is applied to 
the at least one pull wire in a proximal direction, the pull 
assembly deflects. 

13. The catheter assembly of claim 1, wherein the first side 
portion of the at least one pull wire contacts the first surface of 
the distal pull assembly and wherein the second side portion 
of the at least one pull wire contacts the second surface of the 
distal pull assembly. 

14. The catheter assembly of claim 1, wherein the first side 
portion of the at least one pull wire is in engagement with the 
first surface of the distal pull assembly and wherein the sec 
ond side portion of the at least one pull wire is in engagement 
with the second surface of the distal pull assembly. 

15. A catheter assembly comprising: 
a deflectable catheter shaft comprising a distal end and a 

lumen extending therethrough; 
at least one pull wire comprising a distal portion compris 

1ng: 
a side, wherein the side comprises a first side portion and 

a second side portion; and 
a distal end; and 

a distal pull assembly comprising: 
a longitudinal axis; 
a first Surface comprising a radially facing Surface; and 
a second Surface comprising at least in part a substan 

tially distally facing surface, wherein the first side 
portion of the at least one pull wire is adjacent to the 
first surface of the distal pull assembly and wherein 
the second side portion of the at least one pull wire is 
adjacent to the second Surface of the distal pull assem 
bly, 

wherein the at least one pull wire extends through the 
catheter shaft along the longitudinal axis of the distal 
pull assembly toward the distal end and then extends at 
least in part in a direction that is non-parallel to the 
longitudinal axis of the distal pull assembly, 

wherein at least a portion of the at least one pull wire 
extends distal of the second surface of the distal pull 
assembly, and 

wherein the at least one pull wire and the distal pull assem 
bly are configured such that pulling of the at least one 
pull wire directly imparts force to the distal pull assem 
bly to bend the catheter shaft. 
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