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Description
BACKGROUND OF THE INVENTION
a. Field of the Invention

[0001] The present invention relates to ultrasound
catheters and sheaths and methods of using ultrasound
catheters and sheaths. More particularly, the present in-
vention relates to a control handle for steerable sheaths,
methods of manufacturing and using such a handle, an
ultrasound catheter for use with the steerable sheath,
and methods of using the combination of the ultrasound
catheter and sheath.

b. Background Art

[0002] US 6,554,794 B1 discloses a non-deforming
deflectable multi-lumen catheter. US 5,364,351 A1 dis-
closes a catheter steering mechanism. WO 97/33526 A2
discloses a method and an apparatus for R-F ablation.
[0003] Catheters (i.e. catheters or sheaths) that have
flexible tubular bodies with deflectable distal ends and
control handles for controlling distal end deflection are
used for many invasive medical procedures. For exam-
ple, catheters having conductive electrodes along the
distal ends of their bodies are commonly used for intra-
cardiac electrophysiology studies. The distal end of a
catheter body is typically placed into a patient’s heart to
monitor and/or record the intra-cardiac electrical signals
during electrophysiology studies or during intra-cardiac
mapping. The orientation or configuration of the distal
end is controlled via an actuator located on the catheter’s
control handle, which remains outside the patient’s body.
The electrodes conduct cardiac electrical signals to ap-
propriate monitoring and recording devices that are op-
eratively connected at the control handle.

[0004] Typically,acatheterbodyis cylindrical and elec-
trically non-conductive. The catheter body includes a
flexible tube constructed from polyurethane, nylon or oth-
er electrically non-conductive flexible material. The cath-
eter body further includes braided steel wires or other
non-metallic fibers in its wall as reinforcing elements.
Each electrode has a relatively fine electrically conduc-
tive wire attached thereto and extending through the
catheter body. The conductive wire extends from the dis-
tal end to a proximal end where electrical connectors
such as plugs or jacks are provided to be plugged into a
corresponding socket provided in a recording or moni-
toring device.

[0005] The distal portion of the catheter body is selec-
tively deformed into a variety of curved configurations
using the actuator on the control handle. The actuator is
commonly internally linked to the distal portion of the
catheter body by at least one deflection wire. Some cath-
eter bodies employ a single deflection wire, which is
pulled (i.e. placed in tension) by the actuator in order to
cause the distal portion of the catheter body to deform.
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Other catheter bodies have at least two deflection wires,
where the displacement of one wire (i.e., placing one wire
in tension) results in the other wire going slack (i.e., the
wire does not carry a compressive load). In such cathe-
ters, where the deflection wires are not adapted to carry
compressive loads (i.e., the deflection wires are only
meant to be placed in tension), the deflection wires are
commonly called pull or tension wires.

[0006] Prior art control handles are often inadequate
with respect to their ability to provide the finely controlled
deflection adjustment for the distal end of the catheter
body necessary to target a particular anatomy with an
ultrasound catheter. The prior art control handles often
provide inadequate deflection wire travel for a desired
viewing angle or orientation. The control handles often
have a mechanical advantage that is less than desirable
and, as a result, require significant effort to operate on
the part of a user. Moreover, it is desirable that the phy-
sician be able to setthe ultrasound catheter at a particular
viewing angle and have it stay set. However, with prior
art catheters the control handles typically require the phy-
sician to take a conscious step to maintain the catheter
at the desired deflection.

[0007] Onetypeofinstrumentcatheterisan ultrasound
visualization catheter, such as an intracardiac echocar-
diography (ICE) catheter, which includes ultrasound el-
ements or arrays on the distal end of the catheter. The
ultrasound elements are useful for visualizing particular
portions of the cardiac anatomy under study. The typical
ultrasound catheter aims a two dimensional beam or fan
at a portion of the anatomy and provides the clinician with
a visual of the anatomy under study. Because the fan
may be both narrow and small, and of limited range, pre-
cise adjustments are often necessary in order to suc-
cessfully view particular anatomy. Thus, the ability to ad-
just the orientation or direction of an ultrasound fan pre-
cisely, with minimal or no deformation of the catheter, is
important in using an ultrasound catheter. Providing a
handle with fine motor control and a desirable mechanical
advantage also has specific utility for an ultrasound cath-
eter. In particular, there is a need in the art for a catheter
system that offers improved operation and deflection ad-
justment of the distal end of the ultrasound catheter body.
There is also a need in the art for a method of manufac-
turing and using such a catheter system.

BRIEF SUMMARY

[0008] A catheter system may include a fixed dimen-
sional and bi-directional steerable catheter control han-
dle having an apparatus for imparting a tensile force to
deflect a distal portion of a catheter while maintaining its
exterior dimensions. The apparatus may include a handle
grip including generally oval or circular cross-sections of
generally predetermined exterior dimensions, and a lon-
gitudinal axis. A flexible member may include proximal
and distal end portions, with the proximal end portion
being coupled to the handle grip. An actuator may include
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a generally circular cross-section of generally predeter-
mined exterior dimensions, and may be rotatably coupled
to the handle grip around the longitudinal axis of the han-
dle grip. One or more deflection wires may be operably
coupled to the actuator and to the distal end portion of
the flexible member such that rotation of the actuator
imparts a tensile force to the deflection wires thereby
causing the distal end portion of the flexible member to
deflect from a prior configuration while maintaining the
generally predetermined exterior dimensions of the han-
dle grip and the actuator.

[0009] For the system described above, in an embod-
iment, the system may include means for simultaneously
imparting a tensile force to the first deflection wire and
releasing a tensile force on the additional deflection wire.
The actuator may include an interior surface forming an
aperture generally orthogonally oriented with respect to
the longitudinal axis of the handle grip, with the interior
surface including one or more sets of threaded grooves
which cooperate with the means. The means may include
a pair of generally axially displaceable members dis-
posed within the handle grip, and rotation of the actuator
may impart opposing forces to the axially displaceable
members.

[0010] For the apparatus described above, in an em-
bodiment, the flexible body may include one or more lon-
gitudinal lumens. In an embodiment, the apparatus may
include one or more electrodes coupled to the flexible
body. The flexible body, in an embodiment, may include
a biocompatible electrically insulative material. The elec-
trically insulative material may be a flexible material. Al-
ternatively, the electrically insulative material may in-
clude a polyurethane material or a nylon material. The
apparatus, in an embodiment, may include one or more
reinforcing elements disposed within a portion of the flex-
ible member. The reinforcing element may include braid-
ed members, which may include a conductive material.
[0011] For the apparatus described above, in an em-
bodiment, the flexible body may include a segment of a
braided metallic wire and/or a non-metallic fiber. The ap-
paratus, in an embodiment, may include a hemostasis
valve coupled to the handle grip. In an embodiment, an
exterior surface of the actuator may include a generally
longitudinal groove and/or a generally longitudinal pro-
tuberance.

[0012] One embodiment comprises an ultrasound
catheter

system including a sheath or guiding catheter having a
flexible body with a lumen running completely through it.
The flexible body having a distal end connected to one
or more deflection wires and a proximal end portion cou-
pled to a handle. The handle comprising a actuator, a
second actuator and a handle grip with a lumen running
completely through the handle that, combined with the
lumen of the guiding catheter, creates a continuous lu-
men from the guiding catheter’s distal end to the proximal
end of the handle. In some embodiments the actuators
are adjustment knobs capable of pivoting about the lon-
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gitudinal axis of the handle. The handle also contains a
plurality of slides attached to the deflection wires of the
guiding catheter. The slides being disposed such that
rotation of the first actuator causes the deflection mem-
bers to displace axially within the handle grip placing at
least one deflection wire in tension thereby deflecting the
distal end of the guiding catheter. The handle also con-
tains a rotation assembly operably connected to the sec-
ond actuator.

[0013] Aninstrumentcatheterhaving an elongate body
with a instrument element attached to its distal end, such
as an ICE catheter, can be disposed within the continu-
ous lumen such that the instrument element extends be-
yond the distal end of the guiding catheter and the prox-
imal portion of the elongate body is attached to the rota-
tion assembly. In one embodiment, the instrument ele-
ment can be an ultrasound element, such as a linear
phased array. In another embodiment, the instrument el-
ement can be a therapeutic instrument, such as an ab-
lation element. The instrument catheter can be a diag-
nostic catheter, such as an ultrasound catheter, or a ther-
apeutic catheter, such as an ablation catheter.

[0014] Rotation of the second actuator about the lon-
gitudinal axis causes the rotation assembly to rotate the
instrument catheter about the longitudinal axis. In an em-
bodiment, the rotation assembly rotates the instrument
catheter through the same angular displacement as the
second actuator is rotated. In another embodiment, the
rotation assembly rotates the instrument catheter in the
same direction about the longitudinal axis as the second
actuator is rotated. In yet another embodiment, the rota-
tion assembly includes a drive gear operably connected
to the second actuator, one or more ratio gears that trans-
mit torque received by the drive gear from the second
actuator to a positioning gear. The positioning gear being
coupled to the proximal end portion of the instrument
catheter, thereby causing the instrument catheter to ro-
tate with the positioning gear. In another embodiment,
the rotation assembly may contain a tube attached to the
positioning gear that passes through the rotation assem-
bly as part of the continuous lumen. In such an embod-
iment, a instrument catheter may be attached to the inner
surface of the tube to cause it to rotate with the tube in
response to the rotation of the second actuator.

[0015] Inone embodiment, the distal end portion of the
instrument catheter contains one or more location sen-
sors, such as electrodes or magnetic coils to aid in the
location and orientation of the distal end portion. In an-
other embodiment, the location sensors may be operably
connected to an electroanatomical mapping system.
[0016] In another embodiment, the handle caninclude
an irrigation lumen coupled to the proximal end of the
guiding catheter that maintains a fluid relationship with
the lumen of the guiding catheter.

[0017] The foregoing and other aspects, features, de-
tails, utilities, and advantages of the present invention
will be apparent from reading the following description
and claims, and from reviewing the accompanying draw-
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ings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1is anisometric view of one embodiment, which
is a control handle for a catheter or sheath.

FIG. 2 is an isometric view of the handle exploded
to show its various components.

FIG. 3is alongitudinal sectional elevation of the han-
dle taken along section line AA of FIG. 1.

FIG. 4 is an isometric view of the right and left slides
with their respective deflection wires attached.

FIG. 5 is a side elevation of an exemplary slide illus-
trating a means of securing a deflection wire to the
proximal end of the slide.

FIG. 6 is a longitudinal sectional elevation of the ad-
justing knob taken along section line AA of FIG. 1.
FIG. 7 is a plan view of another embodiment of the
handle.

FIG. 8 is a side elevation of the handle depicted in
FIG. 7.

FIG. 9 is an isometric view of the distal end of the
handle depicted in FIG. 7.

FIG. 10 is a longitudinal sectional plan view of the
handle taken along section line BB or FIG. 9.

FIG. 11 is a longitudinal sectional plan view of the
knob taken along section line BB in FIG. 9.

FIG. 12 is a right side view of the slides displaced
about the wire guide.

FIG. 13 is a left side isometric view of the slides dis-
placed about the wire guide.

FIG. 14 is a longitudinal sectional elevation of the
handle grip taken along section line CC in FIG. 7.
FIG. 15 is a latitudinal sectional elevation of the han-
dle grip taken along section line DD in FIG. 8.

FIG. 16 is an isometric view of the distal end of a
control handle for a catheter wherein the handle has
a through lumen.

FIG. 17 is an isometric view of the slides, the wire
guide, the wire tubing, and the lumen illustrating the
path the lumen takes through the handle.

FIG. 18 is an elevation view of the extreme proximal
end surfaces of the slides as viewed from arrow A
in FIG. 17 and illustrating the path the lumen and
wire tubing take into the passage formed by the chan-
nels of the slides.

FIG. 19 is an isometric view of the lumen, deflection
wires, and electrical wires of the tube exiting the cath-
eter body-retaining nut on the distal end of the han-
dle.

FIG. 20 is an isometric view of another embodiment
of the handle exploded to show its various compo-
nents.

FIG. 21 is a longitudinal sectional elevation taken
along section line ZZ in FIG. 20.

FIG. 22 are isometric views of the slides oriented to
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show their respective portions of the passage and
their planar slide faces.

FIG. 23 is an isometric view of another embodiment
of the handle exploded to show its various compo-
nents.

FIG. 24 is a longitudinal sectional elevation of the
handle taken along section line YY of FIG. 23.

FIG. 25 is the same longitudinal sectional elevation
of the adjusting knob as depicted in FIG. 24, except
the adjusting knob is shown by itself.

FIG. 26 is a side elevation of the slides.

FIG. 27Ais a latitudinal section elevation of the han-
dle, as taken along section line XX in FIG. 24, where-
in the wire guide has a square cross section.

FIG. 27B is the same latitudinal sectional elevation
depicted in FIG. 27A, except the wire guide has a
circular cross section and a key/ groove arrange-
ment.

FIG. 28 is a side elevation of one embodiment of the
wire guide equipped with a groove.

FIG. 29is alongitudinal sectional elevation of anoth-
er embodiment of the handle taken along section line
YY of FIG. 23.

FIG. 30 is a longitudinal sectional plan view of the
handle depicted in FIG. 29 taken along section line
VV in FIG. 23 and wherein section line VV forms a
plane that is perpendicular to the plane formed by
section line YY in FIG. 23.

FIG. 31 is an isometric view of one embodiment of
the wire guide.

FIG. 32is a latitudinal sectional elevation of the han-
dle as taken along section line WW in FIG. 29.
FIG. 33 is a longitudinal sectional elevation of the
handle taken along section line AA of FIG. 1.

FIG. 34 is a side elevation of an exemplary slide em-
ployed in the embodiment depicted in FIG. 33.
FIG. 35 is a longitudinal section elevation of the ad-
justing knob taken along section line AA of FIG. 1.
FIG. 36 an isometric view of an embodiment of the
handle having a first adjustment knob and a second
adjustment knob.

FIG. 37 is an isometric view of the handle of FIG. 36
illustrating the relationship of the first adjusting knob
to the deflection members.

FIG. 38 is an isometric view of an embodiment of the
handle having a first adjustment knob and a second
adjustment knob illustrating the components of FIG.
36 within a shaft.

FIG. 39 is an isometric view of the handle of FIG. 39
illustrating the position of the second adjusting knob.
FIG. 40 is an isometric view one embodiment of the
handle having a rotation assembly illustrating the re-
lationship between the rotation assembly and the
second adjusting knob.

FIG. 41 is an isometric view of one embodiment of
the handle having an ultrasound catheter disposed
therein.

FIG. 42 is an exploded view of one embodiment of
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the handle.

FIG. 43 is an isometric view illustrating the distal end
of an embodiment having an ultrasound catheter dis-
posed within the guiding catheter.

FIG. 44 is a sectional view of a flexible body of an
embodiment illustrating flat wires and a braided wire
assembly.

FIG. 45 is a cross-sectional view of a flexible body
of an embodiment further illustrating flat wires and a
braided wire assembly.

FIG. 46 is a diagrammatic illustration of the control
handle being employed in a surgical procedure on a
patient.

DETAILED DESCRIPTION

[0019]
ing a
control handle 2 for a flexible tubular body 4 of a catheter
5 is depicted in an isometric view. Throughout this spec-
ification, the term catheter is meant to include, without
limitation, catheters, sheaths and similar medical devic-
es. As shown in FIG. 1, in one embodiment, the distal
end of the handle 2 is

connected to the catheter body 4 and the proximal end
of the handle 2 is connected to tubing 6 that contains
electrical wire and extends to an electrical connector 8.
The handle 2 includes an actuator 10 depicted as an
adjustment knob and a handle grip 12. For clarity, the
actuator 10 will be referred to as an adjustment knob, but
the actuator 10 may also be a dial, lever, switch, or other
device for receiving input from a user without departing
from the scope of the invention. As will become clear
from this specification, the handle 2 is advantageous in
that it is compact and allows a user to manipulate the
catheter body’s extreme distal end 14 is a bi-directional
manner by pivoting the adjusting knob 10 relative to the
handle grip 12 in one direction or the other about the
longitudinal axis of the handle 2. Furthermore, in one
embodiment, the handle 2 has a lumen that runs unin-
terrupted from the proximal end of the handle 2 to the
extreme distal end 14 of the catheter body 4. This lumen
can be used to provide contrast injection for guide wire
insertion.

[0020] For a more detailed discussion of the handle 2,
reference is now made to FIGS. 2 and 3. FIG. 2 is an
isometric view of handle 2 exploded to show its various
components. FIG. 3 is a longitudinal sectional elevation
of the handle 2 taken along section line AA of FIG. 1.
[0021] As shown in FIGS. 2 and 3, the adjusting knob
10 is pivotally attached to a mounting shaft (i.e., a slide
base or base portion) 16 contained within the handle grip
12. To pivotally attach the knob 10 to the mounting shaft
16, a dowel pin 18 is inserted into a pinhole 20 in the
distal end of the shaft 16 and mates with a groove 22 in
a hub portion 23 of the knob 10. A silicone o-ring 24 exists
between the hub portion 23 of the knob 10 and the distal
end of the shaft 16.

Referring to FIG. 1, one embodiment of the hav-
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[0022] As indicated in FIGS. 2 and 3, a wire guide 26
is positioned within the adjusting knob 10 and is held in
place by a retaining ring 28. A right slide or member 30
and a left slide or member 32 are slideably positioned
within a slot (i.e., a slide compartment) 34 in the mounting
shaft 16. A catheter body-retaining nut 36 is used to se-
cure the catheter body 4 to the distal end of the wire guide
26.

[0023] Asillustratedin FIG. 3, a pair of deflection wires
38 extend from the extreme distal end 14 of the body 4,
through the body 4, the wire guide 26 and a passage 40
formed between the two slides 30, 32, to a point near a
proximal portion of the slides 30, 32. Each wire 38 then
affixes to an individual slide 30, 32 via a retention screw
42.

[0024] For a more detailed discussion of the slides 30,
32 and their relationship to the deflection wires 38, ref-
erence is now made to FIG. 4, which is an isometric view
of the deflection wires 38a, 38b attached to the right and
left slides 30, 32. As shown in FIG. 4, the slides 30, 32,
which are mirror images of each other, each have a rec-
tangular box-like proximal portion 44 and a half-cylinder
distal portion 46. Each proximal portion 44 has a gener-
ally planar sides and bottom of the slot 34, which act as
thrust surfaces for the slides 30, 32.

[0025] Each half-cylinder distal portion 46 is hollowed
out along its longitudinal axis to form the passage 40
through which the deflection wires 38a, 38b and, as in-
dicated in FIG. 3, the narrow proximal portion of the wire
guide 26 extend when the slides 30, 32 are in the assem-
bled handle 2. Each slide 30, 32 has a planar slide face
48 that is meant to slideably abut against the planar slide
face 48 of the opposing slide 30, 32. Thus, as illustrated
in FIG. 2, when the planar slide faces 48 of the slides 30,
32 abut against each other and the extreme proximal
ends of each slide 30, 32 are flush with each other, the
half-cylinder distal portions 46 of each slide 30, 32 com-
bine to form a complete cylinder with a channel or pas-
sage 40 there through.

[0026] As shown in FIG. 4, in one embodiment, the
proximal ends of each deflection wire 38a, 38b forms a
loop 50 through which a retention screw 42 passes to
secure the wire 38a, 38b to the proximal portion of the
respective slide 30, 32. As indicated in FIG. 5, which is
a side elevation of an exemplary slide 30, in one embod-
iment, the proximal end of each deflection wire 38 forms
a knot 52. The wire 38 passes through a hollow tension
adjustment screw 54 and the knot 52 abuts against the
head 55 of screw 54, thereby preventing the wire 38 from
being pulled back through the screw 54. In one embod-
iment, the screw’s longitudinal axis and the longitudinal
axis of the slide 30, 32 are generally parallel. Each ten-
sion adjustment screw 54 is threadably received in the
proximal end of its respective slide 30, 32. Tension in a
wire 38 may be increased by outwardly threading the
wire’s tension adjustment screw 54. Conversely, tension
in a wire 38 may be decreased by inwardly threading the
wire’s tension adjustment screw 54.
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[0027] As can be understood from FIG. 4, in one em-
bodiment where the wires 38a, and 38b are intended to
only transmit tension forces, the wires 38a, 38b may de-
flect or flex within an open area 45 defined in the proximal
portion 44 of each slide 30, 32 when the slides 30, 32
displace distally. Similarly, as can be understood from
FIG. 5, in another embodiment where the wires 38 are
intended only to transmit tension forces, the wires 38 may
slide proximally relative to the screw 54 when the slides
30, 32 displace distally.

[0028] As shown in FIG. 4, in one embodiment, the
outer circumference of the half-cylinder distal portion 46
of the right slide 30 is threaded with a right-hand thread
56, and the outer circumference of the half-cylinder distal
portion 46 of the left slide 32 is threaded with a left-hand
thread 58. In one embodiment, the outer circumference
of the half-cylinder distal portion 46 of the right slide 30
is threaded with a left-hand thread, and the outer circum-
ference of the half-cylinder distal portion 46 of the left
slide 32 is threaded with a right-hand thread.

[0029] For a better understanding of the relationship
of the slide threads 56, 58 to the rest of the handle 2,
reference is now made to FIG. 6, which is a longitudinal
sectional elevation of the adjusting knob 10 taken along
section line AA of FIG. 1. As indicated in FIG. 6, a cylin-
drical hole or shaft 60 passes through the knob 10 along
the knob’s longitudinal axis. In the hub portion 23 of the
knob 10, the inner circumferential surface of the shaft 60
has both right hand threads 62 and left hand threads 64.
These internal threads 62, 64 of the knob 10 mate with
the corresponding external threads 56, 58 of the slides
30, 32. More specifically, the right internal threads 62 of
the knob 10 mate with the right external threads 56 of
the right slide 30, and the left internal threads 64 of the
knob 10 mate with the left external threads 58 of the left
slide 32.

[0030] Thus, as can be understood from FIGS. 2, 3, 4,
and 6, in one embodiment, as the knob 10 is rotated
clockwise relative to the longitudinal axis of the handle
2, the internal and external right threads 62, 56 engage
and the internal and external left threads 64, 58 engage,
thereby causing simultaneous opposed displacement of
the right and left slides 30, 32 longitudinally within the
slot 34 in the handle 10. Specifically, because of the
threading arrangement of the knob 10 and the slides, 30,
32, the right slide 30 moves distally within the slot 34 and
the left slide 32 moves proximally within the slot 34 when
the knob 10 is rotated clockwise relative to the handle
grip 12 of the handle 2. Conversely, when the knob 10
is rotated in a counterclockwise manner relative to the
handle grip 12 of the handle 2, the right slide 30 moves
proximally within the slot 34 and the left slide 32 moves
distally within the slot 34.

[0031] Ascanbe understood from FIGS. 4 and 6, when
the knob 10 is rotated such that the right slide 30 is urged
distally and the left slide 32 is urged proximally, the de-
flection wire 38a connected to the right slide 30 is placed
into compression and the deflection wire 38b connected
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to the left slide 32 is placed into tension. This causes the
extreme distal end 14 of the catheter body 4 to deflect in
a first direction. Conversely, when the knob 10 is rotated
such that the right slide 30 is urged proximally and the
left slide 32 is urged distally, the deflection wire 38a con-
nected to the right slide 30 is placed into tension and the
deflection wire 38b connected to the left slide 32 is placed
into compression. This causes the extreme distal end 14
of the catheter body 4 to deflect in a second direction that
is opposite the first direction.

[0032] The control handle 2 as described has several
advantages. First, the handle 2 is compact and may be
operated with a single hand, allowing the clinician to keep
a second hand free or on a second device. Second, the
threaded slides 30, 32 and knob 10 allow a physician to
make fine, controlled adjustments to the bend in the distal
end 14 of the catheter body 4. Third, once the knob 1-is
rotated so as to cause a bend in the distal end 14 of the
catheter body 4, the threads 56, 58, 62, 64 interact to
maintain the bend without requiring any action on the
physician’s part. Fourth, because the slides 30, 32 simply
displace distally and proximally along the longitudinal ax-
is of the handle 2, they are less likely to permanently
deform the wires 38 as compared to the wire displace-
ment mechanisms in some prior art handles. Fifth, the
threads 56, 58, 62, 64 are mechanically advantageous
in that they provide increased deflection wire travel and
reduced actuation effort for the physician, as compared
to some prior art handles.

[0033] While FIGS. 2-6 depict an embodiment where
the slides 30, 32 have external threads 56, 58 and the
knob 10 has internal threads 62, 64, in other embodi-
ments the threading arrangement is reversed. For a dis-
cussion of one such embodiment, reference is made to
FIGS. 33-35. FIG. 33 is a longitudinal sectional elevation
of the handle 2 taken along section line AA of FIG. 1.
FIG. 34 is a side elevation of an exemplary slide em-
ployed in the embodiment depicted in FIG. 33. FIG. 35
is a longitudinal sectional elevation of the adjusting knob
taken along section line AA of FIG. 1.

[0034] A comparison of the embodiment depicted in
FIGS. 33-35 to the embodiment depicted in FIGS. 3, 5,
and 6 reveals that the two embodiments are generally
the same, except as will be described in the following
discussion of FIGS. 33-35. Reference numbers utilized
in FIGS. 33-35 pertain to the same or similar features
identified by the same reference numbers in FIGS. 3, 5,
and 6.

[0035] As shown in FIG. 33, the adjusting knob 10 is
pivotally attached to a mounting shaft (i.e., a slide base
or base portion) 16 contained within the handle grip 12.
A wire guide 26 is positioned within the adjusting knob
10. like the embodiment depicted in FIG. 2, the embod-
imentillustrated in FIG. 33 includes a right slide or mem-
ber 30 and a left slide or member 32 that are slideably
positioned within a slot (i.e., a slide compartment) 34 in
the mounting shaft 16.

[0036] As can be understood from FIG. 34, the slides
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30, 32, which are mirror images of each other, each have
a rectangular box-like proximal portion 44 and a distal
portion 46 that may be rectangular or half-cylindrical.
Each proximal portion 44 has a generally planar outer
sidewall and bottom wall. These planar surfaces slidea-
bly displace against the generally planar sides and bot-
tom of the slot 34, which act as thrust surfaces for the
slides 30, 32.

[0037] Each distal portion 46 is hollowed out to form
half of a cylindrical passage 40 that is created when the
slides 30, 32 are abutted against each other in a side-
by-side relationship. Thus, each distal portion 46 of each
slide 30, 32 includes an inner circumferential surface,
which when combined with the inner circumferential sur-
face of the other slide 30, 32, defines the cylindrical pas-
sage 40.

[0038] Asindicatedin FIG. 34, in one embodiment, the
inner circumferential surface of the right slide 30 is
threaded with a right-hand thread 56. Similarly, as can
be understood from FIG. 34, the inner circumferential
surface of the left slide 32 is threaded with a left-hand
thread 58. Thus, the distal portion 46 of each slide 30,
32 is equipped with internal threads. In another embod-
iment, the inner circumferential surface of the right slide
30 is threaded with a left-hand thread 58. Similarly, the
inner circumferential surface of the left slide 32 is thread-
ed with a right-hand thread 56.

[0039] Asindicatedin 35, theknob 10includes anouter
hub 23a surrounding aninner hub 23b. A space 65 exists
between, and is defined by, the inner and outer hubs 23a,
23b. The space 65 is adapted to receive the distal ends
46 of each slide 30, 32. The outer circumferential surface
of the inner hub 23b has both right hand threads 62 and
left hand threads 64. These external threads 62, 64 of
the knob 10 mate with the corresponding internal threads
56, 58 of the slides 30, 32. More specifically, the right
external threads 62 of the knob 10 mate with the right
internal threads 56 of the right slide 30, and the left ex-
ternal threads 64 of the knob 10 mate with the left internal
threads 58 of the left slide 32.

[0040] As can be understood from FIG. 33, in one em-
bodiment, as the knob 10 is rotated clockwise relative to
the longitudinal axis of the handle 2, the internal and ex-
ternal right threads 56, 62 engage and the internal and
external left threads 58, 64 engage, thereby causing si-
multaneous opposed displacement of the right and left
slides 30, 32 longitudinally within the slot 34 in the handle
2. Specifically, because of the threading arrangement of
the knob 10 and the slides, 30, 32, the right slide 30
moves distally within the slot 34 and the left slide 32
moves proximally within the slot 34 when the knob 10 is
rotated clockwise relative to the handle grip 12 of the
handle 2. Conversely, when the knob 10 is rotated in a
counterclockwise manner relative to the handle grip 12
ofthe handle 2, the right slide 30 moves proximally within
the slot 34 and the left slide 32 moves distally within the
slot 34.

[0041] As can be understood from FIG. 33, when the
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knob 10 is rotated such that the right slide 30 is urged
distally and the left slide 32 is urged proximally, the de-
flection wire 38 connected to the right slide 30 is placed
into compression and the deflection wire 38 connected
to the left slide 32 is placed into tension. This causes the
extreme distal end 14 of the catheter body 4 to deflect in
a first direction. Conversely, when the knob 10 is rotated
such that the right slide 30 is urged proximally and the
left slide 32 is urged distally, the deflection wire 38 con-
nected to the right slide 30 is placed into tension and the
deflection wire 38 connected to the left slide 32 is placed
into compression. This causes the extreme distal end 14
of the catheter body 4 to deflect in a second direction that
is opposite the first direction.

[0042] For a detailed discussion of another embodi-
ment of the handle 2 of the present invention, reference
is now made to FIGS. 7, 8, and 9. FIG. 7 is a plan view
of the handle 2. FIG. 8 is a side elevation of the handle
2. FIG. 9 is an isometric view of the distal end of the
handle 2.

[0043] As shown in FIGS. 7-9, the handle 2 includes
an adjusting knob 10 on its distal end and a handle grip
12 on its proximal end. As can be understood from FIGS.
7-9, in one embodiment, the knob 10 has a generally
circular cross-section and the handle grip 12 has a gen-
erally oval cross-section. In one embodiment, both the
knob 10 and the handle grip 12 have generally circular
cross-sections. The oval cross-section of the handle grip
12 is advantageous because it provides the physician
with a tactile indication of the catheter’s rotational posi-
tion.

[0044] For a more detailed discussion of the compo-
nents of the handle 2, reference is now made to FIG. 10,
which is a longitudinal sectional plan view of the handle
2 taken along section line BB of FIG. 9. As shown in FIG.
10, an o-ring 24 is located between the handle grip 12
and a groove in the knob 10. The knob 10 is pivotally
affixed to the handle grip 12 via a rotating retaining-ring
60 that resides within grooves in both the knob and the
handle grip 12.

[0045] Asillustratedin FIG. 10, a catheter body-retain-
ing nut 36 is threadably affixed to the distal end of a wire
guide 26 that extends along the axial center of the knob
10. As indicated in FIG. 10 and more clearly shown in
FIG. 11, which is a longitudinal sectional plan view of the
knob 10 taken along sectionline BB in FIG. 9, a cylindrical
hole or shaft 60 passes through the knob 10 along the
knob’s longitudinal axis. The inner circumferential sur-
face of the shaft 60 has both right hand threads 62 and
left hand threads 64 that extend towards the distal end
of the knob 10 from a hub portion 23 of the knob 10. As
shown in FIG. 11, in one embodiment, the knob 10 is a
singular integral piece.

[0046] As indicated in FIG. 10, a right slide 30 and a
left slide 32 are longitudinally displaceable within the han-
dle 2 and about the proximal end of the wire guide 26.
As shown in FIGS. 12 and 13, which are, respectively, a
right side isometric view of the slides 30, 32 displaced
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about the wire guide 26 and a left side isometric view of
the slides 30, 32 displaced about the wire guide 26 and
a left side isometric view of the slides 30, 32 displaces
against the slide face 48 of the opposed slide 30, 32 to
form a passage 40 through which the proximal end of the
wire guide 26 passes as the slides 30, 32 displace about
the wire guide 26. As shown in FIG. 10, the passage 40
formed by the channels 40 also provides a pathway along
which the deflection wires 38a, 38b (represented by a
dashed line in FIG. 10) travel from a proximal portion of
the slides 30, 32, through the wire guide 26, and onward
to the extreme distal end 14 of the catheter body 4.
[0047] Asindicated in FIGS. 12 and 13, each slide 30,
32 has a half-cylinder distal portion 46 and a shorter and
wider half-cylinder proximal portion 47. The right slide 30
has aright-handed thread 56 on its distal portion 46. Sim-
ilarly, the left slide 32 has a left-handed thread 58 on its
distal portion 46. Thus. As can be understood from FIG.
10, when the knob 10 is rotated in a clockwise direction
relative to the handle grip 12, the right handed threads
62 within the knob 10 engage the right handed threads
56 of the right slide 30, and the left handed threads 64
within the knob 10 engage the left handed threads 56 of
the left slide 32. As a result, the right slide 30 is distally
displaced within the handle 2 and the left slide 32 is prox-
imally displaced within the handle 2. Accordingly, the de-
flection wire 38a attached to the right slide 30 is pushed
(i.e., subjected to a compressive force) and the deflection
wire 38b attached to the left slide 32 is pulled (i.e., sub-
jected to a tension force). Conversely, if the knob is ro-
tated counterclockwise, the opposite displacement of the
slides 30, 32 and deflection wires 38a, 38b will occur.
[0048] As indicated in FIG. 10, each deflection wire
38a, 38b is attached to the proximal portion 47 of its re-
spective slide 30, 32 viaretention screws 42. the retention
screws, which are more clearly illustrated in FIGS. 12
and 13 are threadably mounted in the proximal portions
47.

[0049] As shown in FIGS. 12 and 13, each half-cylin-
drical proximal portion 47 of a slide 30, 32 has an upper
and lower planar notch 64 adjacent their respective pla-
nar slide faces 47. The function of these notches 64 may
be understood by referring to FIGS. 14 and 15.

[0050] FIG. 14 is alongitudinal section elevation of the
handle grip 12 taken along section line CC in FIG. 7. FIG.
15 is a latitudinal section elevation of the handle grip 12
taken along section line DD in FIG. 8. As shown in FIGS.
14 and 15, the handle grip 12 is one integral piece having
an interior cylindrical void 66 in which the proximal por-
tions 47 of the slides 30, 32 may displace as indicated in
FIG. 10.

[0051] As shown in FIGS. 14 and 15, upper and lower
ribs 68 extend from the walls that form the interior cylin-
drical void 66. the ribs 68 run longitudinally along a sub-
stantial portion of the cylindrical void’s length. As can be
understood from FIGS. 12-15, the upper planar notches
64 on the proximal portions 47 of the slides 30, 32 inter-
face with, and displace along, the upper rib 68 as the
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slides 30, 32 displace within the cylindrical void 66. Sim-
ilarly, the lower planar notches 64 on the proximal por-
tions 47 of the slides 30, 32 interface with, and displace
along, the lower rib 68 as the slides 30, 32 displace within
the cylindrical void 66. Thus, the ribs 68 act as thrust
surfaces for the slides 30, 32.

[0052] For a detailed discussion of another embodi-
ment of the handle 2 depicted in FIGS. 7-15, reference
is now made to FIG. 16. FIG. 16 is an isometric view of
the distal end of a control handle 2 for a catheter 5 wherein
the handle 2 and catheter body 4 have a through lumen
70. As shown in FIG. 16, in one embodiment, the lumen
70 and the electrical wire tube 6, which extends to the
electrical connector 8, pass through strain reliefs 71 and
into the proximal end of the handle grip 12. in one em-
bodiment, the lumen 70 terminates at its proximal end
with a stopcock 72. In one embodiment, the stopcock 72
has a hemostasis seal 74 that can be utilized for guide
wire insertion. While a long flexible length of lumen 70,
as depicted in FIG. 16, provides motion isolation while
inserting contrast from a syringe, in one embodiment, the
lumen 70 does not extend from the handle grip 12. In-
stead, the stopcock 72 or luer fitting is simply attached
to the lumen 70 where it exits the proximal end of the
handle grip 12.

[0053] For a better understanding of the path of the
lumen 70, reference is now made to FIGS. 17, 18, and
19. FIG. 17 is an isometric view of the slides 30, 32, the
wire guide 26, the wire tubing 6, and the lumen 70 illus-
trating the path the lumen 70 takes through the handle
2. FIG. 18 is an elevation view of the extreme proximal
end surfaces of the slides 30, 32 as viewed from arrow
Ain FIG. 17 and illustrating the path the lumen 70 and
wire tubing 6 take into the passage 40 formed by the
channels 40 of the slides 30, 32. FIG. 19 is an isometric
view of the lumen 70, deflection wires 38a, 38b, and elec-
trical wires 76 of the wire tube 6 exiting the catheter body-
retaining nut 36 on the distal end of the handle 2.
[0054] AsshowninFIGS. 17 and 18, the lumen 70 and
the wire tubing 6 pass through their respective reliefs 71
and into the passage 40 formed by the channels 40 in
each slide 30, 32. In one embodiment, soon after the wire
tubing 6 and the lumen 70 enter the passage 40, the
wires 76 of the wire tubing 6 exit the wire tubing 6 and
are dispersed about the outer circumference of the lumen
70 as depicted in FIG. 19.

[0055] As illustrated in FIG. 17, in another embodi-
ment, after the wire tube 6 and lumen 70 enter the pas-
sage 40, the wire tube 6 and the lumen 70 continue on
their pathway to the distal end 14 of the catheter body 4
by passing, in a side-by-side arrangement, through the
remainder of the passage 40 formed into the slides 30,
32 and into an internal passage that extends along the
longitudinal axis of the wire guide 26. Near the end of the
wire guide 26, the wire 76 exits the wire tube 6. The wire
76, lumen 70 and deflection wires 38a, 38b then pass
into the catheter by exiting the catheter body-retaining
nut 36 of the handle as indicated in FIG. 19.
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[0056] For a detailed discussion of another embodi-
ment of the handle 2, reference is now made to FIG. 20,
which is an isometric view of the handle 2 exploded to
show its various components. As can be understood from
FIG. 20, the features of the handle 2 depicted in FIG. 20
is configured to have a relatively large, generally uniform
in diameter, pathway extend the full length of the handle
2 (i.e., from the distal opening 102 in the wire guide 26,
through the passage 40 defined in the slides 30, 32 and
through an exit hole 104 in the proximal end of the shaft
16).

[0057] The configuration of the handle 2 that allows a
relatively large generally uniform in diameter pathway to
pass through the length of the handle 2, as depicted in
FIG. 20, is more clearly shown in FIG. 21, which is a
longitudinal sectional elevation taken along section line
ZZ in FIG. 20. As illustrated in FIG. 21, in one embodi-
ment, the pathway 100, which includes the passage
through the wire guide 26 and the passage 40 through
the slides 30, 32, is large enough that the catheter body
4 itself may pass through the pathway 100 and be con-
nected to the proximal end of the shaft 16 at the exit hole
104. Thus, in one embodiment, to prevent the catheter
body 4 from rotating with the adjusting knob 10, the cath-
eter body 4 is affixed to the shaft 16 at the exit hole 104.
In one embodiment, the catheter body 4 runs the full
length of the handle 4 as depicted in FIG. 21, except the
body 4 is affixed to the wire guide 26 at or near the distal
opening 102. In other embodiments, the catheter body 4
is affixed to both the wire guide 26 at or near the distal
opening 102 and the shaft 16 at the exit hole 104.
[0058] Ascanbeunderstood from FIG. 21 and as more
clearly depicted in FIG. 22, which is isometric views of
the slides 30, 32 oriented to show their portions of the
passage 40 and their planar slide faces 48, the passage
40 is large enough in diameter to displace over the outer
diameter of the wire guide 26. As shown in FIGS. 21 and
22, a catheter body passage 110 passes through the
proximal portion 44 of each slide 30, 32, thereby allowing
the slides 30, 32 to displace back and forth over the outer
surface of the catheter body 4.

[0059] Asindicatedin FIG. 21, in one embodiment, the
catheter body 4 has an opening 111 in its wall that allows
the wires 38 to exit the body 4 and connect to the slides
30, 32. In one embodiment, the wires 38 connect to the
slides 30, 32 via tension adjustments screws 54 as pre-
viously discussed.

[0060] Due to the configuration of the slides 30, 32, the
wire guide 26 and the shaft 16, the catheter body 4 may
run uninterrupted the full length of the handle 2. As a
result, electrical wiring 76 (see FIG. 19) and a lumen 70
may be routed the full length of the handle 2 by way of
the body 4.

[0061] For a detailed discussion of another embodi-
ment of the handle 2, reference is now made to FIGS.
23 and 24. FIG. 23 is an isometric

view of the handle 2 exploded to show its various com-
ponents. FIG. 24 is a longitudinal sectional elevation of
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the handle 2 taken along section line YY of FIG. 23. Gen-
erally speaking, the features of the handle 2 depicted in
FIGS. 23 and 24 are similar to the features of the handle
depicted in FIG. 20, except the two embodiments employ
different slider arrangements. For example, the embod-
iments depicted in FIGS. 1-22 employ parallel slides or
members 30, 32 (i.e., the slides 30, 32 exist within the
handle 2 in a parallel or side-by-side arrangement). As
will be understood from FIGS. 23 and 24 and the following
figures, in the embodiment of the handle 2 depicted in
FIGS. 23 and 24, the slides or members 150, 152 exist
within the adjustment knob 10 in a series arrangement
(i.e., the slides 150, 152 are not parallel or side-by-side
to each other, but are oriented end-to-end along a longi-
tudinal axis of the handle 2).

[0062] AsshowninFIGS.23and 24,the adjusting knob
10 is pivotally coupled to the distal end of the mounting
shaft (i.e., base portion) 16. The wire guide 26 extends
through the center of the adjusting knob 10 and the
mounting shaft 16. The catheter body 4 is coupled to the
distal end of the wire guide 26 and, in one embodiment,
extends through the wire guide 26 and out of the proximal
end of the mounting shaft 16.

[0063] AsshowninFIGS. 23 and 24, a distal slide 150
is located in a distal portion of the adjusting knob 10, and
a proximal slide 152 is located in a proximal portion (i.e.,
hub portion 23) of the adjusting knob 10. As illustrated in
FIG. 24, the outer surface of each slide 150, 152 has
threads 154 that mate with threads 156 on an interior
surface of the adjusting knob 10.

[0064] As illustrated in FIG. 24, each deflection wire
38a, 38b travels along the interior of the wire guide 26
until it exits the wire guide 26 at a hole 157 in the sidewall
of the wire guide 26. Each deflection wire 38a, 38b then
extends to the slide 150, 152, to which the deflection wire
38a, 38b is attached. In one embodiment, in order to at-
tachtoaslide 150, 152, a deflection wire 38a, 38b passes
through a passage 159 in the slide 150, 152 and attaches
to a hollow tension adjustment screw 54 via a knot 52 as
previously described in the Detailed Description.

[0065] For a better understanding of the orientation of
the threads 154, 156, reference is now made to FIGS.
25 and 16. FIG. 25 is the same longitudinal sectional
elevation of the adjusting knob 10 as itis depicted in FIG.
24, except the adjusting knob 10 is shown by itself. FIG.
26 is a side elevation of the slides 150, 152.

[0066] As shown in FIGS. 25 and 26, in one embodi-
ment, the distal slide 150 has right hand threads 154 that
engage right hand threads 156 in the distal portion of the
adjusting knob 10, and the proximal slide 152 has left
hand threads 154 that engage the left hand threads 156
in the proximal portion of the adjusting knob 10. Thus,
as can be understood from FIGS. 23-26, when the ad-
justing knob 10 is relative to the mounting shaft 16 in a
first direction about the longitudinal axis of the handle 2,
the slides 150, 152 will converge along the wire guide
26, thereby causing the first wire 38 to be placed into
tension and the second wire 38 to be compressed. As a
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result, the distal end 14 of the catheter body 4 will deflect
in a first direction. Similarly, when the adjusting knob 10
is rotated in a second direction that is opposite from the
first direction, the slides 150, 152 will diverge along the
wire guide 26, thereby causing the first wire 38 to be
compressed and the second wire 38 to be placed into
tension. As a result, the distal end 14 of the catheter body
4 willdeflectin a second direction generally opposite from
the first direction.

[0067] In one embodiment, to prevent the slides 150,
152 from simply rotating around the wire guide 26 when
the adjusting knob 10 is rotated, the slides 150, 152 and
wire guide 26 are configured such that the slides 150,
152 will displace along the wire guide 16, but not rota-
tionally around it. For example, as indicated in FIG. 27A,
which is a latitudinal sectional elevation of the handle 2
as taken along section line XX in FIG. 24, the wire guide
26 has a square cross section that mates with a square
hole 162 running the length of the slide 150, 152. The
interaction between the square hole 162 and the square
cross section of the wire guide 26 prevents a slide 150,
152 from rotating about the wire guide 26, but still allows
the slide 150, 152 to displace along the length of the wire
guide 26.

[0068] In another embodiment, as shown in FIG. 27B,
which is the same latitudinal sectional elevation depicted
in FIG. 27A, each slide 150, 152 has a hole 162 with a
circular cross section. Each hole 162 runs the length of
its respective slide 150, 152 and includes a key 160 that
extends into hole 162 from the interior circumferential
surface of the hole 160. The key 160 engages a groove
or slot 158 that runs along the length of the wire guide
26 as depicted in FIG. 28, which is a side elevation of
one embodiment of the wire guide 26. The interaction
between the key 160 and the slot 158 prevents a slide
150, 152 from rotating about the wire guide 26, but still
allows the slide 150, 152 to displace along the length of
the wire guide 26.

[0069] As shownin FIGS. 27A and 27B, a hollow shaft
165 extends through the wire guide 26. This allows a
catheter body 4 with a lumen to extend completely
through the handle 2 as shown in FIG. 24.

[0070] For a detailed discussion of another embodi-
ment of the handle 2 that is similar to the embodiment
depicted in FIG. 23, reference is now made to FIGS. 29
and 30. FIG. 29 is a longitudinal sectional elevation of
the handle 2 as if taken through section line VV in FIG.
23 and wherein section line VV forms a plane that is per-
pendicular to the plane formed by section line YY in FIG.
23.

[0071] As illustrated in FIGS. 29 and 30, the handle 2
includes an adjusting knob 10 pivotally coupled to the
distal end of the mounting shaft (i.e., base portion) 16.
In one embodiment, the adjusting knob 10 includes a
proximal end 170, a distal end 172 and a threaded shaft
173, which is connected to the proximal end 170 and
extends distally along the longitudinal axis of the adjust-
ing knob 10. The threaded shaft 173 includes a distal end
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174, a proximal end 176, a series of right hand threads
178 along a distal portion of the shaft 173, and a series
of left hand threads 180 along a proximal portion of the
shaft 173.

[0072] AsshowninFIGS. 29 and 30, a distal slide 150
is located in a distal portion of the adjusting knob 10, and
a proximal slide 152 is located in a proximal portion (i.e.,
hub portion 23) of the adjusting knob 10. Each slide has
a hole 155 through which the threaded shaft 173 passes.
The inner circumferential surface of the hole 155 for the
distal slide 150 has right hand threads that mate with the
right hand threads 178 on the distal portion of the shaft
173. Similarly, the inner circumferential surface of the
hole 155 for the proximal slide 152 has left hand threads
that mate with the left hand threads 180 on the proximal
portion of the shaft 173. In other embodiments, the loca-
tions for the left and right threads are reversed.

[0073] As can be understood from FIGS. 29, 30, and
31, which is an isometric view of one embodiment of the
wire guide 26, a hollow center shaft 182 extends from
the distal end of the wire guide 26, through the threaded
shaft 173 of the adjustment knob 10, and to the proximal
end of the base shaft 16. Thus in one embodiment, a
catheter body 4 may be routed through the lumen 165 of
the wire guide’s hollow center shaft 182 to exit the prox-
imal end of the handle 2, as illustrated in FIGS. 29 and 30.
[0074] As illustrated in FIG. 29, each deflection wire
38a, 38b travels along the interior of the wire guide 26
until it exits the wire guide 26 at a hole 157 in the sidewall
of the wire guide 26. Each deflection wire 38a, 38b then
extends to the slide 150, 152 to which the deflection wire
38a, 38b is attached. In one embodiment, in order to at-
tachtoaslide 150, 152, a deflection wire 38a, 38b passes
through a passage 159 in the slide 150, 152 and attaches
to a hollow tension adjustment screw 54 via a knot 52 as
previously described in the Detailed Description.

[0075] In one embodiment, as shown in FIG. 29, the
deflection wire 38b leading to the proximal slide 152 pass-
es through a second passage 161 in the distal slide 150.
The second passage 161 has sufficient clearance that
the passage 161 may easily displace along the wire 38b
when the distal slide 150 displaces distally and proximal-
ly. The second passage 161 serves as a guide that stiff-
ens the wire 38b and helps to reduce the likelihood that
the wire 38b will bend when compressed.

[0076] As can be understood from FIGS. 29 and 30,
when the adjusting knob 10 is rotated relative to the
mounting shaft 16 in afirst direction about the longitudinal
axis of the handle 2, the slides 150, 152 will converge
along the threaded shaft 173, thereby causing the first
wire 38a to be placed into tension and the second wire
38b to be compressed. As a result, the distal end 14 of
the catheter body 4 will deflect in a first direction. Simi-
larly, when the adjusting knob 10 is rotated in a second
direction that is opposite from the first direction, the slides
150, 152 will diverge along the threaded shaft 173, there-
by causing the first wire 38a to be compressed and the
second wire 38b to be placed into tension. As a result,
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the distal end 14 of the catheter body 4 will deflect in a
second direction generally opposite from the first direc-
tion.

[0077] In one embodiment, to prevent the slides 150,
152 from simply rotating with the threaded shaft 173 with-
in the adjusting knob 10 when the adjusting knob 10 is
rotated, the slides 150, 152 and wire guide 26 are con-
figured such that the slides 150, 152 will displace along
the threaded shaft 173, but not rotationally within the ad-
justing knob 10. For example, as indicated in FIGS. 31
and 32, which is a latitudinal sectional elevation of the
handle 2 as taken along section line WW in FIG. 29, the
wire guide 26 has right and left semicircular portions 190
that oppose each other and extend along the length of
the hollow center shaft 182 of the wire guide 26. As shown
in FIG. 32, the generally planar opposed faces 192 of the
semicircular portions 190 abut against the generally pla-
nar side faces 194 of the slides 150, 152. This interaction
prevents a slide 150, 152 from rotating within the adjust-
ment knob 10 when the knob 10 is rotated, but still allows
the slide 150,152 to displace along the length of the
threaded shaft 173.

[0078] In an another embodiment, the handle 2 allows
a user to manipulate the extreme distal end 14 of a cath-
eter body 4 having a lumen extending completely there-
through in a bi-directional manner by pivoting a first ad-
justing knob 10a relative to handle grip 12 in one direction
or the other about the longitudinal axis of the handle 2,
and allows the user to rotate an instrument catheter dis-
posed within the lumen of the catheter body 4 by pivoting
a second adjusting knob 10b relative to the handle grip
12 about the longitudinal axis of handle 2. For clarity, the
instrument catheter will be referred to as an ultrasound
catheter, but the instrument catheter may also be a ther-
apeutic catheter, such as an ablation catheter, or another
type of diagnostic catheter without departing from the
scope of the invention. The ultrasound catheter is dis-
posed in a coaxial relationship within the lumen of the
catheter body 4 allowing a the bidirectional manipulation
of the catheter 5 to cause a corresponding deflection in
the ultrasound catheter. In this manner, catheter 5 acts
as a guiding catheter for the ultrasound catheter and al-
lows a user to steer the ultrasound catheter by deflecting
the guiding catheter 5.

[0079] Now referring the FIGS. 36-40, the adjusting
knob 10a is pivotally attached to mounting shaft 16 con-
tained within handle grip 12. The adjusting knob 10a is
attached to mounting shaft 16 with a dowel pin 18 that is
inserted into a pinhole 20a in the distal end of the shaft
16 that mates with a groove 22 in a hub portion 23 of the
knob 10a. The groove 22 allows adjusting knob 10a to
pivot freely around the longitudinal axis of mounting shaft
16 while contact between the walls of groove 22 and dow-
el pin 18 constrain adjusting knob 10a from moving axially
along the longitudinal axis of mounting shaft 16. A right
slide 30 and a left slide 32 are positioned within slot 34
of the mounting shaft 16.

[0080] Now referring to FIGS. 36 and 37, slides 30, 32
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have a generally rectangular box-like proximal portion 44
and a half-cylinder distal portion 46. Each proximal por-
tion 44 has a generally planar sides that contact the walls
of slot 34.

[0081] Eachslide 30,32 has a planarface 48 extending
from the distal portion 46 to the proximal portion 44 that
is meant to slideably abut against the planar face 48 of
the opposing slide 30, 32. The planar face 48 of each
slide 30, 32 is hollowed out along its longitudinal axis to
form a passage 40 through which the guiding catheter 5
and its deflection wires 38a, 38b as well as the ultrasound
catheter pass. The proximal portion 44 of slides 30, 32
have a slot 198 through which deflection wires 38a, 38b
pass. The defection wires 38a, 38b are retained in slot
198 using a dowel pin (not shown) inserted in hole 200,
and deflection wires 38a, 38b are constrained axially by
a wire lock nut (not shown) attached, for example, by
soldering to deflection wires 38a, 38b. The proximal por-
tion of the left slide 32 contains a notch 204 that allows
a drive shaft 206 to extend from the proximal end of the
slot 34 distally to the second adjusting knob 10b. In an
alternative embodiment, the right slide 30 can contain a
notch 204 to allow a drive shaft 206 to extend from the
proximal end of the slot 34 distally to the second adjusting
knob 10b.

[0082] The outer circumference of the distal portion 46
of right slide 30 is threaded with a right-hand thread 56,
and the outer circumference of the half-cylinder distal
portion 46 of the left slide 32 is threaded with a left-hand
thread 58. In another embodiment, the outer circumfer-
ence of the half-cylinder distal portion 46 of the right slide
is threaded with a left-hand thread 58, and the outer cir-
cumference of the half-cylinder distal portion 46 of the
left slide 32 is threaded with a right-hand thread. When
assembled in handle 2 the planar face 48 of each of the
slides 30, 32 abut and form a cylinder having right-hand
thread 56 on one half of the outer surface of cylinder and
left-hand thread 58 on the other half of the outer surface
of the cylinder.

[0083] Now referring to FIGS. 36-39, the relationship
of slides 30, 32 to adjusting knob 10a will be described.
Adjusting knob 10a contains a shaft 60 extending from
the proximal end of hub 23 to the distal end of adjusting
knob 10a through which guiding catheter 5 and ultra-
sound catheter pass. A portion of shaft 60 is threaded
with an internal right-hand thread and the same portion
of shaft 60 is also threaded with an internal left-hand
thread (not shown). The internal threads of the shaft 60
engage with threads 56, 58 of the slides 30, 32. Thus,
when the adjusting knob 10a is rotated the internal and
external right-hand threads 56 engage and the internal
and external threads 58 engage and cause simultaneous
opposed displacement of the right and left slides 30, 32
longitudinally within slot 34. The proximal portions 44 of
each of slide 30, 32 engages slot 34 so as to prevent
slides 30, 32 from rotating with adjusting knob 10a.
[0084] The movement of slides 30, 32 in opposite di-
rections through the pivoting of adjusting knob 10a caus-
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es the deflection wires 38a, 38b to be placed in a state
of tension or compression. For example, when right slide
30 is disposed in a proximal direction in response to the
pivoting of adjusting knob 10a the deflection wire 38a
attached to the right slide 30 is pulled in a proximal di-
rection causing wire 38a to be placed in tension. Simul-
taneously, left slide 32 is disposed in a distal direction in
response to the pivoting of adjusting knob 10a and de-
flection wire 38b attached to the left slide 32 is pushed
in a distal direction causing the wire 38b to be placed in
compression. When adjusting knob 10a is pivoted in the
opposite direction, right slide 30 is disposed distally plac-
ing deflection wire 38a into compression and left slide 32
is simultaneously disposed proximally placing deflection
wire 38b into tension.

[0085] Placing deflection wire 38a in tension and de-
flection wire 38b into compression by pivoting adjusting
knob 10a in a first direction causes the extreme distal
end 14 of the guiding catheter 5 to deflect in a first direc-
tion. Conversely, placing deflection wire 38a in compres-
sion an deflection wire 38b into tension by pivoting ad-
justing knob 10a in a second direction causes the ex-
treme distal end of the guiding catheter 5 to deflect in a
second direction. Guiding catheter 5 extends proximally
through the shaft 60 of adjusting knob 10a, through pas-
sage 40 of slides 30, 32, and terminates in a proximal
end having a retaining nut 36. The retaining nut 36 abuts
against the distal face of gear assembly (rotation assem-
bly) 208 and provides a hemostatic seal between the
retaining nut 36 and gear assembly 208. guiding catheter
5 is constrained within mounting shaft 16 by pillow block
210. In one embodiment, the retaining nut 36 of guiding
catheter 5 is flared such that it has an outer diameter
greater than the outer diameter of the catheter body 4.
Pillow block 210 can be configured to have an internal
surface configured to mate to the flared retaining nut 36.
In an alternative embodiment, the retaining nut 36 can
have an annular ring extending perpendicular to the lon-
gitudinal axis of the guiding catheter 5, which abuts
against pillow block 210 to constrain guiding catheter 5
against the gear assembly 208. Pillow block 210 is at-
tached to mounting shaft 16 with dowel pins 18 inserted
into pin holes 20b, 20c.

[0086] The retaining nut 36 of guiding catheter 5 may
be configured to receive an irrigation lumen 212. The
irrigation lumen 212 allows the user to introduce an irri-
gation fluid into the guiding catheter 5 that prevents body
fluids, such as blood, from entering the lumen 70 of the
guiding catheter 5. Irrigation fluid delivered through the
irrigation lumen 212 provides lubrication between the ul-
trasound catheter and the guiding catheter’s 5 inner wall.
[0087] Ultrasound catheter has a distal end 214, a flex-
ible tubular body 216 that may have a lumen extending
therethrough, and a proximal end 218. The distal end
214 has an ultrasound element 220 described in further
detail below. The ultrasound body 216 extends from the
distal end 214 to the gear assembly 208 within the lumen
of the guiding catheter 5. The ultrasound body 216 is not
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connected directly to the guiding catheter 5 and can freely
rotate within the lumen. The ultrasound body 216 exits
the guiding catheter 5 through its retaining nut 36 and
extends into a hemostasis tube 222. The hemostasis
tube’s 222 distal end is substantially coplanar with the
distal face of the gear assembly 208, and extends prox-
imally through the gear assembly 208 to exit handle grip
12 at its proximal end. The hemostasis tube 222 passes
through and is fixedly attached to a positioning gear 224
within the gear assembly 208, which causes the hemos-
tasis tube 222 to rotate with the positioning gear 224.
Thus, the lumen of the catheter 5 and the hemostasis
tube 222 create a continuous lumen 70 extending from
the distal tip 14 of the catheter 5 to the proximal end of
handle 2.

[0088] The portion of the ultrasound body passing
through the hemostasis tube 222 is fixedly attached to
the hemostasis tube 222 by bonding the inner surface of
the hemostasis tube to the outer surface of the ultrasound
body 216 using an adhesive, such as a glue or epoxy
resin. The bond between the ultrasound body 216 and
hemostasis tube 222 causes the ultrasound body, and
consequently the ultrasound element 220, to rotate within
the lumen of the guiding catheter 5 when the positioning
gear 224 is rotated. The bonding also provides a hemo-
static seal preventing irrigation fluid introduced into the
lumen of guiding catheter 5 from leaking out of the handle
2 through the hemostasis tube 222.

[0089] For a more detailed discussion of the relation-
ship between the second adjusting knob 10b and the
rotation of the ultrasound element, reference is now
made to FIGS. 38-40. The second adjusting knob 10b is
positioned proximal to the first adjusting knob 10a and
distal to handle grip 12, and is thereby constrained along
the longitudinal axis of handle 2. The second adjusting
knob 10b contains an internal gear 226 disposed to en-
gage with a reduction gear 228 contained within handle
2. The reduction gear 228 is attached to the distal end
of the drive shaft 206 that exits the gear assembly 208
and extends distally to the second adjustment knob 10b.
The distal end of the drive shaft 206 is supported within
a notch 230 of the mounting shaft 16 to allow torque from
the internal gear 226 to be transferred to the reduction
gear 228 without detrimental bending that can occur in
long cantilevered members. As the second adjustment
knob 10b is pivoted about the longitudinal axis of the
handle 2, the internal gear 226 engages the reduction
gear 228 and causes the drive shaft 206 to rotate. The
proximal end of the drive shaft 206 extends through the
distal face of the gear assembly 208 and is fixedly at-
tached to a drive gear 232 within the gear assembly 208.
The gear assembly 208 contains one or more ratio gears
234 disposed to transmit torque from the drive gear 232
to the positioning gear 224 such that the positioning gear
rotates when the second adjusting knob 10b is pivoted
about the longitudinal axis of handle 2.

[0090] Inone embodiment, the ratio gears 234 are se-
lected to provide a 1:1 gear ratio between rotation of the
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second adjustment knob 10b attached to internal gear
226 and rotation of the positioning gear 224 and the at-
tached ultrasound catheter. The number and type of ratio
gears 234 may cause the ultrasound catheter to rotate
in the same direction as the second adjusting knob 10b
is pivoted. For example, when adjusting the second ad-
justing knob 10b is pivoted in a counter-clockwise direc-
tion, the ratio gears 234 should cause ultrasound catheter
to rotate in a counter-clockwise direction by rotating po-
sitioning gear 224 in a counter-clockwise direction. And,
when the second adjusting knob 10b is pivoted in a clock-
wise direction, the ratio gears should cause the ultra-
sound catheter to rotate in a clockwise direction by ro-
tating the positioning gear 224 in a clockwise direction.
Ensuring that both the ultrasound catheter and knob 10b
rotate in the same direction allows for more intuitive con-
trol of the ultrasound catheter by the user.

[0091] A 1:1 ratio of rotational movement between the
second adjusting knob 10b and the ultrasound catheter
allows the user to more easily visualize the orientation
of the ultrasound element 220 when the catheter is po-
sitioned within a patient. When a 1:1 ratio is used, the
facing of the ultrasound element 220 can be further indi-
cated to the user through the use of a raised bump or
other tactile feature on adjusting knob 10b aligned with
the ultrasound element 220 such that the tactile feature
is within the ultrasound plane emitted by the ultrasound
element 220. The tactile feature allows the user to as-
certain the orientation of the ultrasound element 220 by
the feel of the tactile feature when gripping the adjusting
knob 10b.

[0092] The gear assembly 208 has a rectangular por-
tion 236 that is positioned within the slot 34 of mounting
shaft 16. The rectangular portion 236 engages the sides
of slot 34 and thereby constrains the gear assembly 208
and prevents it from rotating relative to the mounting shaft
16. The gear assembly 208 also has an arcuate portion
238 extending above slot 34. The radius of the arcuate
portion 238 being substantially the same as the radius
of the mounting shaft 16, and the arcuate portion 238
generally extending above slot 34 such that the outer
arcuate surface 240 is flush with the outer surface of the
mounting shaft 16. By extending the arcuate portion 238
above slot 34, the drive shaft 206 avoids contact with the
guiding catheter 5 and pillow block 210.

[0093] This embodiment is advantageous in that it al-
lows the user to adjust the rotational facing of the ultra-
sound element 220 using the second adjusting knob with
the same hand used to manipulate the distal end of the
guiding catheter with the first adjusting knob. Thus, the
need for a separate handle attached to the ultrasound
catheter used to rotate the ultrasound catheter relative
to the guiding catheter is eliminated.

[0094] In another embodiment, as depicted in FIGS.
41-43, the handle 2 having a single adjusting knob 10
and a through lumen, as previously discussed, can be
used with a diagnostic ultrasound catheter. In this em-
bodiment, ultrasound catheter further includes a handle
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242 attached to the proximal end 218 of the of the flexible
body 216.

[0095] The flexible body 216 of the ultrasound catheter
is slideably disposed through the lumen of the guiding
catheter 5 in a coaxial configuration. In one embodiment,
both the ultrasound catheter and the guiding catheter 5
and handle 2 are steerable and/or deflectable. In this
embodiment, the ultrasound catheter and the guiding
catheter 5 include one or more steering wires or pull wires
(not shown) within the flexible bodies 216, 4 of the ultra-
sound catheter and the guiding catheter 5, respectively.
The handle 242 of the ultrasound catheter and the handle
2 of the guiding catheter 5 include actuators for steering
and/or deflecting the catheters.

[0096] In another embodiment, the handles 2, 242 are
different in size and/or shape so that a practitioner can
easily distinguish one from the other during a medical
procedure. In a further embodiment, the handles 2, 242
are tactilely unique, meaning they each have a different
feel or texture relative to the other. For example, one
handle may have a soft or spongy surface while the other
handle has a hard or stiff surface. Alternatively, one han-
dle may have a smooth surface compared to a rough or
textured surface on the other handle. It is advantageous
to provide a system in which the handles 242, 2 on the
ultrasound catheter and the guiding catheter 5 are differ-
ent in size, shape and/or tactility to permit a practitioner
to easily and quickly identify and distinguish the handle
for controlling the ultrasound catheter versus the handle
for controlling the guiding catheter 5 during a medical
procedure. For example, the handle 2 may be an em-
bodiment of the full sized handles previously discussed,
while the handle 242 may simply be a knob thatis grasped
to rotate the ultrasound catheter inside the guiding cath-
eter 5.

[0097] Referring to FIGS. 41-43, the ultrasound cath-
eter is configured in a coaxial relationship with both the
handle 2 of the guiding catheter 5 and the lumen of the
guiding catheter 5. The handle 2 on the guiding catheter
5 may be manipulated to steer and/or deflect the guiding
catheter 5 to direct the distal end 307 of the ultrasound
catheter to focus fan 312 on a targeted anatomy. The
handle 242 on the ultrasound catheter may also be ma-
nipulated to steer and/or deflect the ultrasound catheter.
The guiding catheter 5 provides a pathway for delivering
the distal portion 214 of the ultrasound catheter to the
desired anatomical area. The guiding catheter 5 also ad-
vantageously constrains the ultrasound catheter within
the lumen of the guiding catheter so that the ultrasound
element 220 can be properly oriented toward the targeted
anatomy. More specifically, the distal portion 214 of the
ultrasound catheter is advanced distally until the distal
portion 214 extends beyond the distal end 14 of the guid-
ing catheter 5. In one embodiment, the distal portion 214
of the ultrasound catheter is advanced about 5 cm to
about 15 cm beyond the distal end 14 of the guiding cath-
eter 5.

[0098] Alternatively, the ultrasound catheter may be
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provided in a "pre-advanced" state, such that the distal
portion 214 is provided already advanced outside the dis-
tal end 14. This advantageously allows the shaft of the
ultrasound catheter to have a smaller outer diameter in
its middle portion, than would otherwise be required for
the distal portion 214 due to the ultrasound elements 220.
This in turn allows the guiding catheter 5 to have a smaller
lumen and a smaller outer diameter in turn. An ultrasound
catheter in a pre-advanced state can be used with em-
bodiments of handle 2 having a second adjusting knob
10b, as described above, because the bond between the
ultrasound catheter and the hemostasis tube 222 pre-
vents axial movement of the ultrasound catheter relative
to the handle 2.

[0099] The handle 242 of the ultrasound catheter can
be rotated relative to handle 2 causing the distal portion
214 of the ultrasound catheter to also rotate axially within
the lumen of the guiding catheter 5. Thus, the guiding
catheter 5 allows the user to steer the ultrasound catheter
to the desired site by deflecting the distal end 14 using
the adjusting knob 10, and also advantageously assists
in properly orienting the ultrasound fan 244 of the ultra-
sound element 220 in relation to the tissue to be visual-
ized.

[0100] The combination of the steering elements
above is uniquely advantageous, in particular for orient-
ing the ultrasound fan 244 toward targeted anatomy. In
particular, in prior art actuators for ultrasound catheters,
the operator may bend the distal end of the catheter in a
direction to move the catheterinto or close to the relevant
anatomy, only to find that while the guiding catheter is in
position, the ultrasound fan is not oriented toward the
targeted anatomy. The operator must rotate or twist the
entire catheter to orient the fan in the proper direction.
Naturally, when a bent catheter is rotated, the bend caus-
es it to move out of position entirely, as it is no longer
oriented correctly. Due to the narrow nature of 2D ultra-
sound fans, the operator may find himself repeatedly
bending and twisting in succession to find the proper ori-
entation, requiring a great deal of skill and experience to
accomplish the task in a reasonable amount of time. In
some cases, the catheter simply cannot reach the de-
sired position. In contrast, the guiding catheter 5 is actu-
ated to provide the proper bend. If the fan 244 is not
properly oriented, the operator simply grasps handle 242
and twists it, or in other embodiments, pivots the second
adjusting knob 10b. Because guiding catheter 5 does not
rotate with the ultrasound catheter, the bend is not
moved, only the orientation of the fan is changed. Thus,
the fan is quite easily oriented toward the targeted anat-
omy. The inventors have found that these two han-
dles/actuators combine in a surprising way to allow easy
and intuitive manipulation of the ultrasound fan 244.
[0101] In an embodiment, the ultrasound element 220
of the ultrasound catheter can include a linear phased
array of ultrasound elements, e.g., 64 elements. A lens
246 can cover the ultrasound elements, and may be
rounded or flat. The lens 246 may be made of materials
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that transmit sound at a velocity matching the velocity of
sound in blood. The ultrasound elements 220 are oper-
atively coupled to an ultrasound system Referring to
FIGS. 41 and 43, the ultrasound element 220 is mounted
in a housing that is affixed to the distal end 214 of the
ultrasound body 216.

[0102] Inanotherembodiment, the ultrasound catheter
169 may include an ultrasound element 220 such as a
radiofrequency (RF) ultrasound element or a high inten-
sity focused ultrasound element, also referred to as a
HIFU ultrasound element, that, in some cases, may uti-
lize a linear phased array transducer. An RF ultrasound
element is a conductive metal having, in one embodi-
ment, a concave surface as described above. The metal
may be any conductive metal or a metal alloy consisting
of one or more of gold, silver, platinum, iridium, titanium,
tantalum, zirconium, vanadium, niobium, hafnium, alu-
minum, silicone, tin, chromium, molybdenum, tungsten,
manganese, beryllium, cobalt, nickel, palladium, os-
mium, rhenium, technetium, rhodium, ruthenium, cadmi-
um, zinc, germanium, antimony, bismuth, boron, scan-
dium and metals of the lanthanide and actinide series,
or any other biocompatible material. In some embodi-
ments, it may be desirable to include a layer of biocom-
patible materials covering the conductive metal. In an-
other embodiment, the ultrasound catheter may incorpo-
rate other types of ultrasound elements suitable for form-
ing ablation lesions such as a microwave transmitter, a
cryogenic element, an optical element, or an acoustic
transducer, for example a high intensity focused ultra-
sound transducer.

[0103] The ultrasound catheters described and depict-
ed herein are directional. In other words, successful di-
agnostic imaging depends on proper orientation of the
ultrasound element 220 relative to the target tissue.
[0104] In one embodiment, the guiding catheter 5, the
ultrasound catheter, or both may include one or more
electrodes 248 coupled to the flexible body 4, 216. Alter-
natively, the flexible bodies 4, 216 can include a magnetic
tracking coil (not shown). The electrode 248 or magnetic
tracking coil may be used in conjunction with an electro-
anatomical mapping system to provide location informa-
tion for the guiding catheter or ultrasound catheter. Suit-
able systems include the St. Jude Medical Ensite™ Elec-
troanatomical Modeling System, the Biosense Webster
Carto™ System, a fluoroscopy system, a magnetic loca-
tion system such as the gMPS system form Mediguide
Ltd. Likewise, the flexible bodies 4, 216 may include one
or more radiopaque portions for tracking in a fluoroscopy
system. As described above, such systems include the
EnSite NavX™ System commercially available from St.
Jude Medical, Inc. and as generally shown with reference
tocommonly assigned U.S. PatentNo. 7,263,397 entitled
"Method and Apparatus for Catheter Navigation and lo-
cation and Mapping in the Heart".
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Alternative systems include Biosense Webster

[0105] Carto™ System, commonly available fluoros-
copy systems or a magnetic location system such as the
gMPS system from Mediguide Ltd., and as generally
shown with reference to U.S. Patent No. 7,386,339, en-
titled "Medical Imaging and Navigation System".

[0106] In a further embodiment, to assist in orienting
and locating the distal end of the ultrasound catheter, the
ultrasound catheter can include one or more electrodes
250 disposed on the distal portion 214 of the ultrasound
body 216 (see FIG. 39, for example). The electrodes 250
may advantageously be used to orient the ultrasound
catheter to ensure that the fan 244 emitted by the ultra-
sound element 220 is facing or oriented towards the tar-
get anatomy. In a particular configuration, the electrodes
250 may be unipolar or bipolar electrogram (EGM) elec-
trodes adapted to measure electrical activity present on
a surface of the tissue. For example, in one embodiment,
a pair of bipolar electrodes 250 is disposed on an outer
surface of the distal end 214, the electrodes in the pair
being disposed on opposite sides of the ultrasound ele-
ment 220. In another embodiment, two pairs of bipolar
electrodes 250 are used. The electrodes 250 are dis-
posed on opposite sides of the ultrasound element 220
in a lateral direction generally perpendicular to a central
axis of the elongate body of the ultrasound catheter. Al-
ternatively, or in addition to the foregoing, a bipolar pair
of electrodes 250 may be disposed on opposite sides of
the ultrasound element 220 in a lateral direction generally
parallel to a central axis of the catheter body. In one em-
bodiment, a side portion of the electrodes 250 is covered
in a biocompatible material to prevent pacing and/or
sensing of tissue that may contact the side portion of the
electrodes 250.

[0107] The electrodes 250 can be coupled to an EGM-
measurement circuit and a display or user interface for
displaying EGM data. The electrodes 250 can be used
for diagnostic purposes, for example, to confirm that an
effective lesion has been created. In this embodiment,
the electrodes 250 are coupled to an impedance-meas-
uring circuit. An ablation lesion is non-conductive scar
tissue; thus, the lesion blocks electrical signals. Because
impedance measures resistance, the effectiveness of an
ablation lesion can be determined based on impedance
measurements. Impedance can be measured before,
during or after applying ablative energy to the tissue. If
an effective lesion has been created, the impedance will
be higher after ablation compared to pre-ablation imped-
ance measurements, as generally shown in commonly
assigned U.S. Patent Application No. 12/622,488, enti-
tled "System and method for assessing lesions in tissue".
Likewise, the electrodes 250 can be used to determine
the proximity of the catheterto tissue, as generally shown
in commonly assigned U.S. Patent Application No.
12/650,060, entitled "System and method for assessing
coupling between an electrode and tissue".

[0108] Inanother embodiment, the ultrasound catheter
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includes one or more temperature sensors (not shown),
such as thermistors or thermocouples, disposed on the
distal portion 307 of the ultrasound body 216. The one
or more temperature sensors are positioned to measure
the temperature of the ultrasound element 220, and/or
the tissue. In one embodiment, temperature sensors are
positioned distally and/or proximally of the ultrasound el-
ement 220. Temperature readings from the one or more
temperature sensors may be output and presented as
advisory data to a user (analogous to the above relating
to the state of the electrode(s)). For example, tempera-
ture readings may be presented via a display (e.g., a
color, number, or symbol), atone (e.g., an audible alarm),
and/or haptic or vibratory feedback. In addition, the tem-
perature data may be used to assist in lesion assess-
ment.

[0109] In another embodiment, as depicted in FIGS.
44 and 45, the diameter of the guiding catheter 5 can be
reduced when the pull wires 38a, 38b are flat wires 252
having a generally rectangular cross section taken or-
thogonally to the longitudinal axis of the flat wire 252.
The flat wire 252 is preferably composed of stainless
steel, although alternative materials used for convention-
al round pull wires are also suitable. The flat wires 252
preferably has dimensions of about 0,0508 mm (0.002
inches) by about 0,1524 mm (0.006 inches), and more
preferably about 0,1016 mm (0.004 inches) by 0,3048
mm (0.012 inches). Flat wires 252 allow the outer diam-
eter of guiding catheter 5 to be reduced which is beneficial
in that it allows the sheath to be used in smaller body
lumens. An exemplary guiding catheter containing flat
wires is described in United States Patent Application
No. 11/647,313 entitled "Steerable Catheter Using Flat
Pull Wires and Method of Making Same".

[0110] In yet another embodiment, guiding catheter 5
can include a braided wire assembly 254 to strengthen
the guiding catheter 5. The braided wire assembly 254
can be formed of stainless steel wire, including for ex-
ample 0,0762 mm (0.003 inch) high tensile stainless steel
wire. Braided wire assembly 254 can be formed in a
standard braid pattern and density, for example, about
16 wires at about 45 to about 60 picks per inch ("PPI"
(picks per 25,4 mm)) density. Alternatively, a braid may
be used that is characterized by a varying braid density.
For example, braided wire assembly 254 can be charac-
terized by a first braid density at the proximal end of cath-
eter 5 and then transition to one or more different braid
densities as braided wire assembly 254 approaches the
distal end 14 of the guiding catheter 5. The braid density
of distal end 14 can be greater or less than the braid
density at the retaining nut 36. In one example, the braid
density at the retaining nut 36 is about 50 PPI and the
braid density at the distal end 14 is about 10 PPI. In other
embodiments, the braid density at the distal end 14 is
about 20% to about 35% of the braid density at the re-
taining nut 36.

[0111] The braided wire assembly 254 can be de-
signed to have transitional braid densities starting at one
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braid density and transitioning to a lower braid density.
In one embodiment, the braid may begin ata braid density
of about 50to 60 PPI, and more preferably between about
50and about 55 PPI, and then transition to a braid density
at the distal end 14 of about 5 to about 15 PPI. The braid
density may transition slowly, or it may change using one
or more segments. For example, there can be an inter-
mediate zone with a braid density of about 30 to 45 PPI.
Variations in the braid density of the braided wire assem-
bly 254 can be used to increase or decrease the flexibility
of the guiding catheter 5 and to decrease the overall di-
ameter of the guiding catheter 5 in sections having a de-
creased braid density. An exemplary guiding catheter
containing a braided wire assembly is described in United
States Patent Application No. 11/647,313 entitled "Steer-
able Catheter Using Flat Pull Wires and Method of Mak-
ing Same".

[0112] As can be understood from FIG. 46, which is a
diagrammatic illustration of the control handle 2 being
employed in a surgical procedure on a patient 300, the
distal end 14 of the guiding catheter body 4 is inserted
into the patient 300 (e.g., intravenously via a body lumen
302 of the patient 300, percutaneously, or via other av-
enues for entering the patient’s body). The distal end 14
of the catheter body 4 is advanced until positioned in a
selected location within the patient 300 (e.g., within a
chamber 304 of the patient’s heart 306 or other organ,
with a body cavity of the patient, etc.). The distal end 14
of the catheter body 4 is then deflected by rotating ad-
justment knob 10, 10a about the longitudinal axis of the
handle 2. As can be understood from FIGS. 1-44, this
causes the slides 30, 32 within the handle 2 to displace
along the longitudinal axis in opposite directions. Since
each slide 30, 32 is coupled to its respective deflection
wire 38 and each deflection wire runs through the guiding
catheter body 4 and is coupled to the distal end 14, the
distal end 14 of the catheter body 4 is deflected. The
orientation of the ultrasound fan 244 can then be adjusted
by rotating the ultrasound catheter relative to the guiding
catheter 5. The ultrasound adjustment can be accom-
plished in one embodiment by rotating adjusting knob
10b about the longitudinal axis of handle 2 to, in a pre-
ferred embodiment, a 1:1 angular rotation of the ultra-
sound fan about the longitudinal axis of the distal end 14
of the guiding catheter 5. In another embodiment, the
ultrasound adjustment can be accomplished by rotating
handle 242 relative to handle 2 causing the ultrasound
catheter to rotate within the lumen of the guiding catheter
5. Inboth embodiments, the adjustment of the ultrasound
fan 244 orientation can be accomplished without chang-
ing the deflection of the distal end 14 of the guiding cath-
eter 5.

[0113] Although a number of embodiments have been
described above with a certain degree of particularity,
those skilled in the art could make numerous alterations
to the disclosed embodiments without departing from the
scope of this invention. For example, all joinder referenc-
es (e.g., attached, coupled, connected, and the like) are
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to be construed broadly and may include intermediate
members between a connection of elements and relative
movement between elements. As such, joinder referenc-
es do not necessarily infer that two elements are directly
connected and in fixed relation to each other. It is intend-
ed that all matter contained in the above description or
shown inthe accompanying drawings shall be interpreted
as illustrative only and not limiting. Changes in detail or
structure may be made without departing from the scope
of the invention as defined in the appended claims.

Claims
1. A catheter system comprising:

a guiding catheter (5), the guiding catheter (5)
comprising a flexible body (4) having a lumen
therethrough and a deflection wire (38a, 38b);
the flexible body (4) having a distal end portion
(14) and a proximal end portion, with the proxi-
mal end portion being coupled to a handle (2)
and the distal end being operably connected to
the deflection wire (38a, 38b);

the handle (2) comprising an actuator (10) and
a handle grip (12); the handle (2) having a lumen
extending through the actuator (10) and the han-
dle grip (12);

the handle grip (12) including a slide (30, 32);
the slide (30, 32) being operably coupled to the
deflection wire (38a, 38b);

an instrument catheter comprising an instru-
ment element, an elongate body (216) having
proximal and distal end portions (218, 214) and
a manipulation portion (242); the instrument el-
ement being attached to the distal end portion
and the manipulation portion being attached to
the proximal end of the flexible body;

the instrument catheter being disposed within
the lumens of the guiding catheter (5) and han-
dle (2); the proximal portion of the instrument
catheter extending through the proximal end of
the handle (2),

wherein rotation of the actuator (10) engages
the slide (30, 32) causing the slide to displace
axially imparting a tensile force to the deflection
wire (38a, 38b) thereby causing the distal end
portion (14) of the guiding catheter (5) and the
portion of the instrument catheter contained
therein to deflect from a prior configuration,
characterized in that

the manipulation portion (242) of the instrument
catheter extends beyond the proximal end of the
handle (2); the instrument catheter being capa-
ble of rotating within the lumens relative to the
guiding catheter (5); and

rotation of the manipulation portion (242) im-
parts a torque to the elongate body of the instru-
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ment catheter thereby causing the instrument
catheter to rotate within the lumens of the guid-
ing catheter (5) and handle (2) without substan-
tially changing the deflection of the guiding cath-
eter (5).

The system of claim 1 wherein the guiding catheter
further comprises a plurality of deflection wires (38a,
38b).

The system of claim 2 wherein the guiding catheter
(5) further comprises a plurality of slides (30, 32),
each slide being operably connected to one of the
plurality of deflection wires (38a, 38b).

The system of any one of the preceding claims
wherein application of an axial force to the manipu-
lation handle (242) causes the instrument catheter
to move axially relative to the guiding catheter (5)
thereby advancing or retracting the distal end portion
of the instrument catheter from the guiding catheter

(5).

The system of any one of the preceding claims
wherein the instrument element is an ultrasound el-
ement (220).

The system of any one of the preceding claims, the
distal end portion (214) of the instrument catheter or
the distal end portion (14) of the guiding catheter (5)
further including one of an electrode (248) or a mag-
netic tracking coil operably connected to an electro-
anatomical mapping system.

The catheter system of any one of the preceding
claims, comprising:

wherein the handle (2) comprises a first actuator
(10a), a second actuator (10b), and a handle
grip (12); the handle (2) having a continuous lu-
men extending through the first actuator (10a),
the second actuator (10b), and the handle grip
(12);

the handle grip (12) further including a rotation
assembly (208) being operably connected to the
second actuator (10b);

wherein rotation of the first actuator (10a) en-
gages the slide (30, 32) causing the slide to dis-
place axially imparting a tensile force to the de-
flection wire thereby causing the distal end por-
tion (14) of the guiding catheter (5) and the por-
tion of the instrument catheter contained therein
to deflect from a prior configuration, and rotation
of the second actuator (10b) causes the instru-
ment catheter to rotate within the lumens of the
guiding catheter (5) and handle (2) without sub-
stantially changing the deflection of the guiding
catheter (5).
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The system of claim 7, the proximal portion (218) of
the elongate body (216) of the instrument catheter
being fixedly attached to the rotation assembly (208),
wherein rotation of the second actuator (10b) imparts
atorque to the elongate body (216) of the instrument
catheter through the rotation assembly (208) thereby
causing the rotation of the instrument catheter within
the lumens of the guiding catheter (5) and handle (2).

The system of claim 7 or 8, wherein the rotation as-
sembly (208) comprises a drive gear (232), the one
or more ratio gears (234), and a positioning gear
(224); the drive gear operably coupled to the second
actuator to receive a torque; the one or more ratio
gears (234) disposed to engage the drive gear (232)
and positioning gear (224) thereby transferring
torque from the drive gear (232) to the positioning
gear (224); the positioning gear (224) being coupled
to the proximal end portion (218) of the instrument
catheter thereby causing the instrument catheter to
rotate with the positioning gear (224).

The system of claim 9, wherein the rotation assembly
(208) causes a substantially one to one ratio be-
tween angular displacement of the second actuator
(10b) and angular displacement of the instrument
catheter.

The system of any one of claims 7 to 10, wherein
the instrument catheter rotates in the same direction
as the rotation of the second actuator (10b).

The system of any one of claims 7 to 11, the handle
further comprising an irrigation lumen operably cou-
pled to the proximal end portion of the guiding cath-
eter (5) to maintain a fluid relationship between the
irrigation lumen and the lumen of the guiding catheter

(5).

The system of any one of claims 7 to 12, wherein
the deflection wire (38a, 38b) is a flat wire.

The system of any one of claims 7 to 13, wherein
the guiding catheter (5) and/or the instrument cath-
eter includes a braided wire assembly (254) having
a variable braid density, wherein the braid density of
the braided wire assembly (254) at the distal end
portion is preferably about 20% to about 35% of the
braid density at the proximal end portion.

The catheter system according to any one of the pre-
ceding claims, wherein the handle grip (2) includes
a rotation assembly (208) having a tube extending
therethrough, wherein a continuous lumen extends
from the distal portion of the guiding catheter (5) to
the proximal end of the tube.
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Patentanspriiche

1.

Kathetersystem, mit

einem Fihrungskatheter (5), wobei der Flhrungs-
katheter (5) einen flexiblen Kérper (4), der ein Lumen
dorthin durch aufweist, und einen Auslenkungsdraht
(38a, 38b) aufweist,

dem flexiblen Korper (4), der einen distalen Endteil
(14) und einen proximalen Endteil aufweist, wobei
der proximale Endteil mit einem Handgriff (2) gekop-
pelt ist und das distale Ende operativ mit dem Aus-
lenkungsdraht (38a, 38b) verbunden ist,

dem Handgriff (2), der einen Stellglied (10) und einen
Griff (12) aufweist, wobei der Handgriff (2) ein Lumen
aufweist, das sich durch den Stellglied (10) und den
Griff (12) erstreckt,

dem Giriff (12), der ein Gleitstlick (30, 32) enthalt,
wobei das Gleitstlick (30, 32) operativ mit dem Aus-
lenkungsdraht (38a, 38b) gekoppelt ist,

einem Instrumentenkatheter, der ein Instrumenten-
element, einen langlichen Kérper (216), der einen
proximalen und einen distalen Endteil (218, 214) auf-
weist, und einen Bedienungsteil (242) aufweist, wo-
bei das Instrumentenelement an dem distalen End-
teil angebracht ist und der Bedienungsteil an dem
proximalen Ende des flexiblen Kérpers angebracht
ist,

bei dem der Instrumentenkatheter innerhalb der Lu-
men des Fihrungskatheters (5) und des Handgriffs
(2) angeordnet ist, wobei sich der proximale Teil des
Instrumentenkatheters durch das proximale Ende
des Handgriffs (2) erstreckt,

bei dem die Drehung des Stellglieds (10) das Gleit-
stlick (30, 32) betreibt, um zu bewirken, dass sich
das Gleitstiick axial verschiebt, so dass eine Zug-
kraft auf den Auslenkungsdraht (38a, 38b) tibermit-
telt wird, um dadurch zu bewirken, dass der distale
Endteil (14) des Fuhrungskatheters (5) und der Teil
des Instrumentenkatheters, der darin enthalten ist,
aus einer vorherigen Konfiguration auslenkt,
dadurch gekennzeichnet, dass

der Bedienungsteil (242) des Instrumentenkatheters
sich Uber das proximale Ende des Handgriffs (2) er-
streckt, wobei der Instrumentenkatheter innerhalb
des Lumens relativ zu dem Fihrungskatheter (5)
drehen kann, und

eine Drehung des Bedienungsteils (242) ein Dreh-
moment dem langlichen Kérper des Instrumenten-
katheters Ubermittelt, um dabei zu bewirken, dass
der Instrumentenkatheter innerhalb der Lumen des
Fihrungskatheters (5) und des Handgriffs (2) ohne
wesentliche Anderung der Auslenkung des Fiih-
rungskatheters (5) dreht.

System nach Anspruch 1, bei dem der Fiihrungska-
theter ferner eine Mehrzahl an Auslenkungsdrahten
(38a, 38b) aufweist.
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3.

System nach Anspruch 2, bei dem der Fuhrungska-
theter (5) ferner eine Mehrzahl an Gleitstiicken (30,
32) aufweist, wobei jedes Gleitstiick mit einem der
Mehrzahl an Auslenkungsdrahten (38a, 38b) opera-
tiv verbunden ist.

System nach einem der vorhergehenden Anspri-
che, bei dem das Aufbringen einer axialen Kraft auf
den Bedienungsteil (242) bewirkt, dass sich der In-
strumentenkatheter axial relativ zu dem Fihrungs-
katheter (5) bewegt, um dabei den distalen Endteil
des Instrumentenkatheters von dem Fuhrungska-
theter (5) vorzurlicken oder zurlickzuziehen.

System nach einem der vorhergehenden Anspri-
che, bei dem das Instrumentenelement ein Ultra-
schallelement (220) ist.

System nach einem der vorhergehenden Anspri-
che, beidem der distale Endteil (214) des Instrumen-
tenkatheters oder der distale Endteil (14) des Fih-
rungskatheters (5) ferner eine von einer Elektrode
(248) oder einer magnetischen Trackingspule ent-
halt, die operativ mit einem elektro-anatomischen
Abbildungssystem verbunden sind.

Kathetersystem nach einem der vorhergehenden
Ansprliche,

bei dem der Handgriff (2) ein erstes Stellglied (10a),
ein zweites Stellglied (10b) und einen Griff (12) auf-
weist, wobei der Handgriff (2) ein kontinuierliches
Lumen aufweist, das sich durch das erste Stellglied
(10a), das zweite Stellglied (10b) und den Griff (12)
erstreckt,

der Griff (12) ferner eine Drehungsbaugruppe (208)
enthalt, die operativ mit dem zweiten Stellglied (10b)
verbunden ist,

bei dem die Drehung des ersten Stellglieds (10a)
das Gleitstiick (30, 32) betreibt, um zu bewirken,
dass sich das Gleitstiick axial verschiebt, so dass
eine Zugkraft auf den Auslenkungsdraht (38a, 38b)
Ubermittelt wird, um dadurch zu bewirken, dass der
distale Endteil (14) des Fihrungskatheters (5) und
der Teil des Instrumentenkatheters, der darin ent-
halten ist, aus einer vorherigen Konfiguration aus-
lenkt, und eine Drehung des zweiten Stellglieds
(10b) bewirkt, dass der Instrumentenkatheter inner-
halb der Lumen des Fihrungskatheters (5) und des
Handgriffs (2) ohne wesentliche Anderung der Aus-
lenkung des Flhrungskatheters (5) dreht.

System nach Anspruch 7, wobei der proximale Teil
(218) des langlichen Korpers (216) des Instrumen-
tenkatheters an der Drehungsbaugruppe (208) fest
angebracht ist, bei dem eine Drehung des zweiten
Stellglieds (10b) ein Drehmoment dem langlichen
Korper (216) des Instrumentenkatheters durch die
Drehungsbaugruppe (208) tGbermittelt, um die Dre-
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hung des Instrumentenkatheters innerhalb der Lu-
men des Fihrungskatheters (5) und des Handgriffs
(2) zu bewirken.

System nach Anspruch 7 oder 8, bei dem die Dre-
hungsbaugruppe (208) ein Antriebszahnrad (232),
das eine oder mehrere Ubertragungszahnrader
(234) und ein Positionierungszahnrad (224) auf-
weist, wobei das Antriebszahnrad operativ mit dem
zweiten Stellglied gekoppeltist, so dass es ein Dreh-
moment aufnimmt, das ein oder die mehreren Uber-
tragungszahnrader (234) flr einen Eingriff mit dem
Antriebszahnrad (232) und dem Positionierungs-
zahnrad (224) angeordnet sind, um dadurch das
Drehmoment von dem Antriebszahnrad (232) dem
Positionierungszahnrad (224) zu (bertragen, und
das Positionierungszahnrad (224) mit dem proxima-
len Endteil (218) des Instrumentenkatheters gekop-
pelt ist, um dabei zu erwirken, dass der Instrumen-
tenkatheter mit dem Positionierungszahnrad (224)
dreht.

System nach Anspruch 9, bei dem die Drehungs-
baugruppe (208) ein im Wesentlichen Eins-zu-eins-
Ubertragung zwischen dem Winkelversatz des zwei-
ten Stellglieds (10b) und dem Winkelversatz des In-
strumentenkatheters bewirkt.

System nach einem der Anspriiche 7 bis 10, bei dem
der Instrumentenkatheter in der gleichen Richtung
wie die Drehung des zweiten Stellglieds (10b) dreht.

System nach einem der Anspriiche 7 bis 11, bei dem
der Handgriff ferner ein Irrigationslumen aufweist,
das operativ mit dem proximalen Endteil des Fiih-
rungskatheters (5) zum Aufrechterhalten einer Flu-
idbeziehung zwischen dem Irrigationslumen und
dem Lumen des Fuhrungskatheters (5) gekoppelt
ist.

System nach einem der Anspriiche 7 bis 12, bei dem
der Auslenkungsdraht (38a, 38b) ein flacher Draht
ist.

System nach einem der Anspriiche 7 bis 13, bei dem
der Fihrungskatheter (5) und/oder der Instrumen-
tenkatheter eine Flechtdrahtgruppe (254) enthalt,
die eine variable Flechtdichte aufweist, wobei die
Flechtdichte der Flechtdrahtgruppe (254) an dem
distalen Endteil bevorzugt 20% bis ungefahr 35%
der Flechtdichte an dem proximalen Endteil ist.

Kathetersystem nach einem der vorhergehenden
Anspriche, bei dem der Handgriff (2) eine Dre-
hungsbaugruppe (208) aufweist, die ein Rohr auf-
weist, das sich dorthin durch erstreckt, wobei sich
einkontinuierliches Lumenvondem distalen Teil des
FUhrungskatheters (5) zu dem proximalen Ende des
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Rohrs erstreckt.

Revendications

1.

Systéme de cathéter comprenant :

un cathéter de guidage (5), le cathéter de gui-
dage (5) comprenant un corps flexible (4) ayant
une lumiére au travers de celui-ci et un fil de
déviation (38a, 38b) ;

le corps flexible (4) ayant une partie d’extrémité
distale (14) et une partie d’extrémité proximale,
la partie d’extrémité proximale étant couplée a
un manche (2) et I'extrémité distale étant reliée
fonctionnellement au fil de déviation (38a, 38b) ;
le manche (2) comprenant un actionneur (10) et
une poignée de manche (12) ; le manche (2)
ayant une lumiére s’étendant au travers de I'ac-
tionneur (10) et de la poignée de manche (12) ;
la poignée de manche (12) comportant un cou-
lisseau (30, 32); le coulisseau (30, 32) étant
couplé fonctionnellement au fil de déviation
(38a, 38b);

un cathéter d’instrument comprenant un élé-
ment d’instrument, un corps allongé (216) ayant
des parties d’extrémité proximale et distale
(218, 214) et une partie de manipulation (242) ;
I’élément d’instrument étant fixé a la partie d’ex-
trémité distale et la partie de manipulation étant
fixée a I'extrémité proximale du corps flexible ;
le cathéter d’instrument étant disposé dans les
lumieres du cathéter de guidage (5) et du man-
che (2) ; la partie proximale du cathéter d’instru-
ment s’étendant au travers de I'extrémité proxi-
male du manche (2),

dans lequel la rotation de 'actionneur (10) met
en prise le coulisseau (30, 32) entrainant le dé-
placement axial du coulisseau conférant une
force de traction au fil de déviation (38a, 38b),
entrainant ainsi la déviation de la partie d’extré-
mité distale (14) du cathéter de guidage (5) et
de la partie du cathéter d’instrument contenu
dans celui-ci, par rapport a une configuration an-
térieure,

caractérisé en ce que

la partie de manipulation (242) du cathéter d’ins-
truments’étend au-dela de I'extrémité proximale
du manche (2) ; le cathéter d’instrument pou-
vant tourner dans les lumieres par rapport au
cathéter de guidage (5) ; et

la rotation de la partie de manipulation (242)
confére un couple au corps allongé du cathéter
d’instrument, entrainant ainsi la rotation du ca-
théter d’instrument dans les lumiéres du cathé-
ter de guidage (5) et du manche (2) sans chan-
ger sensiblementla déviation du cathéter de gui-
dage (5).
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Systeme selon la revendication 1, dans lequel le ca-
théter de guidage comprend en outre une pluralité
de fils de déviation (38a, 38b).

Systeme selon la revendication 2, dans lequel le ca-
théter de guidage (5) comprend en outre une plura-
lité de coulisseaux (30, 32), chaque coulisseau étant
relié fonctionnellement a I'un de la pluralité des fils
de déviation (38a, 38b).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel I'application d’'une force
axiale au manche de manipulation (242) entraine le
déplacement axial du cathéter d’instrument par rap-
port au cathéter de guidage (5), avangant ou rétrac-
tant ainsi la partie d’extrémité distale du cathéter
d’instrument du cathéter de guidage (5).

Systeme selon I'une quelconque des revendications
précédentes, dans lequel I'élément d’instrument est
un élément a ultrasons (220).

Systeme selon I'une quelconque des revendications
précédentes, la partie d’extrémité distale (214) du
cathéter d’'instrument ou de la partie d’extrémité dis-
tale (14) du cathéter de guidage (5) comportant en
outre I'une parmi une électrode (248) ou une bobine
de suivi magnétique reliée fonctionnellement a un
systéme de cartographie électro-anatomique.

Systeme de cathéter selon I'une quelconque des re-
vendications précédentes, dans lequel :

la poignée (2) comprend un premier actionneur
(10a), un deuxiéme actionneur (10b) et une poi-
gnée de manche (12) ; le manche (2) ayant une
lumiére continue s’étendant au travers du pre-
mier actionneur (10a), du deuxiéme actionneur
(10b) et de la poignée de manche (12) ;

la poignée de manche (12) comportant en outre
un ensemble de rotation (208) relié fonctionnel-
lement au deuxiéme actionneur (10b) ;

dans lequel la rotation du premier actionneur
(10a) met en prise le coulisseau (30, 32), entrai-
nant le déplacement axial du coulisseau confé-
rant une force de traction au fil de déviation, en-
trainant ainsila déviation de la partie d’extrémité
distale (14) du cathéter de guidage (5) et de la
partie du cathéter d’instrument contenu dans ce-
lui-ci, par rapport a une configuration antérieure,
et la rotation du deuxieme actionneur (10b) en-
traine la rotation du cathéter d’instrument dans
les lumiéres du cathéter de guidage (5) et du
manche (2) sans modifier sensiblement la dé-
viation du cathéter de guidage (5).

8. Systémeselonlarevendication 7, la partie proximale

(218) du corps allongé (216) du cathéter d’instru-
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ment étant fixée de fagon inamovible a 'ensemble
de rotation (208), dans lequel la rotation du deuxié-
me actionneur (10b) confére un couple au corps al-
longé (216) du cathéter d’instrument par 'ensemble
de rotation (208), entrainant ainsi la rotation du ca-
théter d’instrument dans les lumiéres du cathéter de
guidage (5) et du manche (2).

Systéme selon la revendication 7 ou 8, dans lequel
I’ensemble de rotation (208) comprend un engrena-
ge d’entrainement (232), les un ou plusieurs engre-
nages a rapport (234) et un engrenage de position-
nement (224); I'engrenage d’entrainement étant
couplé fonctionnellement au deuxiéme actionneur
de fagon a recevoir un couple ; les un ou plusieurs
engrenages a rapport (234) étant disposés de fagon
a mettre en prise 'engrenage d’entrainement (232)
et 'engrenage de positionnement (224),
transférant ainsi un couple de I'engrenage d’entrai-
nement (232) a l'engrenage de positionnement
(224) ; I'engrenage de positionnement (224) étant
couplé a la partie d’extrémité proximale (218) du ca-
théter d’instrument, entrainant ainsi la rotation du
cathéter d’instrument avec I'engrenage de position-
nement (224).

Systéme selon la revendication 9, dans lequel I'en-
semble de rotation (208) entraine un rapport sensi-
blement de un a un entre un déplacement angulaire
du deuxiéme actionneur (10b) et un déplacement
angulaire du cathéter d’instrument.

Systéme selon I'une quelconque des revendications
7 a 10, dans lequel le cathéter d’instrument tourne
dans la méme direction que la rotation du deuxiéme
actionneur (10b).

Systéme selon I'une quelconque des revendications
7 a 11, le manche comprenant en outre une lumiére
d’irrigation couplée fonctionnellement a la partie
d’extrémité proximale du cathéter de guidage (5)
pour maintenir une relation de fluide entre la lumiére
d’irrigation et la lumiére du cathéter de guidage (5).

Systéme selon I'une quelconque des revendications
7 a 12, dans lequel le fil de déviation (38a, 38b) est
un fil plat.

Systéme selon I'une quelconque des revendications
7 a 13, dans lequel le cathéter de guidage (5) et/ou
le cathéter d’instrument comporte(nt) un ensemble
de fil tressé (254) ayant une densité de tressage va-
riable, dans lequel la densité de tressage de I'en-
semble de fil tressé (254) sur la partie d’extrémité
distale est de préférence d’environ 20 % a environ
35 % de la densité de tressage sur la partie d’extré-
mité proximale.
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15. Systéme de cathéter selon I'une quelconque des re-
vendications précédentes, dans lequel la poignée
de manche (2) comporte un ensemble de rotation
(208) ayant un tube s’étendant au travers de celui-
ci, dans lequel une lumiére continue s’étend dela %
partie d’extrémité distale du cathéter de guidage (5)
a I'extrémité proximale du tube.
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