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Picture in Picture Clip Applier Video System

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This disclosure relates to an endoscopic video system with picture-in-picture
capabilities and an endoscope for use in the endoscopic video system.

2. Description of the Related Art

[0002] Traditional endoscopic video systems generally include an endoscope having an
objective lens system provided at a distal end of the endoscope that forms an image that
can be seen on, for example, a video monitor. In medical applications, the endoscopic
video systems are utilized to view images within a closed cavity of a patient. Often these
endoscopic video systems can be used in conjunction with various sorts of endoscopic
tools to perform a medical procedure. One such tool is a clip applier, which may utilize a
clip to grasp and/or crimp/seal tissue by the single hand of an operating surgeon, and is
described in commonly-assigned U.S. Patent Publication No. 2003/0040759, U.S. Patent
Publication 2007/0049950 and U.S. Patent No. 6,277,131, the entire contents of each
document being expressly incorporated by reference herein. Typically, the endoscopic
video system and the accompanying endoscopic tool are each inserted into the cavity
usually through small incisions in the patient’s skin. The endoscopic video system is
generally equipped with a light source to illuminate the cavity and an image transmission
unit to transfer images of the cavity captured by the objective lens system to the video
monitor so that a user of the endoscopic video system can view the images.

[0003] The video monitor usually displays a 2D video image of the cavity of the patient.

Because the endoscopic video system and the endoscopic tool are often inserted into the
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_ cavity at different incisions in the patient’s skin, the 2D video image view angle aligns
only with the endoscopic video system, and not with the endoscopic tool. A problem
exists that it is difficult for a surgeon using the endoscopic video system and the
endoscopic toql to accurately determine a position of the endoscopic tool relative to
objects provided in the viewable cavity. For example, if the endoscopic tool were
configured as a clip applier, and the surgeon were placing clips around an artery along the
length of the artery at spaced intervals, the lack of visibility (at the site of the clip
placement) hinders the ability of the surgeon to properly position a clip relative to a
previously positioned clip. In fact, a surgeon viewing the video monitor to observe the
movements of the clip applier in the cavity may accide.nta_lly place a clip too far from or
too close to the previously positioned clip, or the surgeon may even accidentally cause
the clip to overlap the previously positioned clip. Such accidental placement of the clip
may damage the clip applier and the clips, and may even cause injury to the patient,
SUMMARY OF THE INVENTION

[0004] Accordingly, a feature of the present invention overcomes the drawbacks
associated with existing endoscopic video systems. In this regard, a non-limiting feature
of the present disclosure provides an endoscopic video system that includes at least a first
and a second video imaging system to provide an enhanced multi-angled view of the
cavity of the patient during a medical procedure; to enhance the accuracy and the safety
of the medical procedure, and to prevent damage to the endoscopic video system and the
accompanying endoscopic tool, as well as to ensure the health and safety of the patient.
[0005] According to a non-limiting feature of the present disclosure, an endoscopic video

system for visualizing an internal body cavity is provided. The endoscopic video system
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may include a first instrument and a second instrument. The first instrament may include
a light configured to illuminate the cavity, and a first camera configured to capture first
images of the illuminated cavity. The sccoﬁd instrument may include a surgical tool
configured to perform a surgical procedure, and a second camera configured to capture
second images of the illuminated cavity. The endoscopic video system also may include
a video control unit configured to receive the captured first and second images, and a
§ideo display configured to display the captured first and second images transmitted from
the video control unit.

[0006] According to another non-limiting feature of the endoscopic video system, the
first instrument may also include a fi_rst image transmission unit that includes a first
image coupler and a first camera head to receive and to transmit the first images to the
video control unit.

[0007] According to yet another non-limiting feature of the endoscopic video system, the
second instrument may also include a hand piece and a rotatable shaft connected to a
distal end of the hand piece and extending in an axial direction from the hand piece, and.
configured for insertion into the cavity of the body.

[0008] Accordingly to still another non-limiting feature of the endoscopic video system,
the surgical tool may include a pair of jaws provided at a distal end of the rotatable shaft
and may be configured to apply a clip positioned between the pair of jaws.

[0009] According to a non-limiting feature, the rotatable shaft may house the second
camera, and wherein the second camera includes an imaging scope extending from the
hand piece to the pair of jaws in the axial direction along an interior space of the rotatable

shaft,
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[0010] According to another non-limiting feature of the endoscopic video system, the
imaging scope may include an objective lens system provided at a distal end thereof, and
a second image transmission unit including a second image coupler and a second camera
head provided at a proximal end thereof, wherein the second image transmission unit
receives and transmits the second images to the video control unit.

[0011] According to yet another non-limiting feature of the endoscopic video system, the
imaging scope may include an optical fiber.

[0012] According to still another non-limiting feature of the endoscopic video system,
the optical fiber may be secured to a bearing provided in the hand piece such that the
objective lens system and the optical fiber rotate with the pair of jaws without axially
tWisting the optical fiber.

[0013] According to a non-limiting feature of the endoscopic video system, the optical
fiber may include a service loop to reduce the stress on the optical fiber when the optical
fiber rotates with the pair of jaws.

[0014] According to another non-limiting feature of the endoscopic video system, the
second camera may include an objective lens system having an optical axis, and the
optical axis may be generally parallel to an axial length of the second instrument.

[0015] According to yet another non-limiting feature of the endoscopic video system, the
hand piece may include a handle portion, and a trigger pivotally connected to the handle
portion and configured to actuate the surgical tool.

[0016] According to still another non-limiting feature of the endoscopic video system,

the hand piece may be configured to accept a cartridge including clips, which is
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insertable into the hand piece, and wherein the cartridge is extendable through the
rotatable shaft such that a clip from the cartridge is positioned between the pair of jaws.
[0017] According to a non-limiting feature of the endoscopic video system, the hand
piece may include an adjuster configured to rotate the rotatable shaft about an axial
length of the second instrument and to rotatably adjust the orientation of the pair of jaws.
[0018] According to another non-limiting feature of the endoscopic video system, the
hand piece may include an adjuster configured to rotate the rotatable shaft independent of
the rotation of the imaging scope secured to the bearing.

[0019] According to yet another non-limiting feature of the endoscopic video system, the
second instrument may be a clip applier.

[0020] According to still another non-limiting feature of the endoscopic video system,
the imaging scope may include a first section and a second section, wherein the first
section is provided along the rotatable shaft and the second section is provided along the
hand piece.

[0021] According to a non-limiting feature of the endoscopic video system, the video
control unit may include a first camera controller electrically connected to the first
instrument through a first image transmission unit, a second camera controller electrically
connected the second instrument through a second image transmission unit, and a picture-
in-picture converter electrically connected to the first camera controller, the second
camera controller, and the video display, wherein the picture-in-picture converter
communicates with the video display such that the first and second images are displayed

simultaneously.
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[0022] According to another non-limiting feature of the endoscopic video system, the
picture-in-picture converter may include a processor configured to adjust a relative size
of the first and second images displayed on the video display.

[0023] According to yet another non-limiting feature of the endoscopic video system, the
picture-in-picture converter may include a processor configured to adjust a relative
position of the first and second images displayed on the video display.

[0024] According to still another non-limiting feature of the endoscopic video system,
the picture-in-picture converter may include a processor configured to display at least one
of the first and second images, and a third image that is not of the illuminated cavity, on
the video display.

[0025] According to a mon-limiting feature of the endoscopic video system, the first
image may be a perspective view of the illuminated cavity, and the second image may be
a perspective view of a target site of the surgical procedure, and wherein the first and
second images are simultaneously displayed on the video display.

[0026] According to another non-limiting feature of the endoscopic video system, the
perspective view of the target site of the surgical procedure is generally parallel to an
axial length of the surgical tool.

[0027] According to a non-limiting feature of the present application, a clip applier is
provided. The clip applier may include a hand piece, a tool end assembly including a
frame and a pair of jaws, wherein the tool end assembly extends from the hand piece in
an axial direction, a rotatable shaft extending from the hand piece and surrounding the
tool end assembly, wherein the pair of jaws are provided at a distal end of the rotatable

shaft and configured to apply a clip around at least one object, and an imaging scope
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fixedly attached to the frame and extending in the axial direction along an interior space
of the rotatable shaft.

[0028] According to another non-limiting feature of the clip applier, the imaging scope
may include an objective lens system provided at a distal end of the frame to capture
images in a direction generally parallel to an axial length of the tool end assembly, and an
image transmission unit including an image coupler and a camera head provided at a -
proximal end of the imaging scope to receive and to transmit the images captured by the
objective lens system to a video display.

[0029] According to yet another non-limiting feature of the clip applier, the pair of jaws
and the imaging scope, which are fixedly attached to the tool end assembly, rotate with
the rotatable shaft.

[0030] According to still another non-limiting feature of the clip applier, the clip applier
may include a collar connected at a distal end of the hand piece, a mounting brace
provided at an upper end of the hand piece, and a hood extending from an upper end of
the collar to an upper end of the mounting brace so as to define an enclosure between the
hood and at least a portion of the hand piece.

[0031] According to a non-limiting feature of the clip applier, the imaging scope may
include a first section and a second section, wherein the first section is provided along the
rotatable shaft and the second section is provided along the hand piece.

[0032] According to another non-limiting feature of the clip applier, the imaging scope
may include a first section and a second section, wherein the first section is provided
along the rotatable shaft and the second section is provided within the enclosure of the

hood.
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[0033] According to yet another non-limiting feature of the clip applier, the collar may
include an opening that allows the second section of the imaging scope to connect with
the first section of the imaging scope along the rotatable shaft.

[0034] According to still another non-limiting feature of the clip applier, the hand piece
may include a handle portion, a trigger pivotally connected to the handle portion and
configured to actuate the pair of jaws, and an aperture. configured to accept a cartridge
includiﬁg clips provided at a proximal side of the hand piece opposite the rotaéable shaft,
wherein the cartridge is extendable through the rotatable shaft such that a clip from the
cartridge is positioned between the pair of jaws.

[0035] According to a non-limiting feature of the clip applier, the imaging scope may
include an optical fiber.

[0036] According to another non-limiting feature of the clip applier, the hand piece may
include a bearing extending through the mounting brace, wherein a proximal end of the
optical fiber is secured to the bearing such that the optical fiber rotates relative to the
mounting brace to prevent twisting of the optical fiber.

[0037] According to yet another non-limiting feature of the clip applier, the pair of jaws
and the optical fiber are fixedly attached to the tool end assembly and rotate with the
rotatable shaft, and the optical fiber includes a service loop to reduce the stress on the
optical fiber when the optical fiber rotates with the pair of jaws.

[0038] According to still another non-limiting feature of the clip applier, the hand piece
may include an adjuster to rotate the rotatable shaft about an axial length of the tool end
assembly and to rotatably adjust the orientation of the pair of jaws to apply the clip

around at least one objeét.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The present disclosure provides a detailed description that follows by reference to
the noted drawings by way of non-limiting examples, in which like reference numerals
represent similar parts thrbughout several views of the drawings, and in which:

[0040] FIG. 1 is a perspective view of an endoscopic video system for use in a medical
procedure according to a non-limiting feature of the present disclosure;

[0041] FIG. 2 is a partial perspective view of a distal end of an endoscopic tool including
an imaging scope fixedly attached thereto so as to capture images in a direction generally
parallel to an axial length of the endoscopic instrument according to a non-limiting
feature of the present disclosure; and

[0042] FIG. 3 is a partial perspective view of a collar disposed at a distal end of a hand
piece according to a non-limiting feature of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0043] The particulars shown herein are by way of example and for purposes of
illustrative discussion of the embodiments of the present invention only and are presented
in the cause of providing what is believed to be the most useful and readily understood
description of the principles and conceptual aspects of the present invention. In this
regard, no attempt is made to show structural details of the present invention in more
detail than is necessary for the fundamental understanding of the present invention, the
description taken with the drawings making apparent to those skilled in the art how the
several forms of the present invention may be embodied in practice.

[0044] Accordingly, the present disclosure relates to an endoscopic video system for

visualizing an internal body cavity, including an endoscopic instrument, such as a clip
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applier, capable of being incorporated into the endoscopic video system. However, it is
contemplated that other known endoscopic instruments may also be implemented into the
disclosed endoscopic video system.

The Endoscopic Video System

[0045] FIG. 1 shows an endoscopic video system (1) for visualizing an internal body
cavity (10) and a target site (20) of the body cavity (10). The endoscopic video system
(1) generally includes a first instrument (30) to illuminate the body cavity (10) and/or to
capture images of the body cavity (10), a second instrument (40) to perform a medical
procedure and to capture images of a portion of the illuminated cavity (10) including the
target site (20), and a video control unit (50) to receive the captured images from the first
and second instruments and to transmit them to a video display (60) for viewing during a
medical procedure.

[0046] More particularly, the first instrument (30) may include a light source (31)
configured to illuminate the cavity (10), and a first camera configured to capture first
images (61) of the illuminated cavity (10) including the target site (20). The light source
(31) may be connected to the first instrument (30) via a cable (32) at a port (33), as
shown in FIG. 1. Alternatively, the light source (31) may be integrally attached to the
first instrument (30) to illuminate the cavity (10). For example, the light source (31) may
be provided aléng an axial length of the first instrument (30).

[0047] In embodiments, the cable (32) may be configured as a fiber optic bundle serving
as a light guide. Alternatively, the cable (32) may be replaced with any other known
connector suitable for light transmission. The first camera may be configured as an

objective lens system including a CMOS, CCD or other type of image sensor for
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converting image light into electrical signals for transmission to the video display (60),
such as a computer monitor or a video screen. The first camera also includes a first
image transmission unit (34) including a first image coupler (35) and a first camera head
(36) to receive and to transmit the first images (61) to the video control unit (50). The
video control unit (50) processes the images from the first camera for display on the
| video display (60).

[0048] The second instrument (40) may include a surgical tool (72) configured to
perform a surgical procedure, and a second camera configured to capture second images
(62) of the illuminated cavity (10). In embodiments and similar to placement of the light
source (31), as described above, a light source may be provided with the second
instrument (40), and either connected to the second instrument (40) via a cable, or
integrally attached to the second instrument (40), such as along the axial length of the
second instrument (40), to further illuminate the cavity at the target site (20), and to
enhance the visual clarity of the viewable area. In embodiments, the surgical tool (72)
may be configured as an ablator, a scalpel, a clip applier, scissors, a clamp, forceps,
cauterizers, or any other suitable surgical tool for use with an endoscope. In addition, the
term “image,” as used through the specification, may be defined as anything displayable
on the video display (60), and thus images shown on the video display (60) should not be
limited to the images captured by the first and second cameras.

[0049] Similar to the configuration of the first camera, the second camera also includes
an objective lens system including CMOS, CCD or other type of image sensor for
converting image light into electrical signals for transmission to the video display (60).

The second camera further includes a second image transmission unit (41) including a

11
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second image coupler (42) and a second camera head (43) to receive and to transmit the
second images (62) to the video control unit (50) where the images are processed for
display on the video display (60).

[0050] In addition, the objective lens system of the second camera has an optical axis,
which is generally parallel to an axial length of the surgical tool (72). This configuration
enables the second camera to provide a view of the internal cavity (10) and the target site
(20) that is different from the view produced by the first camera. This view, referred to
herein as a “tool’s eye view,” provides an additional perspective of the internal cavity
(10) and the target site (20),7 which improves the visibility of the movements of the
surgical tool (72) at the target site (20) relative to other objects in the illuminated cavity
(10). The enhanced visibility improves the accuracy and safety of the procedure, and
reduces the time required for the procedure.

[0051] As noted above, the video control unit (50) is configured to receive the captured
first and second images (61,62), and the video display (60) is configured to display the
images (61,62) transmitted from the video control unit (50). Further, the video control
unit (50) includes a first instrument camera controller (51) electrically connected to the
first camera through the first image transmission unit (34) via a cable (52), a second
instrument camera controller (53) electrically connected to the second camera through the
second image transmission unit (41) via a cable (54), and a picture-in-picture converter
(55) that is electrically connected to each of the first and second instrument camera
controllers (51,53) via cables (56,57). The video control unit (50) is also electrically

connected to the video display (60) via cable (58).
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[0052] The picture-in-picture converter (55) communicates with the video display (60)
such that the first and second images (61,62) may be displayed singularly or
simultaneously. It is contemplated that the picture-in-picture converter (55) may
electrically connect to additional camera controllers (and their respective cameras) to
capture additional images in the illuminated body cavity (10). In addition, the picture-in-
picture converter (55) may also connect to other devices, such as an EKG machine, a
thermometer, or any other device capable of communicating with (and transmitting image
or other data to) the picture-in-picture converter (55). Such connections enhance the
operability of the endoscopic video system (1) and improve the ease-of-use iof the system
during a given medical procedure.

[0053] Further, while the camera controllers (51,53) and the video display (60) are
electrically connected to the picture-in-picture converter (55) via cables (56,57,58), it is
also contemplated that the various cable connections described herein may be replaced to
include other known data transmission mechanisms, such as wireless connections and
infrared connections.

[0054] The picture-in-picture converter (55) also includes a processor configured to
adjust a relative size and a relative position of the first and second images (61,62)
displayed on the video display (60) so that the images may be displayed in various
arrangements suitable to the preferences of the person using the endoscopic video system
(1). In this regard, the picture-in-picture converter (55) may be associated with a
computer program that allows the user to interface with the endoscopic video system 1)

and set (or adjust) user preferences.
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[0055] The processor may als.o be configured to display at least one of the first and
second images, and a third image (or more) that is not of the illuminated cavity (10) on
the video display (60). The third image may be, for example, an EKG monitor, a
brightness detector, a temperature reading, a timer, or any other image that may be useful
to the surgeon during .the medical procedure. In addition, the images may be shown
individually or simultaneously. When shown simultaneously, the images on the video
display (60) may be overlapped, spaced from one another or superimposed on one
another depending on the preferences of the surgeon.

[0056] 1t is noted that the first image (61) may be a perspective view of the illuminated
cavity (10) showing the surgical tool (72) and the target site (20) for the medical
procedure. Meanwhile, the second image (62) may be a perspective view of the target
site (20) of the medical procedure at the surgical tool (72), as shown in FIG. 1. In
embodiments, the perspective view, i.e., also referred to as the tool’s eye view, of the
target site (taken at the surgical tool (72)) is generally parallel to the axial length of the
surgical tool (72). Additionally, it is contemplated that the images may be thermal
imaging images, color images, black and white images, and other images suitable for
observation on the video display (60).

Clip Applier

[0057] In embodiments, the second instruﬁent (40) may be configured as a clip applier,
and the clip applier may be incorporated into the endoscopic video system (1) discussed
above. The clip applier will now be described in detail with reference to FIGS. 1-3.
[0058] As shown in FIGS. 1 and 2, the clip applier (40) may include a hand piece (44), a

rotatable shaft (45), and a tool end assembly (70) including a frame (71) configured to
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receive a cartridge (46) of stacked clips and a pair of j;lWS (72). The tool end assembly
(70) extends from the hand piece (44) in an axial direction, and the rotatable shaft (45)
extends from the hand piece (44) in the axial direction and surrounds the tool end
assembly (70). The pair of jaws (72) is provided at a distal end of the rotatable shaft (45)
and is configured to apply a clip (47) around at least one object.

[0059] The clip applier (40) also includes an imaging scope (73), i.e., similar to the
second camera discussed above, that is attached to the frame (71) and extends in the axial
direction along an interior space of the rotatable shaft (45). As shown in FIG. 2, the
imaging scope (73), includes an objective lens system (at 74) and is connected to the
second image transmission unit (41). At least a portion of the imaging scope (73) is
housed by the rotatable shaft (45), while the other portion is associated with the hand
piece (44). As also shown, the imaging scope (73) and the pair of jaws (72) are attached
to the frame (71) and rotate with the rotation of the rotatable shaft (45). In this regard,
the imaging scope (73) may be welded or clamped at spaced intervals along the axial
length of the frame (71). In addition, the imaging scope (73) may be a micro flexible
optical fiber having a 10k fiber.

[0060] In embodiments, the hand piece (44) includes a handle portion (80) and a trigger
(81) pivotally connected to the handle portion (80). The trigger (81) is configured to
actuate the pairg of jaws (72). The hand piece (44) also includes an aperture configured to
accept the cartridge (46) of stacked clips. The aperture extends through the axial length
of the hand piece (44) so that the cartridge (46) can be inserted into the aperture from a
proximal side of the hand piece (44) towards the pair of jaws (72) provided at the distal

end of the clip applier (40). Further, the cartridge (46) is configured to extend through
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the aperture of the hand piece (44) and through the rotatable shaft (45) via a cartridge
receptacle formed in the frame (71).

[0061] While the cartridge (46) is described as being loaded at the proximal side of the
hand piece (44), it is also contemplated that the cartridge (46) may also be loaded into the
hand piece (44) via, for example, an aperture located at a side location, an anterior side or
a posterior side of the hand piece (44). Alternatively, the cartridge (46) may also be
loaded into the hand piece (44) via a slidable (or hinged) loading drawer provided at any
one of the above-noted locations. In embodiments, it is further contemplated that the
cartridge (46) may be pre-loaded with the hand piece (44), and not removable.

[0062] The hand piece (44) further includes an adjuster (82) that is configured to rotate
the rotatable shaft (45) about its central axis and to rotatably adjust the orientation of the
pair of jaws (72) to apply the clip (47) around at least one object. Thus, in operation, the
user manipulates the adjuster (82) so as to rotate the pair of jaws (72) into position to
apply the clip (47) to an object in the cavity (10) at the target site (20). When the trigger
(81) is' manipulated, the clip (47) is discharged from the cartridge (46) and positioned
between the pair of jaws (72) to be applied to the object at the target site (20). In this
regard, the pair of jaws (72) may be configured either to crimp an elastically-biased open
clip around the object, or to open an elastically-biased closed clip for placement around
the object. It is further contemplated that the clip applier (40) may also be configured to
apply staples or may function to grasp objects for removal from or adjustment within the
cavity (10). In other words, the clip applier (40) may be used for purposes other than to

apply a clip or a staple for increased functionality of the device.

16



(37) JP 2011-189119 A 2011.9.29

[0063] The clip applier (40) still further includes a collar (83) connected at a distal end
of the hand piece (44), a mounting brace (84) including a bearing (85) extending
therethrough provided at an upper end of the hand piece (44), and a hood (86) extending
from an upper end of the collar (83) to an upper -end of the mounting brace (84) so as to
define an enclosure between the hood (86) and at least a portion of the hand piece (44).
The collar (83) connects the rotatable shaft (45) to the hand piece (44), and the mounting
brace (84) houses the bearing (85). As noted above, the bearing (85) extends through the
mounting brace (84), and a proximal end of the optical fiber is secured to the bearing (85)
such that the optical fiber rotates relative to the mounting brace and connects with the
second image transmission unit (41).

[0064] The hood (86) may be any shape and material suitable for housing a service loop
(87) of the imaging scope (73), which provides additional slack to address twisting
experienced by the optical fiber during operation of the rotatable shaft (45). The hood
(86) also protects the service loop (87) from contamination and prevents damage to the
optical fiber. It is contemplated that the hood (86) may further be configured to be
removable for access to the service loop (87) or for repair to a portion of the clip applier
(40). In this regard, it is noted that the clip applier (40) may be disposable or reusable.
[0065] As shown in FIG. 1, the optical fiber (i.e., the imaging scope) is secured to the
bearing (85). The optical fiber is secured to the bearing (48) such that the objective lens
system (at 74) and the optical fiber rotate with the rotation of the pair of jaws (72) while
limiting the axial twisting experienced by the optical fiber during rotation of the rotatable
shaft (45). That is, the bearing (48) aids in preventing potential breakage of the optical

fiber due to excessive twisting along the rotatable shaft (45) when the user manipulates
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the adjuster (82). It is noted that the rotation of the imaging scope (73) along the
rotatable shaft (45) is independent of the rotation of the imaging scope (73) secured at the
bearing (85).

[0066] The imaging scope (73) can be viewed as having a first section (88) and a
second section (89), which includes the service loop (87). The first section (88) is
provided along the rotatable shaft (45) and the second section (89) is provided along the
hand piece (44) within the enclosure defined by the hood (86). As previously noted, the
first section (88) of the imaging scope (73) may be welded or clamped at spaced intervals
along the frame (71). The second section (89) (including the service loop (87) secured to
the bearing (85)) reduces the stress (including the axial twisting) experienced by the
imaging scope (73) when the optical fiber provided along the tool end assembly (70)
rotates with the rotation of the pair of jaws (72) and the rotatable shaft (45).

[0067] As shown in FIG. 2, the first section (88) and the second section (89) are
connected to one another via an opening (90) in the collar (83). As shown in FIG. 3, the
opening (90) allows the service loop (87) to extend and to retract into the first section
(88) without being exposed to an external environment. This configuration not only
addresses the twisting concerns, it also prevents contamination to the imaging scope (73)
and protects the imaging scope (73) from being damaged or mishandled. In addition, the
collar (83) may include a stop pin (91) provided at a side of the collar (83) as an
additional safety mechanism that limits the amount of twisting experienced by the optical
fiber and to prevent the optical fiber from being twisted to the point of fracture.

[0068] Accordingly, the endoscopic video system as discussed in detail above, provides

users an enhanced view of the area targeted for a given medical procedure. As a result,
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the accuracy and the safety of the medical procedure is improved, the risk of damage to
the endoscopic video system and the accompanying endoscopic tool is greatly reduced,
and the health and safety of the patient is ensured.

[0069] Although the invention has been described with reference to several exemplary
embodiments, which can be combined in any suitable manner, it is understood that the
words that have been used are words of description and illustration, rather than words of
limitation. Changes may be made within the purview of the appended claims, as presently
stated and as amended, without departing from the scope and spirit of the invention in its
aspects. Although the invention has been described with reference to particular means,
materials and embodiments, the invention is not intended to be limited to the particulars
disclosed. Rather, the invention extends to all functionally equivalent structures, methods

and uses such as are within the scope of the appended claims.
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CLAIMS

What is claimed is:
1. (Original) An endoscopic video system for Visuélizing an internal body cavity,
comprising:
a first instrument comprising:
a light configured to illuminate the cavity; and
a first camera configured to capture first images of the illuminated cavity;
a second instrument comprising;
a surgical tool configured to perform a surgical procedure; and
a second camera configured to capture second images of the illuminated
cavity;
a video control unit configured to receive the captured first and second images;
and
a video display configured to display the captured first and second images

transmitted from the video control unit.
2. (Original) The endoscopic video system of claim 1, wherein the first instrument
further comprises a first image transmission unit that includes a first image coupler and a

first camera head to receive and to transmit the first images to the video control unit.

3. (Original) The endoscopic video system of claim 1, wherein the second instrument

further comprises a hand piece and a rotatable shaft connected to a distal end of the hand
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piece and extending in an axial direction from the hand piece, and configured for

insertion into the cavity of the body.

4. (Original) The endoscopic video system of claim 3, wherein the surgical tool
comprises a pair of jaws provided at a distal end of the rotatable shaft and configured to

apply a clip positioned between the pair of jaws.

5. (Original) The endoscopic video system of claim 3, wherein the rotatable shaft houses
the second camera, and wherein the second camera includes an imaging scope extending
from the hand piece to the pair of jaws in the axial direction along an interior space of the

rotatable shaft.

6. (Original) The endoscopic video system of claim 5, wherein the imaging scope
includes an objective lens system provided at a distal end thereof, and a second image
transmission unit including a second image coupler and a second camera head provided
at a proximal end thereof, wherein the second image transmission unit receives and

transmits the second images to the video control unit.

7. (Original) The endoscopic video system of claim 6, wherein the imaging scope

comprises an optical fiber.
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8. (Original) The endoscopic video system of claim 7, wherein the optical fiber is
secured to a bearing provided in the hand piece such that the objective lens system and

the optical fiber rotate with the pair of jaws without axially twisting the optical fiber.

9. (Original) The endoscopic video system of claim 7, wherein the optical fiber includes
a service loop to reduce the stress on the optical fiber when the optical fiber rotates with

the pair of jaws.

10. (Original) The endoscopic video system of claim 1, wherein the second camera
includes an objective lens system having an optical axis, and wherein the optical axis is

generally parallel to an axial length of the second instrument.

11. (Original) The endoscopic video system of claim 3, wherein the hand piece includes
a handle portion, and a trigger pivotally connected to the handle portion and configured

to actuate the surgical tool.

12. (Original) The endoscopic video system of claim 4, wherein the hand piece is
configured to accept a cartridge including clips, which is insertable into the hand piece,
wherein the cartridge is extendable through the rotatable shaft such that a clip from the

cartridge is positioned between the pair of jaws.
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13. (Original) The endoscopic video system of claim 4, wherein the hand piece includes
an adjuster configured to rotate the rotatable shaft about an axial length of the second

instrument and to rotatably adjust the orientation of the pair of jaws.

14. (Original) The endoscopic video system of claim 8, wherein the hand piece includes
an adjuster configured to rotate the rotatable shaft independent of the rotation of the

imaging scope secured to the bearing.

15. (Original) The endoscopic video system of claim 1, wherein the second instrument

is a clip applier.

16. (Original) The endoscopic video system of claim 5, wherein the imaging scope
includes a first section and a second section, wherein the first section is provided along

the rotatable shaft and the second section is provided along the hand piece.

17. (Original) The endoscopic video system of claim 1, wherein the video control unit
includes:

a first camera controller electrically connected to the first instrument through a
first image transmission unit;

a second camera controller electrically connected the second instrument through a

second image transmission unit; and
a picture-in-picture converter electrically connected to the first camera controller,

the second camera controller, and the video display, wherein
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the picture-in-picture converter communicates with the video display such that the

first and second images are displayed simultaneously.

18. (Original) The endoscopic video system of claim 17, wherein the picture-in-picture
converter includes a processor configured to adjust a relative size of the first and second

images displayed on the video display.

19. (Original) The endoscopic video system of claim 17, wherein the picture-in-picture
converter includes a processor configured to adjust a relative position of the first and

second images displayed on the video display.

20. (Original) The endoscopic video system of claim 17, wherein the picture-in-picture
converter includes a processor configured to display at least one of the first and second

images, and a third image that is not of the illuminated cavity, on the video display.

21. (Original) The endoscopic video system of claim 1, wherein the first image is a
perspective view of the illuminated cavity, and the second image is a perspective view of
a target site of the surgical procedure, and wherein the first and second images are

simultaneously displayed on the video display.
22. (Original) The endoscopic video system of claim 21, wherein the perspective view

of the target site of the surgical procedure is generally parallel to an axial length of the

surgical tool.
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23. (Original) A clip applier comprising;

a hand piece;

a tool end assembly including a frame and a pair of jaws, wherein the tool end
assembly extends from the hand piece in an axial direétion,

a rotatable shaft extending from the hand piece and surrounding the tool end
assembly, wherein the pair of jaws are provided at a distal end of the rotatable shaft and
configured to apply a clip around at least one object; and

an imaging scope fixedly attached to the frame and extending in the axial

direction along an interior space of the rotatable shaft.

24. (Original) The clip applier of claim 23, wherein the imaging scope includes an
objective lens system provided at a distal end of the frame to capture images in a
direction generally parallel to an axial length of the tool end assembly, and an image
transmission unit including an image coupler and a camera head provided at a proximal
end of the imaging scope to receive and to transmit the images captured by the objective

lens system to a video display.

25. (Original) The clip applier of claim 23, wherein the pair of jaws and the imaging

scope, which are fixedly attached to the tool end assembly, rotate with the rotatable shaft.

26. (Original) The clip applier of claim 23 further including:

a collar connected at a distal end of the hand piece;
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a mounting brace provided at an upper end of the hand piece; and
a hood extending from an upper end of the collar to an upper end of the mounting
brace so as to define an enclosure between the hood and at least a portion of the hand

piece.

27. (Original) The clip applier of claim 23, wherein the imaging scope includes a first
section and a second section, wherein the first section is provided along the rotatable

shaft and the second section is provided along the hand piece.

28. (Original) The clip applier of claim 26, wherein the imaging scope includes a first
section and a second section, wherein the first section is provided along the rotatable

shaft and the second section is provided within the enclosure of the hood.

29. (Original) The clip applier of claim 27, wherein the collar includes an opening that
allows the second section of the imaging scope to connect with the first section of the

imaging scope along the rotatable shaft.

30. (Original) The clip applier of claim 23, wherein the hand piece includes:

a handle portion;

a trigger pivotally connected to the handle portion and configured to actuate the
pair of jaws; and

an aperture configured to accept a cartridge including clips provided at a proximal

side of the hand piece opposite the rotatable shaft, wherein the cartridge is extendable
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through the rotatable shaft such that a clip from the cartridge is positioned between the

pair of jaws.

31. (Original) The endoscopic video system of claim 26, wherein the imaging scope

comprises an optical fiber.

32. (Original) The clip applier of claim 31 further including a bearing extending through
the mounting brace, and wherein a proximal end of the optical fiber is secured to the
bearing such that the optical fiber rotates relative to the mounting brace to prevent

twisting of the optical fiber.

33. (Original) The endoscopic video system of claim 31, wherein the pair of jaws and
the optical fiber are fixedly attached to the tool end assembly and rotate with the rotatable
shaft, and wherein the optical fiber includes a service loop to reduce the stress on the

optical fiber when the optical fiber rotates with the pair of jaws.
34. (Original) The clip applier of claim 23, wherein the hand piece includes an adjuster

to rotate the rotatable shaft about an axial length of the tool end assembly and to rotatably

adjust the orientation of the pair of jaws to apply the clip around at least one object.
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ABSTRACT

An endoscopic video system for visualizing an internal body cavity is provided.
The endoscopic video system may include a first instrument and a second instrument.
The first instrument may include a light configured to illuminate the cavity, and a first
camera configured to capture first images of the illuminated cavity. The second
instrument may include a surgical tool configured to perform a surgical procedure, and a
second camera configured to capture second images of the illuminated cavity. In addition,
the éndoscopic video system may further include a video control unit configured to
receive the captured first and second images, and a video display configured to display

the captured first and second images transmitted from the video control unit.
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