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FIGURE 1

(57) Abstract: The present invention relates to a
surgical apparatus that includes a surgical instru-
ment including an elongated shaft extending
along a longitudinal axis from a proximal end to
a distal end, a working element coupled to the
distal end of the elongated shaft for manipulating
tissue; an endoscope having a tubular body in-
cluding an image fiber, an endoscopic tens
coupled to a distal end of the tubular body and
operably coupled to the image fiber, the endo-
scopic lens defining a viewing field about a cent-
ral axis; and the endoscope mounted to the
elongated shatt of the surgical instrument, the en-
doscopic lens protruding from an outer longitud-

X inal surface of the elongated shaft the central axis

of the viewing field being oblique to the longit-
udinal axis of the elongated shaft and intersecting
the outer longitudinal surface, the working ele-
ment located within the viewing field and separ-
ated from the central axis by a distance.
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METHOD AND APPARATUS FOR DELIVERING AN ENDOSCOPE VIA
MICROSURGHCAL INSTRUMENTS WHILE PERFORMING MICROSCOPIC
SURGERY

Cross-Reference to Related Patent Applications

[8061] The present application claims the beaefit of United Statey Provisional Patent
Application Serjal No. 6 14K7 088, filed May 17, 2011 the eativety of wiieh 13 ncorporated

herein by reference.
Field of the Invention

{0062] The present invention relates to instruments snd methods for mnimally invasive
microsurgival procedures and freatment of diseases using microscopic and  endoscopis

combination.
Background of the Invention

0603} Endoscopic surgery is performed by inserting the endoscope into a body cavity. The
endoscopic mmage is displaved on its own momitor. The endoscope has 18 own carrier that
may house other channels o accommuodate surgical mstroments, urigation and suctions. The
endoscope provides wide angle view, the abibty to ook wround the corner and enhanced
Hlumination by bringing the Hglt close to the target; all these features are desiable during
sursical procedures. However, the man drawback of purely endoscopic surgery 13 the lack of
3-D viewing capabihity. In fact, many pattent accidents dunng endoscopic procedares across
all specialties are antribuied o fack of a three-dimensional visualization. Al these pluses and
aunuses apply @ the use of the endoscope in all different types of surgeries including
newrosurgical procedurss.  In the last 10-15 years there bhas been an increased use of the
endoscope in newrosurgical procedures. I g newrosurgeon wants o use the endoscope, hefshe

must go through a course and learn & now surgical techique, the endoscopic technigue,

{8084} Micrescopic swreery, on the other side, 18 & technigue geperally known by all
pawrvsurgeons and both spinal and intracramal neurosurgery is ofien performed with the aid
of an operating microscope that allows great tHumination and 3-D vision W a narrow
operating space. Indeed there is virtually ne hospital - small or big, community or academic -
where newrosurgery iy performed that does not have an operaling microscope that gets

uperaded or even changed every couple of yvears.
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[0083] It would be destrable to be able 1o use the unigue advantages of the endoscope and 1
combing them with established microsurgical techbigues. A need exists to combine the
henefictal uses of the endoscope to augment many microscopic neuroswrgical procedures

such as vascular, tumor and spinal procedares, vet no combination €xists,
Summary of the Inveation

6] 10 s therefore an object of the mvention to provide an endoscope/microscope
combination that would make the heavily discussed controversy between proponent of the
microscope and of the endoscope {see for cxample the heated comroversy between
proponents of endoscopic pHuitary surgery versus proponemts of microscopic pituitary
surgervy obsolete and irrelevant. Such endoscopefmicroscope combination requires the
development of a process/platform that would make this combination doable with minimal

disruption to established microsurgical tochnigues.

[T This now platform has the potential t© become what Laparoscopy reprosented for
General Surgery, Ob-Gyn, and several other specialiies in the early 9905, namely a
complete revolution not only for the doctors, but also for organizations that had the vision o

avest and enter into the very beginning of this market

{8068] Therefore, it 1% an object of the present juvention fo provide a provess whare about

sucrosargical mstruments become the endoscope camners.

{0089 Another object of the Invention 13 the use of a device that allows the attachment of the
endoscope o the nucresurgical istrument.

JOOH 1t s still another object of the invention some dedicated micre-mstraments

specifically designed to accommodate the endoscope during microsurgical proceduares.

[ 1] In according with these objects, the embodiment of the present mvention relies on the
clippingfwrapping/attaching of the endoscope to the micro-strgical instrument and to the
nsertm of the endescopic image into the ocudars of the 3-D operating nucroscope space
gsing off the shelf readily availabie twchoniogy that iv packeged m omuny operating
nucroscopes. This embodiment would make use of the endoscope more efticient by not
crowding the surgical space with new teols but rather transforming each and every instrument

waed I ARCTOSCOMMC RewrosHTEery mio an endcone carnern.

{12} Besides, the addition of the bi-dimensional endoscope image into the wi-dimensional

microscopic space would casily integrate the endoscope infonmation inte & famibar 3D

)
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space, making the surgery inherently safer and more efficient. The neurosurgeon will see

through the microscopic ocelars both images: the endoscopic and microscopic ones.

{0013] The embodument of the invention inchudes Hexible endoscope with diameter no bigger
then 3 mm, high defimition image capacity, disposable or not, without or with light source,
which is attached {0 the fast 10 em of micro surgical instrumentals.

4] Thas procedure 1 done through a clip or a “Velero type™ pad. The clips or pads may
be disposable. The clips or pads may be snapped on the carrier micro-swrgical instrament and
on the endoscope at different points on the respective shafis so as 1o have multiple potential
positions of the endoscope on the carrier micre-surgical instrument. This arvangement allows
the endoscope 10 be used as an instroment and not as a new procedwre tool. The surgeos may
ask at several junctures of the operation: “load the endoscope on the suction, forceps, ete. and
let me see what additional information I can get,” and the sssistant nurse will attach the

cndoscope toy the micre-stirgical instrument 1o order to attend the surgeon’s needs.

jHI1A] The embodiment inchudes also the design of special instroments to allow the

attachment of the endoscape when necessary.

[6016] In one embodiment the present mvention can be a surgical apparaias conmjwsing. 8
surgical mstrument comprising an clongated shaft extending along & Iongitikdinal axis froma
proximal end o a distal end, 8 working element coupled to the distal end of the elongated
shafl for manipulating tssue; an endoscope having @ tubular body mcluding an image fiber,
an endoscopic lens coupled to a distal end of the wbular body and operably coupled o the
image fiber, the endoscopic lens defining 8 viewing field abowt o central axis; and the
endoscope mounted to the elongated shaft of the surgical instrament, the endoscopie lens
protruding from an outer longituding! surface of the clongated shaft, the central axis of the
viewing ficld being oblique to the longitudinagl axis of the clongated shafl and intersecting the
outer longiudinal surface, the working vlement located within the viewing feld and

separated from the central axis by a distance.

J0817] i another emboediment the present mvention can be a surgical apparatus comprising:
a surgival mstrument comprising an elongated shaft extending along a longitudinal axis from
a proximal end to a distal end, a working element coupled to the distal end of the elongated
shaft for manipolating tissue, the elongated shaft comprising a fisst indexing feature; an
endoscope having a tubular body including an tmage fiber, an endoscopic lens coupled © 8

distal end of the tubalar body and operably coupled to the boage fiber, the endoscopic lens
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defining a viewng field about a contral axis, the whular bedy comprising a second indexing
feature; and the endoscope mounied to the elongated shaft of the surgical Instrument so that
the first and second indexing features mate with one another so as © prevent relative rotation
hetween the olongated shaft and the tubular body, the working element lncated within the

viewing feld.

[H018] In vetanother embodiment the present myvention can be a surgical system compnising:
a surgical apparatus compmising: a surgical instruvnent compnising an elongated shaft and a
working clement coupled to a distgl end of the elongated shaft for manipulating tissue; an
endoscope having a tubular body including an image fiber, an endoscopic lens coupled © a
distal end of the tehular body and operably coupled to the buage fiher, the endoscopic Jens
defining a viewing field abowt a contral axis; and the endoscope mounted 1o the clongated
shadt of the surgical mstrument so that the working clement & located within the viewing
field: & microscope compuising an ocnlar lens: and a display displayving an image perceved

by the ocular lens and an image perceived by the endoscopic lens.

{0019 In cven yet another embeodiment the present invention can be g methad of performing
SUrgery comprising: mounting an endoscope to a micro-surgical instrument so that @ working
glement of the micro-surgical Instrumment is located within g viewing feld of the endoscope;
positioning a microscope so that an ocular lens of the microscope percetves a sargical site;
manipulating nssue within the surgical site using the working clement of the micro-surgical
nstrument; and displaving, o a display, an image percetved by the endoscope and an image

porcetved by the acular fong,
Brief Description of the Drawings

{0028] The present wmvention will become more fully understood from the detatled
description and the accompanying drawings, whorein:

{0021} Fieure 1 1y a schematic drawing of an endoscope/microscope combination assembly
gecording to one embodiment of the prosent invention;

[0022] Figure 3 i a perspective view of an endoscope corporated with 8 surgical
mstrument according to one embodiment of the present mvention;

[HI23] Figure 3 i3 @ porspective view of an endoscope meorporated with a surgical
mstroment wsimg coupling mechanisms  according to one embodiment of the present

Mo
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[8024] Fpure 4 15 an exploded perspective view showing g distal portion of an endoscope
incorporated with a swewcal mstrument and a coupling mechanism according o one
embodiment of the present iInvention;

[0025] Figure § 18 a porspective view of an ondoscope mcorporated with a surgical
instrament using coupling mechanisms according to one embodiment of the present

Vo,
[B026] Figures 6 18 a closer up view of Figure 5;

{0027 Figures 7-10 are perspective views of the endoscope incorporated with a surgical

mstrament during operation according embodiments of the present inventon;

[BO28] Fimwes 11-13 are perspective views of the endoscope/mucroscope combination
asserably during operation according embodiments of the present invention;

{00291 Figure 14 s an inside view of a coupling mechanism according to one embodiment of

the present ivention;

JO036] Figure 15 15 an outside view of a coupling mechanism according to one embodiment

ot the present nvention;

[031] Figores 16-19 are perspective views of various, non-lintting examples of surgical
instruments that may be used v combination with the endoscope/microscope assembly

according to embodiments of the present invention.

[8032] Figure 20 8 a schomatic view of an endoscope mounted o a surgical mstrument

according to one embodiment o of the present mvenbion.

{0033 Figure 21 is an enlarged view of the attached endoscope and surgical mstrument of
Figure 20

[334] Figure 22 v a view of the viewing field V-V from the perspective of the endoscopie
lens.

J033] Figure 23 18 a schematic view of the endoscope moanted to the surgical nstrument of
Figures 2022,

[0036] Figure 24 ix g schematic view of a protuberance according to an alternate embodiment
of the presesnt invention.

{0037} Figwre 25 is a schematic view of a protuberance according to an allernate embodiment

of the present invention.

S
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[0038] Figure 26 ix a vross-sectional schomatic of o swrgical mstrument comprising an arch
stroctare integrally formed therewith according to an alternate embodintent of the present

grvention,

{0039 Figure 27 is a vross-sectional view of the surgical instrument of Figure 26 glong the

axis
JHIG] Figore 28 18 a cross-sectional view of an arch stmcture according 1o an alternate
embodiment of the present vention.

{0041} Figore 29 15 a cross-sectional view of an arch structure according to sn altornate
erabodimuent of the present Invention.

[B043] Fizure 30 15 a woss-sectional schematio of & swpical istrwment comprising an arch
structure integrally formed therewith according to an alternate embodiment of the present
mvention.

0431 Figure 31 s a cross-sectiong! schematic of a surgical instrament comprising a channel
integrally formed therein according 1o an alternate embodiment of the present invention.
{44 Frgure 32 is a cross-sectional schematic of a surgical instrument and an endoscope
according to an altemate embodiment of the present invention.

[0043] Figure 33 s & cross-sectional schematic of a surgical istroment and an endoscope
according to an aliornate embodiment of the present mvention,

[8046] Figwre 34 Ix 3 cross-sectional view of the surgical mstrument and endoscope of Figure
33 along the axis ¥-Y.

{0047 Figure 35 iy a cross-sectional schematic of a surgical ool according to an allernaie

embaogtiment of the present invention,

{30481 Figure 36 18 a cross-sectional view of the surgical instrument of Figure 35 along the
axis M-M.

{0048 Figure 37 15 a cross-sectional view of the surgical mstrument of Figure 35 along the

axis N-N.

{0038] Fizure 38 is a cross-sectiona] schematic of an endoscope gecording to an altemate

embadiment of the present invention.

{8051 Figure 39 15 a cross-sectional view of the endoscope of Figure 38 along the axis L-L.

6
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[0052] Frpure 30 15 3 cross-sectional view of the endoscope of Figure 38 along the gxis P-P.

[8033] Figuwre 41 iv a cross-sectional view of the endoscope of Figure 38 along the axis Q-0

[8054] Figure 42 ix a cross-sectional view of the endoscope of Figure 38 along the axis Q-Q.
Detailed Description

JOOS5] The following description of the preferred embodimentis) is werely exemplary in
aature and is in ne way intended o Himit the vention, #s applivation, or uscs.

[HI36] The descrption of thustrative embodimenis according to principles of the press
mvention is wlended to be read m connection with the accompanying drawings, which are to
be considered part of the entire written deseription. In the deseription of the exemplary
embodiments of the invention disclosed heratn, any reference to dircction o orlentation is
merely intended for convernence of description and 18 not intended 1 any way o limit the
scope of the ma-:sam mvention, Relative terms such as “lower,” “upper,” “horizontal,”

¥t oag

Sverfical,” “above,” “below,™ Tup,” Mdown” e Mright,” “top,” “bottom,” T from™ and
“rear™ as well as derrvatives thereot {e.g., “horizontallv,™ “downwardly,” "apwardly,” ete )}
should be construed o refor fo the orientation as then deseribed or as shown in the drawing
under discussion. These relative terms are for convenience of description only aid do not
require that the apparatus be construeted oy operated v a particular ontentation unless
explicttly indicated as such. Terms such as “atlached,” “affixed,” “connected.” “coupled,”

D Ri

“interconnected,” “secnred” and stmitlar refer to a relationship wherein structures are secured
or attached o one another either divectly or indirectly through itervening structures, as well
as both movable or nigid attachments or relationships, unless expressly described otherwise,
Moreover, the featores and benefits of the Invention are described by reference to the
exgmplary embodiments fustrated herein. Accordingly, the invention expressty should not
be fimited o such exemplary embodiments, even i indicated as being preforred. The
discussion herean deseribes and Hlustrates some possible noo-Bmiting combmations of
features that may exist alone or in other combinations of features. The scope of the invention
is defined by the clawms appended hereto,

J087] Referring to Figwre 1, an endoscope/operating microscope assemibly system 1609
according to one embodiment of the present mvention is illustrated.  The ewbodiment
dlustrated 1 Figure 1 comprises an operaling microscope gssembly 168, an endoscope
assemibly 200, a surgical mstrument 300, a surgical site 400, and at least one voupling

mechanism 580, 11 should be poted that some of the elements of Figure 1 are generically

"t
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shown as blocks., This s done becanse, in s broadest sense, the invention is not hmited to
any particular structure, shape anddor arvangement for the endoscope/operating nacroscope
asserably system 1000 Thus, it should be noted that those glements that are generically
shown as blocks may ske on a varicty of other shapes and sizes in other embodiments of the

present invention.

[(H038] The operating microscope 1 comprises tvo optical lenses 128 and 122, an ocular
viewing area 110, 8 processor/controfler 130, & power source 140 and memory 188 As
discussed in more detail below, the processor’controlier 130 s configured o receive and
process the image data from the endoscopic fens 210 of the endoscope assembly 208 and
render an image iy an endoscopic display 112 (depicted here 1 the ocolar viewing area 1163,
The processorfvontroller 138 48 also configured o transmit the image data from the
sndoscope assemily 260 o memory 1536 for storage Qemporary of pormanent).  The power
source 148 18 configured to provide power (o at least the processoricontroller 138, memaory
158 and endoscopic display 112 {or endescopic viewmg arven 112) of the operating

microscope 180

{8059} The optical lenses 120, 122 are configured to provide the user with an enhanced view
of the surgical site 400, Collectively, the optical lenses 128, 122 may be referred 10 a3 “an
ocular lens,” whereas cach of the optical lenses 120, 122 may be veferved to as “ap ocular™ It
should be noted that although the surgical site 408 1 penerically shown as a cirele, the
surgical site 408 can be any area of o mammabian ovganismy, Hving or diseased, on which the

user desires to porform sargery.

et The orientation of the optical lenses 120, 122 and the location of focus of each lens
may be adiosted by the user.  Both optical lemses 126, 122 work In conjunction with the
occufar viewing area 118 of the oparating mucroscope 108 o provide the user with an
enhanced view of the surgical site 469, In one embodiment, the optical lens 120 is
configured to provide the user with an enhanced view of the swrgical site 400 through the

a

user’s left eve along the ficst plane 124, while the optical fens 122 s configured to provide
the user with an enhanced view of the surgical site 400 through the user’s right eve along the
seoomd plane 126, Each optical lens 120, 122 provides the user with an enbanced two-
dimensional view of the surgical site 40, while the two planes 124, 126 are non-coplanar,
Thoreforg, the combination of the two optical lenses 128, $22 provide the user with an

enhanced three-dimensional view of the surgical site 480,
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[8061] As dixcussed in more detad below, the ocular viewing arca 118 displayy images

perceived by the ocular lens 120, 122, while the endoscopic viewing area 112 displays
images perceived by the endoscopic Tons 210 of the endoscope 208, As iHustrated in Figwe
I, i one embodiment the endoscopic viewing area 112 may be overdaxd or displaved within
the coadar viewing area 118, so that the yser may view both the ocular viewing arca 1 and
endoscopic viewing area 112 simultaveously vig the ocular lens 120, 122 of the microscope
108, In such embodinments, the endoscopie display 112 is a digital screen that may be
overfaid W the ccular yiewing area 118 over or adiacent to the image or view fom the
nueroscopic ooulars 100, and provide the user with an additional two-dimensional, non-
coplanar view of the surgical site 408, Further, in one embodiment of the present invention,
the acular viewing area and the endoscopic viewing grea may be conseoutively displayed on
the display o response to a swilching signal, the swilching signal created by the
processor/controier 130 in regponse 1o a user mpat. As discussed wn more detard below, the

present invention is not Hmited 1o the specific type or conliguraiion of ovular viewing area
108 and endoscopic display 112, Further, the endoscopie display 112 is disvussed i more

detast below 1 conjunction with the endoscope assembily 206,

{08621 it should be noted that the present irvention 1 not so himited, and that in alternaie
embodiments the ocular viewing area 110 may be just nucroscopic oculars (withowt the
endoscopie display 112}, be g combination of microscopic ovuldars and an extemal display
shorwing an image perceived by the endoscopic lens 2HE (g0 an endoscopic image), or just
an exiernal display showing a plurality of tmages {e.g., images percetved trom the ocular lens
128, 122 and images perceived by the endoscopic lons 21 of the endoscope 2008). Further, in
alternate embodiments of the present mvention, the ocular viewing area 118 may be used
display images percetved by more than two components {e.g., microscopes and endoscopes)
simmitianecusty. For example, a three-dimensiong! image from the ocular lens 128, 122 of the
operating ncroscope 100 may be displayed simultaneousty with more than one other two-
dimensional image from more than one endoscope 200 captured from non~coplanar views.
Theretore, the present imvention 1s not limited to the use of one endoscope 208 1 conjunction
with the oporating micrescope 1, and thus more than one endoscopic display 112 may be
presented to the user simultanenushy along with the three-dimensional image provided by the

operating microscope 100

{08631 1t should be noted that the ocular viewing area 110 of the present fnvention 1s not

himited to the display of images from only an operating microscope 108 andior endoscope
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asseniiriies 200, but that in altemate embodiments, the coular viewing grea 118 may display
other image data, such as, for example MRI boages, 1o conjonction with images from an

operating microscope 100 anddor images from endoscope assemblies 200

{8064 Further, it should be noted that i one embodiment of the present invention, the ocalar
viewing area 110 and the endoscopic viewing area 112 are both displaved on a display. The
display may be miernal o the nucroscope 108 and therefore, may be viewed by the user
using the ocular lens 128, 122, However, in another embodivent, the display nay be
external to the microscope HHY, such as an external display sereen and therefore, may be
vigwad by the wser without the negd of the ocular leng 128, 122, In embodiments that
comprise a display, the ovolr viewing area and the endoscopic viewing area mayv be
consecutively displaved on the display in response 0 a switching signal, the switching signal

created by the processoricontroller 130 in response 1o 4 user put.

863 The endoscope  assombly 200 comprises  an oondoscopic lens 216, a
provessorcontroier 220, memory 238, a power sapply 240, and & communication link 2500
As discussed in more detail below, the ondoscope assombly 200 mav be mounted o 3
swrgtcal instrument 300 with one or more coupling mechanisms 888 to provide the user with
an additional viewing angle of the surgical site 408 during operation.  Although shown
generically as a rectangle, i should be noted that the surgical nstrument 388 may be any
instrument used during surgery. Non-limiting examples of surgical nstruments gre provided
in Figures 16-19,

[(66] Figures 3-56 are perspective views of the endoscope incorporaied with a surgical
instrament according embodiments of the present invention. It should be noted that Figures
2-0 gre pon-linuting examples of the user of the endoscopessurgica! tool combination in

according with the present invention.

[0067] Similarly, Figures 7-10 are perspective views of the endoscope neorporated with a
surgical instroment during operation according o embodiments of the present mvention, It
should be noted that Figures 7-10 are non-limiting cxamples of the wser of the
endoscope/surgical ool combination in accordance with the present invention

[B068] As discussed in muore detail below, i one embodiment of the present invention, the
enddiscope 200 comprises a wbular body comprising a proximal end, a distal end, and an
image fiber, and an endoscapic lens 210, The endoscopic fons 218 s coupled to the distal

end of the twbular body and operahly coupled to the mags Ober. In ong embodiment of the

{0
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present invention, the endoscopic Jens 210 1 an objective fens, As also discussed in more

detar! below, the endoscopie lens 210 defines a viewing field V-V about a central axis A-A.

{0069} In the preferred embodiment, the entive endoscope assembly 280 is flexible. The
Hexibility of the endoscope 208 cnables the endoscope 208 1o be castly and securely moonted
to a plurality of different surgical mstruments 30 having different shapes and sizes. The
wention, bowever, i not so hmited and in alierate embodiments parts or all of the

endoscope asserobly 200 may be rigid

{H70] The processor/controtler 226 is configored to recetve and process the image data
perceived by the endoscopic lens 218, and trapsmit the image dafa via the communication
Hink 250 to the operating microscope 106 for digplay in the endoscopic display 1120 The
power  supply 240 s configured o provide power to the ocular lens 218, the
pracessoricontrolier 228, and the memory 230 of the endoscope 2008, The memory 238 is
configured to store the image delz {either permanently o fomporasily) captured by the oculdar

feng 216,

{0071 The endoscopic lons 210 of the endoscope 200 is configured to capture wmages of &
surgical site 480 along the third plane 212, The third plane 212 is non-coplanar with the first
and second plapes 124, 126 of the ocular lenses 128, 122 of the operating microscope 106,
Therefore, the endoscopic lens 210 provides the user with a third enhanced view of the
surgical site 448 from another perspective © enhance operational expenience. Specifically, n
embadiments whers the sndoscope 200 1s securely mounted o 8 surgical mstrumernt 34, the
endoscops 200 way provide the user with a third enhanced view of the surgical site from the
location and perspective of the surgical instrament 300 being used. Therefore, as the surgical
nstrument 300 is moved, the third enhanced view taken from the endoscopic lens 218 of the
endoscope 200 iy constantly changing. OF course, depending on the positioning of the

endoscope, the two views may be co-planar with one another.

00721 As noted above, in one embodiment the ocular viewing area 2318 is configured
stmultancously provide the user with an image of the surgical site 480 percerved by the
ocalar lens 126, 122 of the operating microscope 108 along with an image of the swgitcal site
408 perceived by the endoscopic lens 210 of the endoscope 208, In the preferred
embodiment, the two views are non-coplanar and therefore provide the user with multiple
views of the swrgival site 480 from different perspectives, This enhances the user™s ability 1o

work with and manmipulate the surgical site 4080 they are viewing.

it
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[8073] For example, i nucroscopme surgery, the presemt invension provides the user not only
with the tree-dimensional view of the surgieal site 400 through the oculay viewing avea 110
of the operating microscope 108, but also simullaneously provides the user with an
additional, non-coplanar, two-dimensional view of the operating site 400 taken by the
endoscops 200 (also through the ocular viewing area THY, and specifwally in the endoscopic
display 112}, This enables the aser to view the surgical siie 400 Hom two different angles
throngh one viewing area (the ocular viewing area 110). Further, if the endoscope is secured
0 8 surgical nstnanent 386, then the user ny perfonm traditional endoscope surgery with
the awd of an additional, non-coplanar, three-dimensional view from the ocular lens 128, 122
of the operating microscope 100, Tiis cnbances the view angles the user has during a
surgical proceduwre and provides for the combined benefits of endoscopic surgery and

microscopie sargery in one method.

[0074] Figores 11-13 are perspective views of the endoscope/microscope combination
assembly during operation according embodiments of the present mvention.  The wser may
stmultancously view images perccived from both the operating microscope 100 and the
endoscope 2080, As noted above, the images may be viewed by the user by looking through
the ovular viewing arez 11, or by using an external display.  As the user moves the
endoscope 208 around the surgical sie 400, the user may continuousty alter the view in the
endoscopic display FIZ winle keeping the view from the operating microscope 108
stationary.  In other embodiments, the user may alter the view taken by the operating
microscope 10 while smultancousty aliering the endoscopic view. H should be noted that
Figures 11-13 are non-limiting examples of the user of the microscope/endoscope assembly

combination in according with the present invention.

[0875] In one enbodiment, the ocular viewing arca displavs both tmagss m & picturs-in-
picture formal, whergby ong image is the primary bmage that takes up the entire ocular
viewing area 1310 {or external display) and the second image 15 the secondary images that 1s
displaved overlapping in 8 smaller window 1 one comer of the ocular viewing area 110 {or
exiernal display). In such an embodiment, the user may toggle betwesn the two mages o
change which image is the primary image. 1o an aliernpte ersbodiment, the oculsr viewing
arca 118 {or external display) ondy displays ong view {0 the user at & tme (etther the frst
view from the ocular lens 120, 122 of the operating nucroscope 198 or the second view from
the endoscopic lens 218 of the endoscope 208), and the wser may toggle back-and-fovth

hetween the two vigws, Further, in another embodiment, the two mages may be displayed in
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equal sizey i a side by side manner, so that both images may be viewed egqually at once, AS
discussed above, the swiich between the images percorved by the microscope 100 and the
endoscope 200 may be activated by an activation signal crested by the processor'controlter of

the microscope 108 in response 0 a user input,

j076] H should be noted that in the primary embodiment the image percetved by the ocular
fens 128, 122 of the operating microscope 186 is an analog image and the image perceived by
the endoscopic lens 210 of the endoscope 200 is a digital tmage. However, the invention is
got so himited and in alternate embodiments either image may be an analeg fmage andfor
either image may be a digital smage. Purther, 3t i preforable that the image taken by the
endoscope andior the microscepe (1 digiial), be of high definition resolution

{0077] it one embodiment, the endoscope 200 may forther comyrise a ight source. The light
souree may be configured at the end of the endoscope 200 comprising the lens 218, In one
cinbodiment, the Hght source may be part of or within the fens 218 of the endoscops 2688,
The light source would enable the surgieal arca 400 to be Hluminated and thereby enable the
lens 210 o copture g clearer image of the surgical arcs 408, Further, the endoscope 200
would then bring a hight closer 1o the targed, thereby enhancing not only the view through the
endoscopic display 112, but also the view captared by the lenses 2238, 222 of the macroscope

108

[O078] As Hustrated at least iy Figures 1-6, the endoscope gssembly 208 may be coupled 0 a
surgical nstrument 3608 by means of b feast one coupling mechanism 588, Although the nse
of two coupling mechanisms S0 i lostrated wn Figare {1, o should be noted that the
mvention s not so limtted and 1 aliernate embodiments more or less than two coupling
mechanisms 588 may be used 10 couple the endoscope assembly 280 to a surgival nstrument
300, For example, in the prefered embodiment, two coupling mechanisms $80 are used
along the length of the mstrument 308 o ensure that the lens 210 of the endoscope 288 sity
hehingd the distal tip of the selected nstrument 380, This helps 1o insure that the user may use
the msinuuent 308 during operation without the endoscope 280 encumbering the user,

J0079 Referring to Figwres 14215, an embodiment of the coupling mechanism S i
Musteated. The coupling mechanizm 380 comprises and juner sorface and outer surface. As
dlustrated at least in Figures 2-6, the coupling mechanism s configured o wrap sround both
the endoscope 200 and a surgical instrument 300 fo securely attach them together. The

coupling mechanism 500 i further conligured to be removable from both the endoscope 200

[y
Tk
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and surgical hstrament 308 o provide the user with the abilgy 1o attach the endoscope 200

other surgieal instruments 380,

[8086] In another embodiment, the coupling wechanism 500 15 disposable and comprises
stertle Velero™ pads that are used 1o couple the eadoscope 208 to and from a surgical
instrament 3064 In sweh embodiments, one corresponding portion of the Velero™ pad s
secarely attached o the surface of the endoscope 200 and the other corresponding portion of
the Velero® pad is attached to the surface of the surgical instrument 300, Thercfore, the
endoscope 200 may be attached to and removed from the surgical instrument 308 using the
Veloro® pads. Ifa pluratity of surgical instramenis 300 are preconfigured with Vetero® pads,
then the endoscope 28 may be easily exchanged and attached 1o the surgical nstruments 300

as thoy are required during the operation.

[B081] In one embodiment, the Veloro® pads are attached o the swrfaces of the endoscope
200 and the surgical instrurneni(sy MM at various different points on the respective surfaces
80 as to have multiple potential connection positions for the endoscope 208 on the surgical
imstrument 308, This enables the endoscope 208 0 be positioned at different points of the
surgical mstrument 386 and allows for greater costonization of the endoscopessargical

instrmnent.

00821 1t should be noted that in altornate embodiments the coupling mechanisn: S80 may be
secured by any other coupling means, so long as the endoscope 200 may be coupled to and
removed from the surgical instrument 308, One bonefit residing 1o that the nser wmay atiach
the endoscope 208 to mme surgical mstrument 380 using at feast one coupling mechantsm 508,
and then later, during the same procedure, attach the endoscope 288 o another surgical
mstrument 3 using the same or different coupling mechanisms 508, Therefore, the user
may o move the endoscope o and from a plurality of sorgical mstruments during 8 single
operational procedure, and thus may complete as many stages of the operation as they desire

using the endoscope/micrascope combination taught herein.

{8083 In one cmbodiment of the present trvention, the width of the coupling mechanism 508
may be between 3 muy and 20 my, and wore preferably between 7 s and 1 mm. Forther,
the length of the coupling mechanism 568 may be between 3 om 0 30 om. However,
should be noted that the invention 15 not so hinnted and i aliernate smbodiments the coupling
mechanism 880 may be any lepgth or width deemed pecessary 0 securely altach the

endoscope 200 to a surgcal instrument 308,

i4
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[8084] In the preforred embodiment, the coupling mechanisnds)y 380 used to secure the
endoscope o the surgical nstrument s disposable.  Therefore, the coupling mechamsmis)
508 are preferably thrown mwvay after each use. The invention, however, is not 30 tmited and
in glternate gmbodiments the couphng mechanismis) SU8 may be reused for attachment of the

endoscops 200 o more than one surgical nstrument 388 during one operational procedure.

[HO85] As noled gbove, one embodiment of the present syvention rehies on the mounting,
clipping, wrapping, andior attaching of the endoscope 200 (0 a surgical instrument 309, and
to the insertion of the endoscope image {taken from the lens 210 of the endoscope 200) into
the endoscoptc display 112 in the ocular viewing area 118 (or extornal display) of the
operating nucroscope HE Thus embodbment makes more efficient use of the endoscope 268
by not crowding the swrgical space with new tools but rather transfornmng cach and every
surgical instroment 300 used in the surgery nto an endoscope carier.  Purther, smce the
images taken by the endoscops 208 are provided b the endoscopie display 112 within the
ocalar viewing area 119 of the operating nvcroscops 108, the wser does pot have to take their
eyes away from the ocular viewing arca and may simultancousty view the surgical site 400

from nusltiple perspectives.

[8886] The endoscope/instrument combination may be inserted into the surgical area 400 at
any me as the operating surgeon Teels it is necessary. 1t should be noted that the use ot the
gndoscope/instrumient combination is not limited to operstions alse wvolving the use of the
aperating mucroscope 1, and may be employved in any body compartment whenever an
endoscope may be used.  Some non-limiting examples of operations where the present
mvendion may be useiul for an operating surgeon inclade: during operstions on aneurysms
once the ancurysim 1s exposed the endoscopadnstrument combination nay be helpful to look
at the aneurysm back wall to clanify the vascular relationships; during smerovascolar
decompression operations the endoscopeinstrument corvbination may reveal absence of
vascular compression i areas not yol dissected, avoiding unnecessary dissections; during
operation on tumor the endoscope/nstrament combination may demonstrate restdaal wmor in
areas not visitble by the microscope aloue; duning spinad operation the endoscope/instrament
conmbination may demenstrate Nerve rots Compression in areas not yet addressed surgically,
{t shoukd be noted that the above sre non-lmiting examples of swgical situations where g
surgeon may have wse for the endoscope/mstroment combination in conjunction with the

operating microscope 100 deseribed horein,

o,
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[8087] According to one cmbodinent of the present vention, the surgeon may ask an
assistant to load the endoscope 208 o the preferred surgical instrament 308 (such as suchion
cannuly, bipolar forceps, dissecting forceps, efe} by applving at least ong coupling
mechanism 388 by at multiple points glong the length of the endoscope 200 and surgical
instrument 30 making sure that the tip of the endoscope 208 sits behind the tip of the
sedected instrument 3 For example, in one embodiment # mway be preferable o bave the
endoscope 200 sit at Teast 5 mnt behind the tip of the selected mstrument. 1t should be noted
that the wrvention s not so limited and in aliernate embodiments the endoscope 208 may bhe
positioned at or ahead of the tip of the selected 1nstrument 38 so long a8 the endoscope 200

does not interfere with the user’s use of the instrument 308 during the surgical proceeding.

JOO88] Further, 1t should be noted that i altervated embodiments, the endoscope sssenibly
208 may be integrated with and be ong i the same with the surgical mstrument 360
futegrating the endoscope 200 with the surgical instrument 368 may be more costly, but may

also provide for smaller and more exact instrumentfendescope tools.

{008Y] In altermate embediments of the present invention, the endoscope 200 may be used
without being attached o a surgical mstrument 308, This may be beneficial when the user
just wants to look at a particular section of a surgical site 480 using both the operating

sucroscope 108 and endoscope 208 without being encumbered by a surgical instrument 364,

jOO9H fn an altersate embodiment, the endoscope 208 mmy be disposable after cach

aperation. 1 the endoscope 200 s not disposabde, the endoscope 208 should be sterilizable

[ 1] I should be noted that the nvention is nod himited o the use of just one endoscape
204, and the 1 other altemate embodiments, more than one endoscope 200 may be used. In
such embodiments, the ceular viewing area 110 may be configured 1o display more than two
images ot one time. For example, the ocular viewing area 118 may be configured to display
images from the ocular fens 128 122 of the operating microscope 100, along with a plurality
of images from the plorality of endoscopes 200 or other data sets. For farther example, n
situations where the operating microscope 108 s not psed n conjunction with the endoscope
assembhies 208, the ocular viewing area 1 may be configured 1o display only images froma
plarality of endoscopes 200,

{0092} Finally, ¥ should be noted the an endoscope/operating microscope assenbly system
1008 may be used during any type of surgery, such as but not Hmited to, intracraniad surgery

and spinal surgary.
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[8093] Referring to Figure 20, an endoscope 200X mounted o g surgical instrument 300X
according to one embodiment of the present ipvention 1s Hustrated. The sorgical nstrument
300X and endoscope WOX of Figare 20 are similar o the sorgical instrument 300 and
endoscope 200 discussed above with reference to Figures 1-20, therefore, like reference
numbers are used to describe ke components with the exception that the suthix "X has been
added. For purposes of simphcity, only the differences bebween the smbodiments will be

digcussed below,

{0094} As cxemplified, the ondoscope 200X comprises g twhular body 258X and an
etidoscopic lens 21X, The tbulay body 238X comprises a proxumal end 251X, a distat end
282X, a tubular sleeve 233X, and an image Ober (shown in Figure 32). Ax discussed in more
detall below, the wbulsr sleeve 283X s the cuter most fayer of the tnbular body 280 and
comprises the image fber within, The sndoscopic fens 210X 1s coupled to the distal end
282X of the twbular body 280X and operably coapled to the image fiber.  Although
exemplified as a {ubular body 280X, it should be noted that the wvention s not so limted,
and in alternate embodiments of the present invention, the tubular body 280X may take on

any other shape.

[0095] The surgical instrument 388X comprises an elongated shaft 301X extending along a
lemgitudinal axis A-A {shown i Figure 213 from a proximal end 302X o 3 distal end 303X
The clongated shaft 30X comprises an outer longHudinal surfice 304X that runs the entire
fenath of the elongated shafl 30IX. According to one embodiment of the present inventios,
the clongated shaft 301X 1 substantially rigid. However, the fnvention is not so limited, gnd

in alternate embodiments, the elongated shaft 301X may be partially or completely flexible.

[80%6] A working clement 358X s coupled to the distal end 303X of the clongated shall
J0IX. The working cloment 388X 13 a ool portion of the surgival inatrument that eugages,
cuts, dissects, or otherwise manipulates tsspe during sargical procedures.  Examples of
surgical mstraments 38X include, but are not hinunted to, sactions, dissectors, foroeps,
clamps, scissors, needle holders, bipolar coagulators, ete. Further, according o one
embodiment of the present mvention, the swrgwcal instrument 38X 15 8 mucro-surgical

mstrament.

[0097] Figure 21 iHusirates an enlarged view of the attached condoscope 200X/surgical
instrinent 300X of Figure 20, Reforring to Figures 20 and 21 concurrently, the endoscops

208X 1s moomed 1o the outer longitedinal surface 304X of the elongate shaft 3HX of the

17
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surgical instrument 300X so that the endoscopic Tons 21X of the endoscope 200X protrudes
{or diverges) from the outer longitadinal surface 34X of the clongated shaft 301X, Ag
discussed i more detail below, the protrusion or divergence of the endoscopic lens 210X
relative to the outer longitudinal surface 34X of the clongated shaft 381X ensures that the
working element 350X ondy obstructs a portion, and net a majority, of the viewing fiekd of
the endoscopie lems.  Therctore, when the wser i performing surgery using the attached
engdoscope 200X surgicsl strament 308X, the mages perceived by the eadoscope provide
view of working element 35X, while renwining substantially enobstrusted by the working
clement 330X, Thus, the user is provided with an endarged perspective of the surgieal sile via

the endoscopic tens 2HIX.

JO898] As shown, the twbular body 250X of the endoscope 200X comprises a bage portion
268X and a protruding portion 278X, The base portion 260X s substantially orthogonal with
and extends paratlel o the longiadingl aos A-A of the clongated shaft 381X, while the
protrading portion 270X is oblique to the longitudinal axis A~A of the elongated shaft 381X
Further, the protrading portion 270X comprises the distal end 282X of the tnhular body
2[ON. The protrading portion 278X 18 oblique to the base portion 268X, which enables the
endoscopic lens 210X o protrude or diverge from the outer longitudinal sorface 304X of the

elongated shatt 301X,

j0099] The entdoscapic lens 218X of the endoescope 200X defines z viewing field V-V gbowt
3 central axts C-C. o the exemplified embodiment of the present invention, the viewing
field V-V i substantially conical in shape. However, the invention 1 not so timted, and in
alternate embodiments of the present fvenpion the viewing feld V-V may take on other

shapes.

[08164] Due to the protruding portion 278X being oblique to the longitudinal axis A~A
of the elongated shaft 301X the central axis C-C of the vievmyg field V-V ot the endoscopic
lens 210X i3 also obligne to the longitudinal axis A-A of the clongated shaft 301X
Theretore, the contral axix €= of the viewing ficld V-¥ v orieated at an obligue sngle 8 to
the longitndingl axis A-A of the elongated shaft 30IX.  Preferably, the oblique angle @ is
between 3% o 75%0 More preferably, the obligue angle 8w between 5% to 45° Most
preferably, the obligue angle 8 is between 159 t0 387, Nongtheless, 1t should be noted that the
invention is not hmiled to the central axis C-C being positioned at any specific oblique-angle

@ 1n all embodiments.
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[81868] Also due to the protruding portion 270X being eblique 1o the longitudinagl axis A-A of
the elougated shaft 301X, the central axis C-C of the viewing fleld V-V of the endoscopic
lens 210X 15 also obligue 1o the working axis W-W of the working element 380X, Theretore,
the central axis C-0 of the viewing field V-V ix oriented at an oblique angle § to the working
axis WeW of the working element 350X, Preferably, the oblique angle B & between 27 {o
65° More preferably, the oblique angle B 1s between 5° to H0°. Most preferably, the obhiqee
angle § s botween 13% w 23° Nonetheless, it should be noted that the fnvention is not
lomited o the central axis €-C being positioned st any specic obligue anzgle § i all

embadiments.

[161] The central avs O~ of the viewing Held V¥ also intersects the outer Jongiudinal
surface MMX of the clongated shaft 30TX. Further, since the contral axis €-C intersects the
outer longitudinal surface 304X of the clongated shaft 301X, the contral axis €-C of the
viewing fleld V=¥ is substantially coplanar with the lonpitadinal axis A-A& of the elonpated
shatt 30IN. Finally, since the central axis C-CU of the viewing feld VWV of the endoscopic
lens 210X iy also oblmue o the longitudinal axis A-A of the clongated shalt 381X, the
working element 338X of the surgical instrament 300X 13 ocated within the viewing field V-
Voof the endoscopic lens 218X bat separated from the central axis C-C of the endoscopic lens

210X by g distance Da(shown in Figure 22)

JH82] As noted above and discussed in more detail below, the coupling mechanism S0X of
the exemplified embodiment secures the endoscope 200X o the elongated shaft 301X so that
the endoscopic lons 210X 1s substantially stationary relative to the clongated shaft 381X0 In
the exemplified embodiment, the coupling mechanism S80X comprises a protuberance $16X
and a retaming member 82X, As discussed i more detail below, the combyination of the
protuberance S18X and the relaming member 820X 15 one way o oreats the obligue angle 8
hetween the central axis C-C of the viewing field VoV and the longitudiog] axis A-A of the

clongated shaft 30IXL

JaH3] The protuberance SEOX is located gt a first longiudimal distance By from the distal
end 303X of the elongated shafl 380X, Further, the protuberance SEON extends from the
outer longitndinal surface 304X of the clongated shaft 301X 10 a first transverse direction, In
the exemplified embodiment, the first wansverse direction 13 radially upward from the outer
longiudinal surface 304X, However, the mvention 15 pol so himiled and in other
ermbodiments, the first ransverse direction may be any divection that 1s radially outward from

the outer longitadinal surface 304X,
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[8184] The retaming member 520X secures the endoscope 208X 1o the olongated shall 39X
In one embodiment of the present invention, the retajning member 326X may be sinular o
the coupling mechanism 800 as discossed above with reference o Figures 14160 The
retatning member $20X is located at 8 second longitudingl distance By from the distal end
HI3X of the clongated shaft 381X, Ax shown i Figure 21 and discussed m move detaid
below with reference to Figure 23, the second longitudinal distance Dy 1s greater than the first
fongitudinal distance Dy Preferably, the retaining member 820X is made of 8 medival grade
resitient material so 88 fo create a compression it around the twbular boady 258X and the
clongated shafl 331, However, the mvention i3 not so lmted, and m an alternate
grmbodiment of the present invention, the retaining member 20X 18 made of a ngid medieal

grade plastic or metal.

JHGS] Refaring 1o Figure 22, a view of the viewing Geld V-V from the perspective of the
endoscopic fens 210X & Hlustrated.  Since the viewing feld V-V of the exemplified
embodiment s substantially comical in shape, the view of Figure 22 18 curcolar m shape.
However, as discussed above, the invention 1s not so limited and in alternste embodiments
the viewing fiedd V-V i3 not comcal i shape, and thergfore the view may not be circular in

shape.

[0186] In the exemplificd erobodivaent, the viewing field V-V comprises a central axis €-C,
¢ radius 1, an upper hemisphere |, and g lower hensphere THL The angles 8, § are selected
such that the working clement 358X of the surgical tool 30X i positioned in the lower
honusphore T of the viewing feld V-V, Further, # should be noted that the working
clement 350X obstructs only a minonty of the lower hemisphere THE I the exemplified
emabodiment, the upper hemisphere H s the portion of the viewing field V-V that & above the
ceptral axis OAL and the lower henusphers I 1s the portion of the viewing Beld ¥V that 13
helow the central axis OO

01871 Since the contral axis C=C of the viewing fiekd V-V of the endoscopic lens 218X
diverges from the working element ISOX (and the longhadimal axis A-A), the working
slement 350X s st o distance P from the central axis €. Further, the distasce Dy s
proferably at fogst 13 ro Therefore, the inner one third (173} of the radius v of the viewing
fighd V-V ix free of the winking element 350X, providing an unebstructed view of the
surgical site for the user. However, i altornate embodiments of the present mvention, the

working clement 388X may be located in both henuspheres H, T may be located within the

20



WO 2012/158971 PCT/US2012/038442

inngr one third {133 of the radins v, andéor may obstruct a majority of the lower hensisphere

1L

{8168] Referring to Figure 23, a schematic of the endoscope 208X mounted to the surgical

instrument J00X of Figures 20-22 iy Hlustrated,  As exemplified in Figure 23, the coupling
mechanism SIX comprises a protuberance SHIX and a refaining member 820X, As
discossed above with reference to Figuare 21, the protuberance 18X s located at a first
longitudival distance Iy from the distal end 383X of the clonpated shall 361X, and extends
from the cuter Jopgitudinal surface 304X of the clongated shaft 38IX in g fivst wansverse
direction, the first tansverse divection bemg radially upward from the outer longitudinai
surface MMX.  Further, the relabning member 320X secures the endoscope 20X o the
clongated shaft 30TX and s located at a second bngitudinal distance B, from the distal end
JHI3X of the elongated shaft 34X, Finally, as noted above, the sccond fongitudinal distance

13 18 greater thay the Hrst longitudinal distance By,

{09 In the exenplified embodiment of Frgure 23, the endoscopic lens 218X {specifically,
the contral axis C-C of the viewing plan V-V of the endoscopic lens 210X is diverged from
the longitudinal axis A-A of the elongated shaft 301X and from the working slement 386X
through the ase of g combination of the protuberance 519X and the retaining member 820X
Specifically, when a portion of the base portion 260X of the tubulay body 288X resides on the
outer fongitudingl surface 384X of the elongated shalt 381X and under the retaining momber
S26X, and 3 portion of the twbular body 250X resides on the protuberance 310X, two
substantially opposing forces are exerted on the tubalar body 288X, The protuberance 510X
exerts a fivst force Fy, while the retaining member 520X exerts a second force ¥y, such that
the first force ¥y and the second force Fy are in substantially opposite directions,  The
exariion of the two [orees ¥y, Fr resulis in the endoscopie lons 21X being diverged away
from the longiiudinal axis A-A of the glongated shatft 301X and from the working clement
3568, Stated another way, in such embodiments the protuberance 818X acis as g fulcrum on
the tubular body 250X of the endoscope 280X that forces the protruding postion 270X {and
endoscopic lens 210X of the endoscope 200X o diverge from the outer longitudinal surface

o

of the elongated shaft 301X

{0110} Nonetheless, us discussed in more detail below, the divergence of the endoscopic lens
216X from the outer longitudinal surface of the clongated shaft 361X may be created using

other embodiments of the couphing mechanism 308X,
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[8111] Reforring © Figurey 24-25, twn examples of protuberances S18A, S10B scoording to
twor erabodients of the present fnvention are ilostrated.  The surgical fostriments 3884,
3088 of Figures 24-25 are simtlar to the surgical instrument 308X discussed above with
reference 1o Figures 20-23, therefore, like reference numbers are used to describe like
components with the exception that the suffix "A™7B” has been used i place of the sulfix
X7 For purposes of simplicity, only the differences between the embodiments will be

digcussed below,

{0112} The protuberance S18A of Figure 24 bhag a3 contoured surface SHEA, so that the
protuberance S18A may act as a ramp {or the endoscope 200, As exemphified, the surface
S11A is more specificatly a concave surface. Fuvther, in one smbodiment, the protuberance
SH0A has a gradually increasing slope from the outer lopgiuding! surface 3MA of the
clongated shafi 361A {o the peak R12A of the protuberance ST8A. Although the peak 512A
of the prowberance SI8A i rounded, the hwvention 38 ol so limited, snd v other

embodiments the peak S12A may be pomted.

{0113 The prowberance SIOB of Figure 25 has a lincwr swrface S1IB, so that the
protuberance S10B mav act as o ramp for the endoscope 200 As exemplified, the
protuberance S10B has a constant slope from the outer longitadinal swrface 4B of the
elongated shatt B © the peak S12B of the protuberance 518, Although the peak S12B of
the protuberance 5108 is pointed, the wrvention is not so limited, and v other embodiments

the peak 5128 may be rounded.

[#114] Referving to Figures 26 and 27 concurrently, another alternative embodiment of the
present invention will be discussed. Referring to Figure 26, a cross-sectional schematic of a
surgical fnstrument 300D comprising an arch structure 5400 mtegrally formed therewith
according 1o an cmbodiment of the present foveation s tlustrated. Reforring to Frgure 27, 2
cross~sectional view of the surgical nstrument 308D of Figure 26 along the axis XX i
ithustrated.  The surgieal instrument 380D of Figures 26-27 is similar to the surgieal
mstrument 3N and endoscope 280X discussed above with reference 1o Figures 20-23,
therefore, like reference numbers are used to describe hike components with the exception
that the saffix "I has been added.  For purposes of simphicity, only the differences hetween
the embodiments will be discussed below,

[8115] The arch structure 3400 15 an open-ended arch structure that protrudes from and is

integrally formed with the outer longitudingl surface 30410 of the elongated shaft 361D of' the

3
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surgical instrument 308D, The arch structure 5401 defines a passageway 358D for retaining
a portion of the endoscope 200D, and comprises a side wall 5410 and a floor 542D, Further,
the passageway SS08 formed by the arch structure $46D comprises an entrance 3510 and an

exit S521, both configured to receive the tubular body 250D of the endoscope 200D,

i1 16] As discussed i more detail below, the ransverse cross-section of the arch stracture
344D s shaped and sized to acconwnodate the tubular body 250D of the endoscope 260D
within the passageway §80D. According to one ambodiment, the transverse Cross-section is
shaped and sized o creste a tight it between the inner surface of the side wall 8418 and the
whular body 280D, However, the invention i not so Hmated, and in altermate embodiments
of the present invention, the trangverse cross section is sived and shaped 1o oreate a Joose it

oF & gap between the inver surface of the side wall 341D and the tubular body 250D,

J1E7] Although not exemplified in Figures 26 and 27, the tubular body 250D of the
cndoscope 200D may be inserled into the arch siructure 340D via the entrance 851D of the
passagewav S30D. Lipon insertion, the tubular body 2501 will rest on the floor 842D of the
arch strocture 3400 gnd within the passagoway §56D. As discussed above, depending on the
particular embodiment of the arch structure 5401, the tebular body 286D may, but does not
necessarily, engage the mmer sarfice of the side wall 5410 Afier the windar body 230D is
within the passageway 330D, the wbolar body 250D may extend along the clongated shatt
301D anud 1t is engages the protrusion 510D, which i« oeated adjacent and just beyond the

exit S52D of the passagewsay closest fo the working element 3588, Once mude the

movernent of the endoscope 200D around the surgical fnstrument 300D, More specifically,
the side wall 541D provents the endoscope 280D from becoming separated from the surgical
instrument 300D, In this manner, the arch situcture 5400 acts a3 a retaimng structure ad

retams the endoscope 208D on the surgrcal instrament 360D,

{0118] Upon engaging and extending over the protrusion 310D, the twbular body 250D of the
endoscope 2000 diverges away from the outer longitudinal surface 304D of the clongated
shaft 301D The arch strocture S48 and protuberance SHID act in 3 manper similar to the
retalning member $20X and protuberance SHONX of Figure 23, As such, the protuberance
S18D exerts a fst foree Fy, while the arch structure 5408 exerts g second force ¥y, such that
the Orst foree Fy and the second foree Fy are i substantially opposite directions.  The
exertion of the two forees Fy, Fyresults in the endoscopic lens 210D of the endoscope 200D

being diverged away from the fongitudingl axis A-A of the elomgated shatt 361D and from

3
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the working clement 38D, Therefore, the endoscope 2000 mav be posibioned glong the
opter longttudinal sorface 304D of the clongated shaft 381D 1y a position simdlar o that
shown i Figures 20 and 21, whereby the cemiral axis C-C of the viewing field V-V of the
endoscope 200D is obligue to the longuudinal asis A-A of the clongated shaft 301D, and the

working element 35013 ¥ focated wath the viewmng field

{119 However, the invention 1 not so hinoted, and in an allemmate embodiment of the
present iovention, the arch structure S48 does not exert a second force Fy on the tubulay
body 286D of the endoscope 200D, In such cwbodiments, the wbular body 25681 1 sull
diverged away from the outer longiindinal swrface 304D of the clongated shatt 31D, bt the

fubidar body 23812 does not come o contact with the inner surface of the side wall 3410,

{0126 it one embodiment of the present inveation, the arch structure 5400 is comprised of
the same material as that of the elongated shaft 301D of the surgical mstrument 306D,
However, the invention iz not so Jimtted, and in alternate embodiments the arch siructure
3481 may be comprised of any suttable medical grade matenal, such as, bat not fimited 1o

medical grade plastics and medical grade metals,

{0121} Referring to Fipures 28 and 29, cross-sectional views of arch structures S40E
according to two alternate embodiments of the present myvention are Wostrated. The surgreal
instnnent 300K of Figures 28 and 29 are similar to the swrgical instrument 3800 discossed
ghove with reforence o Figures 26-27, therefore, like reference numbers are used o describe
ke components with the exception that the suffix “E” has besn added. For purposss of

simnplicity, ondy the differences between the embodiments will be discussed below,

[1122] The arch structure 540K of Figure 28 i an open-ended arch structure that protrades
from and is mtegrally formed with the onter longiudinal surface J04E of the elongated shalt
J0IE of the surgical instrument 3E. The arch structure S48F defines a passageway 580K
for retaining & portion of the endoscope 2008, The arch structure S40F comprises two side
walls S41E, an open top ond 543K, and a floor S44E. Further, cach of the side walls S41E
comprises @ retaining nub S42E. Finally, similar 0 gbove and depending on the particular
embodiment of the present invention, the transverse cross-section of the arch struchure 840K
may be sach that a dght fit or a foose it is oreated between the inner surface of the two ade

walls S41E and the tubular body IS0F of au endoscope 200K,

{0123 The wbular body 2508 of the endoscope 200E mayv be inserted into the arch structore

SMOE via the open fopepd 343K, Upon insertion, the wbular body 250E will rest on the floor
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S44E of the arch structure S4BE and within the passageway S80E,  As discussed gbove,
depending on the particelar ewbodiment of the arch structure $48E, the tubular body 2508
may, but does not necessarily, engage the toner sirface of the two side walls $41E. ARer the
wubular body 250E is within the passageway §58F, the wbular body 258 may extend along
the elongated shaft 301E until 1t engages the protrusion SHBE, which i {ocated adjacent ©
and just bevond an exit of the passageway $30F closest to the working element 350K, Upon
engaging and extending over the protrusion S10E, the whular body 286E of the eadoscope

200E diverges sway from the outer longitudinal surface 304K of the clongated shaft 3011,

[6124] Farther, it should be noted that when the endoscope 28E s positioned within the
passageway SS0E, the side walls S41F of the arch stnscture S40F provent relative rotational
movement of the endoscope 200K around the surgical instrument 300K, Simitarly, the
refaining nubs S42E prevent the endoscope 200K from unintentionally exiting the arch

struchure S40E via the open top end 543K,

[H123] The arch strocture S40F of Figare 29 1y a o-clamp arch structure 540F that protrades
from and is integrally formed with the outer longitudinal surface 364¥F of the clongated shafy
J01F of the swrgical instrument 308F.  Simdardy, the arch structure S40F definey a
passageway S30F for retaining a portion of the endoscope 200F. The arch structure 5401
covoprises @ book-shaped wall SM1F, an opening S42F, a refaining nub 843F, and a floor
S44F. Fipally, similar to above and depending on the particular embodiment of the present
invention, the transverse cross-section of the arch structure S40F may be such that 3 tight it
or a oose it is cregted hetween the tnner surface of the hook-shaped wall 841F and the

tubaolar body 286F of an endoscope 200F.

{0126] The tbular body 250F of the endoscope 200F may be nsented into the arch structure
S40F via the opening 542F, Upon wmsertion, the tubular body 280F will rest on the floor
S44F of the arch structure S40F and witlun the passageway S30F.  As discussed above,
depending on the particelar embodiment of the grch strocture 840F the wibular body 250F
may, but does not necessarily, engage the nner surtace of the hook-shaped wall S41F. After
the tubular body 256F i within the passageway S8OF the tubular body 286F way extend
along the clongated shaft 301F wntil it 18 ongages the protrusion S10F, which is Tocated
adjacent an exit of the passazeway closest to the working clement 358F. Upon enganing and
extending over the protrugion SHIF, the twbalar body 188F of the endoscope J00F diverges

away from the outer longitudimal surface 304F of the elongated shaft 301F.
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{8127} Further, it should be noted that when the endoscope 2008 is withun the passageway
556, the book-shaped wall 8MIF of the arch structure S40F prevents relative verbical
movement and relative rotational movement of the endoscope 200F in directions opposing
the opening S42F. The retaining nub S43F of the arch structure S40F provents the endoscope

JUE from uintentionally exiting the passageway S50F via the opening S42F.

[{1128] Referring to Figure 30, a cross-sectionad schematic of a sergical instrament 30680
conmprising an arch structure S480C mtegrally tormed therewith according to an alternate
embodiment of the present mvention s ilustrated. The surgical mstrument 3080 of Fyaure
30 is sinular o the surgical instrument 300D and endoscope 268D discussed above with
reference o Floures 26-27, therefore, ke relerence pumbers are ased to desoribe like
components with the exception that the suffix “C7 has been added.  For purposes of

simplicity, only the differences between the two embodiments will be discussed below,

{8129 Unlike the embodiment of Figures 26-27, the embodiment of Figore 30 conguises a
proteberance STOC that resides at least partially within the passageway 580C created by the
arch structure 5400, Thorefore, as opposad to the embodiment described above with
reference fo Figures 20-27, the protuberance SHIC is not located adjacent an exit of the
passageway 53500, bot af least partially within the passageway S86C. 1t should be noted that
i one embodinient of the present invention, the proteberance 3100 vesides entirely within
the passagewsy S50, while in another embodiment of the present invention, the

protuberance S10C resides only partially within the passageway 836C.

(138 As exemplified, the arch structure 840C 15 sloped m the longitudinal divection in a
manner sinlar to that of the slope of the protuberance S18C, This allows for the fubulay
body 256C of the endoscope 2000 to be inserted inte the arch stracture 548 via the entrance
S51C of the passageway 550C, extend adong the clongated shafl 301 until 1 18 engagey the
protrusion S1C, and diverge avway from the outer longitadinal surface 304 of the elongated
shaft 361C. By sloping the arch structure S40C 1 a manngr similar 1o the slope of the
protuberance $10C, the inner surface of the areh structure 540 may form a tight it around
the tabalar body 286C of the endoscope 2000 to more securely hotd the endoscope 2000 in
place. Nonetheless, it should be noted that the mvention 15 not so limited, and w altemate
erbodiments of the present invention, the dope of the arch structure 8460 may be onntted or

may be groater or less than the slope of the protuberance 164,

3
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[8131] Reforring to Figure 31, ¢ cross-sectional schomatic of a surgical instrument 398G
comprising a chamnel 600G mtegrally formed therein according to one embodiment of the
present imvention i3 ilostrated, The sargical instrument 308G of Figure 31 s samilar o the
surgical instrument 300X discussed above with reforence to Figares 20-23, therefore, like
reference pumbers are used to deseribe ke components with the exception that the sullx
"G7 has beegn added.  For purposes of simplicity, ounly the differences between the

cmbodiments will be discussed below.

[0132] As exemplified, the surgeal instrument 3006 comprises a channel 608G that defines
a passageway for retaming 3 portion of the sudoscope 208G, The channel 606G extonds
longindimally along the axs A-A of the elongated shall 301G prior to sloping obliquely
the axis A-A gt a distance Dy from the distal end 303G of the elongated shaft 301G, Aler
the channel 6006 slopes obbguely o the axix A-A, the channegl 688G exity the ouder
tongitudinal surface 304G at an exit point 681G, the exit pont 601G being at & distance Dy
from the distal end 383G of the elongated shatt 381G, | shouold be noted that the present
wnvention is not inted to any specific distance Dy, distance Ds, or slope of the channel
600G,

H133] As exemplified, the passageway of the channel 6000 s configured o retain the
wibular body 283G of an endoscope 230G, The mierior of the channel 608G prevents
relative rofational moverment and relative transverse movement of the tubular body 280G
ghout the elongated shaft 301G, Proferably, the intertor of the channel 688G forms a tight
aropnd the tubolar body 280G, However, the mvention is not so mited, and n alternate
embodiments, the interior of the channel 800G may form g foese it around the tehalar body
256G,

[0134] Reforring to Figwre 32, -a eross-sectionad schomatic of 8 surgical insthument 380H and
an endoscope 200H according 10 one embodiment of the preseat invention is illustrated. The
surgical instroment 300H and endoscope 200H of Figwe 32 is similar @ the surgical
mstrument 3N and endoscope 280X discussed above with reference to Figures 20-23,
thergfore, like reference numbers are used to describe hike components with the exception
that the saffix “H™ has been added.  For purposes of simplhicity, only the differences hetween

the embodiments will be discussed balow,

[8133] As shown, the endoscope 288H of Figure 32 comprises a tubular body 250H and an

endoscopic lens JOH. The tubular body 238H comprises a tubular sleeve 253H and an
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image fiber 285H, Generglly, the tubular sleeve 253H s a cusing that encapsulates the image
fiber 258H. Preferably, the wbolar sleeve 283H is made of a floxible, medical grade,
restlient material o 1o Create @ compression it aroand the froage fiber 2858 of the endoscope
2008, However, the invention 1s not so limited, and in alternate embodiments of the present
invention, the tubular sleeve 253H may be made of a rigid medical grade plastic or metal.

g

[(1136] The tubular sloeve 283H of Figure 32 comprises @ block 254H. Ax deseribed below,
the block 254H may be conceptaalized as a ramp or protuberance.  Preferably, the block
I54H is integrally formed with the tuhular sleeve 253H, However, the invention is net so
hmited, and i alternate embodiments of the present inventing the block 284H may be
integrally formed with the ouler longitudinal surface 3048 of the elongated shaft 301H, o
may be o separate compoaent that may by seoured to one or more of the tubular sleeve 283N

and the oulsy longitudinal surface 3048 of the clongated shaft J0EH.

3137 As exemphified, during operation & relaining member 828 scoures the endoscope
JHH to the clongated shafi 301H. In such mstances, the block 284U is configured between
the endoscopic lens 21H and the outer longitudinal surface 304H, so that the block 284H
diverges the endoscopie lens 210H away from the outer longtudinal surface J04H of the
slongated shaft 301 H and from the working eloment 3S6H.  As souch, the central axis €-C of
the viewing feld V-V of the endoscope 200H 15 oblique to the fongitadimal axis A-A of the

glongated shaft 3H.

[0138] Although exemplified as part of the tubular sleeve 2534, in aliornate embodiments of
the present invention, the block 254H may be formed ntegrally with the elongated shali
JHH of the surgical tool 300H, or may be & separate component that 15 secured 0 one or

more of the clongated shaft 301H and the tubular sleeve 283H,

[8139] Reforring o Figure 33, g cross-sectional schematic of a surgica! instrument 30H and
an endoscope 2001 according to an alternate embodmuent of the present mvention 8
tustrated.  Reforring 1o Figure 34, g cross-section of the surgical instrament 3001 and
endoscope 2001 of Figure 33 along the axis Y-Y is tlustrated. The surgica! instoument 3801
of Figure 33 is simifar to the surgical instrament 300X and endoscope 208X discossed above
with reference to Figare 32, therefore, hike reference numbers are used fo deseribe hke
components with the exception that the suffix “1" has boen added.  For purposes of

simplicity, only the differences between the embodiments will be discussed below,

[8146] As shown in Figures 33-34, the surgieat nstrument 3081 further comprises a blockade
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3101 and a first mdexing feature 3201, while the endoscope 2001 further coamprises a second
indexing featore 3211 The st indexing feature 3201 extends longitudinally along the outer
longiudinal surface 3841 of the elongated rod 3011 Sinularly, the second mdexing featwre
3211 extends longiudhinally along the tobndar sleeve 3831 of the endoscope 2001 In the
exemplified embodiments, the {first indexing feature 3281 15 made of the same material and
integrally formed m the outer longitudinal surface 304 of the elongated rod 381, Smlarly,
the second wndexing fegture 32T is integrally formed in the tubular sleeve 383 of the
endoscope 206 Finally, as discussed i more detadl below, the blockade 3161 comprises

frapsverse wall 3111

(3141 in the exemplified embodiment, the first indexing featare M & a longnudingl nb
gnd the second mndexing feature 321 is g longiudingl groove. Mure specifically, the first
indexing feature 3281 b a dovetad shaped rib, while the second indexing feature 32 is ¢
dovetail shaped groove. Howeser, it should be noted that the invention is not so limited, and
m aliernate embodiments, the first and second mdexing features 3201, 3211 may be any
shape, such as but not limited o, T-shaped, V-shaped, or L-shaped rib.  Nonetheless, it
should be noted that the fust and second mdexing features 3201, 321 should be
corresponding shapes so that they may mate with one apother.  Fasther, in ahlernate
embodiments of the present invention, the first indexing feature 3208 may be a longitudinal
groove, while the second indexing foature 3211 is a fongitudina! rib, Therefore, the invention
s not hmited 1o whether the st or second mdeximg featwres 32, 3211 are a2 longiladinal

groove and longitadinal 1ib respectively.

[0142] As shown in Figuve 34, the first indexing fegture 3200 and the second indexing foature
mate with one another so that the first tndexing feature 3201 may be mnserted into and shid
Tongitudinally along the second indexing feature 3211 Oncee the fivst indexing feature 3208 i3
mated with the second indexing featare 3211, the endoscope 2001 s mounted to the ouler
longitudinal surface 3041 of the elongated shaft 3011 The second mdexing feature 321K of
the tubular body ISH {specifically, the tabular sleeve 2331 mav then be shid along the first
mdexing feature 3281 antil the second indexing feature 321 contacts the transverse wall 311
of the blockade 3101 As such, the blockade 3181 acts as a hamier to prevent additional
fongitadinal movement of the second indexing featore 3211 along the onter longitadinal
surface 3041 of the elongated shaft 3011 When mated, the first and second indexing featurey
3201, 3211 provent volation of the tubular body 2308 refative to the elongated shaft 3011

Further, it should be noted that the working element 35081 15 located within the viewing fleld
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VoV of the endoscopic lens 2181 when the first and second indexing foatures 3201, 321 are
mated with one another and the second mdexing feature 323 s in contact with the transverse
wall 3111 of the blockade 31 Such a confguration provides the user with 8 move

consistent and stable view of the working element 3501 via the endoscopic lens 2101

{143 Finally, although a retaming member 5281 s illustrated, the invention 1§ not 50
limited, and in aliemate embodiments the retaining member 5201 may be omitted.  Further,
although the tabalar sleeve 2831 comprises block 2841, the fnvention 18 not so Hmited, and in
alterpate omboediments, the block 254F may be omutted.  In sueh embodiments, the
endoscomic lens 2HH 5 not diverged away from the outer longitudinal swrface 384 of the

elongated shaft 301,

0144} Figures 3542 will now be discussed concurrenily,  Referring to Figores 33 a
schematic of a surgical instrument J08JF according 1o an altemate enibodinent of the present
wvention s Mustrated. Refeorring to Figure 36, 8 woss-sectivn of the surgread mstroment
JHLY of Figure 35 along the axus M-M s illastrated.  Referning to Figare 37, a cross-section
of the surgical instriment 300 of Figure 35 along the axis N-N is illustrated.  The surgical
mstrument 3084 of Figures 35-37 is similar to the surgical mstrument 308X discussed above
with reference to Figares 2023, therefore, like reference muambers are used to deseribe ke
components with the exception that the suffix 7 has been added.  For purposes of

simplicity, only the differences between the erabodiments will be discussed below,

{1451 The surgical invtrument 3003 comymises both a fateral indexing b 3303 and a
lfongitudinal indexing nib 3313 raised off and protruding from the outer longitudinal surface
304, As discussed in more deta] below, the lateral and longitudinal mdexing mbs 3364, 3341
are configored o mate with corresponding sfots 28684, 2813 on the endoscope 2004, such that
the fransverse and longrudinal wovenent of the endoscope 2] with reapect to the surgical

pmirioment M s restricted.

[0146] As shown in Figare 36, the lateral indexing rib 334J comprises an upper sarface 3344
and two flanges 3324 The upper surface 334J s substantially panallel with the outer
longitudinal surface 384 of the elongated shall 301, while the flanges 3323 are oblique o
both the upper suwrface 3343 and the onter longitedinal surface 304, Further, as shown in

Figure 37, the longitudingl indexing rib 330 comyprises aun upper surface 33583 and two
flanges 3334, The upper surface 338J 15 substantially paralicl with the cuter longitudinal

surface 304 of the elongated shaft 301, while the Hanges 333 are oblique 1o both the upper
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surface 335J and the outer longitudmal surface 304, The longiudinal ndexing b 3313 &8
substantially sumtlar to the lateral indexing vib 3304, with the exception that the indexing ribs

3363, 334 ave offset by 907 with respect to one another.

{0147 More specifically, in the exemphiied embodinent the lateral indexing rib 3364 and
the {ongitudinal indexing rib 3314 are dovetail shaped ribs. However, #t should be nofed that
the fovention is nol so hmited, and in aliernate embodiments, the lateral indexang rib 3363
and the longitadimal indexing rib 3313 may be any shape, such as but not {bmited o, T-

shaped, V-shaped, or L-shaped ribs.

[8148] Referving to Figures 38 a schematic of an endoscope 2004 according to an alierpate
embodiment of the prosent invention ix tHustrated. Referring to Figure 39, a cross-section of
the endoscope 206J of Figure 38 along the axis L-L s illustrated.  Referring 1o FPigure 40, a
cross-section of the endoscope 2008 of Figwre 38 glong the axis P-P 18 illustrated. Referring
to Fiawe 41, 8 cross-section of the endoscope 20 of Figure 38 slong the axis -0 is
iHustrated. Referring o Figore 42, g cross-section of the endoscope 206J of Figure 38 along
the axis -Q is tlustrated. The endoscope 3004 of Figures 38-42 1y similar to the endoscope
208X discussed above with reforence to Figures 20-23, therefore, like reference numbers are
ased to describe ke components with the exception that the suffix “J” has been added. For
purposes of simphoity, only the differences bebween the embodiments will be discussed

helow,

[8149] The endoscope 08 comprises a lateral slot 2883 and a longtudingl slot 2883, The
lateral slot 288J comprises an entry section 2823 and a refatning section 2833, Simidarly the
longitudinal slot 28LF comprises an eolry section 2847 and a relaining section 28583, Asx
discussed in more detal below, the entry sections 2824, 2844 are configured to stlow for the
mertion of the ndexmg ribs 304, 33LF o the lateral and longitudinal stots 2884, 2813
respectively, while the retatming sections 2833, 2853 are configured for the locking and
restricting of the fateral and longiudingl slots 2864, 2814 in place. The lateral slot 2804 i
substanttally sinailar to the longiiudinal stot 281, wath the exception that the slots 803, 2814

are offset by 90° with respect {0 one another.

[156] As shown in Figuves 39 and 41, the entry section 282 has a cross-sectional shape of g
rectangle, while the retaimng section 2838 has a cross-sectional shape of a dovetail,  As
discussed in more detald below, the retaining seetion 2834 comprises shoulders 2863 that

comoide with the flanges 332J of the lateral indexing rib 3304, Similarly, and as shown in

13
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Figures 40 gud 42, the entry section 2844 has g crossesectiong! shape of & rectangle, while the
retaining section 288 has a cross-sectional shape of a dovetall, As also discussed n more
detatt below, the retaining section Z88J comprises shoulders 2873 that coineide with the

flanges 333.J of the lateral indexing rib 3311

[151] However, it should be noted that the mvention is not so limited, and in alternate
embodiments, the entry sections 282, 284J may be any shape, so long as the entry sections
282K, 284 ave equal to or lavger than the idexing ribs 330J, 3311, and therefore allows for
the insertion of the indexing ribs 3360, 33LF into the lateral and longiudinal slots 2804,
I8LY. Further, in altornate embodiments, the retaining sections 2834, 283 may be any
shape, sach as but not Bovted to, T-shaped, V-shaped, or L-shaped. However, the retaimny
sections 283, 285 should be sized gud shaped similar to the indexing nbs 3304, 3314,
that the indexing ribs 33603, 331 and the retaining sections 2833, 285F may form a tight it

assembly,

[1152] Although not exemplified, the mvention of Figores 3542 1 configared such that in
order to mate the surgical ool 308J with the endoscope 2004, the longiudimal mdexing rib
3314 3 first inserted mto the entry section 2844 of the longitwhingl slot 2814, Next, the
longitudinal indexing rib 3314 1s shd 1 the longitudinal direction from the entry section 2841
and into the retaining section 2887 of the longitadinal slot 2811 Thereatier, the lateral
indexing rib 33 18 then nseried o the entry section 2824 of the faterat slot 2803, Once
the lateral indexing rib 3303 is inserted inte the entry section 2823 of the lateral slot 2884, the
lateral indexing rib 3304 is shd transversely into the retaining section 283J of the lateral slot
2880, Thus, due io the configurations of the longitudinal and lateral slots 2804, 2814, the
longindioal wndeximg rib 3313 15 first mated with the lonpitudingl slot 281 prior 1o the

lateral mdexing vib 3304 being nated with the faterad slot 2804,

[O153] Since the cross-sechional shapes of the imdexing ribs 3363, 3314 are substanbially the
same shape and size a8 the retaining sections 2834, 2853 {as can be seen in Figures 36, 37,
41, angd 423, the Hanges 332, 333 of the indexing ribs 3304, 331 engage the shoulders
2864, 287 of the retaining sectiony 283, 28583 vespectively. Speoifically, the Hange 332J of
the lateral indexing rib 330J engages the shoulder 286J of the retaining section 2833 of the
lateral slot 2844, while the flange 3333 of the longitedingl wndexing vib 331 engages the
shoulder 3873 of the relaining section 2858J of the longtludimal slot IBLY. This oreafes a tight
it assembly between the indexing ribs 3304, 331J and the sloty 286J, 281J respectively.

Further, onge the indexing nbs 3304, 33LF we mwied with the slots 286, 2811, the

143
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endoscope 200 1s mounted © the outer longitudinal surfice 384 of the clongated shaft
3014,

[0154] When mated, the indexing riba 33, 331 and slots 2804, 284 prevent relative
rotationl moverment and relative transverse movement of the tubudar body 2504 relative o
the elongated shaft 304, Further, i should be noted that the working element (not shown) s
located within the viewing field VoV of the endoscopic fens 2H0J. Such a conhguration
provides the sser with a more consistent and stable view of the working elewent via the

engdoscopic lens 2164

[0135] In the preforred embodiment, the indexing ribs 336, 331 are constructed from the
same material as the sargical fnstrument S00J and the slots 280, 2801 are constructed from
the samie material as the endoscope 200F. However, the invention s not so hinuted, and m
alternate embodiments, the indexing ribs 330J, 331 andior the slots 286, 28LF may be
constrocted from any medical grade muterial. For instance, in one embodiment, the indexing
ribs 3304, 331 andior the slots 28, 281 are constructed from a resihient material for a

compression it

{0136] In an alternate embodiment of the present wnvention, the latem! and longittcdinal slots
2881, 2813 further comprise dimples. The dimples wouald be conlfipured within the retaiung
portions 2834, 285J of the slots 280, 281 and would prevent unintentional removal of the
indexing ribs 3304, 33LF from the slots 280J, 2813, Specifically, the dimoples would create a
sighter £it mating betwsen the indexing ribs 3304, 3313 and the slots 2804, 281LF 50 that the
indexing ribs 3304, I3LT are nol wanientonally slid from the refaining portions 2R3J, 2883

to the entry sections 282, 1844,

{0187] Generally, the indesing nibs 3304, 3301 may be conceptualized as g first indexing
feature, while the slots 280J, 28LF may be vopceptualized as a second mdexing {feature.
Stmlar to that which has been discussed above, 1t shoold be noted that the first and second
indexing features should be corresponding shapey so that they may mate with one another
Further, in slternate cmbodiments of the present invention, the first indexing feature may be
shots, while the second indexing feature 18 indexing nibs. Therefore, the mvention s not
limited to whether the first or second indexing feanives are nibs and slots respectively.

{0188} Further, although the tuhular body 2503 of the endoscope 2004 does not comprise ¢
block (as shown above with reference o Figures 32-34), the invention is not so limited, and

in alternate smbodiments, the block may be ncluded 1o the fubular body 2504 of endoscops
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2001 In such emboediments, the endoscopic lens 213 i will be diverged sway from the
outer longitadival surface 3043 of the elongated shafl 3014 of the sorgical ool 3664,
Moreover, although the ooter longitudinal surface 304J of the elongated shaft 3013 of the
surgical tool 300F does ol comprise a protuberance {as shown gbove with reference
Figures 20-21 and 23-25), the mvention & not so himited, and i altemate embodiments, the
protuberance may be included i the outer longitudinal surface 3044 of the elongated shaft
30LY. In such embodiments, the endoscopic lens 2108 will be diverged away from the outer

Ionzitedival surface 343 of the clongated shaft 30LF of the surgical wol 3084,

(8159 Finally, 1t should be noted that any of the embodiments of surgical tools and
enddoscopes discussed above mayv be used as a surgical apparatus in a surgical system
conpunction with g microscope and g display, similar to that discussed above with reference
o Figwe 1. Therelore, the surgical nswument 300 and the endoscope 208 of the
sndoscope/operaling nucroscope assembly svstem {or surgical svsteny 1688 of Figure 1 may
be substituted out with any of the alternate surgical instruments 300X, A~J and endoscopes

200X, A-J discussed above with reference to Figures 20-42

[8166] While the embodiment of the present invention bas beon described with reference o
the accompanying drawings, # can be understood by those skilled in the art that the present
invention can be ewbodied W other specific forms withowt departing from s spuit or
gssenttal characieristics. Therefore, the forepoing embodiments and advamtages are morely
exemplary and are 5ot 4 be construed as fiviting the present inventicn. The present teaching
cant be readily applied o other tvpes of apparatuses. The deseniption of the foregeing
embodiments is intended to be ilustmiive, and not to hmit the scope of the claims, Many
alternatives, modifications, and variations will be apparent (o those skilled in the art. In the
claims, moans-plus-funetion clanses are infended to cover the stivctures described herein as
performing the recited function and not only siructaral equivalents but alse equivalent

structurss.
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Claims

What s clammed 14
T A surgical apparatus comprising:

a surgreal instrument comprising an clongated shaft extending along a loagitudingl
s from a proximai end to a distal end, & working element coupled o the distal epd of the
slongated shaft for manipulating tissue;

any endoscope baving a tubular body including an image fiber, an endoscopic fens
conpled to a distal end of the wbular body and operably coupled to the image fiber, the
endoscopic lens defining a viewing ficld about a contral axis; and

the endoscope mounted 10 the clongated shaft of the surgical instrument, the
endoscopic lens protruding from an outer longitodingl swrface of the elongated shaft, the
central axiy of the viewing field being oblique o the longitudingl gxis of the elongated shaft
and imtersecting the outer longitedmal surface, the working clement located within the

viewing feld and separated from the central s by a distance.

2. The surgical apparatus of chim 1 wherein the contral axis of the viewng field is divergent

from the-working element.

3. The surgical appamatus of claim 1 wherein the endoscope i mounted o the owter

fongitudinal surface of the elongated shalt.

4. The surgical apparatus of claim 1 wheren the tubalar body comprises a base portion and a
protruding porzian oblicue to the base portion, the protruding portion comprising the distal
end of the whular body and protreding from the outer Jongiiwdingl swrface of the elongaind

shafl.

3. The surgical apparatus of claim | wherein the elongated shaft is substantially rigid.

6. The surgical apparatus of claim 1 wherein the centrgl axis of the viewing field s

substantially coplanar with the longitudingl axis of the clongated shall

7. The surgical apparstus of clatm 1 wherein the swrgical instrument 15 a mcro-surgical

=

instrument.
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& The swrgical appavatus of claim 7 wherein the nucro-surgical instrument s selected from a

group consisting of suctions, dissectors, forceps, and bipolar coagulators.

9. The surgical apparatus of claim 1 further comprising a coupling mechanism securing the
endoscope fo the elongated shaft so that the endoscopic lens i substantially stabonary
relative to the clongated shaft,
10. The surgical apparatus of claim @ wheremn the coupling mechanism comprises:

a protuberance extending from the outer longiudingl surface of the elongated shattn
& first transverse direction, the protuberance located a first longitudingl distance from the
hstal end of the elongated shaft; and

a retaining member securing the endoscope fo the clonpated shaft, the relwning
member located a second longitudinal distance from the distal end of the elongated shalt
adjacent the protuberance, the second distance greater thay the first distance, the retaining
member exerting a force on the twbalar body in a second transverse direction opposite the

first ansverse direction.

T The surgical apparatus of claim 10 wherein the protuberance sels a fuderam on the
tubplar body of the endoscope that forces a portion of the endoscope to diverge from the

outer lemgitudinal surface of the clongated shaft

12, The surgical apparasus of claim 10 wheretn the coupling mechanisim comprises an arch
structare protruding from the outer longitedinal surface of the elongate shall, the arch
structore defining 8 passageway for retaining a portion of the endoscope.

=

13, The surgical appavas of clanm 12 whercin the passageway comprises a floor that

diverges from the outer longiuding] surface of the elongated shaft woving toward the distal

end of the elongated shaft.

14, The sargical apparatus of claim 13 wherain the coupling mechausm further comprises:
a protuberance extending front the cuter bngitudinal surface of the elongated shaft,

the protuberance focated adjacent an exit of the passageway:

T3
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the endoscope extending through the passageway and over the protuberance, the
profuberance causing the tubudar body of the endoscope to diverge from the outer

longitudingl surface of the elongated shaft

13, The surgical apparatus of claim 1 wherein the elongated shaft comprizes & first indexing
feature and the tubular body of the endoscope comprises a second mdexing feature, and
wherein the first and second indexing features mate with ong another so as 1o provent rotalion

of the twbular body relative to the elongated shaft,

16, The surgical strument of clavm 1 whercein the contral axis of the viewing field is

oriented at an oblique angle between 37 0 457 1o the longuudinal axis of the dlongated shaft.

17, A surgical apparatus comprising:

& sorgical Dstrument comprising s elongated shaft extending along 8 longitudinal
axis from g proxinal end to a distal end, a working element coupled 1o the distal end of the
elongated shafl for mantpulating tssue, the clongated shafl comprising a first indexing
feature:

an endoscope having a tubular body including an image fiber, an endoscopic fens
voupled to 3 distal end of the tubular body and operably coupled 1o the mage fiber, the
endoscopic lens defining a viewing field abount a cemtral axis, the tubular body comprising &
second indexing feature; and

the endoscope mounted 1o the clongated shaft of the surgieal mstrument so that the
first and second indexing features mate with one another 30 ax o prevent relative rotation
hetween the clongated shaft snd the tubular body., the working element located within the
viewmg field,

-
((

18, The sorgical apparates of claim 17 wherein one of the frst or second indexing features is

a longitudinal nib and the other of the first or second indexing features is a longitadinal slot

19, The surgical apparatus of claim 17 wherein the first indexing featore comprises 3 first nb
extending 1 a first direction and a second rib extending in 2 second direction that is different
than the first direction, the second indexing feature comprising a first slot extending in the
fiest divectinn and a second siot extending in the second diveetion, the first rily mating with the

first slot and the second rib mating with the second siot.

T3
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20, A surgieal system comprising:
asurgical apparatos comprising:
a surgical mstrament comprising an elongated shaft and a working
clement coupled to a distal end of the elongated shalt for manipulating tissue:
an endoscope having a tubular body including an mmage fiber, an
gndoscopic lens coupled to a distal end of the whbular body and operably
coupled to the boage fiber, the endoscopic lens defining 8 viewing field abowt
a central axis; and
the endoscope mounicd to the elongated shafi of the surgieal
mstrument so that the working clement 18 located within the viewing Held;
& microscope coemprising an ceular leny; and
a display displaying an mnage perceived by the ocelar lens and an timage percaived by

the endoscopie lens.

21, The surgical system of clain 20 wheretn the endoscopic lens protrudes from an outer
Iongitedinal surface of the elongated shaft, the central axis of the viewing field being obligue
1o g longitadingl axis of the elongated shafl and intersecting the outer longitudingl swriscg,
the working clement focated within the viewing field and separated from the contral axis by a

distange.

The surgical system of claim 20 wherein the contral axis of the viewing Gield 1 orfented

at an obligue angle between 5% 10 457 to the longitudinal axis of the elongated shaft

The surgical system of claim 20 wherein the nicroscope comprises the display, wherein
the tmage perceived by the ocular feng is displaved in an ocular viewing area of the display
and the image perceived by the endoscopic lens is displaved i an sndoscopic viewing arga of

the display.

24, The cal systom of claim 23 wherein the octlar viewing area and the endoscapic

viewing area are simultancously displaved on the display.

25, The surgical systern of claim 23 wherein the ocular viewing area and the endoscopic

viewng area are consceeutively displaved on the display in response 10 a switching signal,

13
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26, The surgical system of clainy 23 wherein the endoscopic viewing ares overlavs the ocular

viewing area.

27, The surgical system of claim 20 wherein the surgical strument i & micro-surgical

mstrument,

28, The surgical svstem of claim 20 wherein the image perceived by the ooular lens is non-

coplanar witls the image perceived by the endoscopic fens,

29, The surgical system of claim 20 wherein the nucroscope comprises at feast two oculars.

3 A method of performing surgery comprising:

mounting an endoscope {0 a micro-surgteal wstrument so that a working elomient of
the micro-surgical instrument is ocated within g viewing field of the endoscope;

positioning a microscope so that an ocular leng of the microscope perceives a surgical
site

manipulating tssue within the surgical site asing the working element of the micro-
surgical mstrument; and

displaving, in a display, an mmage percetved by the endoscope and an tmage perceived

by the ocalar lens.

31, The method of claim 31 wherein the surgical site 15 selected from a group vonsisting of

an intracranial surgical stie and a spinal surgical site,
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