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WIRE SPRING GUIDE FOR FLEXIBLE ENDOSCOPE

Field of the Invention

[0001] The present invention relates generally to flexible medical devices, and
more particularly to flexible-type endoscopic devices which employ one or more
control wires for controlling the flexing or deflection of at least a portion of the

devices.

Background of the Invention

[00021 Generally, an endoscope is a medical device for insertion into a body
passageway or cavity that enables an operator, positioned at a remote external
location, to view and/or perform certain surgical procedures at a site internal to
the patient's body. As is known, endoscopes may be either rigid or flexible, the
later type providing either active or passive deflection of at least a portion
thereof to facilitate reaching the internal site of interest. In general, a flexible
endoscope includes a long flexible tubular member equipped with, for example,
a miniature viewing device, an illumination device, and/or one or more working
channels. The endoscope has a proximal end that remains external to the
patient and a distal end having an endoscope tip for insertion into a body cavity

of the patient.

[0003] Passive flexible endoscopes simply allow for the tubular member to
deflect as it is inserted into various portions of the body (typically following the
pathway of an elongated organ or cavity. Active flexible endoscopes on the

other hand, allow the user to manipulate controls (typically at the proximal end
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of the endoscope) to cause at least a portion of the endoscope (typically the
distal end) to deflect or flex in one or more directions. It is these active-type

flexible endoscopes with which the present invention is most concerned.

[ooo4} A typical flexible endoscope 110 is illustrated in Figure 8. An
ilumination device of endoscope 110 typically includes a lens 112 at an
endoscope tip 114. Lens 112 is positioned proximate to a viewing device 116.
Light emanates from lens 114 to enable viewing device 116 to capture images
in the body cavity and electrically or optically transmit the images through a
tubular body 118 of endoscope 110 for display at an external monitor. Once
viewing the transmitted images, the endoscope operator may insert one or
more surgical instruments through one or more working channels 120 to
perform an endoscopic procedure at the internal body cavity site. These
endoscopic procedures may include, for example, snare resections, injections,
or biopsies of particular internal areas of the patient's body. Alternately,

endoscope 110 may be used simply for viewing.

[00os5] If flexible endoscope 110 is of the active type, at least one control wire
122 extending from a deflection control located at the proximal end fo a distal
end may be embedded within tubular body 118. Control wire 122 may be
provided with a guide along at least a portion thereof in order to (1) keep the
control wire 122 in place and prevent chaffing thereof by contact with other

components within tubular body 118, and (2) provide a compression member
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inside tubular body 118 which prevents collapse of the shaft when control wire

stress is applied.

[00os] In certain known devices, the wire guide comprises a coiled stainless
steel wire to form a flexible tube around each control wire. A problem exists
with these stainless steel coil wire guides in that the coil shape can expand
during compression. This can result in a loss of deflection at the active
deflection section of the endoscope. Another problem with such stainless steel
coil wire guides is that they do not generally add significant stiffness and/or
column strength to the endoscope shaft, do not reduce loss of deflection over
time, and do not improve endoscope shaft rigidity for facilitated patient

introduction.

[0007] In other prior art devices, continuous-walled tubes are used as the
guides for the control wires. In traditional designs, these continuous-walled
tubes are formed from stainless steel. More recent designs, such as those
disclosed in U.S. Patent No. 5,938,588, have formed such continuous-walled
tubes from shape memory alloy materials. However, designs incorporating
such continuous-walled tubes are only used effectively in applications which
have a large bend radius. This is true because continuous-walled tubes can
kink very easily, have no resilience (in the case of stainless steel tubes) or
limited resilience (in the case of shape memory alloy materials), and can
fatigue and permanently deform, thereby shortening the working life of the

endoscope.
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[poo8] What is desired, therefore, is a control wire guide for use in a flexible
endoscope the use of which does not result in a loss of deflection at the active
deflection section of the endoscope, which adds stiffness and/or column
strength to the endoscope shaft, which causes a reduction in loss of deflection
over time as compared to known designs, which improves endoscope shaft
rigidity for facilitated patient introduction, which can be used effectively in
applications which have a small bend radius, which does not kink very easily,
which has high resilience, and which does not fatigue and permanently deform,

thereby shortening the working life of the endoscope.

Summary of the Invention

[0009] Accordingly, it is an object of the present invention to provide a control
wire guide for use in a flexible endoscope the use of which does not result in a

loss of deflection at the active deflection section of the endoscope.

[0010] Another object of the present invention is to provide a control wire guide
having the above characteristics and which adds stiffness and/or column

strength to the endoscope shaft.

[0011] A further object of the present invention is to provide a control wire
guide having the above characteristics and which causes a reduction in loss of

deflection over time as compared to known designs.
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[po121  Still another object of the present invention is to provide a control wire
guide having the above characteristics and which improves endoscope shaft

rigidity for facilitated patient introduction.

[0013] Yet a further object of the present invention is to provide a control wire
guide having the above characteristics and which can be used effectively in

applications which have a small bend radius.

[0014]  Still a further object of the present invention is to provide a control wire

guide having the above characteristics and which does not kink very easily.

[0015]  Still yet another object of the present invention is to provide a control

wire guide having the above characteristics and which exhibit high resilience.

[0016]  Still yet another object of the present invention is to provide a control
wire guide having the above characteristics and which does not fatigue and

permanently deform, thereby shortening the working life of the endoscope.

[0017] These and other objects of the present invention are achieved by
provision of a medical device having a flexible shaft, the flexible shaft including
an active deflection section. The medical device also includes at least one
control wire passing through at least a portion of the flexible shaft such that
actuation of the at least one control wire causes deflection of the active

deflection section of the flexible shaft. At least one control wire guide is provided
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which surrounds the at least one control wire along at least a portion of a length
thereof. The at least one control wire guide is formed from a superelastic metal

alloy and is configured as a helical spring.

[0018] In some embodiments, the at least one control wire guide is configured
as a generally round spring formed from a coiled piece of material having a
generally circular cross-section. In other embodiments, the at least one control
wire guide is configured as a generally flat wire spring formed from a coiled piece
of material having a generally rectangular cross-section. In certain
embodiments, the superelastic metal alloy from which the at least one control
wire guide is formed exhibits both shape memory and superelasticity properties.
In certain of these embodiments, the superelastic metal alloy from which the at

least one control wire guide is formed comprises a nickel-titanium alloy.

[0019] In some embodiments, the least one control wire comprises two control
wires and the at least one control wire guide comprises two control wire guides.
In some embodiments, the flexible shaft is generally round in cross-section. In
certain embodiments, the active deflection section of the flexible shaft comprises
a plurality of vertebrae pivotably connected together, while in other
embodiments, the active deflection section of the flexible shaft comprises a

generally continuous and flexible tubular body.

[0020] In some embodiments, the flexible shaft further comprises a passive

deflection section. The flexible shaft may further comprise an elastomeric core
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through which the at least one control wire guide extends and/or may further
comprise an outer flexible casing. In some embodiments, the medical device
further comprises a fiber optic image bundle passing through the flexible shaft, a
fiber optic ilumination bundle passing through the flexible shaft and/or a working
channel passing through said flexibie shaft. In certain embodiments, the medical

device comprises an endoscope.

[0021]  In another aspect, the present invention is directed to an endoscope
which includes a flexible shaft, the flexible shaft including an active deflection
section formed from a plurality of vertebrae pivotably connected together. Two
control wires pass through at least a portion of the fiexible shaft, such that
actuation of the control wires causes deflection of the active deflection section of
the flexible shaft. A control wire guide surrounds each of the control wires along
at least a portion of a length thereof. The control wire guides are formed from a
superelastic metal alloy which exhibits both shape memory and superelasticity

properties and are configured as helical springs.

[0022] In some embodiments, the control wire guides are configured as
generally round springs formed from coiled pieces of material having a generally
circular cross-section. In other embodiments, the control wire guides are
configured as generally flat wire springs formed from coiled pieces of material
having a generally rectangular cross-section. In certain embodiments, the
superelastic metal alloy from which the control wire guides are formed comprises

a nickel-titanium alloy.
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[0023] In some embodiments, the flexible shaft is generally round in cross-
section. The flexible shaft may further comprise a passive deflection section. In
certain embodiments, the flexible shaft may further comprise an elastomeric core
through which the control wire guides extend and/or may further comprise an
outer flexible casing. In some embodiments, the endoscope further comprises a
fiber optic image bundle passing through the flexible shaft, a fiber optic
illumination bundle passing through the flexible shaft and/or a working channel

passing through said flexible shaft.

[0024] The invention and its particular features and advantages will become
more apparent from the following detailed description considered with reference

to the accompanying drawings.

Brief Description of the Drawings

o025 Figure 1 is a partially cross-sectional side view of an embodiment of a
flexible endoscope incorporating a control wire guide in accordance with the

present invention;

[0026] Figure 2 is a partially cross-sectional side view of another embodiment

of a flexible endoscope incorporating the control wire guide of Figure 1;

0027] Figure 3 is an enlarged cross-sectional view of an endoscope taken

along line 3--3 of Figure 1 or Figure 2;
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0028] Figure 4 is an enlarged cross-sectional view of an embodiment of the

control wire guide of Figure 1 or Figure 2;

[0029] Figure 5 is an isometric view of the embodiment of the control wire

guide of Figure 4;

[0030] Figure 6 is an enlarged cross-sectional view of ancther embodiment of

the control wire guide of Figure 1 or Figure 2;

[0031] Figure 7 is an isometric view of the embodiment of the control wire

guide of Figure 6; and

[0032] Figure 8 is an isometric view, partially in phantom, of a prior art flexible

endoscope.

Detailed Description of Embodiments of the invention

[0033] Referring first to Figures 1 and 2, an endoscope 10, 10’ incorporating
features of the present invention is shown. Although, the present invention will
be described with reference to the embodiments shown in the drawings, it
should be understood that features of the present invention can be embodied
in various different forms of alternate embodiments. Features of the present

invention can be embodied in various different types of endoscopes or other
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medical devices. In addition, any suitable size, shape or type of elements or

materials could be used.

0034] Endoscope 10, 10’ generally comprises a handle (not shown), a
flexible shaft 12, 12’ connected to the handle, and an active deflection section
14, 14’ forming the distal end of the shaft 12, 12". The flexible shaft 12, 12’
may or may not include a passive deflection section 16 adjoining the active
deflection section 14, 14'. In the embodiment shown in Figure 1, active
deflection section 14 comprises a plurality of articulating vertebrae 18, while in
the embodiment shown in Figure 2, active deflection section 14’ generally
comprises an extension of passive deflection section 16 which is provided with
a control system as described below in order to cause active flexing or
deflection thereof. As both types of active deflection schemes are well known
in the art, further details are provided below only to the extent necessary to

fully describe the features of the present invention.

[0035] A control system to control the active deflection section 14, 14’
extends from the handle (not shown) to the active deflection section 14, 14’ as
shown in Figures 1 and 2. Referring now to Figure 3 as well an Figures 1 and
2, the control system generally comprises a pair of control wires 20a, 20b, two
control wire guides 22a, 22b, and an actuator (not shown) mounted on or near
the handle. The control wires 20a, 20b are connected to the actuator at one

end and are connected to the active deflection section 14, 14’ at a second end.
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[0036] Numerous configurations for the handle and the actuator are known in
the art and do not form a part of the novelty of the invention. As such, although
a small number of exemplary configurations are given below, these
components are not shown in the Figures and it should be understood by those
skilled in the art that any known, or later developed, handle and actuator

configuration may be employed.

[0037] In one known design, the handie has a user operated slide or lever.
The lever is connected to the actuator, and the actuator is adapted to pull and
release the two control wires 20a, 20b of the control system. When the lever is
moved by the user, the actuator is moved. The actuator may be a drum or
pulley rotatably connected to the handle to pull one control wire 20a, 20b while
releasing the other. In other exemplary designs, the actuator may be of any
other type, such as a rocker arm, adapted to pull and release the control wires
20a, 20b of the control system. In still other exemplary designs, where the
control system may have two or more pairs of control wires, the handle may
have additional actuators and corresponding controls to drive the additional
pairs of control wires. In yet other exemplary designs, the handie may have
knobs or other suitable user operated controls for the control system.

Numerous other designs are also possible.
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[0038] Referring now specifically to Figure 3, the flexible shaft 12, 12" is
shown as being generally round in cross-section, although it is contemplated
that it may have any of numerous other shapes. In one embodiment, the shaft
12, 12' has a 7.5 Fr diameter. In other embodiments, the flexible shaft 12, 12'
could have any other suitable diameter. The flexible shaft 12, 12" includes the
control wires 20a, 20b of the control system which are surrounded by control
wire guides 22a, 22b along at least a portion thereof. In certain embodiments,
depending upon the intended use of endoscope 10, 10°, one or more additional
elements may be provided within fiexible shaft 12, 12. For example, flexibie
shaft 12, 12" may include a fiber optic image bundle 24, a fiber optic

illumination bundle 26, a working channel 28, etc. as is known in the art.

[0039] The control wires 20a, 20b extend from the actuator (not shown)
through the flexible shaft 12, 12’ to the distal end 30 of active deflection section

14, 14’ where the control wires 20a, 20b are operatively connected thereto.

[0040] In some embodiments, such as the embodiment shown in Figure 1,
the active deflection section 14 is comprised of a sequence of pivotably
connected rigid elements or articulating vertebrae 18. Each articulating
vertebrae 18 is connected to the adjoining articulating vertebrae 18 in
sequence by a joint 32, such as a pin or a resiliently deflectable element. This
enables each articulating vertebrae 18 to rotate about at least one rotational
degree of freedom provided by the joint 32. The combined action of the

articulating vertebrae 18 allows the active deflection section 14 to be deflected
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180° or more. The deflection of the active deflection section 14 is controlled by
the pair of control wires 20a, 20b of the control system. Each control wire 20a,
20b passes through the articulating vertebrae 18 and connects to the distal end
30 along axes A, B eccentric to the axis C along which the joints 32 are
arranged. Hence, by pulling one of the control wires 20a, 20b and releasing
the other, as when operating the actuator, the articulating vertebrae 18 are
rotated to achieve the requisite deflection of the active deflection section 14 of
the flexible shaft 12. Various types of rigid elements or articulating vertebrae
and joints linking the elements to form an active deflection section are known in

the art, and therefore, the active deflection section is not described further,

[0041] In other embodiments, such as the embodiment shown in Figure 2,
the active deflection section 14’ is comprised simply of a generally continuous
and flexible tubular body 34. Although this configuration generally does not
allow deflection to the same extent as the embodiment shown in Figure 1,
deflection is allowed to some extent. Moreover, this design, being much
simpler, is typically lower is cost and easier to sterilize after use. As is the case
with the embodiment shown in Figure 1, the deflection of the active deflection
section 14’ is controlled by the pair of control wires 20a, 20b of the control
system. Each control wire 20a, 20b passes through the tubular body 34 to the
distal end 30 along axes A, B eccentric to the axis C’ of tubular body 34.
Hence, by pulling one of the control wires 20a, 20b and releasing the other, as
when operating the actuator, the tubular body 34 is flexed to achieve the

requisite deflection of the active deflection section 14’ of the flexible shaft 12'.
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Various configurations and materials used to form an active deflection section
of this type are known in the art, and therefore, the active deflection section is

not described further.

[0042] The active deflection section 14, 14’ is supported from the passive
deflection section 16 of the flexible shaft 12, 12’. As best seen in Figure 2, the
shaft 12, 12" comprises an outer flexible casing 36, which outer flexible casing
36 covers substantially the entire flexible shaft 12, 12’ from the handle to the
active deflection section 14, 14’. The outer flexible casing 36 may be made
from a closed wound spiral spring with an elastomer cover, a generally
continuous tube (such as formed from a polymeric material or superelastic
metal alloy) or any other flexible casing. Within the outer flexible casing 36, the
shaft 12, 12’ has an elastomeric core 38 with the control wire guides 22a, 22b

extending therethrough.

[0043] Each control wire 20a, 20b passes through the shaft 12, 12’ within a
corresponding control wire guide 22a, 22b. Each control wire guide 22a, 22b,
has a generally cylindrical tube shape. The proximal end of each control wire
guide 22a, 22b is fixedly connected adjacent to the handle, while the distal end
of each control wire guide 22a, 22b is fixedly connected adjacent to distal end
30 of active deflection section 14, 14’. The respective control wire guides 22a,
22b may be connected to the handle and active deflection section by any
suitable means, such as adhesive, capable of transferring forces created by

flexing of flexible shaft 12, 12°. In the illustrated embodiments, the control wire
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guides 22a, 22b, have a substantially straight natural shape. In alternate

embodiments, the control wire guides may have any other longitudinal shape.

[0044] As best seen in Figures 4-7, the control wire guides 22a, 22b, are
formed as helical springs. The springs may have any of numerous
configurations. In the embodiment shown in Figures 4 and 5 the helical springs
forming control wire guides 22a, 22b are generally round springs formed from a
coiled piece of material having a generally circular cross-section, as is the case
with typical helical springs. In the embodiment shown in Figures 6 and 7, the
helical springs forming control wire guides 22a, 22b are generally flat wire
springs formed from a coiled piece of material having a generally rectangular
cross-section. It should be understood that springs having other configurations

may also be used to form control wire guides 22a, 22b.

[0045] The springs used to form control wire guides 22a, 22b are formed
from a superelastic metal alloy material, such as a nickel-titanium alloy (also
known as Nitinol), which exhibits both shape memory and superelasticity
properties. The superelastic metal alloy material is used for its superelastic
properties exhibited by the material's ability to deflect and resiliently return to its

natural or predetermined position even when material strains are high.

[0046] Forming control wire guides 22a, 22b from a superelastic metal alloy

material avoids many of the problems which exists when stainless steel coil
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wire guides are used. One of such problems which is largely avoided is the
expansion of the coil shape during compression, which can result in a loss of
deflection at the active deflection section of the endoscope. By using
superelastic metal alloy material, little or no expansion of the control wire
guides 22a, 22b takes place during compression. Forming control wire guides
22a, 22b from superelastic metal alloy material provides numerous other
advantages over stainless steel coil wire guides, such as adding stiffness
and/or column strength to the endoscope shaft, reducing loss of deflection over

time, and improving endoscope shaft rigidity for facilitated patient introduction.

[0047] Forming the superelastic metal alloy control wire guides 22a, 22b as
helical springs, rather than employing continuous-walled tubes (whether
formed from stainless steel or shape memory material) reduces the likelihood
of kinking, provides excellent resilience, and reduces the likelihood of
permanent deformation caused by fatigue. As such, endoscopes 10, 10’ of the
present invention can be used effectively in applications which have a small
bend radius and enjoy a longer working life as compared to endoscopes having

control wire guides or sheaths formed from a continuous-walled tube.

[0048] The present invention, therefore, provides a control wire guide for use
in a flexible endoscope the use of which does not result in a loss of deflection
at the active deflection section of the endoscope, which adds stiffness and/or
column strength to the endoscope shaft, which causes a reduction in loss of

deflection over time as compared to known designs, which improves
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endoscope shaft rigidity for facilitated patient introduction, which can be used
effectively in applications which have a small bend radius, which does not kink
very easily, which has high resilience, and which does not fatigue and

permanently deform thereby shortening the working life of the endoscope.

[0049]  Although the invention has been described with reference to a particular
arrangement of parts, features and the like, these are not intended to exhaust all
possible arrangements or features, and indeed many other modifications and

variations will be ascertainable to those of skill in the art.
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What is claimed is:

1. A medical device comprising:

a flexible shaft, said flexible shaft comprising an active deflection section;

at least one control wire passing through at least a portion of said flexible
shaft, wherein actuation of said at least one control wire causes deflection of the
active deflection section of said flexible shaft; and

at least one control wire guide surrounding said at least one control wire
along at least a portion of a length thereof, said at least one control wire guide
being formed from a superelastic metal alloy and being configured as a helical

spring.

2. The medical device of Claim 1 wherein said at least one control wire guide
is configured as a generally round spring formed from a coiled piece of material

having a generally circular cross-section.

3. The medical device of Claim 1 wherein said at least one control wire guide
is configured as a generally flat wire spring formed from a coiled piece of material

having a generally rectangular cross-section.

4. The medical device of Claim 1 wherein the superelastic metal alloy from
which said at least one control wire guide is formed exhibits both shape memory

and superelasticity properties.
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5. The medical device of Claim 4 wherein the superelastic metal alloy from

which said at least one control wire guide is formed comprises a nickel-titanium

alloy.

6. The medical device of Claim 1 wherein said at least one control wire
comprises two control wires and wherein said at least one control wire guide

comprises two control wire guides.

7. The medical device of Claim 1 wherein said flexible shaft is generally

round in cross-section.

8. The medical device of Claim 1 wherein the active deflection section of
said flexible shaft comprises a plurality of vertebrae pivotably connected

together.

9. The medical device of Claim 1 wherein the active deflection section of

said flexible shaft comprises a generally continuous and flexible tubular body.

10. The medical device of Claim 1 wherein said flexible shaft further

comprises a passive deflection section.

11.  The medical device of Claim 1 wherein said flexible shaft further

comprises an elastomeric core through which said at least one control wire guide

extends.
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12. The medical device of Claim 1 wherein said flexible shaft further

comprises an outer flexible casing.

13.  The medical device of Claim 1 further comprising a fiber optic image

bundie passing through said flexible shaft.

14. The mediéal device of Claim 1 further comprising a fiber optic illumination

bundle passing through said flexible shaft.

15.  The medical device of Claim 1 further comprising a working channel

passing through said flexible shaft.

16. The medical device of Claim 1 wherein said medical device comprises an

endoscope.

17.  An endoscope comprising:

a flexible shaft, said flexible shaft comprising an active deflection section
formed from a plurality of vertebrae pivotably connected together;

two control wires passing through at least a portion of said flexible shaft,
wherein actuation of said control wires causes deflection of the active deflection
section of said flexible shaft; and

a control wire guide surrounding each of said control wires along at least a

portion of a length thereof, said control wire guides being formed from a
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superelastic metal alloy which exhibits both shape memory and superelasticity

properties and being configured as helical springs.

18.  The endoscope of Claim 17 wherein said control wire guides are
configured as generally round springs formed from coiled pieces of material

having a generally circular cross-section.

19.  The endoscope of Claim 17 wherein said control wire guides are
configured as generally flat wire springs formed from coiled pieces of material

having a generally rectangular cross-section.

20. The endoscope of Claim 17 wherein the superelastic metal alloy from

which said control wire guides are formed comprises a nickel-titanium alloy.

21.  The endoscope of Claim 17 wherein said flexible shaft is generally round

in cross-section.

22.  The endoscope of Claim 17 wherein said flexible shaft further comprises

a passive deflection section.

23.  The endoscope of Claim 17 wherein said flexible shaft further comprises

an elastomeric core through which said control wire guides extend.
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24.  The endoscope of Claim 17 wherein said flexible shaft further comprises

an outer flexible casing.

25.  The endoscope of Claim 17 further comprising a fiber optic image bundle

passing through said flexible shaft.

26.  The endoscope of Claim 17 further comprising a fiber optic illumination

bundle passing through said flexible shaft.

27.  The endoscope of Claim 17 further comprising a working channel passing

through said flexible shaft.

Abstract of the Disclosure

A medical device having a flexible shaft is provided, the flexible shaft
including an active deflection section. The medical device also includes at
least one control wire passing through at least a portion of the flexible shaft
such that actuation of the at least one control wire causes deflection of the
active deflection section of the flexible shaft. At least one control wire guide is
provided which surrounds the at least one control wire along at least a portion
of a length thereof. The at least one control wire guide is formed from a

superelastic metal alloy and is configured as a helical spring.
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