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(54) STEERABLE GUIDING SHEATH WITH RACK AND PINION DEFLECTION MECHANISM

(57) A guiding sheath has a braided layer for im-
proved deflection characteristics and ring electrodes for
electrical sensing, mapping and visualization, wherein
lead wires for the ring electrodes are passed through
lumened tubing position under the braided layer in a prox-

imal portion of the guiding sheath shaft and above the
braided layer in a distal portion of the guiding sheath
shaft. Moreover, the hemostatic valve includes an im-
proved friction ring with air vents to reduce the risk of air
being introduced into the valve.
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Description

FIELD OF INVENTION

[0001] This invention relates to a guiding sheath which
is especially suitable for guiding electrophysiology cath-
eter, in particular, a deflectable guiding sheath.

BACKGROUND

[0002] Guiding sheaths are well known for use in facil-
itating pathway for a treatment or diagnostic catheter.
Catheterization of the human heart often necessitates
having a catheter gain access to the heart chambers, via
a femoral vein and the aorta. To provide variation in
movement, guiding sheaths (much like the catheters that
are passed through the guiding sheaths) may be steer-
able or deflectable with the use of one or more puller
wires for improved maneuverability in the patient’s vas-
culature.
[0003] Accordingly, there is a desire for a guiding
sheath with improved deflection characteristics and
smoother operation in deflection mechanisms of the con-
trol handle.

SUMMARY OF THE INVENTION

[0004] In some embodiments, a guiding sheath as-
sembly comprises an elongated shaft and a control han-
dle proximal of the shaft, the control handle having a lon-
gitudinal axis. The control handle includes a rotatable
shaft, a pinion, and first and second shuttles. The shaft
is configured for rotation about the longitudinal axis. The
first shuttle configured for translation along the longitu-
dinal axis in one direction in response to rotation of the
rotatable shaft, wherein the first shuttle has a first plurality
of teeth. The opinion is in engagement with the first plu-
rality of teeth, and configured for rotation about an axis
generally perpendicular to the longitudinal axis in re-
sponse to the translation of the first shuttle. The second
shuttle has a second plurality of teeth in engagement with
the pinion and is configured for translation along the lon-
gitudinal axis in another direction opposite to the one
direction in response to rotation of the pinion. The guiding
sheath assembly also has a first puller wire extending
along one side of the shaft and having a proximal end
portion responsive to at least translation of the first shuttle
in a proximal direction, and a second puller wire extend-
ing along another side of the shaft and having a proximal
end portion response to at least translation of the second
shuttle in the proximal direction.
[0005] In some embodiments, the control handle in-
cludes a control knob and the rotatable shaft being con-
figured for rotation in response to rotation of the control
knob.
[0006] In some embodiments, the rotatable shaft has
an inner passage configured to receive a first distal por-
tion of the first shuttle and a second distal portion of the

second shuttle.
[0007] In some embodiments, the first and second dis-
tal portions are configured to form a cylindrical form when
the first and second shuttles are laterally even with each
other along the longitudinal axis.
[0008] In some embodiments, an inner surface of the
inner passage is threaded and an outer surface of the
first distal portion is threaded and engaged with the inner
surface.
[0009] In some embodiments, the rotational shaft is
rotationally and translationally coupled to the control
knob.
[0010] In some embodiments, the rotational shaft is
rotationally coupled to the control knob by a longitudinal
ridge formed on an outer surface of the shaft.
[0011] In some embodiments, the rotational shaft is
rotationally coupled to the control knob by a pin extending
through a portion of the control knob and slot formed in
the rotational shaft.
[0012] In some embodiments, the rotational shaft is
rotationally and translationally coupled to the control
knob at its distal end.
[0013] In some embodiments, the control handle in-
cludes a neutral indicator.
[0014] In some embodiments, the neutral indicator in-
cludes a first member on the first shuttle and a second
member on the second shuttle, wherein the first and sec-
ond members are configured for releasable engagement.
[0015] In some embodiments, the neutral indicator is
configured to provide resistance to disengagement and
re-engagement.
[0016] In some embodiments, the first neutral indicator
includes a tapered projection, and the second neutral
indicator includes a tapered recess.
[0017] In some embodiments, a guiding sheath as-
sembly comprises an elongated shaft, and a control han-
dle proximal of the shaft. The control handle has a lon-
gitudinal axis, and includes a control knob configured for
rotation about the longitudinal axis, and a hollow rotatable
shaft configured for rotation about the longitudinal axis
in response to rotation of the control knob. The control
handle also includes a first shuttle configured for trans-
lation along the longitudinal axis in one direction in re-
sponse to rotation of the rotatable shaft, the first shuttle
having a first plurality of teeth, a pinion in engagement
with the first plurality of teeth, the pinion configured for
rotation about an axis generally perpendicular to the lon-
gitudinal axis in response to the translation of the first
shuttle, and a second shuttle having a second plurality
of teeth in engagement with the pinion, the second shuttle
configured for translation along the longitudinal axis in
another direction opposite to the one direction in re-
sponse to rotation of the pinion. The guiding sheath as-
sembly further has a first puller wire extending along one
side of the shaft and having a proximal end portion re-
sponsive to at least translation of the first shuttle in a
proximal direction, and a second puller wire extending
along another side of the shaft and having a proximal
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end portion response to at least translation of the second
shuttle in the proximal direction.
[0018] In some embodiments, a control handle for use
in controlling deflection of a medical guiding sheath shaft,
includes a control knob configured for rotation about a
longitudinal axis of the control handle, and a hollow ro-
tatable shaft configured for rotation about the longitudinal
axis in response to rotation of the control knob. The con-
trol handle also includes a first shuttle configured for
translation along the longitudinal axis in one direction in
response to rotation of the rotatable shaft, wherein the
first shuttle has a first plurality of teeth. The control handle
further includes a pinion in engagement with the first plu-
rality of teeth, wherein the pinion is configured for rotation
about an axis generally perpendicular to the longitudinal
axis in response to the translation of the first shuttle. The
control handle also includes a second shuttle having a
second plurality of teeth in engagement with the pinion,
the second shuttle configured for translation along the
longitudinal axis in another direction opposite to the one
direction in response to rotation of the pinion, wherein
the first and second shuttles are configured to respec-
tively act first and second puller wires extending along
the guiding sheath shaft.
[0019] In some embodiments, distal ends of the first
and second shuttles extend into a proximal portion of the
rotatable shaft.
[0020] In some embodiments, an inner surface of the
rotatable shaft is threaded and an outer surface of the
first shuttle is threaded for rotationally coupling the rotat-
able shaft and the first shuttle.
[0021] In some embodiments, the first shuttle is directly
responsive to rotation of the rotatable shaft and the sec-
ond shuttle is directly responsive to rotation of the pinion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and other features and advantages of
the present invention will be better understood by refer-
ence to the following detailed description when consid-
ered in conjunction with the accompanying drawings. It
is understood that selected structures and features have
not been shown in certain drawings so as to provide bet-
ter viewing of the remaining structures and features.

FIG. 1 is a top plan view of a guiding sheath including
a control handle, in accordance with an embodiment
of the present invention.
FIG. 2 is a longitudinal cross-sectional view of a con-
trol handle of FIG. 1.
FIG. 3 is an exploded view of the control handle of
FIG. 1, with a housing removed.
FIG. 4 is a longitudinal cross-sectional view of a distal
portion of the control handle of FIG. 1, including a
control knob.
FIG. 5 is a perspective view of the control handle of
FIG. 1, with the housing removed.
FIG. 6A is a top plan view of a neutral indicator with

first and second members engaged, in accordance
with one embodiment of the present invention.
FIG. 6B is a top plan view of the neutral indicator of
FIG. 6A with the first and second members disen-
gaged.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Referring to FIG. 1, in some embodiment of
present invention, a guiding sheath assembly 10 includes
an elongated and flexible sheath 12, and a control handle
16 proximal of sheath 12. The sheath 12 includes a prox-
imal section 13 and a distal deflection section 14. The
control handle 16 may be connected to an electrical con-
nector 17 for transmitting electrical signals, as sensed
by one or more ring electrodes 19 carried on the sheath
12, including, for example, the deflection section 14. Also
attached to the control handle 16, as shown in FIG. 1, is
a hemostatic valve 18 adapted to receive a catheter (not
shown) that can be advanced through a center lumen 22
of the guiding sheath assembly 10 (fix FIG. 1). The he-
mostatic valve 18 also has side port 21 terminating in a
luer hub, such as a two-way stop cock 23, for connection
to one or more fluid sources (not shown) for providing
fluid into and through the lumen 22 of the guiding sheath
assembly 10.
[0024] As shown in FIG. 2 and FIG. 3, the control han-
dle 16 includes an elongated, generally cylindrical main
body 24 with a narrower distal portion or stem 25, and a
distal rotational control knob 26 mounted on the distal
portion stem 25. The main body 24 has an outer shell-
half member formed to define an interior volume V and
whose edges 51 meet along a longitudinal seam. The
distal stem 25 of the main body has a smaller outer di-
ameter D1 compared to the outer diameter D2 of a prox-
imal portion of the main body 24. The control knob 26 is
configured for rotation by a user’s thumb and forefinger
when the user is grasping the main body 24 of the control
handle 16. To enable deflection of the deflection section
14 of the guiding sheath 12 via first and second puller
wires 30A and 30B, the control handle 16 includes in its
interior volume V a rotatable shaft 31, first and second
shuttles 32A and 32B, and a pinion 34. The rotatable
shaft 31 is responsive to the control knob 26 in driving
first shuttle 32A to move linearly along a longitudinal axis
55 in a first direction, and the pinion 34 couples the sec-
ond shuttle 32B to the first shuttle 32A such that the sec-
ond shuttle 32B moves linearly along the longitudinal axis
in a second direction opposition to the first direction. With
proximal ends of the first and second puller wires 30A
and 30B anchored, or at least coupled, to the first and
second shuttles 32A and 32B, respectively, such coupled
and opposite translational movement of the first and sec-
ond shuttles actuate the first and second puller wires for
bi-directional deflection of the deflection section 14 of the
guiding sheath 12.
[0025] The rotatable shaft 31 has a main proximal sec-
tion 36 with an outer diameter D3, a shorter distal section
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37 with an outer diameter D4, and a step junction J ther-
ebetween between sections 36 and 37. In the illustrated
embodiment, the diameter D3 is greater than the diam-
eter D4, but it is understood that the two diameters may
be generally equal or the diameter D4 may be greater
than the diameter D3. As better seen in FIG. 2, the ro-
tatable shaft 31 is situated relative to main body 24 of
the control handle 16 such that its proximal section 36
extends through both the main body 24 and the distal
stem 25 of the control handle 16 and past a distal end of
the distal stem 25, with the junction J and the distal sec-
tion 37 being distal of the distal stem 25 of the main body
24 so that the distal section 37 is not surrounded by the
distal stem 25. The rotatable shaft 31 is connected and
affixed at its proximal end to the main body 24 by a prox-
imal outer circumferential lip 38 that engages with an
inner circumferential slot defined between circumferen-
tial flanges 40 formed in the interior volume V of the main
body 24.
[0026] With reference to FIG. 4, the rotatable shaft 31
is hollow having an interior passage 42. The passage 42
is in communication with a distal inlet 44 whose diameter
is merely slightly greater than the diameter of the guiding
sheath 12. The passage 42 is threaded and has a diam-
eter to accommodate both the guiding sheath 12 and the
shuttles 32A and 32B circumferentially surrounding the
guiding sheath 12, as discussed below in further detail.
[0027] The control knob 26, which is mounted on the
distal stem 25 of the main body 24 of the control handle
16 and the rotatable shaft 31, has a main proximal portion
46 and a short distal end portion 47. The control knob 26
is generally cylindrical with a longitudinal hollow interior
that extends through its entire length. The hollow interior
has a main proximal section 49, a mid-section 49’ and a
distal section 49". The main proximal section 49 of the
hollow interior is defined by a greater first radius R1 and
a greater first length L1 to accommodate and circumfer-
entially surround the guiding sheath 12 and the shuttles
32A and 32B. The distal section 49" of the hollow interior
is defined by a lesser second radius R2, where R1>R2,
and a shorter second length L2, where L1>L2, to accom-
modate and circumferentially surround the guiding
sheath 12 and the distal section 37 of the rotatable shaft
31. The mid-section 49’ of the hollow interior is defined
by a third radius R3, where R1>R3>R2, and a third length
L3, where L1>L3, to accommodate and circumferentially
surround the guiding sheath 12 and the junction J of the
rotatable shaft 31. A friction-inducing cover 60 may be
mounted on an outer surface of the control knob 26 for
the user’s ease and comfort in manipulating and rotating
the control knob relative to the main body 24 of the control
handle 16.
[0028] To rotationally couple the rotatable shaft 31 to
the control knob 26, an outer surface of the distal section
of the shaft has a longitudinal ridge 70 (FIG. 3) that is
received in and engages with a corresponding longitudi-
nal recess 71 (FIG. 4) formed an inner surface defining
the hollow interior 49" of the control knob 26. To transla-

tionally affix the control knob 26 to the rotatable shaft 31
and hence the main body 24, the outer surface of the
shaft 31 also has one or more linear slots 74 oriented
perpendicularly to the longitudinal axis of the rotatable
shaft 31. Each slot 74 is aligned with a respective hole
76 (FIG. 5) formed through a side of the distal end portion
47 of the control knob 26, so that a respective pin 77 may
be inserted into the hole 76 and the slot 74 to couple the
control knob 26 and the rotatable shaft 31.
[0029] It is understood that other embodiments of the
guiding sheath assembly may provide a rotatable shaft
31 with an exposed portion for direct manipulation by a
user, without the control knob 26.
[0030] As shown in FIG. 3 and FIG. 5, the shuttles 32A
and 32B have a similar construction to each other, with
the understanding that each is generally a mirror image
of the other, although the first shuttle 32A is driven by
the rotatable shaft 31 and second shuttle 32B is driven
by the first shuttle 32A via the pinion 34 situated between
them. Each shuttle 32A and 32B has a respective elon-
gated body having a distal portion 80A and 80B with a
C-shaped end cross-section, and a respective proximal
rack portion 90A and 90B with a respective plurality of
teeth 92A and 92B arranged longitudinally. The first and
second shuttles are arranged to face each other and en-
gage the pinion 34 such that the distal portions 80A and
80BC together can form a cylindrical form with an outer
circumferential surface that fits within the threaded pas-
sage 42, and an inner circumferential surface that defines
a passage 93 for the guiding sheath 12 to pass through.
As shown in FIG. 5, the rack portion 90A and 90B of each
shuttle faces each other with the pinion 34 in between
so that the teeth 92A and 92B of each rack portion can
engage with teeth of the pinion 34 which is mounted for
rotation about an axis perpendicular to the longitudinal
axis 55 of the control handle 16.
[0031] With reference to FIG. 2 and FIG. 3, an outer
surface of the distal portion 80A of the first shuttle 32A
is configured with an external or male threaded surface
85. An inner circumferential surface of the rotatable shaft
31 is configured with an internal or female threaded sur-
face 86 (FIG. 4) which receives the male threaded sur-
face 85 of the first shuttle 32A for coupling the first shuttle
32A and the rotatable shaft 31 in converting rotational
movement of the rotatable shaft 31 into translation move-
ment of the first shuttle 32A. In contrast, the outer surface
of the distal portion 80B of the second shuttle 32B is
smooth, without any feature engaging the threaded fe-
male surface of the rotatable, so that it can move inde-
pendently of the threaded male surface 85. Accordingly,
as a user rotates the control knob 26 in a first direction,
the rotatable shaft 31 which is rotationally coupled to the
control knob 26 via the longitudinal ridge 70 also rotates.
With the rotatable shaft 31 rotationally and translationally
locked to the control knob 26 via the longitudinal ridge
70 and the one or more pins 77, rotation of the shaft 31
drives the first shuttle 32A to translate along the longitu-
dinal axis in a first direction (for example, proximally). As
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the first shuttle 32A translates, its teeth 92A drive the
pinion 34 to rotate in a first direction (for example, clock-
wise), which in turn drives the second shuttle 32B to
translate along the longitudinal axis 55 in a second di-
rection opposite of the first direction (for example, distal-
ly). So arranged, the male and female threaded surfaces
85 and 86 convert rotational movement of the control
knob 26 into linear movement of the shuttles 32A and
32B. With proximal ends of the first and second puller
wires 30A and 30B anchored, coupled or otherwise re-
sponsive to the first and second shuttles 32A and 32B,
respectively, linear and opposite movements of the shut-
tles actuate the puller wires for bi-directional deflection
of the deflection section 14 of the guiding sheath 12. In
the illustrated embodiment, the proximal ends of the pull-
er wires 30A and 30B are coupled to the rack portions
90A and 90B of the shuttles 32A and 32B, respectively.
Thus, when one puller wire is drawn proximally under
tension by its respective shuttle, the other puller wire is
simultaneously released from tension by its respective
shuttle moving distally.
[0032] As shown in FIG. 2, a proximal end segment of
each puller wire 30A and 30B extends outside of the
sheath 12, in a respective longitudinal channel 88A and
88B formed in the proximal rack portion 90A and 90B of
each shuttle 32A and 32B. As shown in FIG. 5, a stop
89A and 89B, for example, a hypotube, is affixed to the
proximal end of each puller wire 30A and 30B, and the
stop is positioned proximal of a proximal end 87A and
87B of the respective rack portion 90A and 90B so that
the rack portion can push or otherwise act on the stop
89A and 89B, respectively, to draw the puller wire 30A
and 30B proximally when the shuttle 32A and 32B is
moved proximally. When a shuttle 32A and 32B is moved
distally, the proximal end of the rack portion 90A and 90B
comes out of contact with the stop 89A and 89B, releasing
the puller wire 30A and 30B from tension. It is understood
that the stop 89A and 89B may also be embedded or
otherwise anchored to the rack portion or any part of the
shuttle to effect deflection of the sheath.
[0033] Because the first and second shuttles 32A and
32B move in opposite directions along the longitudinal
axis 55, an initial positioning of the shuttles relative to
each other and to the passage 42 is made during assem-
bly of the control handle. For example, as shown in FIG.
2, each shuttle is positioned in the passage 42 of the
rotatable shaft 31 such that they are even with each other
along the longitudinal axis 55, and each has a distal end
positioned generally at mid-point along the passage 42
so that each shuttle has sufficient room to move corre-
spondingly proximally or distally within the rotatable shaft
31. The stops 89A and 89B may be positioned relative
to the shuttles such that there is minimal or even tension
exerted on each puller wire 30A and 30B for a generally
neutral guiding sheath with little, if any, deflection. So
arranged, the shuttles adopt a "neutral" or initial config-
uration from which the user may evenly deflect the guid-
ing sheath bidirectionally.

[0034] As shown in FIG. 5, the pinion 34 is positioned
in between and relative to the shuttles 32A and 32B so
that their teeth 92A and 92B remain engaged while the
shuttles translate in response the user’s manipulation of
the control knob 26. In that regard, the length of the rack
portions 90A and 90B are sufficiently long to ensure such
continuous engagement.
[0035] It is understood that by changing one or more
factors, including, for example, the length of the passage
42, the length of each distal portion 80A and 80B, the
length of the rack portion 90A and 90B, the position of
the pinion 34, and the number of pinions, different shuttle
movement and deflection characteristics and limitations
may be achieved, as needed or desired.
[0036] With reference to FIG. 6A and FIG. 6B, an outer
surface of each rack portion 90A and 90B, opposite of
the teeth 92A and 92B, of each shuttle 32A and 32B is
configured with a neutral indicator. The neutral indicator
includes a first member 62A and a second member 62B
configured for releasable engagement with each other
to indicate a neutral position between the first and second
shuttles 32A and 32B, that is, a relative position where
the puller wires 30A and 30B are neutral and the guiding
sheath 12 accordingly is generally straight, without de-
flection. In the illustrated embodiment, the first or male
member 62A formed on the first shuttle 32A has a tapered
projection 63 facing the second or female member 62B
formed on the second shuttle 32B, which includes a pair
of flexible guide rails 64 on either side, whose fixed ends
65 are affixed to the second shuttle 32B and whose free
ends 66 are configured to jointly form a tapered recess
67 in which the tapered projection 63 nests when the
shuttles 32A and 32B are in the neutral configuration.
[0037] Accordingly, the user is typically initially pre-
sented with the guiding sheath 12 undeflected where the
first and second shuttles 32A and 32B are even with each
other with the tapered projection 63 nesting in the tapered
recess 67, as shown in FIG. 6A. When the user rotates
the control knob 26 in one direction which drives the first
and second shuttles 32A and 32B to translate in opposi-
tion directions, as shown in FIG. 6B, the tapered projec-
tion 63 disengages and moves out from the tapered re-
cess 67 but only when the user rotates the control knob
with sufficient force to flex the guide rails 64 and over-
come the resistance presented by their angled ends 68.
When the tapered projection 63 rides over and has
moved past one of the angled ends 68, the guide rail 64
is sloped such that the resistance to movement of the
tapered projection 63 decreases as the tapered projec-
tion 63 moves further away from the tapered recess 67.
Thus, in rotating the control knob 26 to deflect the guiding
sheath 12, the user experiences a greater or maximum
resistance when the shuttles 32A and 32B initially move
out of the neutral configuration, followed by increasing
ease as the shuttles 32A and 32B translate in opposite
directions. The control handle 16 may bear visual and/or
tactile indicia to provide constant orientation of deflection
direction. For example, clockwise rotation of the control
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knob 26 consistently deflects the shaft 12 toward the side
or direction of the sideport 21, and counterclockwise ro-
tation of the control knob 26 consistently deflects the shaft
12 toward an opposite side or direction.
[0038] Conversely, when releasing the deflection of
the guiding sheath 12, the user rotates the control knob
26 in the opposite direction. As the shuttles 32A and 32B
translate and approach each other and begin to laterally
realign again, the tapered projection 63 and the tapered
recess 67 approach each other and the user applies an
increasing force to rotate the control knob 26 in order for
the tapered projection 63 to ride back over the angled
end 68 of a guide rail 64 before the tapered projection
63 can nest in the tapered recess 67. Accordingly, the
increasing resistance posed by either of the sloped rails
64 and a greater or maximum resistance posed by an
angled end 68 provides the user with a tactile feel or
indication of when the tapered projection 63 is in the im-
mediate proximity of the tapered recess 67. Engagement
of the tapered projection 63 and the tapered recess 67
can provide the user with an audible "click" or signal when
the flexible guide rail 64 snaps into its natural configura-
tion when the tapered projection 63 no longer exerts any
load on it.
[0039] The preceding description has been presented
with reference to presently preferred embodiments of the
invention. Workers skilled in the art and technology to
which this invention pertains will appreciate that altera-
tions and changes in the described structure may be
practiced without meaningfully departing from the princi-
pal, spirit and scope of this invention. Any feature or struc-
ture disclosed in one embodiment may be incorporated
in lieu of or in addition to other features of any other em-
bodiments, as needed or appropriate. As understood by
one of ordinary skill in the art, the drawings are not nec-
essarily to scale. Accordingly, the foregoing description
should not be read as pertaining only to the precise struc-
tures described and illustrated in the accompanying
drawings, but rather should be read consistent with and
as support to the following claims which are to have their
fullest and fair scope.

Claims

1. A guiding sheath assembly, comprising:

an elongated shaft;
a control handle proximal of the shaft, the control
handle having a longitudinal axis, and including:

a rotatable shaft configured for rotation
about a longitudinal axis of the control han-
dle;
a first shuttle configured for translation
along the longitudinal axis in one direction
in response to rotation of the rotatable shaft,
the first shuttle having a first plurality of

teeth;
a pinion in engagement with the first plurality
of teeth, the pinion configured for rotation
about an axis generally perpendicular to the
longitudinal axis in response to the transla-
tion of the first shuttle; and
a second shuttle having a second plurality
of teeth in engagement with the pinion, the
second shuttle configured for translation
along the longitudinal axis in another direc-
tion opposite to the one direction in re-
sponse to rotation of the pinion;

the guiding sheath assembly further comprising:

a first puller wire extending along one side of the
shaft and having a proximal end portion respon-
sive to at least translation of the first shuttle in a
proximal direction; and
a second puller wire extending along another
side of the shaft and having a proximal end por-
tion response to at least translation of the sec-
ond shuttle in the proximal direction.

2. The guiding sheath assembly of claim 1, wherein the
control handle includes a control knob, the rotatable
shaft being configured for rotation in response to ro-
tation of the control knob.

3. The guiding sheath assembly of claim 1, wherein the
rotatable shaft has an inner passage, and a first distal
portion of the first shuttle and a second distal portion
of the second shuttle both extend into the inner pas-
sage.

4. The guiding sheath assembly of claim 3, wherein the
first and second distal portions are configured to form
a cylindrical form when the first and second shuttles
are laterally even with each other along the longitu-
dinal axis.

5. The guiding sheath assembly of claim 3, wherein an
inner surface of the inner passage is threaded and
an outer surface of the first distal portion is threaded
and engaged with the inner surface.

6. The guiding sheath assembly of claim 1, wherein the
rotational shaft is rotationally and translationally cou-
pled to the control knob.

7. The guiding sheath assembly of claim 6, wherein the
rotational shaft is (i) rotationally coupled to the con-
trol knob by a longitudinal ridge formed on an outer
surface of the shaft, (ii) rotationally coupled to the
control knob by a pin extending through a portion of
the control knob and slot formed in the rotational
shaft, or (iii) rotationally and translationally coupled
to the control knob at its distal end.
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8. The guiding sheath assembly of claim 1, wherein the
control handle includes a neutral indicator.

9. The guiding sheath assembly of claim 8, wherein (i)
the neutral indicator includes a first member on the
first shuttle and a second member on the second
shuttle, the first and second members configured for
releasable engagement, optionally wherein the first
member of the neutral indicator includes a tapered
projection, and the second member of the neutral
indicator includes a tapered recess, or (ii) the neutral
indicator is configured to provide resistance to dis-
engagement and re-engagement.

10. A guiding sheath assembly, comprising:

an elongated shaft;
a control handle proximal of the shaft, the control
handle having a longitudinal axis, and including:

a control knob configured for rotation about
the longitudinal axis;
a hollow rotatable shaft configured for rota-
tion about the longitudinal axis in response
to rotation of the control knob;
a first shuttle configured for translation
along the longitudinal axis in one direction
in response to rotation of the rotatable shaft,
the first shuttle having a first plurality of
teeth;
a pinion in engagement with the first plurality
of teeth, the pinion configured for rotation
about an axis generally perpendicular to the
longitudinal axis in response to the transla-
tion of the first shuttle; and
a second shuttle having a second plurality
of teeth in engagement with the pinion, the
second shuttle configured for translation
along the longitudinal axis in another direc-
tion opposite to the one direction in re-
sponse to rotation of the pinion;

the guiding sheath assembly further comprising:

a first puller wire extending along one side
of the shaft and having a proximal end por-
tion responsive to at least translation of the
first shuttle in a proximal direction; and
a second puller wire extending along anoth-
er side of the shaft and having a proximal
end portion response to at least translation
of the second shuttle in the proximal direc-
tion.

11. The guiding sheath assembly of claim 2, wherein the
retractable shaft is hollow.

12. A control handle for use in controlling deflection of a

medical guiding sheath shaft, the control handle hav-
ing a longitudinal axis, and including:

a control knob configured for rotation about the
longitudinal axis
a hollow rotatable shaft configured for rotation
about the longitudinal axis in response to rota-
tion of the control knob;
a first shuttle configured for translation along the
longitudinal axis in one direction in response to
rotation of the rotatable shaft, the first shuttle
having a first plurality of teeth;
a pinion in engagement with the first plurality of
teeth, the pinion configured for rotation about an
axis generally perpendicular to the longitudinal
axis in response to the translation of the first
shuttle; and
a second shuttle having a second plurality of
teeth in engagement with the pinion, the second
shuttle configured for translation along the lon-
gitudinal axis in another direction opposite to the
one direction in response to rotation of the pin-
ion;

wherein the first and second shuttles are configured
to respectively act on first and second puller wires
extending along the guiding sheath shaft.

13. The guiding sheath assembly of claims 10 or 11, or
control handle of claim 12, wherein distal ends of the
first and second shuttles extend into a proximal por-
tion of the rotatable shaft.

14. The guiding sheath assembly or the control handle
of claim 13, wherein an inner surface of the rotatable
shaft is threaded and an outer surface of the first
shuttle is threaded for rotationally coupling the rotat-
able shaft and the first shuttle.

15. The control handle of claim 12, wherein the first shut-
tle is directly responsive to rotation of the rotatable
shaft and the second shuttle is directly responsive
to rotation of the pinion.
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