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ARTICULABLE AND RECIPROCABLE SURGICAL KNIFE

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates broadly to surgical instruments.
More particularly, this invention relates to probe-like cutting

instruments for use in surgical procedures.

2. State of the Art

The development of minimally invasive surgical procedures,
such as endoscopic and laparoscopic procedures, has created a
great demand for devices well-adapted for use during such
procedures. More particularly, when performing port access
surgery, such as when endoscopically performing an arteriotomy,
it is sometimes necessary to make very accurate incisions.
Because of the limitations imposed by the entry site with
respect to the location and orientation of the surgical site, it
is desirable to be able to control the blade penetration depth
as well as the approach angle of the blade toward the surgical
site. The latter allows the surgeon to make an incision in the
plane that is most desirable. Generally, this angle would be

perpendicular to the surface being incised.
SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide an
endoscopic surgical knife in which the depth of the blade
exposure can be finely controlled while the device is in use.

It is another object of the invention to provide an
endoscopic surgical knife in which the angle of the blade can be

controlled while the device is in use.

It is a further object of the invention to provide an
endoscopic surgical knife which remains stable at a desired

angle.
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Tt is an additional object of the invention to provide an
endoscopic surgical knife in which the blade is completely
retractable so that it does not become damaged or cause damage

upon introduction through or withdrawal from a port.

Tt is also an object of the invention to provide an

endoscopic surgical knife having a relatively small shaft.

Tt is still another object of the invention to provide an
endoscopic surgical knife which maximizes the blade size
relative to the shaft.

Tn accord with these objects, which will be discussed in
detail below, a surgical knife device is provided which includes
a tubular shaft, a blade guide at the distal end of the shaft, a
blade depth control member extending through the shaft, and a
blade coupled to the distal end of the blade depth control
member. A proximal handle moves the blade depth control wire
relative to the shaft such that the blade moves relative to the
blade guide. According to a preferred aspect of the invention,
the blade height is substantially the same as the outer diameter
of the distal end of the shaft and the blade guide. As such,
the blade has a relatively large cutting surface. The blade is
moved between a retracted position in which the blade is
positioned substantially completely within the blade guide and
an extended position in which at least a portion of the blade
extends distally from the blade guide.

According to another preferred aspect of the invention,
movement of the blade between retracted and extended positions
ig effected with a knob rotatably coupled to the handle. The
knob includes an axial threaded bore, and the proximal end of
the blade depth control member is provided with a threaded
adapter which at least partially resides in the bore of the
knob. When the knob is rotated, the adapter is longitudinally
moved within the bore and the blade depth control member coupled
to the blade is likewise longitudinally moved to effect movement
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of the blade. Using the knob, fine and controllable
longitudinal movement of the blade is enabled.

According to a further preferred aspect of the invention,
steering members extend from the handle through the shaft on
either side of the blade depth control member and are coupled to
adjacent a flexible distal portion of the shaft. The handle is
provided with a means, e.g., a steering knob, for moving one
steering member relative to the other to cause the shaft to bend
about a flexible distal portion such that the device is

articulable.

Additional objects and advantages of the invention will
become apparent to those skilled in the art upon reference to
the detailed description taken in conjunction with the provided

figures.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 perspective view of a first embodiment of an
articulable and reciprocable surgical knife according to the
invention;
Fig. 2 is a broken perspective view of a distal end of the
first embodiment of the surgical knife according to the

invention;

Fig. 3 is a partial side elevation of a blade guide

according to the invention;

Fig. 4 is a top view of the blade guide of Fig. 3;

Fig. 5 is a side elevation of a surgical knife blade

according to the invention;

Fig. 6 is a top view of the blade of Fig. 5;
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Fig. 7 is a broken perspective view of the blade, a blade
holder, and a distal end of a blade depth control wire according

to the invention;

Fig. 8 is a broken perspective view of the blade and a
blade holder assembled with the blade guide according to the

invention;

Fig. 9 is an end view of an actuation knob according to the

invention;
Fig. 10 is a section view across line 10-10 in Fig. 9;

Fig. 11 is a perspective view of a knob retainer according

to the invention;

Fig. 12 is a side elevation of a threaded adapter according

to the invention;
Fig. 13 is an end view of the threaded adapter of Fig. 12;

Fig. 14 is a partial section broken elevation view of the
assembly of the actuation knob to the shank of the handle and
the actuation mechanism for moving the blade actuation control

wire;

Fig. 15 is a broken section view across line 15-15 in Fig.

1 of the steering knob assembly; and

Fig. 16 is a perspective view of a second embodiment of a

surgical knife device according to the invention.
DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Turning now to Figs. 1 and 2, a surgical knife device 10
includes a tubular shaft, a blade guide 14 coupled to the distal
end 16 of the shaft 12, a blade depth control wire 18 extending
through the shaft 12, and a blade 20 coupled to the distal end
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of the blade depth control member 18. A proximal handle 22 is
adapted to move the blade depth control member 18 relative to
the shaft 12 such that the blade 20 moves relative to the blade
guide 14, as described in detail below, between retracted and

extended positions.

The shaft 12 includes a proximal rigid portion 13. The
rigid portion 13 facilitates through-port use of the device in
that the rigid portion may be gripped or clamped by another
device to stably hold the device 10. Referring particularly to
Fig. 2, a distal section 24 of the shaft 12 is provided with a
flexible portion 26. The flexible portion 26 preferably
includes a plurality of opposing slots 28 defining rings 30 and
upper and lower struts 32, 34 which permit the flexible portion
to laterally bend about the struts. The shaft preferably has a
diameter of approximately 5 to 6 mm. The shaft 12 is preferably

made from stainless steel or nickel-titanium alloy.

Two steering control wires 35, 36 extend from the handle 22
through the tubular shaft 12, one on either side of the blade
depth control wire 18, and are coupled at their distal ends to
attachment holes 37 (only one shown) in the shaft distal of the
flexible portion 26. Movement of one wire relative to the
other, as described below, causes the shaft 12 to flex at the
flexible portion 26, and thereby provides directability to the
device. A flexible tubular wire guide (sheath) 38 is preferably
provided around at least a distal portion of the blade depth
control wire 18 and the steering control wires 35, 36 and
substantially prevents human tissue from entering the slots 28

and inhibiting functioning of the device.

Referring to Figs. 2 through 4, the blade guide 14 includes
a proximal portion 40 having a rear bore 42 and a lateral cross
pin hole 44, and a distal portion 46. The outer diameter of the
blade guide 14 is stepped between the proximal and distal
portions, with the proximal portion 40 being smaller than the
distal portion 46 and sized to be received within the distal end
16 of the shaft 12 such that a relatively constant diameter is
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provided from the shaft 12 to the distal portion 46 of the blade
guide. Referring to Figs. 2 through 4, the distal end 16 of the
shaft 12 is also provided with a cross pin hole 48 which is
aligned with the cross pin hole 44 of the guide 14. The distal
portion 46 of the blade guide 14 includes a blade slot 50, and a
laterally tapering profile which provides clearance for

endoscopic viewing of the blade.

Referring to Figs. 5 and 6, the blade 20 has upper, lower,
and distal cutting surfaces 56, 58, 60 respectively, with the
lower and distal surfaces 58, 60 preferably defining a
continuous curving surface. The blade 20 also includes a
proximal tang 62 provided with a longitudinal slot 64, and
coupling holes 66, 68. The cutting portion of the blade
(comprising the cutting surfaces 56,58, and 60) preferably
extends 0.28 inches, while the tang 62 preferably has a length
of approximately 0.47 inches. The blade has a maximum height of
approximately 0.13-0.14 inches, and the distal surface
preferably has a radius of curvature of approximately 0.134
inches. Referring to Fig. 7, the blade 20 is coupled to the
distal end 70 of the blade depth control wire 18 with a blade
coupler 72. The blade coupler 72 includes a rear bore which
receives and holds the distal end 70 of the blade depth control
wire 18, a distal tang slot 74 into which the blade tang 62 is
received, and a longitudinal slot 76 and coupling holes 78, 80
in alignment with the slot 64 and holes 66, 68 of the blade tang
62. Cross pins 82, 84 are secured within holes 66 and 78, and
holes 68 and 80 to secure the blade 20 to the coupler 72. In
addition, the proximal end of the coupler includes two clearance
slots 86, one on each side, each adapted to receive one of the
steering wires 35, 36 and guide the steering wires to attachment
holes 37 (Fig. 2).

Referring to Figs. 2 and 8, the blade guide i1s then
positioned over portions of the assembled blade 20 and coupler
54, and the distal end 16 of the shaft 12 is positioned over the
proximal end of the blade guide. A Cross pin 88 is inserted
into cross pin holes 44 and 48 and through the longitudinal
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slots 64, 76. As such, cross pin 88 secures the shaft 12 to the
guide 14 and also limits longitudinal movement of the blade 20
relative to the cross pin 88. According to a preferred aspect
of the invention, the height of the blade is substantially the
same as the outer diameter of the distal portion 46 of blade
guide 14 and the distal end 16 of the shaft 12. As such, the

blade 20 has a large maximum exposure for cutting.

Turning back to Fig. 1, according to the first embodiment
of the invention, the handle 22 includes a stationary portion
(shank) 90 having a longitudinal bore 91, an actuation knob 92,
and a steering knob 94. Referring to Figs. 9 and 10, the
actuation knob 92 includes a stepped axial bore 96 having three
portions each with a different diameter: a distal portion 98
having the smallest diameter, a proximal portion 100 having the
largest diameter, and a central portion 102. The central
portion 102 includes threads 104. Referring to Fig. 11, the
actuation knob 92 is coupled to the shank 90 with a knob
retainer 112. The knob retainer 112 includes a hollow tubular
portion 114 having a radial hole 116 and an enlarged lip 118.
Referring to Fig. 14, the retainer 112 is fed into the actuation
knob 92 from the proximal side such that the tubular portion 114
extends into the proximal end of the bore 91 of the shank 90 and
the lip 118 rests against the step 120 formed at the
intersection of the distal and central portions 98, 102. A pin
122 extends radially into the shank 90 and into the radial hole
116 to fixedly secure the retainer, and rotatably mount the
actuation knob 92 to the shank 90 such that it has an axis of
rotation parallel to, and preferably coaxial with, the axig of
the shank.

Referring to Figs. 12 through 14, the proximal end 124
(Fig. 14) of the blade depth control wire 18 extends into a
threaded adapter 106 and is coupled thereto at an attachment
hole 108. The adapter 106 is threaded into the central portion
102 of the bore 96 from the distal portion 100 of the bore 96.
The threaded adapter 106 include a rear hex opening 110 which
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can receive a tool to facilitate the threaded engagement during
assembly.

Referring to Figs. 1 and 9 through 14, rotation of the
actuation knob 92 causes the threaded adapter 106 to move
longitudinally relative to the threaded central portion 102.
This results in movement of the blade 20 relative to the blade
guide, i.e., extension and retraction of the blade in the guide
14, without rotating the blade 20 relative to the shaft 12.
Using the actuation knob 92, fine and controllable longitudinal
movement of the blade 20 is enabled.

Referring to Fig. 15, the steering knob 94 extends through
and is rotatably mounted partially within the shank 90 on a pin
126, with an axis of rotation preferably perpendicular to both
the shank 90 and a plane defined by the extension of the
parallel steering wires 35, 36. A proximal end of each of the
steering wires 35, 36 extends through the distal portion of the
bore 91 in the shank and is coupled to the steering knob 94.
When the steering knob 94 is rotated on the pin 126, one
steering wire, e.g. 36, is pulled proximally relative to the
other, e.g. 35, to cause the flexible portion 26 to flex in the

direction of the pulled wire 36, as shown in Fig. 1.

Turning now to Fig. 16, according to a second embodiment of
the surgical knife device 210 of the invention, substantially
similar to the first embodiment, the movement of the blade 220
is controlled by a control button 292 which is coupled to the
proximal end of a blade depth control wire (not shown) and
slidably mounted on the shank 290 for longitudinally movement
relative thereto to effect extension and retraction of the blade
relative to the blade guide 214.

There have been described and illustrated herein
embodiments of a surgical knife device. While particular
embodiments of the invention have been described, it is not
intended that the invention be limited thereto, as it is

intended that the invention be as broad in scope as the art will



WO 03/032846 PCT/US02/30833

allow and that the specification be read likewise. Thus, while
the device preferably has a steerable distal end, it will be
appreciated that the surgical knife can be provided without
steerability; i.e., without the steering wires and steering
knob, and even with a shaft which is substantially rigid along
its length. In addition, while control wires are described for
actuation and steering of the blade, it will be appreciated that
other flexible control members, e.g., cables, ribbons, non-metal
filaments, etc., can also be used. Moreover, in a non-steerable
embodiment, a rigid blade depth control member can be used.
Also, while the shaft is preferably made from a metal or metal
alloy, it will be appreciated that a suitable axially rigid
plastic or an axially reinforced more flexible plastic may be
used. Furthermore, while the construction of a particularly
preferred flexible portion is described, it will be appreciated
that other structure, or even different materials from the
proximal portion, can be provided to make the distal portion of
the device flexible for steering. Also, while cylindrical or
disk-like actuation and steering knobs are disclosed, it will be
appreciated that actuation and steering members of other shapes
can be used; e.g., elongate levers, hexagonal members, etc.
Moreover, while the actuation knob is shown at the proximal end
of the shank, it will be appreciated that it may be located at
the distal end of the shank. In addition, while the blade guide
is a preferred element of the invention, it is not a necessary
part of the invention, and the blade can alternatively be
retracted into a slit distal end of the shaft when a blade guide
is not provided. It will therefore be appreciated by those
skilled in the art that yet other modifications could be made to
the provided invention without deviating from its spirit and

scope as claimed.
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What is claimed is:

1. A surgical knife device, comprising:

a) an elongate tubular shaft having proximal and distal ends;

b) a handle coupled to said proximal end of said shaft and
having a longitudinal bore therein;

c) a blade in a first orientation;

d) a blade depth control member having proximal and distal
ends, said proximal end extending into said longitudinal bore of
said handle and said distal end extending to or adjacent said
distal end of the shaft and coupled to said blade; and

e) an actuation member rotatably coupled to said handle and
coupled to said proximal end of said blade depth control member,
wherein rotation of said actuation member relative to said
handle moves said blade longitudinally relative to said distal
end of said shaft.

2. A surgical knife device according to claim 1, wherein:
said blade remains in said first orientation when said

actuation member is rotated relative to said handle.

3. A surgical knife device according to claim 1, further
comprising:
f) a threaded adapter coupled to said proximal end of said
blade depth control member,
wherein said actuation member includes a threaded bore in
which said threaded adapter is at least partially provided, such
that rotation of said actuation member causes said adapter to

move longitudinally through said threaded bore.

4. A surgical knife device according to claim 1, wherein:

said actuation member is a knob.
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5. A surgical knife device according to claim 1, further
comprising:
e) a blade guide at said distal end of said shaft,

wherein when said blade is moved distally relative to said
distal end of said shaft, said blade is extended from said blade
guide,

and when said blade is moved proximally relative to said
distal end of said shaft, said blade is retracted into said

blade guide.

6. A surgical knife device according to claim 5, wherein:
said blade guide has a maximum outer diameter, and said

blade has a height substantially equal to said maximum outer

diameter.

7. A surgical knife device according to claim 1, wherein:
caid shaft has an outer diameter, and said blade has a

height substantially equal to the outer diameter.

8. A surgical knife device according to claim 1, wherein:
said shaft includes a substantially rigid proximal portion

and a flexible distal portion.

9. A surgical knife device according to claim 8, further
comprising:
f) means for articulating said shaft about said flexible

distal portion.

10. A surgical knife device according to claim 1, further
comprising:
f) a blade coupler,
wherein said blade includes tang portion, said tang portion
and said distal end of said blade depth control member being

coupled to said blade coupler.
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11. A surgical knife device, comprising:

a) an elongate tubular shaft having proximal and distal ends
and an outer diameter;

b) a blade having a height substantially equal to said outer
diameter of said shaft;

¢) a handle coupled to said proximal end of said shaft and
having a longitudinal bore therein;

d) an actuation member having proximal and distal ends, said
proximal end extending into said longitudinal bore of said
handle and said distal end extending to or adjacent said distal
end of said shaft and coupled to said blade; and

e) means for moving said blade longitudinally relative to said
distal end of said shaft.

12. A surgical knife according to claim 11, wherein:
said shaft includes a flexible portion, said surgical knife
further comprising:
f) means for articulating said shaft about said flexible

portion.

13. A surgical knife device, comprising:

a) an elongate tubular shaft having proximal and distal ends;

b) a blade guide coupled to caid distal end of said shaft and
having outer walls defining a maximum outer diameter;

c) a blade having a cutting edge and a height gubstantially
equal to sald maximum outer diameter of said blade guide;

d) a handle coupled to said proximal end of said shaft and
having a longitudinal bore therein;

e) a blade depth control member having proximal and distal
ends, said proximal end extending through said longitudinal bore
of said handle and said distal end extending to or adjacent said
distal end of the shaft and coupled to said blade; and

f) means for moving said blade between retracted and extended
position relative to said blade guide, wherein when in said
retracted position said cutting edge of said blade is withdrawn

between said walls of said blade guide.
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14. A surgical knife device according to claim 13, wherein:
said shaft includes a flexible portiom, further comprising:
g) means for articulating said shaft about said flexible

portion.

15. A surgical knife device, comprising:

a) an elongate tubular shaft having a proximal portion and
relatively distal flexible portion and a distal end portion
distal of said flexible portion;

b) a handle coupled to said proximal end of said shaft and
having a longitudinal bore therethrough;

c¢) a blade;

d) a blade depth control member having proximal and distal
ends, said proximal end extending through said longitudinal bore
of said handle and said distal end extending to or adjacent said
distal end of said shaft and coupled to said blade;

e) a means for moving said blade depth control member
longitudinally relative to said shaft;

f) a pair of steering elements having proximal and distal
ends, said distal ends of said steering elements coupled to said
distal portion of said shaft on opposite side thereof; and

g) a steering member movably coupled to said handle and
coupled to said proximal ends of said steering elements, wherein
movement of said steering member relative to said handle moves
one of said steering elements relative to the other of said
steering elements such that csaid shaft is caused to bend about

said flexible portion in a direction.

16. A surgical knife device according to claim 15, wherein:

said proximal portion of said shaft is substantially rigid.

17. A surgical knife device according to claim 15, wherein:
said flexible portion of said shaft includes a

plurality of opposing slots defining rings and struts between

said rings about which said flexible portion laterally bends.
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18. A surgical knife device according to claim 17, wherein:

said means for moving said blade depth control member
includes an actuation member rotatably coupled to said handle
and coupled to said proximal end of said blade depth control
member, wherein rotation of said actuation member relative to
said handle moves said blade longitudinally relative to said
distal end of said shaft.

19. A surgical knife device according to claim 15, further
comprising:
a sheath is provided within said shaft and about said blade

depth control member and said steering elements.

20. A surgical knife device according to claim 15, wherein:
said steering member is a knob mounted partially within

said handle.

21. A surgical knife device for use in through port surgical
procedure, comprising:

a) an elongate tubular shaft having proximal and distal ends,
said distal end having an outer diameter sized to Dbe received in
the port;

b) a blade having upper, lower and distal cutting edges
permitting cutting in three approaches; and

c) a handle means for moving said blade proximally and
distally relative to said shaft between retracted and extended

positions.

22. A surgical knife according to claim 21, wherein:
said blade has a height defined between said upper and
lower cutting edges which is substantially equal to said outer

diameter of said distal end of said shaft.

23. A surgical knife according to claim 22, wherein:

said outer diameter is approximately 0.13 to 0.14 inch.

24. A surgical knife according to claim 21, wherein:

said outer diameter is approximately 0.13 to 0.14 inch.
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25. A surgical cutting device, comprising:

a) a blade having upper, lower and distal cutting edges which
permit cutting in three approaches;

b) a blade housing; and

c) a handle means for moving said blade proximally and
distally relative to said blade housing between retracted and

extended positions.

26. a surgical blade, comprising:

a) a proximal tang portion; and

b) a distal blade portion including upper, lower and distal
cutting edges which permit cutting in three approaches relative

to said blade portion.
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because they relate to subject matter not required to be searched by this Authority, namely:

2, D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to
such an extent that no meaningful international search can be carried out, specifically:

s. Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. L—_] As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. I:I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.
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