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(57) ABSTRACT 

The invention provides a de?ectable catheter capable of 
forming many variable radius spiral forms from a single, 
?exible, distal end section. In one aspect, the catheter 
employs a variable radius control Wire to extend or deform 
a pre-formed loop structure into a three dimensional spiral 
like form or geometry. The ability of a single catheter to 
create the multitude of shapes and siZes possible alloWs 
users to access a greater number of anatomical areas Without 

changing the catheter during a procedure or treatment. In 
another aspect, the invention encompasses methods of pro 
ducing de?ectable variable radius catheters, Where tWo or 
more regions of the catheter having common control Wires 
are fused or formed onto one another. 
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DEFLECTABLE VARIABLE RADIUS CATHETERS 

RELATED APPLICATIONS 

[0001] This application claims full priority bene?t of prior 
U.S. Provisional application 60/800,851, ?led May 17, 
2006, the entire contents of Which are hereby incorporated 
by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to catheters With improved 
de?ectable and/or control characteristics, methods of using 
the catheters, and methods of producing them. In one aspect, 
for example, the invention encompasses a catheter design 
that alloWs a desired loop or partial loop to be formed at a 
distal end and the loop to be further controlled, for example, 
by contracting or extending into a spiral form or into a 
variable siZe and length, and also to be controlled in bilateral 
movement left to right Without the bilateral movement 
affecting the contracting or extending, or vice versa. Thus, 
the invention provides improved control over the motion of 
the catheter. The catheter can also replace the use of multiple 
catheters having different distal end loop siZes With a single, 
?exible catheter capable of forming variable loop siZes 
along its length. 

RELATED ART AND BACKGROUND TO THE 
INVENTION 

[0003] De?ectable or steerable catheters are used in vari 
ous medical and surgical procedures, including ablation, 
such as arrhythmia ablation, mapping, such as cardiac 
mapping, and drug delivery, such as intracardial drug deliv 
ery. The steerable function can be accomplished by three 
modes of actions: straight translational movement along the 
direction of the catheter length; de?ection of an end or distal 
section in one direction or in one plane; and turning of the 
catheter shaft to direct the de?ected end toWard the desired 
point. A control Wire or pull Wire positioned inside the 
catheter, usually connecting to the distal end, is used to 
direct the degree of de?ection of the distal section. As 
knoWn in the art, a catheter typically comprises a distal end 
that enters the body, and a proximal end that controls the 
movement or function at the distal end, the proximal end 
remaining outside the body. De?ection is generally Within 
one plane, having only a curl or sWeep pro?le. The control 
Wire is operably connected to some type of a pulling 
mechanism, Which is connected to a control device at the 
proximal end of the catheter shaft. The degree of pulling on 
the mechanism directs the movement of the control Wire and 
thus the degree of de?ection of the distal end of the catheter 
shaft. 

[0004] In many cases, the control Wire is located off of 
center relative to the catheter shaft. This alloWs a curve 
toWard an intended de?ection side. When the control Wire is 
pulled, the catheter de?ects toWard the side of the catheter 
in Which the Wire is located. Abidirectional de?ection is also 
possible, Where tWo control Wires are located on opposite 
sides of the catheter and the pulling on one control Wire 
causes a de?ection in one direction in a plane, and pulling 
on the other causes the opposite de?ection in the same plane. 

[0005] There are several knoWn de?ciencies With the use 
of existing steerable catheters. For example, the control in 
the direction of de?ection is limited, and both the surface of 
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the catheter and the interior space used for the control Wire 
can operate ine?iciently to cause unintended movement, or 
lack of movement, of the catheter tip. Furthermore, for those 
catheters designed to form a loop at the distal end, the siZe 
and shape of the loop is generally ?xed by the length of the 
pull Wire and/or the loop form is ?xed Within a single plane. 
Thus, catheters capable of improved control of the distal tip 
and those capable of forming a loop of variable siZes are 
desired in the art. 

BRIEF SUMMARY OF THE INVENTION 

[0006] It is desirable to be able to direct catheter tips or 
distal sections of catheters in a variety of directions to 
accommodate numerous surgical procedures and anatomical 
features. In one aspect, the invention provides a de?ectable 
catheter capable of forming one of many variable radius, 
spiral forms from a ?exible distal end section. In one 
embodiment, the catheter employs a variable radius control 
Wire to extend, contract, or deform a pre-formed loop 
structure, as a loop structure is typically produced from 
conventional, bidirectional de?ectable catheter. The 
extended loop can essentially create a three dimensional, 
spiral-like form or geometry. The loop can also form a 
partial or complete circle. The ability of a single catheter to 
create the multitude of shapes and siZes possible alloWs a 
user to access a greater number of anatomical areas Without 
changing the catheter or the siZe of the distal end during a 
procedure or treatment. 

[0007] In a general aspect, the invention provides a cath 
eter comprising a proximal section With a shaft and a control 
actuator at a proximal end, Where the control actuator is 
connected to tWo or more bidirectional control Wires. These 
Wires can be engaged at the proximal end to produce a left 
to right motion in the distal end. The proximal section also 
comprises a second control actuator for separate control of 
a variable radius control Wire. A distal section of the catheter 
comprises, at desired points along its length, at least one 
electrode, such as a sensing electrode or ablation electrode, 
and the distal section also comprises a connection point for 
the variable radius control Wire, and a connection point for 
the at least tWo bidirectional control Wires. The connection 
point for the variable radius control Wire is typically in the 
loop section, While the connection point for the bidirectional 
control Wires is proximal to the connection point for the 
variable radius control Wire. Of course, the engagement of 
the control Wire or Wires and the engagement of the variable 
radius control Wire can occur simultaneously to produce tWo 
independent planes of motion. The tWo independent planes 
of motion are alloWed by use of tWo separate compression 
coils, one for each plane of motion, the motion in each plane 
is accomplished independently of motion in the other plane, 
and is done without affecting the position of the distal tip in 
the other plane. 

[0008] The ?rst compression coil can be in the inside 
diameter of the polymer shaft of the catheter, and extend 
from the proximal end of the shaft to the distal end of the 
straight portion of the shaft. The tWo bidirectional control 
Wires are housed inside this ?rst compression coil. Also 
housed inside the ?rst compression coil is the second 
compression coil. While there can be a connection of the tWo 
compression coils at the proximal end of the second com 
pression coil, the ?rst and second compression coils are 
generally not connected, and may move independently of 
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each other in the lateral direction. The variable radius 
control Wire is housed in the lumen of the second compres 
sion coil. The second compression coil can run from the 
proximal end of the catheter to the tip electrode, or can run 
from a point on the ?rst compression coil to a point inside 
the loop. 

[0009] Various alternatives and speci?c embodiments of 
this general catheter are possible. For example, the catheter 
can further comprise a shape Wire at the distal section, Where 
the shape Wire is preferably a Nitinol composition. The 
radius control Wire can be connected to the distal end and the 
distal end can comprise a tip electrode. The catheter distal 
section can be composed of a variety of external, biocom 
patible coatings or coverings as knoWn in the art, including 
a ?exible polyether block amide, such as one of the many 
Pebax polymers available. More than one polymer compo 
sition can be used along the length of the distal section and 
at least tWo polymer compositions can have different hard 
ness properties on the durometer A scale. When tWo bidi 
rectional control Wires and one variable radius control Wire 
are used, the bidirectional control Wires and the variable 
radius control Wire can be housed separately Within separate 
compression coils. The variable radius control Wire is in a 
separate compression coil to avoid unintended left to right 
movement of the distal tip section of the kind preferably 
controlled by the bidirectional control Wires When engaging 
the variable radius control Wire to adjust the loop at the distal 
end. In a preferred embodiment, additional control of the 
desired loop form or spiral form can be achieved by using a 
?attened Wire portion of the variable radius control Wire, 
such that, for example, the most distal end and the end 
connecting to the tip or near the tip is a ?attened Wire. The 
use of ?attened Wire sections enables increased control over 
the loop. 

[0010] In another general aspect, the invention provides a 
method of using the catheters and distal end sections of 
catheters. For example, the methods can be used to form a 
desired three-dimensional spiral form in a catheter distal 
section, and for positioning the catheter in an intracardial, 
epicardial, or pulmonary vein area. These methods can 
comprise inserting the catheter into a patient and advancing 
the catheter end to desired position. By engaging at least one 
control Wire, one produces a desired loop form from a 
desired distal end structure, comprising the control Wire and 
pull ring features noted above or throughout this disclosure. 
Engaging the variable radius control Wire can extend the 
desired loop form into spiral form. Preferably, tWo bidirec 
tional control Wires are used that are together capable of 
causing a desired loop to form in the distal section of the 
catheter. A preferred method of using the catheters of the 
invention includes use in mapping or ablating the pulmonary 
vein ostium and surrounding areas of the heart, as in atrial 
?brillation diagnosis and treatment procedures knoWn in the 
art. 

[0011] In another general aspect, the invention provides a 
de?ectable catheter comprising a ?exible distal end section, 
having a distal tip and optionally a tip electrode, and having 
a proximal end With tWo or more actuators for controlling 
the shape of the distal end section. A ?rst control Wire, and 
optionally more than one control Wire, is connected to a 
desired de?ection point at or near the end of a straight 
portion of the central shaft region, and a variable radius 
control Wire is connected at or near the distal tip or tip 
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electrode. As commonly knoWn, the catheter can include a 
central shaft region that connects the distal end section to a 
handle and actuator at the proximal end. The shaft includes 
connections or continuing Wire lengths so that a ?rst, and 
optional additional control Wire and the variable radius 
control Wire can be operably attached to the actuators at the 
proximal end for the user to engage the Wires. One of the 
actuators at the proximal end can engage a ?rst control Wire 
to produce a left to right motion at the end of the straight 
portion of the central shaft region. Then, another actuator at 
the proximal end that engages the variable radius control 
Wire can reduce or extend the radius of the loop. 

[0012] In another aspect, the invention provides a de?ect 
able shaft and de?ectable loop. The de?ectable loop can be 
composed of an outer polymeric member With attached 
sensing electrodes, shape Wire, control Wire, tubing, and tip 
electrode. In a preferred embodiment, the polymers used at 
different points or sections of the catheter can differ, so that 
sections at the proximal end are made of a harder compo 
sition than the sections at the distal end. More particularly, 
a pattern of polymers having desired hardness, such as With 
the Shore D or durometer D hardness scale, can be selected 
for a particular section of the catheter to accommodate an 
expected or desired curvature during the use of the catheter. 

[0013] Examples and preferred methods to produce the 
catheters of the invention and the ?nal selection of internal 
tubing, sheathing, reinforcing braids or tubes, and heat 
shrinking polymers to produce a desired inside and outside 
diameter are noted beloW. 

[0014] A variety of catheters can be produced or used in 
accordance With the disclosure of this invention, including, 
Without limitation, steerable catheters, introducers, RF or 
ultrasound ablation catheters, urologic catheters, drainage 
catheters, coronary sinus catheters, angiography catheters, 
catheters for locating pulmonary veins, intra-cardiac echo 
catheters, aortic bypass catheters, stent delivery or balloon 
catheters, imaging agent or contrast agent or drug or bio 
logical agent delivery catheters, EP or cardiac mapping 
catheters, siZing catheters, all in a Wide variety of lengths 
and diameters. One of skill in the art is familiar With 
adapting the use of a de?ectable or steerable catheter in a 
variety medical and surgical procedures. 

[0015] The foregoing and other aspects, features, details, 
utilities, and advantages of the present invention Will be 
apparent from reading the folloWing description and claims, 
and from revieWing the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1A depicts a distal loop assembly or distal 
loop section of a catheter, comprising a control Wire section 
and tip electrode consistent With the invention. In this 
design, the electrode tip has a recessed distal section to alloW 
a multiple sensor or electrode ring assembly (FIG. 1B) to ?t 
over the length and terminate at the recessed section of the 
tip to produce a smooth end. 

[0017] FIG. 1B depicts a multiple electrode or sensor ring 
assembly for use over the design of FIG. 1A. 

[0018] FIG. 2 depicts a cross sectional vieW of an exem 
plary combination of the inner control Wire assembly of a 
catheter of the invention. 
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[0019] FIG. 3 is a vieW of the pull ring section as shown 
in FIG. 2. 

[0020] FIG. 4 depicts exemplary bidirectional de?ects 
possible With opposing bidirectional control Wires. 

[0021] FIG. 5 depicts the various de?ection forms possible 
using bidirectional control Wires and, for example, varying 
the hardness of the catheter and/or varying the position of 
the pull rings. On the left, the control Wire is attached near 
the distal end and the hardness is essentially uniform. On the 
right, the pull ring is positioned aWay from the most distal 
end, causing the curve to form at the point of the pull ring. 

[0022] FIG. 6 depicts a multiple curve form possible by 
engaging tWo bidirectional control Wires, each With a dif 
ferent pull ring point along the length. 

[0023] FIG. 7A depicts a catheter design during its prepa 
ration by an exemplary method. An interior mandrel is used 
to maintain desired diameters. 

[0024] FIG. 7B depicts a similar cross sectional vieW as in 
FIG. 7A, With the top shoWing the sections of the shaft 
length and the dilfering polymers With dilfering hardness 
properties. 
[0025] FIG. 8A is a radial cross section vieW of the distal 
area of an exemplary embodiment. FIG. 8B is a radial cross 
section vieW of the distal area of a different exemplary 
embodiment. 

[0026] FIG. 9 shoWs a different radial section vieW at a 
point Where the control Wires are round rather than ?attened. 

[0027] FIG. 10 shoWs a close-up of half of the distal 
section of the assembly shoWn in the loWer part of FIG. 7B. 

[0028] FIG. 11 shoWs an exemplary desired curve-shaped 
form at a particular de?ection point. 

[0029] FIGS. 12A-12F shoW exemplary one or tWo pull 
ring designs. 

[0030] FIG. 13A depicts a loop form as in FIG. 1A. FIG. 
13B depicts the effect of the variable radius control Wire on 
a pre-formed loop structure as in FIG. 13A. 

[0031] FIGS. 14A and B depict an exemplary embodiment 
of the distal end section With multiple electrodes on the 
surface and a tip electrode. In FIG. 14B, the variable radius 
control Wire is used to cause the loop to tighten or form a 
spiral With additional rotation of the tip and a smaller radius 
compared to the loop in FIG. 14A. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS OF THE INVENTION 

[0032] Throughout this disclosure, applicants refer to 
texts, patent documents, and other sources of information. 
Each and every cited source of information is speci?cally 
incorporated herein by reference in its entirety. Portions of 
these sources may be included in this document as alloWed 
or required. However, the meaning of any term or phrase 
speci?cally de?ned or explained in this disclosure shall not 
be modi?ed by the content of any of the sources. 

[0033] The headings (such as “Brief Summary”) used are 
intended only for general organization of topics Within the 
disclosure of the invention and are not intended to limit the 
disclosure of the invention or any aspect of it. In particular, 
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subject matter disclosed in the “Related Art” includes 
aspects of technology Within the scope of the invention and 
thus may not constitute solely background art. Subject 
matter disclosed in the “Brief Summary” is not an exhaus 
tive or complete disclosure of the entire scope of the 
invention or any particular embodiment. 

[0034] As used herein, the Words “preferred,”“preferen 
tially,” and “preferably” refer to embodiments of the inven 
tion that a?ford certain bene?ts, under certain circumstances. 
HoWever, other embodiments may also be preferred, under 
the same or other circumstances. Furthermore, the recitation 
of one or more preferred embodiments does not imply that 
other embodiments are not useful and is not intended to 
exclude other embodiments from the scope of the invention 
and no disclaimer of other embodiments should be inferred 
from the discussion of a preferred embodiment or a ?gure 
shoWing a preferred embodiment. In fact, the nature of the 
devices and methods of the invention alloW one of skill in 
the art to make and use the invention on many medical or 
surgical devices available or contemplated. 

[0035] In one preferred embodiment, the invention com 
prises a catheter and the use of a catheter that in addition to 
bidirectional control Wires to control movement, in one 
direction or another at a distal end or section, also comprises 
a control Wire or Wires for varying the radius of a formed 
loop or over a portion of a formed loop (variable radius 
control Wire(s)). In practice, the invention advantageously 
alloWs the user to form desired three dimensional structures, 
such as a spiral structure, With a distal section of a catheter. 
This spiral structure can be used to access a number of tissue 
areas and anatomical features With improved control and 
accuracy compared to earlier devices and methods. In one 
preferred aspect, the spiral structure can be used to access 
the interior form of one or more pulmonary veins, such as 
during a pulmonary vein isolation (PVI) procedure. Thus, 
the invention speci?cally alloWs the formation of a three 
dimensional spiral structure With a section of a medical 
device, particularly a catheter and even more particularly a 
catheter used in PVI mapping or ablation procedures. 

[0036] With respect to intracardial, pulmonary vein and 
PVI procedures in general, the invention alloWs a single 
distal loop to form variable siZes in order to avoid the 
problem of using tWo or more catheters to reach desired 
anatomical features or electrophysiological elements in a 
patient because the loop can be moved left or right Without 
changing the shape of the loop, and the siZe of the loop can 
also be changed Without moving the loop left to right. The 
operator has increased control over the location of the loop. 
Thus, in one aspect, tWo independent types of motion are 
alloWed by the use of a separate the left/right movement 
from movement controlling the shape or siZe of the loop 
movement, and the mechanisms controlling these tWo types 
of movement can be separated into tWo separate compres 
sion coils. For example, a ?rst compression coil can be in the 
inside diameter of the polymer shaft of the catheter, and 
extend from the proximal end of the shaft to the distal end 
of the straight portion of the shaft. The tWo bidirectional 
control Wires can be housed inside this ?rst compression 
coil. Also housed inside the ?rst compression coil is a 
second compression coil. The ?rst and second compression 
coils need not be connected at any point of the shaft and 
alloW independent movement of the control Wires housed in 
them. Thus, the variable radius control Wire can be housed 
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in the lumen of the second compression coil. The second 
compression coil can run from the proximal end of the 
catheter to the tip electrode, or can run from a point on the 
?rst compression coil to a point inside the loop. In the past, 
multiple loops or distal structures may have been required 
during certain procedures because of individual variations in 
anatomy or siZe. 

[0037] In another general aspect, the catheter comprises a 
compression coil, a pull ring assembly, a reinforced member 
of metallic, composite, or polymeric ?lament, and a ?exible 
outer layer, preferably of one or more biocompatible poly 
mers. 

[0038] A number of polymers have been suggested for use 
in medical device and catheter applications, including: poly 
ethylene; polyetherimide; polypropylene; polyetheretherke 
tone (PEEK); polytetra?uoroethylene (PTFE) or Te?on 
(DuPont, Wilmington, Del.); Ultra High Molecular Weight 
(UHMW) polyethylene; high density polyethylene (HDPE); 
polyimide; polyaryletherketones; polyetheretherketones; 
polyurethane; polypropylene; oriented polypropylene; poly 
ethylene; crystallized polyethylene terephthalate; polyethyl 
ene terephthalate; polyester; polyoxymethylene or Delrin 
(DuPont, Wilmington, Del.); polyamide-imide (PAI) or 
TORLON (Solvay Advance Polymers, Alpharetta, Ga.); 
polyoxymethylene (POM), acetal resin, or Delrin (DuPont, 
Wilmington, Del.); and polyvinylidene ?uoride or Kynar 
(Atochem Corporation). One of skill in the art is familiar 
With selecting the appropriate polymer or polymer combi 
nations to achieve the ?exibility and lubricity properties 
desired. In some examples, ?exible elostomers, such as 
polyether block amideiPEBA, such as Pebax®, a regis 
tered trademark of Ato?na Chemicals, are a preferred poly 
mer for use in the invention and methods especially for the 
external coating of the catheters, and especially in varying 
hardness according to the Durometer D or Shore D scale, 
knoWn in the art. 

[0039] In one embodiment, the invention comprises a 
de?ectable shaft and a de?ectable loop-forming distal sec 
tion. The de?ectable loop can comprise, consist, or consist 
essentially of an outer polymeric layer made of a 72 Durom 
eter Pebax segment proximally and 40 Durometer Pebax 
segment distally. Any of the biocompatible Pebax polymers 
can be selected for use, but those With a hardness of 72 D, 
55 D, and 40 D, are preferred. The loop section can also 
comprise polymers of varying hardness along its length, as 
depicted in the draWings. By varying the hardness along the 
lengths of the distal end or distal loop section, both the force 
required to manipulate through the actuators and the geo 
metric structures the distal end section can eventually form 
can be controlled. The distal loop section can also comprise 
one or more electrodes or sensing electrodes along its length 
at desired points or intervals. The distal loop section can also 
comprise a shape Wire composed of a shaped memory alloy, 
preferably NITINOL (an acronym for NIckel TItanium 
Naval Ordnance Laboratory). Other alloys or shaped 
memory alloys can be selected. In a preferred embodiment 
Where a shaped Wire is used, the shaped Wire can be joined 
to a control Wire or operably linked to a control Wire, 
especially a ?attened control Wire or a ?attened section of a 
control Wire. The shaped Wire, ?attened control Wire, and 
especially the combination of the ?attened control Wire and 
shaped Wire enhance the control of the loop or curved form 
produced at the distal section. In another preferred embodi 
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ment, a PTFE or high lubricity polymer tubing or layer can 
surround the control Wires, and/or the control Wires and 
shaped Wires. In another preferred embodiment, an FEP 
polymer tubing or layer can be used, and/or a polyimide 
polymer tubing or layer can be used. One of more layers of 
the polymers of tubing used can have desired imaging 
characteristics, so that the position, orientation, and the form 
of the distal loop section can be more easily visualiZed by 
one or more imaging techniques knoWn or available in the 
art. 

[0040] In a preferred aspect of any of the various embodi 
ments disclosed, a distal end tip electrode is used. One of 
skill in the art is familiar With the selection of various 
electrodes for use in catheters, including, Without limitation, 
sensing electrodes, ablation electrodes, RF delivery elec 
trodes, ultrasound energy delivery probes, and others. 

[0041] In another preferred aspect, at least one and pref 
erably multiple sensing electrodes are mounted on the 
external polymer coating or tubing of the distal loop section. 
Each of the electrodes can be separately connected to a 
control and/or monitoring device, or multiple electrodes can 
be connected in series. The electrodes can be attached to the 
external surface by piercing holes, adhesive bonding, and 
subsequent stringing lead Wires through the interior of the 
catheter shaft. 

[0042] In any embodiment, including those Where sensing 
electrodes are mounted on the external surface of the distal 
loop section, the invention optionally comprises a distal loop 
section having a pre-made form Within the assembly, in 
order to direct the loop structure of form into a desired curve, 
loop, multiple loop, or curvilinear shape. As referred to 
herein, the term “loop” can be a simple curve, a multiple 
curve form, a compound curve form, a curvilinear form, an 
entire circle, a substantial part of an entire circle, or more 
than an entire circle. The draWings depict exemplary “loop” 
forms that can be produced during different aspects of the 
use of the catheters of the invention, but the draWings should 
not be taken as a limitation on the forms possible under this 
invention. 

[0043] The tip electrode pull Wire assembly is then 
inserted into the polymeric member from the distal end and 
inserted until the proximal end of the tip electrode is butted 
up to the polymer member. 

[0044] Referring noW brie?y to the draWings, FIG. 1A 
depicts a distal loop assembly or distal loop section of a 
catheter, comprising a section (2) Where a coil (5) and 
rounded control Wire are positioned Within the catheter, and 
a distal tip electrode (1) section consistent With the inven 
tion. As shoWn, a tip electrode is controlled by at least one 
control Wire With a ?attened distal end (3) connected to the 
tip electrode, the same control Wire transitioning to a round 
section at a desired point (4). A shape Wire (6), preferably 
made of Nitinol, can be used in conjunction With the 
?attened control Wire section, and the ?attened control Wire 
(3) and shape Wire (6) can be connected throughout the 
length of the shape Wire for better control of the loop 
structure desired during use. A compression coil (5) can be 
used to cover the control Wire and shape Wire to alloW better 
movement during use. Polymer tubes or sheaths (8), pref 
erably FEP (polymer of tetra?uoroethylene and hexa?oro 
propylene) and polyimide polymers, can surround the con 
trol Wire and the outer covering of the assembly. In this 
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design, a distal end of the compression coil surrounding the 
control Wire ends at a desired point (10) in the loop of FIG. 
1B and is bonded to the shaft of Pebax at about 72 durom 
eter. In this design, the electrode tip has a recessed distal 
section to alloW a multiple sensor or electrode ring assembly 
(FIG. 1B) to ?t over the length and terminate at the recessed 
section of the tip to produce a smooth end. 

[0045] FIG. 1B depicts a multiple electrode or sensor ring 
assembly for use over the design of FIG. 1A. Differing 
polymer compositions can be used over the length of the 
assembly can be used, for example to control the de?ection 
or loop characteristics over particular sections of the cath 
eter. The design shoWn in FIG. 1B includes nine ring 
electrodes (7) or sensors over its length, and combined With 
the tip electrode there is a total of ten electrodes. Other 
numbers of ring electrodes or sensors can also be selected, 
for example nineteen ring electrodes With one tip electrode. 

[0046] FIG. 2 depicts a cross sectional vieW of an exem 
plary combination of the inner control Wire assembly of FIG. 
1A and the ring electrode assembly of FIG. 1B. The differing 
hardness in the ring electrode assembly is indicated by the 
regions (72) of 72 durometer hardness, regions (40) of 40 
durometer hardness, and regions (55) of 55 durometer 
hardness. In this vieW, tWo control Wires (20) (pull Wire) are 
shoWn at 180 degrees around the radius from each other. The 
control Wires need not be at 180 degrees or at equivalent 
distances from the center. A braided Wire (21) area for 
maintaining the shape of the catheter is shoWn (braid) and a 
compression coil (22) area (coil) over a second area of the 
length. In this cross section, the tWo control Wires (20) (pull 
Wires) of the distal section are separated at a distance from 
the center of the shaft and are both directed to the center of 
the shaft at a more proximal region (14). 

[0047] FIG. 3 is a vieW of the pull ring section as shoWn 
in FIG. 2. Each of tWo pull rings (23) are connected to 
control Wires (20) (pull Wires) by Weld joints (24), such as 
laser Weld joints. The area shoWn here is about 1.5 inches in 
length (L) and the area of ?attened control Wires encom 
passes this section, and can transition to a round control Wire 
(25) after 1.5 inches. 

[0048] FIG. 4 depicts exemplary bidirectional de?ects 
possible With opposing bidirectional control Wires. 

[0049] FIG. 5 depicts the various de?ection forms possible 
using bidirectional control Wires and, for example, varying 
the hardness of the catheter and/or varying the position of 
the pull rings. On the left, the control Wire is attached near 
the distal end and the hardness is essentially uniform. On the 
right, the pull ring is positioned aWay from the most distal 
end, causing the curve to form at the point of the pull ring. 

[0050] FIG. 6 depicts a multiple curve form possible by 
engaging tWo bidirectional control Wires, each With a dif 
ferent pull ring point along the length. 

[0051] FIG. 7A depicts a catheter design during its prepa 
ration by an exemplary method. An interior mandrel (3 0) is 
used to maintain desired diameters. An exterior braid (21) 
maintains the structure of the exterior. A PTFE inner lining 
(31) can surround each control Wire (20). Pebax polymers or 
compositions of varying hardness are shoWn at various 
sections of the exterior length (72) (40) (55) (72). A ther 
mosetting polymer or heat shrink polymer composition (not 
shoWn) can be placed over this design With mandrel interior 
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to compress the combined assembly into a desired diameter, 
then the heat shrink polymer and mandrel removed to 
produce the ?nal catheter. 

[0052] FIG. 7B depicts a similar cross sectional vieW as in 
FIG. 7A, shoWing the sections of the shaft length and the 
differing polymers With differing hardness properties. 

[0053] FIGS. 8A and 8B depict alternative embodiments 
and layers of the cross sectional vieWs Where the ?attened 
pull Wires (50) and an optional shape Wire can be located. 
FIG. 8A is a radial cross section vieW of the distal area of an 
exemplary embodiment shoWing the section Where tWo 
?attened bidirectional control Wires (50) are positioned 180 
degrees from each other around the radius and surrounded 
by PTFE tubing (31) Within the layers of the catheter. The 
different layers are shoWn, including braid Wire (26) or 
reinforcing or support layer, and optional polymer layer 
(21), such as a shrink tube or PTFE. FIG. 8B depicts an 
alternative embodiment, as shoWn in FIG. 2, Where pull 
Wires (50) are positioned in the interior of the catheter, and 
inside support or braid Wire (26) layer and interior polymer 
layer (27), such as PTFE. In FIG. 8B, polymer layer (31) 
surrounding pull Wires (50) can also be linked or bonded to 
the interior layer (27) to ?x the position of the pull Wires, 
here at 180 degrees apart, but other positions are possible. 

[0054] FIG. 9 shoWs a different radial section vieW at a 
point Where the control Wires (51) are round rather than 
?attened. The differing thickness of the braid (52) and 
compression coil (53) can be selected over the length of the 
catheter or regions of the catheter. As depicted in these 
?gures, different layers, including braids, compression coils, 
polymers, shrink tubes, and other layers, can be used at 
different levels Within the catheter and at different combi 
nations Within the length of the catheter depending on the 
desired characteristics of the loop, for example. Further 
more, as noted above and shoWn, the position of the pull 
Wire(s) and shape Wire(s) used can be changed according to 
design options or manufacturing considerations. 

[0055] FIG. 10 shoWs a close-up of half of the distal 
section of the assembly shoWn in FIG. 7A. 

[0056] FIG. 11 shoWs an exemplary desired loop formed 
at a particular de?ection point, here a curved form. 

[0057] FIGS. 12A-12F shoW exemplary one or tWo pull 
ring (23) designs. Control or pull Wires (20) can be Welded 
(24) to the interior surface of a pull ring (23), or other 
surfaces including outside surface and edges of the rings. In 
FIG. 12C, multiple pull rings are connected to multiple 
control or pull Wires. 

[0058] FIG. 13A depicts a loop form as in FIG. 1A. By 
engaging one or more bidirectional control Wires or control 
Wires, the shaft can be de?ected Without changing the radius 
or shape of the loop form. FIG. 13B depicts the effect of the 
variable radius control Wire on a pre-formed loop structure 
as in FIG. 13A. The pre-formed loop essentially extends 
outWard into a spiral form. 

[0059] FIGS. 14A and B depict an exemplary embodiment 
of the distal end section With multiple electrodes (7) on the 
surface and a tip electrode (1). In FIG. 14B, the variable 
radius control Wire is used to cause the loop to tighten or 
form a spiral With additional rotation of the tip and a smaller 
radius compared to the loop in FIG. 14A. 
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[0060] The embodiments exempli?ed in the drawings Will 
noW be discussed in detail as some of the many examples 
possible under the invention. As shown in part of the 
invention detailed in FIG. 1A, a distal loop assembly With a 
preferred ?attened control Wire (3), or Wires, is used. A 
?attened control Wire (3) along With a shape Wire (6) can 
attach to the tip electrode (1), for example using a crimping 
method or other suitable method knoWn in the art, such as 
adhesive bonding, friction ?tting, chemical bonding, thermal 
bonding, Welding (e.g., resistance, Rf, or laser Welding), 
soldering, braZing, or any combination of these methods. In 
one design, a control Wire can also attach to a portion of the 
distal loop assembly that is proximal to the tip. The control 
Wire has a rectangular (?at) pro?le feature for a length of 
approximately 1.5 inches from the distal end. The control 
Wire can transition to a round feature after 1.5 inches, as 
exempli?ed in FIG. 1A. The selection of the point at Which 
a ?attened control Wire transitions to a round control Wire 
can depend on the ?nal form of a loop desired, its siZe, and 
the siZe, geometry, or length of a three-dimensional “loop” 
form desired. The use of a ?attened control Wire section can 
enhance the loop formation characteristics of the distal loop 
section by preventing unintended torsion build-up or release 
effects, such as imprecise curving, resistance to curving, or 
Whipping of the curve or loop form during actuation of the 
control Wires from the handle at the proximal end of the 
catheter. In the embodiments shoWn in FIGS. 1A, 1B, 7A, 
8A, 8B, and 9, various polymer layers or polymer tubing can 
be selected for use in covering control Wires and shape 
Wires. Preferred polymers include PTFE, FEP or a polyim 
ide. For the particular design of FIG. 1A, a bilayer FEP and 
polyimide tube is used to cover all of part of the shape Wire 
and control Wire. A compression coil is then slid from the 
proximal end of the control Wire to the FEP/Polyimide tube. 
The compression coil and control Wire are held together by 
either a heat shrink tube (PET or PTFE) or appropriate bond 
adhesive, or re?oW of a polymeric tubing, e.g., Pebax. The 
compression coil is ideally positioned just proximal to the 
area in Which loop or curve or compound curves are formed. 

[0061] The inner or interior layer at the distal end can be 
constructed of polymeric material such as Polytetra?uoro 
ethylene (PTFE), polyester, polyethylene, and similar bio 
compatible, ?exible polymers and blends of the same. The 
preferred polymer material is PTFE, Which provides a loW 
coe?icient of friction and high lubricity. Thermal or 
mechanical bonding can be used to attach the de?ectable 
loop of FIG. 1A inside the string electrode assembly of FIG. 
1B. 

[0062] In methods to produce the catheters and catheter 
assemblies of the invention, the PTFE inner layer can be 
mounted on a mandrel With rectangular grooves running 
along the length of the mandrel and about 180 degrees apart, 
When the pull Wires are desired at 180 degree separation. 
HoWever, other con?gurations of the pull Wires can be used. 
FIG. 7A shoWs an example of a mandrel (30) positioned 
inside the assembly during manufacture. Proximal to the 
PTFE inner layer is a compression coil, or at least one 
compression coil. The compression coil can be covered With 
heat shrink tube, preferably Polyester (PET), for structural 
integrity. A braided reinforcing coil or member can be 
positioned near the external radius of the assembly and can 
be constructed of a metallic material, such as stainless steel, 
or a polymeric or composite ?ber or strand. Exemplary 
polymeric ?bers or strands knoWn in the art include poly 
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ester, Kevlar, Vectran, and each or a combination of them 
can be used as either mono?lament or multi?lament. One of 
skill in the art can select any available material for producing 
an appropriate braided or reinforcing member or coil to add 
radial stability to the assembly, and/or to prevent crimping 
or socking of the external layers of the catheter during use. 
The reinforcing member, braid or coil, can be round or ?at 
and/or braided at different pitches and patterns, and gener 
ally extends from the proximal end to the distal end of the 
catheter. The particular design in FIGS. 7A, 8A, 8B, 9, and 
10 can use a stainless steel Wire about 0.0025 inches in 
diameter, but other siZes can be selected and used. 

[0063] As noted above, the outer layer is constructed of 
polymeric material, and can be similar to the inner layer or 
any combination of biocompatible polymeric compositions. 
Polymeric material used for this external or outer layer can 
preferably be one or more of the Pebax polymers available, 
but polyethylene, polyurethane, polyester, and blends can 
also be selected. Pebax is used for the particular design 
shoWn in FIG. 7A, for example, and different hardness 
Pebax polymers can be used at desired lengths along the 
catheter, as shoWn. In one aspect of making the catheters of 
the invention, the ?nal assembly is covered With a FEP 
shrink tube and re?oWed (melt) at a predetermined tempera 
ture and time. The FEP shrink tube is then removed after 
re?oW. 

[0064] As shoWn in, for example, FIGS. 12A-F, the con 
trol of the de?ection and loop forms possible in the distal 
section or assembly of the catheter during use is accom 
plished in part by one or more control Wires. As noted above, 
a preferred control Wire Will have both a ?attened or 
rectangular pro?le section and a round section, hoWever, 
control Wires of a variety of shapes and siZes can be selected 
for use. The preferred siZe of the control Wire or Wires ranges 
from about 0.005 to about 0.020 inches in diameter. In FIGS. 
12A-F control Wire attachment to one or more pull rings is 
detailed in various embodiments. Methods of attaching the 
Wires to the pull rings are knoWn in the art and include 
adhesives, braZing, and Welding. A preferred attachment 
method is laser Welding at the interior surface of the pull 
ring, and ?attened section of control Wires can preferably be 
laser Welded to a pull ring. In use, the de?ectable distal 
section or distal loop section can be articulated by pulling 
one or more control Wires usually at an actuator in the handle 
section of the most proximal end of the catheter. Pulling the 
control Wire or engaging the control Wire by the actuator Will 
cause the distal loop to de?ect in a curve, as shoWn, for 
example, in FIG. 4, 5, or 11. Engaging or pulling each of tWo 
bidirectional control Wires With different connection points 
along the distal loop section can cause the entire distal loop 
section to de?ect in a left to right motion. With the teachings 
of this disclosure and the knoWledge available, one of skill 
in the art can produce a large variety of loop or curve forms 
for the distal section of a catheter, and the invention is not 
limited to any particular loop or curve form. 

[0065] For example, to accomplish various curve forms or 
geometries and multiple de?ections, a system of pull Wires 
and pull ring combinations can be devised. As shoWn in FIG. 
3, the control Wires can be attached to tWo rings one-half of 
an inch apart by means of laser Welding, braZing, or other 
suitable methods knoWn in the art. As shoWn in FIGS. 8A 
and 8B and 9, an embodiment With tWo control Wires has a 
preferred con?guration With the control Wires positioned 
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180 degrees apart. The following are a feW combinations of 
control Wire and pull ring options available, but should not 
be taken as a limitation to the scope of forms possible. 

[0066] To achieve unidirectional or bidirectional loop 
actuation, one ring can be attached to the pull Wires. This 
Will articulate in one or both directions With symmetrical 
curve pro?le (FIG. 4). 

[0067] To achieve bidirectionality and asymmetry, tWo 
pull Wires can be attached to tWo pull rings that are Welded 
at different predetermined positions. Actuating one pull Wire 
Will achieve one curve pro?le While articulating the opposite 
pull Wire Will achieve a different curve pro?le (FIG. 5). 

[0068] To achieve bidirectionality in different plane and 
curve pro?les, four (4) pull Wires are attached to tWo pull 
rings at a predetermined location (FIG. 6). 

[0069] In another aspect of the invention, the use of 
multiple compression coils to isolate the movement or 
displacement of the various control Wires can be incorpo 
rated into the design of the catheters of the invention. For 
example, in a preferred embodiment, a compression coil 
housing the variable radius control Wire is separate from 
another compression coil housing the bidirectional control 
Wire or Wires. In a more particular embodiment, the proxi 
mal ends of both of these compression coils ends at the 
handle, at the proximal end, and can be joined by conven 
tional techniques to the handle or its housing, such as 
adhesive bonding or UV bonding, either separately or 
together. The distal ends of the compression coils can end at 
different points along the catheter. A ?rst compression coil 
can overlap a second, for example. The second compression 
coil can reside, to the extent it overlaps With the ?rst, in the 
lumen of the ?rst compression coil. The second compression 
coil can extend into the distal loop section, While the ?rst 
compression coil ends proximal to that point. 

[0070] In another preferred embodiment, the proximal end 
of the second compression coil bonds to the ?rst compres 
sion coil, but thereafter proceed independently to the distal 
loop section. 

[0071] A ?rst compression coil can extend from the handle 
to a point in FIG. 7A Q(). A second compression coil can 
extend from the handle to the point (A) labeled in FIG. 1A, 
Where it is bonded to 72 D hardness polymer. When the 
distal tip section is prepared as a 6F siZe catheter, and the 
shaft section represented in FIG. 7A or B is prepared as a 7F 
siZe, the distal end section can be ?tted inside the shaft 
section. Then, the tWo sections can be bonded together to 
form an effective connection Where the action of the variable 
radius control Wire, Which traverses the length of the cath 
eter and can optionally be used as the tip electrode lead, 
causes contraction or expansion only distal to end of the 
second compression coil. In other embodiments, the place 
ment of the ends of the compression coils used to house the 
different Wires can advantageously provide design options 
for producing geometric forms in the distal end section. As 
noted above, tubing, such as high lubricity or PTFE tubing, 
can be used to encase the control Wires, or any combination 
of control Wires, to improve the displacement or engagement 
of the Wires. The PTFE tubing can also be used as the inner 
most layer of the catheter, over the length or in speci?c 
regions. 
[0072] The use of the catheter to form a three dimensional, 
variable radius and/ or three dimensional or spiral form from 
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any of the curve or loops forms noted here or possible With 
one or more control Wires can be achieved, in one aspect, by 
providing a variable radius control Wire. The variable radius 
control Wire in essence exerts a force, such as pushing or 
pulling force, on one or more desired points on the distal 
section. In one alternative, the variable radius control Wire 
exerts a pushing force from one proximal connection point 
on the distal section to a second distal connection point. 
Alternatively, the variable radius control Wire exerts a push 
ing force simply at the distal end or one connection point at 
or near the distal end of the catheter and/ or at the distal tip. 
Since the distal end has been locked into a curve or loop 
form by engaging the one or more control Wires (such as 
engaging one or both of tWo bidirectional control Wires), the 
pushing force causes the curve or loop to extend in another 
plane or dimension to essentially form a spiral or a form With 
spiral attributes. As used herein, the three dimensional spiral 
form or more generally “spiral form” refers to the result of 
the pushing force on a distal section of a pre-formed loop 
form of the distal section of a catheter. While a spiral 
generated from exerting a distal end section (or distal end) 
pushing force is preferably formed from a loop form as 
shoWn in FIG. 1A, for example, other starting curve or loop 
forms can be used. Where a loop as in FIG. 1A is the 
pre-formed loop, one of skill in the art can see the advan 
tages of extending the loop into a third dimension, Wherein 
the effective radius of the external surface of the distal 
section is smallest at the distal tip and larger as one moves 
proximal along the length. 
[0073] The images of FIG. 14 depict alternative embodi 
ments Where the variable radius control Wire can be used to 
tighten or modify a pre-formed curl, curve, or loop. As 
shoWn in FIG. 14A, an initial loop of approximately 360 
degrees can be formed at the distal end of the catheter. 
Engaging the variable radius control Wire through the proxi 
mal end handle or actuator essentially reduces the radius of 
the form and produces a spiral having an overlap for an 
additional 300 degrees rotation (FIG. 14B). In this embodi 
ment, the variable radius control Wire can exert a pulling 
force on the distal end to produce a tighter spiral form 
capable of entering or contacting additional anatomical 
areas. In an exemplary use, the catheter is inserted into the 
patient in a manner knoWn in the art. An operator manipu 
lates one or more actuators on a handle, Which causes one or 

both of the bidirectional control Wires to be displaced and 
the distal end de?ects toWard a desired anatomical area. The 
operator can de?ect the distal end in a variety of manners 
depending on hoW the actuators are designed and the shapes 
desired. The displacement or engagement of one or more 
bidirectional control Wires can then cause the distal end to 
form essentially any curvilinear shape, such as a loop, a 
spiral, or an ‘s’ shape. As noted above, the distal end may be 
designed to form a desired shape using shape Wires and/or 
variable hardness polymer compositions along its length. 
During engagement or after engagement to form any curvi 
linear shape, including a curve, loop, spiral, or an ‘s’ shape, 
the engagement or displacement of one or more variable 
radius control Wires can bring about an expansion or con 
traction of the curvilinear shape. 

[0074] In FIG. 14B the loop is contracted into a smaller 
radius or a tighter spiral. Thus, in one aspect, ?rst and second 
bidirectional control Wires can cause a de?ection in a ?rst 
plane, and the one or more variable radius control Wires can 
cause a de?ection in a second plane, such as a plane 






