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ENDOSCOPES

Cross-reference to Related Applications

[0001]  The present application claims the benefit of the Singapore patent applicétion No.
201209102-1, filed on 11 December 2012, the entire contents of which are incorporated herein

by reference for all purposes.

Technical Field

[0002] The present disclosure describes embodiments generally relating to an endoscope, the

endoscope including a system for improving visualization during operation of the endoscope.

Background

[0003] Minimally invasive surgery (MIS) is a field of medical procedures which typically
involves the use of entering the body through the skin or a body cavity or anatomical opening,
with the intention of reducing, as far as possible, damage to body structures. MIS generally
eﬂcompasses laparoscopic, ro’botic, robotic-assisted laﬁarosﬁopic, endoscopic, single-port and
" natural oﬁﬁc‘e surgéry, and is becoming increasingly adopted as facilitative technologies
progress, surgeon acceptance grows, and patient demand increases. MIS brings with it the
advantages. of reduced pain and faster postoperati‘}e recoveries, and in certain instances,
iﬁproved cosmesis and even increased visualization or operative dexterity as compared with
open surgéry. .
- [0004] The setup in MIS typically involves a port through which an imaging device is
inserted iﬁ the body to enable intracavity visualization. Such an imaging device which enters the

body for visualization is considered an endoscope, and for which as a category, imaging devices
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crafted for more specific purposes, such as arthroscopes,'-laparosco'pes, rectoscopes, amongst
other tools fall under. Endoscopes typically include a n'gid‘ or flexible tube in extension of an'
im;\ging systém, and it is noted that endoscopes now extend to ﬁses whiéh stretch beyond typical
- medical procedures, for example internal .. inspection 6f complex technical solution, of_
examination of explo-si\:/e devic_:es by bomb disposal personnel, etc.

[0005] Endoscopes as uti]‘izcd‘ in MIS usually include a conibinétioﬁ light source for
illumination and can be inserted in to the body through cavities into the abdomen, pelvis, or a
subcutaneous space created by surgical separation of tissue plaﬁes. Endoscopes can also include
aﬁ air insufflation port, and two or more additional working ports through which specialized
surgical instruments can be inserted for manipulation, dissection and hemostasis. . |

[0006] MIS generally poses specific challen%es as compared with open surgery. The Wbrking
space is limited, and v.isualization is dependent on an optical imaging system or camera in the
endoscope, which has a res"tricted.ﬁeld of view.

[0007] Further, multiple varieties of debris may impinge on the 1éns of the optical imaging
system or lens of the scope, or the tip of the scope, preventing the surgeon from clearly viewing
the surgical field. Such debris can include water vapor froﬁ a humid body cavity, vaporized
tissue particles from dissection, blood, and smear from fat and viscera. The latter becomes more
prevalent when operating in narrow cavities such as the pelvis, retro-peritoneum, thoracic cavity,
nasal sinuses etc.

[0008] Water vapor fogging and vaporized tissue are probably the most common sources of
lens fouling or soiling.‘ However, blood from vessel injury can be considered the most dangeroué
as a scenario: When significant bleeding is encountered during surgery, reduction or cessation o.f

blood flow is critical. However, for effective hemostasis to take place, it is imperative to have
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rapid-access to the ~bleeding vessel andb precise visualization of the bleeding.. point or points for
accurate placement of thevhemostatic tool. Therefore, if .spprting blood impinges on the scope
lens during such an atteinpt at hemostasis, precious time could bé lost while attempting to restore
visualization, with potentially dire consequences for the patient.

[0009] At present, when visualization is impaired, surgical workflow stops. The iscope is
removed from the patient, and the tip cleaned with gauze. Typically, the tip is then submerged in
a thermos of warm water then dried again §vith gauze before re-insertion into the patient. The
whole process takes about one minute, and ma); be repeated anywhere from two fo ten times in
an hbur throughout a surgical procedure.

[0010] Laparoscope sheaths have been developed with fluid irrigation channelé that enable
lens cleaning Without-scépe removal. However, this still requires a brief cessation in surgical
workflow while the cleaning is taking place. Preventing the lens from being fouled allows
surgeons the luxury of a constant, clear view. However, the gen%le air currents provided with the
fluid irrigation channel sheath are not particularly effective against blood splatter, and can fail to
protect the lens during the most critical ‘mo?nents of the surgery.

[001 1] VThere is as such a desire for a system for fhe‘ improving of visualization of

endoscopes during operation.

Summary

[0012] According to various embodiments in the present disclosure, there is provided an
endoscope including: an elongate shaft body; an optical scope provided within the elongate shaft
body, the optical scope including an optical aperture provided at the distal end of the optical

scope, corresponding to a distal end of the elongate shaft body; an aperture cover provided at the
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distal end of the elongate shaft body for shielding the optical aperture from debris external to the
elongate shaft body; and an actuation system provided at a proxiinal end of the elongate shaft

body; wherein the actuation system drives the aperture cover to rotate.

Brief description of the drawings

[0013] In the drawingé, like referénce characters generally refer to the same parts throughout
' the different views. The draWings are not necessarily to scale, with emphasis instead generally
Being placed upon illustrating the prihciples’ of the present disclosure. It is fo be noted that the
accofn’panying drawings illustrate only examples of embodiments of this disclosure and are
therefore not to be considered limiting of its scope, for the disclosure may admit‘to ofher equally -
effective embodiments. In the following description, various embodimeﬁts of the disclosure are |
described with reference to the following drawings, in which:
FIG. 1A illustrates an endoscope according to an embbdiment;
FIG. 1B illustrates an exemplary embodiment of an endoscope in demonstrating
rotational speed calculation. ~
FIG. 2A illustrates a perspective view of a portion of .the endésc'ope according to various
embodiments;
-FIG. 2B illustrates a cross-sectional-.portion of the distal end of the endoscope of FIG.
2A;
FIG. 2C illustrates a blown up cross-sectioﬁal view of the housing of FIG. 2A;
FIG. 2D iilustrétes a blown up perépective assembly viev;/ with the components of the

housing of FIG. 2C laid out;
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FIG. 3 illustrates a cross-sectional close-up view of a distal end of the endoscope of FIG.
2A; '
FIG. 4 illustrates an endoscope With ‘a fluid ﬂ0\‘)v‘ actuation system according to an
embodiment;
FIG. 4B illustrates a cross-sectional view of the distal end of the endoscope of FIG 4A,

- FIG. 4.C: is-a forward perspective view of the endoscope of FIG. 4A;
FIG. 5A illustrates a front viewlof an 'endoscope.including a fluid flow feature fbr
visualization improvement according to an embodiment;
FIG. 5B illustrates a cfoss-séctioﬁal view of the endoscope of FIG. 5A,;

- FIG. 6 illustrates a perspective view of an endoscope including a fluid columﬁ feature for
visualization improvement according to an embodiment;
FIGs. 7A to 7D illustrate endoscopes including a fluid column feature and in varying
degrees of angulation according to various embodiments;
FIGs. 8A to 8i) illustrate an endoscope inclzluding' a safety feature according to various
embodiments; k
FIG. 9A illustrates a front view of an endoscope induding a wiper element feature for
visualization improvement according to an embodiment;
FIG. 9B illustfates a cross-sectional view of Vthe endoscope of FIG. 9A,;
FIG. 10A illustrates a front view .of the endoscbpe with the deployable vﬁper 1060 in an
unengaged positio‘n;
FIG. 10B is a cross-sectional view of th¢ endoscope with the deployable wiper in the

unengaged position;
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FIG. 10C illustrates a front view of the endoscopé with the deployable wiper 1060 in»an.
engaged position;
FIG. 10D is a cross-sectional view of the‘endo_scope in thé engaged position;
FIGs. 11A and 1le illustrate an endoscope including ‘a moving wiper feature for
visualization improvement according to an embodiment;

- FIG. 12 illustrates a front view of an endoscope inéluding a double wiper feature for
Visualizétion improvement 'according to an embodiment;
FIGs. 13A to 13C illustrate an. endoscope‘ including a displaceable wiper feature for
visualization improvement according to aﬁ embodiment;
FIG. 14A illustratés a front view of an endoscope with a displaceable wipér in a first
position;
FIG. 14B illustrates a front view of an endoscope with a displaceable wiper in transition -
from a first position to a second position;
FIG. 14C illustrates a front view of an endoscope with a diSplaceable wiper at a second
position after transition from a first position;
FIGs. 15A — I5E illustrate an endoscope includiﬁg a spoolable wiper feature for
visualization improvement according to an embodiment; |
FIG. 16A illustrates a cross-sectional view of an endoscope including a next spooiable
wiper feature for visualization improvement acéording to an embodiment;
FIG. 16B illustrates a Spoolable wipér element vaccor.ding to an embodiment;
FIG. 17 illustrates an eﬁdoScope including a spoolable wiper feature including extendable

arms for visualization improvement according to an embodiment;
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~ FIGs. 18A — 18C illustrate an endoscope including a spoolable wiper feature including a
tapered sheath guide for visualization improvement according to an embodiment; and .
FIG. 19 illustrat_eé a block schematic of an endoscope according to an embodiment of the

present disclosure.

Detailed Description

[0014] Embodiments of é method and syétem fc;r communication channel distribution are
‘.(‘iescribed in detail below with reference to the accofnpanying figures. However, it should be
undérstood that tﬁe' disclosure is not limited to specific described embodiments. It will be
appreciated that the embodiments described below can be modified in various aspeéts, features,
and elements, without changing the essence of the disclosure. Further, any reference to various
embodiments shall not be construed as a generalization of any inventive subject matter disclosed
herein and shall not be considered to be an element or limitation of the appended claims except
‘whefe explicitly recited in a claim(s).

[0015] According to various embodiments, depiction of a given element or consideration or
use.of a particular eiement number in a particular FIG. or a‘ reference thereto in corr@sponding
descriptive material can encompass the same, an equivalent, or an analogous element or element
number identified in another FIG. or descriptive material associated therewith. The use of */”
herein means “and / or” unless specifically indicated ofherwise.
“{0016] The present disclosure can describe embodiments of a system or apparatus which can
be operable in various orientations, and it thus should be understood that any of fhe terms “top”,
“bottom”, “base”, ‘“down”, “sideways”, “downwards” etc., when used in the following

description are used for convenience and to aid understanding of relative positions or directions,
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and not intended to limit the orientation of a system or apparatu_s. It is also noted that the term
“distal” is used to indicate a 1opation or a portion situated away from.a point‘of origin and the
term “proximal’; is used to indicate a lbcation or a portion situate.d ‘tow;clrd the point of origin.
[0017] According to various embodirhents,an ,endosc_ope is -proﬁded with a capability to
maintain visualization during minimally invasive surgery. According to various embodiments,
the improved endoscope. includes a rotéting shield at th’é distal tip of the endoscope.‘ Such a
rotating shield maintains visualization by seeking to prevent impingement of debris on the
optical lens or the optical aperture of the endoscope. Rotation of the shield dissipates large fluid
dropiets and ,r‘emaining particles have a minimal effect on visual quality. In various
embodiments, the endoscope includes additional elements or capabilities to augment the rotating
shield. Such additional elements are useful, as centrifugal force, on its own, may be insufficient
to handle large quantities of debris. .‘

(0018] Further, according to the present disclosure, an improved endoscope is provided with
a small sheath form factor. Such a form factor .in the improved endoscope in various
embodiments does not deviate greatly from the form factor of a comparable standard or typical
endoscope, and allows the use of standafd-sized ports, for exé\mple a standard-sized laparoscoi)ic
port of about 12;15mm, for insertion into a body.

[0019] According to various embodiments, the improvements to the endoscope, for example,
the rotatable aperture cover, can be provided in the form factor or housing of a standard-sized
endoscope. In other embodiments, a sheath may be provided, Which fits over the endoscope, to
provide an improved endoscope aécording to‘ the present disclosure. The endoscope according to

various embodiments may provide an adaptation to angled scopes.
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[0020] FIG. 1A illustrates an endoséope ac;cording to an embociiment. Endoscope 100 is
provided with a capability to maintain visualization during minimally invasive surgery according
to the present disclosure. The endoscbpe 100 includes an élongate shaft body of outer sheath 102
which héuses the internal components of the endoscope 100. The outer sheath 102 is elongate to
allow fof a surgeon to operate for access and manipulation in a patieﬁt’s body during .MIS. In
embbdiments, the outer sheath 102 can be coupled io a mariipulation abpératus which allows for
kan operatirig surgeon to manipulate a flexible endoscope in a paﬁent"s bbdy. In embodiments, the
. outer sheath 102 is rigid and includes capability for diréctional manipulation of the distal end of
the éndoscope 100. According to various embodifnents, the aperture cover and actuation system -
can be built-into the endoscope. In various embodirﬁent’s, the aperture cover aﬁd actuation’
system can be separate modules that can be fitted onto the optical elements of an endoscope to
form an endoscope system.

[0021) | In embodiments, the outer sheath 102 houses an optical scope 104, which is arranged
to be manipulated in accordance with the outer sheath 102 during operation. Scope 104 includes
an optical imaging system or can be considered as part of an optical imaging system. In
embodiments, the scope 104 typically includes a fiber optic »lsundle coupled to an image capture
system at the proximal end of the scope 104. Disfally, the fiber optic bundle is arranged to
receive and transfer light and image details in an observation area through an optical aperture
106. In embodiments, the scope 104 could _includé a plurality of lenses which allow the
conveyance of light and imaging from the distal end of the scope 104 to an optical imaging
processing system.

[0022] In embodiments, the distal end of the scope 104 can include an optical lens which

provides clarity and focus on the observation area. The distal end of the scope 104 can also
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include an imaging device, such as é charge-coupled device, which can allow for the additional
image processing capabilities for the optical imaging system, including automatic focusing and
light detection ana adaptation, amongst others. Any optical apparatus provided éver the optical
.ape“r-ture of the fiber optic bundle can also be considered to provide a further optical aperture of
the scope 104.

[0023-] According fo various embodiments,‘ the endoscope 100 includes a lens cover or
aperture cover 110 provided at the distal end of thé outer. sheaf_h 102. The lens cover 110 is
pro‘videdlov.er the len§ or aperture of the scope 104 and provide's a function of protecting the
scopé and maintaining visualization during operation. Such a lené cover 110 in performing an
optical function is intende.d' to be tvransparenf and arranged as not to be‘ an impedimeﬁt to optical
imaging. In e‘mbodiments, the lens cover 110 is an acrylip lens cover, but can be of any other
éonétruct. Acrylic is chosen because of its superior optical properties, but any other opt;cally
clear material such as polystyrene, polypropylene or PMMA could be utilized. According to
various embodiments, the lens cover should be sized. to substantially cover the area of the
objective lens or aperture 106 of the scope 104. In embodiments, the lens cover 110 covers at
least 50% of the objective area of the optical aperture 106.'In. an embodiment, the lens cover 110
is a clear acrylic di_sc, and which is 6.58mﬁ1 in diameter,. the endoscope configured for use as a
laparoscope. The circular shai)e of the disc assures the absence of éharp corners, which could
potentially cause tissue injury should the rotation of the lens cover get caught in tissue.

[0024]  According to various embodimenfs, tHe edges of the lens cbver 110 are desirably
protected by an outer sheath or collar, and the lens cover .1 10 is secured by strong adhesive or
flanges such> that‘ no rotating edges are exposed. In embodiments, the iens cover 1.10 can be

shaped to provide additional optical function, for example, modify optical focal length, etc.
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Further, in various embodiments, the outer or exposed surface of the lens cover 110 is made -
hydrophobic and oleophoblc ThlS can be accomplished by ﬁne polishing of the surface, surface
etching, a thin layer of hydrophoblc coatmg material, for example, Teﬂon or parylene or by
other methods known in the art.

[0025] In various embodiments, the lens cover 11‘0 is configured to rotate during oberation,
and through centripetal action, reduces impingement or build-up of debris of foreign matter on
the endoscope 100 which impedes observation through .the scope 104. The lens cover 110 is
configured }te rotate about an axis central to the cross-sectional eircumference of the outer sheath
body 102. In other words, the lens cover 110 includes a central rotation axis which is the same
longitudinal axis passing through the central axis of the outer sheath 102 or the endescope 100.
In embodiments, the lens cover 110 is coupled to the outer sheath 102 of the endoscope 100,
such as to provide stability with respect to the body of the scope, as well as previding a further
seal against debris, in various embodiments. In embodiments, the lens cover 110 is coupled
distally to the outer sheath 102 of the endoscope, i.e. the lens.cover 110 is provided at the end of
the eridoscope 100. This allows the scope 104 to be provided with a maximized field of view,
when the scope 104 is provided as close to the edge of tﬁe outer sheath 102 or end of the
endoscope 100, such that any surrounding outer sheath structure does not block the peripheral
vision of the scope 104. In various embodiments, the lens cover 110 is not provided at the end of
the endoscope 100, to perhaps allow for the outer sheath 102,' or an additional jacket coupled on
the outer sheath 102, to further extend to perform' such as a safety function in keeping any
internal body matter from the rotaﬁng lens cover 110.

[0026] In various embodiments the lens cover 110 is coupled to a rotating lens shaft 112.

The lens shaft 112 extends laterally and in parallel with the outer sheath 102 and is intended to

11
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be housed within the outer sheath- 102 in the endoscobe. The’ lens shaft 112 is thus provided for
rotating motion in between the stationary scope 104 and outer sheath 102. In various
~ embodiments, a lubricant 113 is provided within any one of the gap between the outer sheath 102
and the lens shaft 112, and the lens shaft 112 and the scope 1(.)4.. The lubricant 113 provides
maintenance of the operating gap between the respective shéfts, and also acts against any friction
o.rl heat which may be caused by the rotating motion of the lens shaft against the séope 104 or the _i
sheath 102. In embodimenté, the lens shaft 112 is coupled by adhesive to the ‘circumferenc_e of
thé lens cover 110. In embodiments, other coubled methods can be used, for example ﬂangé‘s, or
nut énd bolt, or cut and gfoove, etc. Th¢ lens shaft 112 is configured to rotate the lens cover 110
in accordance to a predetermined rotational speéd. |

[0027] In embodiments, the lens shaft 112 is driven by an actuation system 114 provided at a
proximal end of the outer sheath 102 of the endoscope 100. Providing the actuation system 114
at the proximal end of the endoscope 100 allows for a slender and consistent form factor of the
distal outer sheath as compared with standard endoscopes in the art. Such a slender form factor 1s
critical, especially in consideration of certain endoscopy procedures such as laparoscopic
surgery, where small incisions (usually 5-15mm) are madé to allow for an operation in the
abdomen or pelvis or a patient. |

[0028] In various embodiments, the actuation system 114 is a motor or a drill input
mechanism 116. Further, the actuation system 114 includes a drive system 118, which includes
drivetrains, shafts and connecting gears which caus;: the lens shaft 112 to be rotated in
accordance to operational control.

| [0029] In embodiments, the motor 116 is coupled to an input shaft or a drivetrain 120. The

~motor 116 is further coupled to a control system provided in a processor (not shown) providing

12
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supervisory control of the endoscope 100. F.ine control, rotatioﬁal speed and various other motor-
related controls which affect the iens cover rotational func’tibn can be 'operat_ed via the control
system and the précessor. The drive systém 1>18 further includes an input gear 122 coupled onto
the input shaft 120 and which rotates in accordance with the input shaft. The input gear 122 is
then coupled teeth-wise with a lens shaft gear 124 which is coupled onto the lens shaft 112. The
motor 116 thus actuates the drive system 118 which theréafter causes the lens shaft 112 to rotate
éccordingly. In other émbodiments, additional géars can be provi‘ldedi in the drive system, for
example to step up or down the rotation speed of the lens shaft 112, or to provide a further
rotaﬁonal or translational function for further features in the endoscope 100.

[0030]  The lens shaft 112 is held in place at a proximal end of the outer s‘hea.th 102 with
respect to the scope 104 and the outer sheath 102 with a lens shaft flange 126. By way of the lens
shaft flange 126 and the coupling of the lens cover 110 to the outer sheath 102, the position of
the lens shaft 1_12 is controlled with respect to the outer sheath 102, at least at the proximal and
distal ends of the lens shaf_t 112.

[0031] In embodiments, the endoscope 100 includes a housing 130 which can include the
optical imaging processing system, and can also include the.actuation system 114 and the drive
system 118 of the actuation system for enabling the rotatién of the shield or lens cover or
aperture cover 110 according to various embodiments. In embodiments, th¢ houéing 130 is
provided at the proximal end of the outer sheath 102, .i.e. the outer sheath 102 terminates at the
Housing 130. The outer sheath 102 and the housing 130 form a portion of the external body Qf
the endoscope 100, and af least a mechanical actu"ation portion of the endoscope iOO.

- [0032] According to various embodiments, the scope 104 extends thréugh a housing 110 and

is further coupled to an optical imaging processing system proximal in comparison to the

13
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* housing 110. A scope flange 108 can be provided prior to the entry of the scope 104 into the
enclosure of the housing 110, and provides' a coupling of the scope .104 for stability to the
housing 110. | | |

[0033] In various embodiments, the endoscope IOQ can also be provided or be coupled with
one or more of a light source, a camera system, anv air insufflation port, singular or .multiple
surgical instruments or any other relevant or necessary apparatus for function. |
{0034]  In use according to various embodiments, the tip or the distal‘ end of the endoscope
100 can be inserted into a subcutaneous space and manipulated or guided accordingly by a
surgeon undex‘;aking an MIS procedure, either through a dir¢ct man_ipulaﬁon of the outer sheath,
or through other manipulation control. |

[0035] During the MIS procedure, there is expected to be accumulation of debris on the tip
or distal end of‘the endoscope 100, which may affect visualization through the scope 104. When
an operating surgeon determines that there is impingement or build-up of debris adversely
affecting vision during the MIS procedure, the actuation system 114 can be activated to operate
the rotating lens cover 110. The lens cover 110, through centripetal or spinning action,.rotates
sufficiently such that any collected on or soiling the lens céver 110 is dispiaced and vision is
restored to the endoscope 100. In various embodiments, the actuation systém 114 is continuously
in operation and the lens cover 110 1s constantly rotated during the MIS procedure. Continually
rotating the lens cover 110 takes a static surface which make.s it more difficult for debris to
ifnpinge onb the endoscope 100 in affecting visualizatién. |

[0036] Accordingly, the speed of rotation of the lens cover 110 is an important consideration
of "(he'endoscope of the present disclosure. The rotational speed isi configured in seeking to

accomplish various objectives. Firstly, to prevent or remove debris sticking to the lens cover 110.
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Secéndly, to break up larger debris particles such alls‘ﬂuid particles on the lens cover into smaller
particles. Thirdly, the rotational speed of the lens cover should exceed the flicker fusion
threshold of the huﬁlan éye, which is about 15-60Hz, thus rendering- -ﬁ'_nér .debris fbuling
invisible. | |

[0037] In various émbodiments, the endoscope 100 of the present disclosure utilizes a
rotating lens cover 110.conﬁgured to operate with a rotational speed seléctéd _from a range of
between 500 rpm to 1000 rpm. In embddimenté; the rotating lens cover 110 is configured to
operate with a rotational speéd Qf 1000 rpm. The inventors of the embodiments associated with
presént disclosure have established through empiricél testing that a rotation speed of 1000 rpm
can be sufficient to produce a ﬂicker~ffee effect. It is. also noted that balance is ‘to taken in
“conjunction with the setting of the rotational speed of the lens cover. Although higher speeds will
more effectively protect the lens due to the greater centrifugal forces, higher speeds may increase
the theoretical risk of tissue injury.

[0038] FIG. 1B illustrates aﬁ exemplary emvbodi.m'ent of an endoscope 180 in‘demonstrating
rotational speed calculation. The minimum speed requiréd to produce ‘a flicker free effect can be
calculated as a function éf obstruction size and distance frorﬁ the center of the lens. In FIG. 1B,
an obstruction of radius 1mm is located 1mm from the lens center. The following equations are

- used to determine the required rotational speed to achieve a flicker fusion threshold of 60Hz.
x2=2(x+y)2(1—cos%j (1)
Forx=1,y=1,
a 1 .
cos—=1-—=>aq=5%
2 8

For a flicker threshold of 60Hz, the lengthﬂof obstruction = 1/60s = 16.6ms
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=~ Rate of rotation R required:

%E:—— =0.01666 = R = 3480 °/s = 580 rpm

According to an embodiment, a lens cover rotational speed of 580 rpm is provided so as to meet
the flicker fusion threshold of 60HL.

[0039] In Qarious_ embodiments, £he endoscope 100 terminates at its distal end with a circular
edge perpendicular with the longitudinal central axis of the endoscope 100, i.e. with a zero
degree angulation. The lens cdver in this case is placed over th.e distal end of the outer sheath
102, and is simﬂarly perpendicular with respect to the longitudinal central axis of the endoscope
100. In embodiments, the distal end of the endoscope can include an angled _ﬁ'pward curvéd edge,
or an angled distal end. A deviation from the perpendicular plane to the normal of the eﬁdoécope,
as provided by an extension of the longitudinal central axis of the endoscope, provides an
‘angulation of the endoscope. For example, the endoscope can be provided with angulations or
views sﬁch as with a 0° angle, a 30° angle, a 45° angle or a 70° lens.

[0040] A‘ccording to various embodiments, an endoscope with an angled distal tip is
provided with certain modifications to the lens cover, or lens shaft, or thé coupling of the Iens.
cover to the outer sheath, to realize the prc;vision of a visualization improvement system to allow '
for endoscopic operation with an endoscope with an angled distal tip. In various embodiments,
suitable helical or worm gears and flexible couplings can be used to obtain rotation of the lens

cover at a provided endoscopic angulation.
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[0041] l FIG. 2A illustrates a perspe;;tive view of a portion of the endoscope according to
various embodiments. An endoscope 200 is shown, with a carrier body as provided by the
external elongaté out;r sheath 202 and the housingv 230, and without a scope or extension of an
optical imaging system. Th¢ housing 230 is shown partially opened up, containing within é drive
" -systém-218 includihg a plurality of shafts, bearings and gears.

[0042’] FIG. 2B illustrafes a cross-sectional portion of the distal end of the endoscépe of FIG.
2A; In eﬁbodiments, outer sheath 202 is provided, being the extefnal hdusing of the elongate
extension of the endoscope, arranged for retaining within an elongate scope or extension of an
optiéal imaging ‘syster‘n. The 'outef sheath 202 also includes within its internal housing a lens
shaft 212, arranged to rotate about a central longitudinal axis with respéct to the- Stationary outer
sheath 202. The léns shaft 212 is coupled to a circumference of a lens cover 210, provided at the
distal end of the endoscope 200 and the outer sheath 202.

[0043] = According to various embodiments, the lens-cover 210 is a machine acrylic lens, and
is set into place with respect to the lens shaft 212 by way of adhesive. The lens cover 210 thus
provides a protective shield for a scope to be housed within the outer sheath 202. The lens cover
210 provides protection from debris from a patient’s body aﬁd exterior to the outer sheath, and
thus keeps a housed scope free from debris. The lens cover 210 is further arranged to maintain
visualization of the endqscope 200 dﬁring éperation in a MIS procedure.

[0044] In embodiments, the lens shaft 212 is arranged to rotate, and as a result, cause the lens
cover 210 to correspondingly rotate. In embodiments, the lens cover 210 is ‘held in place at the
distal end of the outer sheath by a- coupling to the outer sheath. In such a way, the lens cover 210
does not deviate in position along the shaft of the outer sheath 202, which may lead to abutment

on and damage to a housed scdpe._ Rotation of the lens cover 210 leads to dispersal of any

~
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foréign debris settling on or fouling the lens cover 210 through centripetal action, which provides
a maintaining of visualization with the endoscope 200.
| [0045] FIG. 2C illustrates a blown up cross-sectional view. of the housing of FIG. 2A. A
créss-sectional view is providéd along the line A-A of the housing 230. The \.fiew of the housing
230 is rotated, such that for perspective, the éndoséope 200 extends distally dowﬁ from.the
housing 230 and a received scépe extends ﬁpwards, féwards an optical imaging processing
system. Th‘e input shaft 220 is also ‘shown extending upwards toward a driving DC motor. FIG.
>2D illustrates a blown up perspective assembly view with the components of the housihg of FIG.
2C laid ot |

[0046] Housing 230 is shown to be provided at a proximal end of the external éuter sheath
202. Outer sheath 202 is illustrated to terminate at the housing 230. In embodiments, the outer
sheath 202 is provided as a stainless steel outer sheath. In other embodiments, the outer sheath
can include one or a plurality of other materials, ‘which is suitable for insertion into a patient’s
body, without any detriment to the body or to the endoscope housed within the outer sheath. In
other embodiments, the outer sheath can include a flexible tube or a flexible metal conduit which
allows flexibility in operation. |

[0047] The outer sheath 202 houses within its cylindrical bédy a lens shaft 210, arranged to
“rotate about the longitudinal central axis of the shaft 210. The lens shaft 210 is shown to be
extending proximally past the termination of the outer sheath 202 into the housing 230. The lens
shaft 210 is also shown to be terminated with respect to an enclosure 232 which is arranged to
receive a scope and. to retain fhe scope in the enclosure 232 and the housing 230. In
embodiments, an O-ring 234 is provided for retaining a scope- received in the endoscope housing

230. Alternatively, other securing mechanisms can also be used to retain a scope.
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[0048] Accofding to various embodiments, the lens shaft 210 is retained in the housing 230
and is coupled to a lens shaft ‘gear 224. The lens shaft gear 224 is couplred around the
circumference of the lens shaft 210 and is configured to move in accordance with an input shaft
gear 222. The lens shaft genar 224 includes a plurality of teeth which are correspondingly fit to
thé teeth of the input shaft gear 222 such that rotational motion of th‘e‘inp“ut shaft gear 222 will be
- translated to thé lens éhaft gear‘ 224, and vice versa.

[0049] In embodirneﬁts, the input shaft gear 222 is retained within the housing 230 and is
coupled to and about the circumference of an iﬁput '.sh‘aft 220. The input shaft 220 extends out of
the }ilousing’ 230 and is .coupled on thé extended free end to a driving motor. The motor
rotationally dri.ves the input shaft, which in turn cranks the input shaft gear 222 and the lens shaft
gear 224 and subsequently the lens shaft 212. The rotation of the lens shaft 212 causes the lens
cover 210 to rotate, which removes any foreign debris fouling the lens cover 210. In various
embodimeﬁts, the lens shaft 212 is included of brass, but other suitable metal can be used. In
embodiments, the lens shaft 212 can be a flexible tube or metal conduit which allows the lens
shaft 212 to flex according with the endoscope in operation, whilst still allowinig for a rotational
actuation of the lens cover 210. |

[0050] In embodiments, to securely retain the lens shaft 212 within the housing 230 for
optimum control and rotational motion translation through the gears, an inner shaft flange 236 is
provided for retention about the cylindrical circufnfereﬁce of the léns shaft 212. In embodiments,
the flange 236 can be stacked to prpvide a better hold and retention. Further, a thrp,st bearing 238
can be provided within the housihg 230 to allow for smooth rotation of the lens shaft 212 about .
its central longitudinal axis. In embodimerts, multiple bearings 238 can be stacked for higher

~ efficiency.
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[0051)  In various erhbodimeﬁts, the housing .230 can‘ include an upper enclosure portion 240
and a lower enclosure portion 242. The expressions upper and lower are provided with respect to
the provided figures and only provide reference to the features of the embodiment. The lower
enclosure 242 is arranged fo receive and retain the proximal end of thé outer sheath 202 and is
directed towards the s‘coi)e extension for insertion into a patient’s body. The lower enclosure 242
-~ of the housing 230 is arranged to receive the inner shaft flange 236 and the thrust bearings 238 so
as to secure the lens shaft 212 for controlled rotation.

[0052] In various embodiments, the input shaft 220 extends out of the upper enclosure 240 of
the housing 230. Further, the upper enclosure 240 also includes the enclosure 232 for receiving
the scope and the O-ring 234 for securely retaining the scope. In embodiments:, the upper
enclosuré 240 can also include a set of inner shaft ﬂange and thrust bearings 238, such that the -
lens shaft 212 is well secured within the housing 230.

[0053] Having two sets of flanges and bearings in the upper and lower enclosures are useful
as the upper enclosure 240 and the lower enclosure 242 can be mechanicallly joined anci
separated. This allows for ease of repair and maintenance. In embodimc_ants, one of the housing
enclosures, in this case, the ﬁpper enclosure 240, includeé a threaded insert 244. The other
housiﬁg enclosure includes a'corresponding receptacle, which allows insertion of a screw 246
which retains both sides of ‘the housing enclosures together. Other retaining arrangements of
éourse can be possible..

[0054] FIG. 3 illustrétes a cross-sectional close-up view of a distal end of the endoscope of
FIG. 2A. Endoscope 200 is showﬁ to include a stationary outer sheath 202, a rotating lens shaft
" 212 provided within the cylindrical outer sheath 202, and configured to receive a‘scope 204 inner

to the lens shaft 212. The scope 204 is intended to be stationary with respect to rotation about an
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axis. The lens shaft 212 s coupled to a lens cover 210 provided at the distal end of the endoscope
200. The scope 204 terminates at an optical aperture. or an optical lens 206, and the lens cover
210 is provided as a shield fof profection of the optical lens 206 from foreign debris during the
MIS pfocedure. | |

[0655] In various embodiments, the lens cévcr 210 is also coupled to the distal end of the
outer sheath 202 and is held in blace at the distal end of the outer sheath 202. In embodiments,
thé lens ,shaft 212 is coupled to a retaining ‘rim 250, which is thereafter coupled to the
circumference of the lens cover 210. According to various embodiments, the lens shaft 212 is
coupied to the retaining rim 250 with adhesive at 251. In other embodiments,‘the lens shaft 212
-is coupled to the retaihing rim 250 by way of brazing, or any other suitable rﬁethods for
connection. In embodiments, the lens cover 210 is coupled on its circumference to the retaining
rim 250, by way of adhesive, crimping, pressing, or any other suitable method. A corresponding
receiving rim 252 is coupled on the inner surface of the distal end of the outer sheath 202.
- [0056] A plurality of bearings 254 is provided between the retaining rim 250 and the
receiving rim 252, and provides for the smooth rotation of the lens cover 210 in the endoscope
'200..'The provision of bearings 254 or micro-bearings proQide a mechanical implementation of
lubrication for the reduction of friction caused by the rotation of the lens cover 210.. In
embodiments, the bearings 254 are sealed 256 to provide consistency in performance. In other
embodiments, the rotating surfaces of the lens cover with reépect to the outer sheath can bé-made
lubricious, with a friction-reducing coating of, for example, Teflon. In other embodiments, fluid
lubrication can be used, with thé provision of grease or oil. In other embodiments, a fluid
cushion can be provided for reduction of friction. In such a case, a fluid actuation system can be

provided at the proximal end of the endoscope, to provide for a fluid flow and a fluid cushion for
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“acting at the rotating surfaces. in embodiments, the channel or gap between the outer sheath 202
and the lens shaft 212 may be slightly increased to provide for fluid channels for directing fluid
flow. Advantagebusly, the endoscdpe according. to various embodiments is provided with
fription reducing features which achieve suitable lubrication and temperature control, which
seeks to overcome the potential high frictional forces brought about by the rotating lens cover.
[0057] . | In other embodiments, the lens cover can be secqred to the outer shea_th with different
me.chanisms,mt’he purpése of which is to éll;;&: :'?c;ﬁération without positional deviation or slippage
of the lens cover.

[0058] In various émbodiments, the endoscope 200 is a laparoscbpe for performing a MIS
procedure thrbugh a small incision. 'One embodiment of the endoscope 200 is provided Witﬁ
dimeﬁsions suitable for use as a laparoscope, with the advantageous feature of providing a
visualization improvement éystem of a rotating lens cover 210. The endoscope 200 is designed to
retain a slim form factor, with the diameter of the endoscope 200 as determined by the diameter
of the outer sheath 202, for insertion into a patient’s body, being provided as 12.5mm. The lens
cbver 210, inchiding the rotation structure including the fétaining rim 250, bearings 254 and
receiving rim 252 havé a diameter of 12mm, and as can be ﬁote_d, the rotation system is coupled
directly to the internal surface of the outer sheath 202. Further, the exposed diameter of the lens
cover 210 is provided’as 8mm. This allows a sufficient window for observation with the scope
206 through the lens cover 210. In embodiments, fhe thickness of fhe rotation system, as
pro‘vided by the retaining and recgiving rims 250, 252, is provided\as 3.5mm. Such a thickness
allows for a suitable balance betWeen protection of the optical lens or aperture of the scope 206

“and providing a sufficient field of vision. It is of course noted that other dimensions are possible,
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in relation to the type and purpose of the endoscope, and any intended functiéns of the -
endoscope.

[0059] FIG. 4A illustrates an endoscope with a ‘ﬂuid‘ﬂow actuation system éccording to an
embodiment. In embodiments, endosc-ope.400 is shown with aﬁ outer sheathv402 and a lens
cover 410 provided at the distal end of the endoscope 400. The lens cover 410 is brovided
perpendicular to .the longitudinal cent_ral .axis o‘f the endéscope 400 and is for prbviding
protection to an optical aperture or optical lens of a scope of an opticai iniaging system housed
within the endoscope outer sheath 402.

[0060] In various embodiments, the torque for rotating the lens cover of an endoscope is
provided with fluid flow. In an embodiment, the endbscope includes an»actvuation éystem (not
shown) pfovided at a proximal end of the end of the endoscope and the outer sheath. In
embodiments, the actuation system generates a fluid flow for the actuation of the lens cover for
rotation. It is noted that the provision of a fluid flow for actuation allows for a reduction of
mechanical moving parts, which would dramatically decrease frictional occurrences, as well as
lubrication considerations.

[0061] The actuation system can be provided with a self—contained pressurized gés canister
which is used to generate a préssurized gas flow to motivate the lens cover 410 into rotation. In
embodiments, the actuation system is coupled to a pressurized gas delivery System for providing
the fluid flow. In embodiments, the actuation system ‘includes a pressurized gas delivefed by a
gas tank. In embodiments, the actqation system includes a fluid inlet and a regulator which can
receive a pressurized gas delivery from a hospital wall supply or an external gas tank. In Various.
embodiments, the.ﬂuid is carbon dioxide gas, but any other gas which is inert and harmless in

quantities.
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[0062] - In various embodiments, the actuation system includes a suction system, and the fluid
flow for generating a eration_ is created by suction pr’oyided by the actuation system and
geﬁeratcd in the proximal end of the eridoscope. In embodiments, the actuation system includes a
combination gas delivery and suction system. The fluid flow for generating a rotation is initiated
by a pressurized fluid actuation from the gas delivery system. The fluid flow progreéses from the
proximal end of the endoscope to the distal .end, where interaction with a rotation module
coupled to the lens cover causes rotation of the lens cover. Further, the suction system creates a
negative pressure at the proximal end and draws in fluid from the distal end of the endoscope.
The suction system aécer;tuates and improves the fluid flow, for more efficient rotation of the
lens cover. Advantageously,- providing the rotation module actuated by ﬂuid flow femoves the
need to provide an additional electrical power source, as fluid delivery can be obtained from
existing sources, such as the hospital wall supply.

[0063] FIG. 4B illustrates a cross-sectional view of the distal end of the endoscope of FIG.
4A, and can be used to illﬁstrate the rotational actuation of the lens cover of the endoscope. In
embodiments, the lens cover 410 is coupled to a rotation module 420, which is arranged for
actuation by the actuation syétem such that the lens cover is. rotated to improve visualization of
the endoscope during a MIS procedure. The rotation module 420 is coupled to the circumference
of th‘e lens cover 410. Accordingly, the rotation module 420 includes é turbine ring 422, which
includes a plurality of turbine blades 424 provided on‘ the circumference of the rotation module
420. The turbine blades 424 are aerodynamically arranged to capture ﬂqid flow from the
proximal end of the endospope 400, and accordingly rotate the lens cover 410 about the central
longitudinal axis of the endoscope 400. It is further noted that the rotation module 420 includes a

stator portion 426 coupled to the inner surface of the outer sheath 402, for holding the rotation
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module in place. The stator portion 426 also receives the turbine ring 422 and the lens cover 410,
and is arranged to aﬂdw the turbine ring 422 to freely rotate vabout a central axis corresponding to
the central 'cross-sectional‘ ﬁo‘int of the stator portion 426, and the central longitudinal axis of the
endoscope 400.

[0_064] fIG. 4Cis a forwax‘d perspective view Qf the endoscope of FIG. 4A, and is useful in
illustrating the structure of the rotating systefn. In embodiments, the fluid progresses from the
proxifnal end of the endoscope 400 to tfle distal en’d of the endoscbpe through a channel 412
_formed between the outer sheath 402 and the scope 404. The channel 412 can further include one
or mére gﬁides,' provided'lon the inner surfac>evof the outer sheath 402, to direc"t fluid flow. In
embodiménts, the fluid flow is directed by the guides to a spiral motion. This‘ allow; the
provision of a stator ring, and facilitates a more perpendicular angle of incidence of the fluid
onto the turbine blades. This advantageously allows greater efficiency of power transfer from the
fluid to the turbine ring. |

[0065] The velocity of fluid flow and total surface area of the turbine blades 424 ‘result in a
theoretical maximum fluid power according to the equation:

Fluid Power = (0.5) pAv’ | | )

where p is the fluid density, A is the surface area of the turbine blades and v is the fluid velocity.
It is noted that power transfer would not be 100% efficient. Practical efﬁciéncy rates are likely to
be 20-40%,‘ and therefore the required Velécity and surface areas will be empirically determined
according to the endoscope embodiment.

[0066) In various embodiments, visualization of the endbscdpg during a MIS procedure is
improved with the provision of a rotating lens cover driven by an actuation system provided at a

proximal end of the endoscope. Further, additional systems or modules can also be incorporated
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into the endoscope to work in combinaﬁon with the rotating lens cover. The present disclosure
provides accordingly a plurality of other visualization ‘improvement features for use in
combination. In describing such additional modules, the pr‘esént disclosure may or may not
| ~illustrate the additional mod;ﬂes in combination. According to various embodiments, any one of
the visualization ifnprovement features can also be | provided on an endoscope without the
rotating lens cover, to provide an endoécope with a standalone visualization improvement
system. A combination of the visualizatipn improvement features can also be incorporated ‘as
such. |

[0067] FIG. 5A illustrates a front view 0f an endoscope including a ﬂuid flow feature for
visualization improvemen‘t according to an embodiment. Endoscope 500 includes an 6uter sheath
502 enclosing within a scope 504 which is part of an optical imaging system for the eﬁdoscope
500. Endoscope 500 includes a fluid actuation system 520, which sﬁpports a visualization
improvement feature for the scope 504. The fluid actuation system 520 is arranged to cooperate
or work in combination with a rotating lens cover as described in earlier embddiments. In other
embodimenfs, the fluid actuation system 520 for providing a fluid flow in moving debris may be
utilized in the endoscope independent of the rotating lens covér.

[0068]  FIG. SB illustrates a cross-sectional view of the endoscope of FIG. SA. In
embodiments, the fluid actuation system 520 is provided at the proximal end of the endoscope
500 and particularly at.the proximal end of the outer sheath 502. The actuation system 520
includes a fluid or gas inlet port 530 arranged to receive gas from a gas delivery module through
a nozzle 532. The gas inlet port 53'.0 and nozzle 532 includes a fluid delivery chamber 534 Whi.ch
leads into a fluid channel 536 defined along the 1ength of the endoscépe 500 to the distal end of

the endoscope 500. In embodiments, the gas inlet port 530 is a manifold that bolts around the ‘
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outer sheath 502 and over cross-cut openings in the fluid channel 536 in creating a gas-in port. In
embodiments, the fluid channel 536 can be provided within the outer sheath 502, where the outer
- sheath is sufficiently : widé such that a channel can_lbe formed within the sheath. In other
embodiments, an inner wall can be pi‘ovided to the outer sheétﬁ 502, for fofming the fluid
~ channel 536.

[0069] According to Qarious emb,bdiments, the fluid actuation system 520 can include a gas
outlet poﬁ 540. Gas outlet port 540 similarly includes a nozzle 542 for  coupling to'a suction or
vacuum module for receilving fluid in use in the endoscope 500 for improving visualization. Gas
~outlet port 540 is a manifold that can be. coupled around the outer sheath 520 and over an
opening to a fluid channel 546. In embodfments, the fluid channel 536 for fluid delivered to the
endoscope and the fluid channel 546 for receiving fluid from the endoscope are distinct and do
not interact.

10070] In embodiments, the actuation system 520 can include where the fluid chamber 534
of tfle gas fluid inlet port 530 is coupled to a plufality of fluid channels 536 for delivery of fluid
to the distal end of the endoscope 500. The actuation system 520 also includes where the fluid
chamber 544 of the gas outlet port 540 is couplled to a plurality of fluid channels 546 for
receiving fluid from the distal end of the endoscopeySOIO. As can be observed iﬁ FIG.  5A,
accdrding to various embodiments, three fluid channels 536 for delivery of fluid and three fluid
channels 546 for receiving fluid are provided. The ﬂuid channels 535, 546 oben up at the distal
end éf the endoscope. In embodiments, the three fluid channels 536 for delivery of fluid are
adjacent to each other and the thrée fluid channels 546 for receiving fluid are similarly adj aceﬁt.
This provides an arrangement where fluid is deli\}ered to the distal _ér;d on one side and fluid

received from the other side, as such creating an air curtain over the external face of the scope
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504. Such an air curtaih can perform at least two functions - that of removing debris from tﬁe :
external face of the scope, as w¢11 as providiﬁg a buffer bet_ween the distal end of the endoscope
and any impinging foreign debris. In other embodimer'lts',. the fluid c.hannels are alternatively
provided. |

[0071] FIG. 6 illustrates a pe;*spective view of an endoscope including a fluid column feature
for visualization improvement according to an embodiment. FIG. 6 1s not provided to scale and
shows a proximal end and a distal énd of an eﬁdoscopgs 600. Endoscope 600 includes an outer
sheath 602 enciosing Within a scope 604 which is part of an optical imaging system for the
endo;scope 600. Endoscope 600 includes a fluid actuation system 620, which supports a
visualization improvement feature for the scope 604. Fluid actuation'syétem 620 can Be provided
in or around a housing 640 at the proximal end of vthe endoscope.

[0072] Fluid actuation system 620 includes a regulator housing 622 and which is provided
with a flow regulator dial or actuator 624. The regulator housing 622 is coupled to an air inlet
port 626 which can be thereafter coupled to a gas delivery module or a gas insufflator machine or
directly via a hospital wall supply. Fll:lid, and in most cases, compressed gas, is delivered through
the air inlet port 626 and provided into the endoscope 600 fhrough the regulator housing 622.
The gas is provided to ‘a ﬂuid. channel internal to the outer sheath 602, which directs the
delivered gas from the inlet bort to the distal end of the outer sheath 602. At the distal end of the
endoscope 600 is provided with a gas column port, 6r an air jet port 610. The amount of gas
output by the air jet port 610 can .be controllable with the flow regulator dial 624, determining
how strong or weak the air column output from the air jét port 610 is. The flow regulator 624 can

also include a limiter to ensure that the fluid outlet pressure is within safety limits. Particularly,

28



WO 2014/092650 PCT/SG2013/000528

the flow and pressure of the air column is controlled such that the risk of causing air embolism is
reduced. B

[0073] The arrangement of fhe eﬁdoscope 600 according to various erﬁbodirﬁents includes
one or more fluid channels in close appoéitidn to the endoscope optiic.:al channel, the fluid channel
directing the ﬂﬁid flow towards the surgical ﬁeld with sufficient energy to displace ooziﬁg blood
or other organic mateﬁal, a fluid actuating element at the proximal end, and a flow regulating
element to control the fluid pressure. In embodiments, the fluid used is carEon dioxide gas, ‘but
could also be saline, air etc. The‘ system is built as part of | the endoscope. In other embodiments,
the system is integrated into a sheath that fits over fhe endoscope, with additional elements to
secure the sheath to the endoscope. |

[0074] According to various embodiments, the fluid column enables directed displacement
of visual-impediﬂg‘fnatter to facilitate visualization. Although it is envisioned that the fluid
column will Be most useful for displacement of blood or semi-solid blood clots, for exact
location of points of bleeding, it is understood thét the fluid column can also be used to displace
other types of soft tissue or body fluids, in order to aid_ in visualization of underlying organ or
tissue structures, for example critical nerves;

[0075] FIGs. 7A-7D illustrate endoscopes including a fluid ‘.column feature and in varying
dégrees of angulation according to various embodiments. FIG. 7A shows an endoscope 710 with
a 30° angulation or view, and includes an outer sheafh 712 which.forms the elongate external
body of the endoscop¢ 710. The endoscope includes a fluid actuation system similar to that
1describe<i for the embodiment above, and which terminates at an air column port 714 which
protrudes from the distal end of the outer sheath 712 of the endoscope 710. The air column port

~ 714 is provided at an off-center angle such that a column of air is directed to a predetermined
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distance direcﬂy noﬁnal and exteriding from the center o_f the lens aperture face ovf a scope 716
housed in the endoscope 710. In embodiments, the predetermined distance is‘ at least 20mm. In
embodiments, the preséure of the air column is less than 10mm Hg.
{0076] FIG. 7B shows an endoscope 720 with a 70° angulation or view, and includes an
.outer sheath 722 which forms the elongate external ibody of the endoscope 720. The endoscope
includes a fluid actuation system similar to that described for the efnbodiment above, and which
terminates at an air colﬁmn port 724 which protrudes from the distal end of the outer sheath 722
of the endoscope 720. The air column poﬁ 724 is provided at an off-center angle such that a
column of air is directed:to a bredetermined distance directly normal and extending from the
center of the lens aperture face of a scope 726 housed in the endoscope 720. In embodiments, the
predetermined distance is at least 20mm. In embodiments, the pressure of the air column is less
than 10mm Hg.
[0077] FIG. 7C shows an endoscope 730 with a 30° angulation or yiew,' and includes an
outer sheath 732 which forms the elongate external body of the endoscope 730. The endoscope
includes a fluid actuation system similer to that describ_ed for the embodiment above, and where
the gas regulator feeds compressed air delivered from an ey;temal module into a fluid channel
734 provided external to the outer sheath 732 of the endoscope 730. The fluid channel 734 is
directed along the length of the outer sheath 732 until near the distal end, where it is then angled
and terminates at an air column port 734. The air colufnri port 736 is thus provided adjacent and
on the external surface of the outer sheath 732. The air column port 736 is prqvided.at an off-
center angle such that a column of air is directed to e predetermined distance directly normal and

extending from the center of the lens aperture face of a scope 738 housed in the endoscope 730.

30



WO 2014/092650 ' . ‘ PCT/SG2013/000528

In embodiments, the predetermined distance is at least 20mm. In embodiments, the pressure of
the air column is less than IOmm Hg. |

[0078] FIG. 7D shows an endoscope 740 with a 70° angulation or view, and includes an
outer sheath 742 which forms the elongate external body of the endoscope 740. The endoscope
includes a fluid actuation system similar to that described fpr the embodiment above, aﬁd where
the gas regulator feeds compressed air delivered from an externalvmodule into a fluid channel
744 provided external to the outer sheath 742 of the endoscope 740. The fluid channel 744 is
" directed along the length of the outer sheath 742 until near the distal end, where it is thén angled
and ferminates at an air cqlumn port 744. The air column port 746 is thus provided adjacent and
on the external surface of the outer sheéth 742. The air columﬁ port 746 is provided at an off-
center angle such that a column of air is directed to a predetermined distance directly normal and
extending from the center of the lens aperture face of a scope 748 housed in the endoscopé 740.
In embodiments, the predetermined distance isvat least 20mm. In embodiments, the pressure of
the air column is less than 10mm Hg.

[0079] It can be notéd that there inay be two important safety concerns associated with the
use of this air column feature: barotrauma and gas embolis@. The present disclosure provides
that both of these concerns can be mitigated by controlling the direction and pressure of the fluid
stream at the point of impact with the batient’s tissues and blood vessels.

[0_08'0] Iﬁ embodiments; an additional safety featuré is provided to inipose é minimum safety
distance between the fluid outlet apd the nearest anatomical structure. This distance is preferably
set at 3-5mm, which is the minimﬁm depth of field achievable by current state of the art surgical
Scoﬁes. FIGs. 8A-8D illustraté an endoscope‘ ihcluding a safety feature according to various

embodiments. In FIG. 8A, a rod 812 is provided as a safety feature at the distal end of an
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endoscope 810, the rod 812.providing a distaﬂce indication with respect to the tip of the
endoscope. Acc}ording‘ to varioﬁs embodiments, ‘the length of the rod 812 correlates to the field of
view angle for which the endoscope operates.

[0081] In FIG. 8B, a hood 8,22 is provided as a safety feature at the distal end of an
endoscope 820, the hood 822 providing a_v‘distance indication with respect to the tip of fhe
endoscope. The hood 822 is a _curv:_ed structure protruding from the external distal face of the
endoscope 820 and tapers to a point 824, at which provides an indication for safety distance for
use of the air column feature. »Further; the hood 822 can providé aga’insf splashes on the
observation aperture of ,tﬁe endoscope 822 from foreign debris. In other embodiments, any other
physical extension of the sheath can be provided as a distance indicator to provide a safety
distance for the air column.

[0082] In FIG. 8C, a proximity sensor 832 on the tip of the sheath is used to determine the
disténce of the nearest structure fromi the fluid outlet of the endoscope 830. The feedback from
the proximity sensor 832 is processéd as iﬁformation in a processor at a proximal end and is
conveyed to a visual display, either on the device or on-screen, or else conveyed via some
alternative form of haptic feedback. In embodiments, alerts including any of variably pitched or
timed audio tones, or force feedback can be incorporated.

[0083] ' In FIG. 8D, -a hood 842 is provided as a safety feature at the distal end of an
endoscope 840, the en‘doscope 840 being an endoséépe with a 30° angulation. The hood 842
provides a distance indication with resi:)éct to the tip of the endoscope. The hood 842 is a curved
structure p:rotludi‘n'g from the external distal face of the end‘oscope 840 and tapers to a point 844,

at which provides an indication for safety distance for use of the air column feature. In other
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embodiments, any other physical extension of the sheath can be provided as a distance indicator
to provide a safety distance for the air column.

[0084] In providing ‘a fluid column feature for visualization improvement the risk of gas
erﬁbolism is to be considered. Literature sﬁggests that”a net intracavity positive pressure of less
than 20 mmHg above atmospheric pressure appears safe. CO2 is. the most widely uséd
insufflation gas as it is weu_-_suited for creating a pneumoperitoneum because of its properties of
being chemically inert, colorless, inexpensive, readily available énd léss. commbustible than air,
COZIis also highly water soluble which reduces its probability of causing embolism compared to
a less soluble gas.

[0085] The likelihood of CO2 embolism occurring via insufflation depencis on the balance
‘between the volume of undissolved CO2 entering the enclosed body cavity and the amount of
~ CO2 that is being removed. An excess of CO2 entering increases the 1ikelih00d of embolism.
Direct insufflation into the vasculature will also produceiemboli even if gas is removed from the
body cavity.

[0086] Further, it is brovided that parameters such as hydrational and volaemic state,
cumulative intra-abdominal pressures above atmospheric, or excess pressures over insufflation
pressures and/or intravascular pressures should also be considered in leading to using the
endoscope of various embodiments safely and in consideration of air emboli.

© [0087] FIG. 9A illustrates a front view of an endoséope including a wiper element feature for
visualization improvement according to an embodiment. Endoscope 960 includes‘an outer sheath
902 enclosiné within a scope 904' which is part of an optical imagihg system for the endoscope
900. Endoscope 900 iﬁéludes a wiper element 960, which supports a visualization improvement

feature for the scope 904. It is noted that the wiper element 960 is arranged for use in
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conjunction with a rotating lens cover 910. FIG. 9B illustrates a cfoss;sectional view of the
endoscope of FIG. 9A. |

-[0088] In -embodiments, the endoscope include§ ‘a lens shaft 912 coupled to the
circumference of the lens cover 910 on one end and to an actuation system 914 for driving the
lens shaft 912 on the other end. The lens cover 910 is actuated to rotate and thus dispersé debris
gathered on the external surface of the lens cover 910 and improving visualization.
| [0089] = The wiper element 960 is avsingle eldngate elembent or a band coupled diametrically
across the outer sheath 902. The wipef element 960 is intended to be a passive element arranged
to abut the external surface of the lens cover 910. While the lens cover 910 rotates, the wiper
element 960 provides a counteracting sweeping motion across the lens cover 9‘10, thereby
cleaning the lens cover and improving visualization of the endoscope 900. In embodiments, the
outer sheath 902 can include a drainage channel 962 or multiple drainage channels through the
outer sheath structure, thereBy allowing debris accumulated by the sweeping wiper element 960
and propelled radially outward towards the outer sheath 902 to be expelled.

[0090] FIGS. 10A - 10D illustrate an endoscope including a deployable wiper feature for
visualization improvement according to an embodiment. FIGI. 10A illustrates a front view of the
endoscope with the deployable wiper 1060 in én unengaged position. FIG. 10B is a cross-
sectional view of the endoscope with the deployable wiper in the unengaged position. Endoscope
1000 includes an outer sheath 1002 enclosing witﬁin .a scope 1004 which is.part of an optical
- imaging system for the.endoscope 1000. Endoscope 1000 includes a deployable wiper 1060
which supports a visualization improvement feature fof the scope 1004. The deployable wiper
1060 is arranged to cooperate or work in combination with ;cl rotating lens cover as .descﬁbed in

earlier embodiments. In other embodiments, the deployable wiper 1060 may be utilized in the
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‘endoscope independent of the rotating lené cover. In the figures, the deployable wiper is bshown
to operate withouf the rotating lené cover. |

[0091] Deployable wiper 1060 includes at léast one wiper element 1062 arranged to be
raised from the external surface of the optical aperture or optical lens 1006 of the scope 1004 in
an unéngaged position. In embodiments, there are provided four wiper elements 1062, each
wiper element set out with respect to quarterly points of the circumfetence of the outer sheath
100‘2. Other embodiments may include a different number o‘.f wiper elements. In the unengagéd
position, the wiper element 1062 is intended to be elevated such that observation with the scope
1004 is minimally impeded. In embodiments, the stationary outer sheath 1002 encloses internally
the écope 1004 as 1ike‘ a sleeve or a sheath. The outer sheath 1002 includes tip retention portion
1008, which is an extension of the sheath cylindrically inward such that the scope 1004 is
retained within the outer sheath 1002.

[0092] The wiper elements 1062 are coupled to a rotating inner cylinder 1064 provided in
between theb outer sheath 1002 and the scope 1004. The inner cylinder 1064 is coupled to an
actuation' system 1066 arranged to rotatably drive the inner cylinder 1064 through an
electromagnetic motor and a corresponding gear system. Further, the actuation system 1066
includes a positional actuator which actuates the inner cylinder 1064 longitudinally bi-
directionally towards and away from the distal end of the outer sheath 1002. The positional
| actuator also provides ’detérmination for the.transition of the deployable wiper 1060 from the
unengaged position to an engaged position.

[0093] In embodiments, the vﬁper elements 1062 are hingedly coupled to the inner cylinder
1064. In the gnengaged position, the inner cylinder 1064 is drawn proximally by the positional

actuator to a first retracted position such that the wiper elements 1062 are elevated above the

35



WO 2014/092650 ' PCT/SG2013/000528

optical aperture 1006 of the scope 1004. The wiper elements 1062 are elevated with respect to a
fulerum point provided by the edge of thg scope 1004 due to the longitudinal proximal motion of
the inner cylinder 1064. Further, the wiper elements 1062 ére held in place in the unengaged
position due to the counteracting position of the tip retention pbrtion 1008.

[0094_] FIG. 10C illustrates a front view of the endoscope with _thé deployable wiper. 1060 in
an engaged pbsition. FIG. 10D is a cross-sectional view of the endoscope in the engaged
pbéition. In operation, the positional actuator prdvides a translation actuation of the inner
cylinder 1064 distally to a second extended position, thereby causing the wiper elements 1062 to
transition to an engaged ppsition. In pushing the inner éylinder 1064 dista_ll{y, the wiper elements
1062 move out of association with the fulcrum point provided by the edge of the écope 1004.
Further, the inner cylinder 1064 is arranged to abut the inner surface of the tip retention portion
1008, which causes the hinged wiper elements 1062 to be urged towards the external surface of
the optical aperture 1006 of the scope 1004. Rotation actuation is provided by thé actuation
system 1066, which allows the wiper elements 1062 to provide a sweeping motion in cleaning
the external surfacé of the optical aperture 1006 in improving visualization of the endoscope
1000. Further, one or more drainage channels can be ’provideci in the outer sheath 1002 for debris
accumulated by the wiper elemc_‘—:nts 1062 to be expelled.

[0095] In various embodiments, the endoécope 1000 is proviaed with a rotating lens cover
and the deployabl'e wiper 1060. In embodiments, the .inner cylinder 1064 is arranged to rotate
v;rith'the same rotational axis as thg rotating lens cover. In embodiments, the inner cylinder 1064
is arranged to rotate in the same dil'ection as the rotating lens cover. In embodiments, the inner
cylinder 1064 is arranged to rotate at a greater rotational speed as the rotational lens cover. In

embodiments, the inner cylinder 1064 is arranged to rotate at a lower rotational speed as the
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rotational lens cover. In embodiments, the inner éylinder 1064 .:is arranged td rotate in the
opposite direction as the rotating lens cover. In embodiments, a resting or pi{/ot point of the
wiper elements are provided in a lateral or inferior location; such that aécumulated debris
~ moving inferiorly due to gravity is not translated across the lens.

[0096] | FIGs. 11A — 11B illustrate an endoscope including a moving wiper feature for
| Vibsualization improvement accordiﬁg £o an embodiment. FIG. 11A illustrates a cross-sectional
view of the endoscope with the moving wiper in ar.l. unengaged pbsition. .Endoscope 1100
includes an outer sheath 1102 enclosiﬁg within a scope 1104 which is part of an optical imaging
system for the endoscope 1100. Endoséope 1100 includes a moving wiper 1160 which supports a
visualization improvement feature for the scope 1104. The moving wiper 1160 is arréhged to
cooperate or work in combination with a rotating lens cover as described in earlier embodiments.
In other embodiments, the moving wiper 1160 can be utilized in the endoscope independent of
the rotating. lens covei‘. In the figures, the moving wiper is shown to operate without the rotating
lens.cover: |

[0097] Moving wiper 1160 includes .at least one wiper element 1162 arranged to be raised
from the external surface of the optical aperture or optical lens 1106 of the scope 1104 in an
unengaged position. In embodiments, there are provided four wiper elements 1162, each wiper
element set out with respect to quarterly points of the circumference of the outer sheath 1102.
Other embodiments may include a different numbér of wiper elements. In the unengag»ed
position, the wiper element 1162 is intended to be elevated such that observation with the scope
1104 is minimally impeded. Iﬂ embodiments, the stationary outer sheath 1102 enclosed

internally the scope 1104 as like a sleeve or a sheath.
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10098) The wiper elements 1162 are coupled to a rotatiﬁg inner cylinder 1164 providéd in
between the outer sheath 1102 and the scope 1104. The inner cylinder 1164 is coupled to an
aétuation systexil 1166 arranged to rotatably} drive fhe inner cylinder 1164 through an ,
electromagnetic motor and a corresponding gear systém. According to various embodiments, the
wiper elements 1162 are hingedly coupled to the rotating inner cylinder 1164. The inner cylinder
1164 is also coupled to tﬁe outer sheath 1102 such that the inner éylinder_ 1164 dogs nét displace
longitudinally. with respect to fhé outer sheath 1102. Accordingly, such a coupling includes a
rotational function such that the inner cylinder 1164 can rotate with respect to the stationary
outel; sheath 1102. According to various embodiments, the wiper elefnents are further hingedly
coupled to a wiper activation linkage 1168. The wipef activation linkage 1168 is furthér provided
in between the inner cylinder and the scope 1004.

[0099] In embodiments, the actuation system 1066 includes a positional actuator which
actuates the wiper activation linkage longitudinally bi-directionally towards and away from the
~ distal end of the outer sheath 1102. The positionél actuator also provides determination for the
transition of the deployable wiper 1160 from the unengaged posiﬁon to an engaged position. The

, ‘ .

wiper activation linkage 1168 is arranged to rotate correspondingly with the inner cylinder 1164.
[00100] In embodiments, the wiper eléments 1162 are hingedly coupled to both the inner
cylinder 1164 and the Wiper activation linkage 1168. In the unengaged position, the wiper
activation linkage 1168 is actuated distally to a first ektended position by the positional actuator
such that the wipér elements i162 are elevated above the optical aperture 1106 of the scope
1104. According to various embddiments, the distal end of the wiper activation linkage 1168

abuts the rigid wiper elements 1162 and causes the wiper elements 1162 to be elevated with

respect to the hinged pivot point of the coupling with the inner cylinder 1164. Further, the wiper
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elements 1162 are held in place in thé unengaged position by the wiper activation linkage 1168
in the first extended position.

[00101] FIG. 11B is a cross-sectional viéw of the endoééope with the mbving Wiper in the
'engaged position. In operation, the positional actuafor provides a transvlation actuation of the
" wiper actuation linkage 1168 proximally to a second retracted position, thereby cau‘sing the
wiper'»e‘:lements 1162 to transition to an engaged positionr.“ In retracting the wiper actuation
linkage 1168 proximally, the wiper elements 1162 are pulled into an engaged position where the
wiper elements 1162 are in contact‘w»ith the external face of the scope 1104.

[00162] In embodiments, the wiper elements 1162 can include a soft wiper portion 1170
" providing on the inner surface of the wiper elements 1162, directed towards the extémal surface
of the scope l1104. The soft wiper portion 1170 is designed to compress gently against the
external surface of the optical aperture 1106 of the scope 1104 and providing a resilient contact
with the external surface. Funher, the soft wiper portion 1170 also provides adequate pressure on
the external surface of the optical aperture tp prdvide a scrub function which can rémdve more
viscous debn’s from the optical aperture. Rotation actuation is provided by the actuation system
1166 on inner cylinder 1164, which allows the wiper elerﬁents 1162 to provide a sweeping
motion in éleaning the external surface of the optical aperture 1106 in improving visualization of
the endoscope 1100. Additionally, the inner cylinder 1164 can be arranged to rotate in a direction
dissimilar to the direction of rotation of the lens covef. Furthef, one or moré drainage channels
~ can be provided in the outer sheath 1102 for debris accumulated by the wiper elements 1162 to
be expelled. |

[00103] FIG. 12 illustrates a front view of an endoscope including a double wiper feature for

visualization improvement according to an embodiment. Endoscope 1200 includes an outer
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sheath 1202 énclosing within a scope 1204 which is part of an optical imaging system for the
endoscope 1200. Endoscope 1200 includes a wiper module 1260, which supports a visualization
improx}ement feature for the scépe 1204. it is noted that the wiper rﬁodule 1260 is arranged for
use in coﬁjunctiori with a rotating lens cover 1210.

[00104]  Wiper module 1260 is arraf;ged to be provided over the external face of the rotating
lens cover 1210. The wiper module 1260 further inqludes a first wiper element 1262 arranged to
be pivoted at a circumference yof the rotating lens cover 1210. The ﬁrst Wiper element 1262 is an
elongate element arranged t'o.be in'sweeping contact with the rétating lens cover 1260, and to Be
rotatébly pivoted about a .pivo't péint 1264. The wiper element 1262 is arranged to carry out a’
sweeliing motion covering an arcuvate area which includes thé external surface ar.ea. -of the lens
cover 1210,

[00105] In embodiments, the wiper element 1262 is coupled to a rotating shaft at the pivot
point 1264, the rotating shaft stretching proximally along the length of the outer sheath 1202 to a
wiper element actuation system at thev proximal end of the endoscope 1260. The wiper element
1262 is thus driven in operation by the wiper elefnent actuation system. In other embodiments,
the wiper element 1262 can be coupled to an electrically act-uated pivoting element at the pivot
point 1264. The _electxically actuated pivoting element can be eleétrically coupled to a control
module including a driving signal generator provided at the proximal end of theyendoscope 1200.
In other embodiments, the wiper element can be coﬁpled to a hydraulically actuated pivoting
element at the pivot point 1264. In’ embodiments the pivoﬁng elemént at the pivot point 1264 can
be a spindle. |

[00106] According to various embodiments, the Wiper module 1260 includes é second wiper

element 1266 rotatably pivoted about a pivot point 1268. The second, wiper element 1266 is
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arraﬁged to be pivoted at a circumference of the ‘rotating lens cover 1210, diametrically opposite
to the pivot point 1264 of the first wiper element 1262. Th¢ second wiper element 1266 is an
elong‘ate element arranged to be in sweeping contact with the rotating lens cover 1260, and to be -
rotatably pivoted about a pivot point 1268. The wiper élement 1266 1s arranged to carry out a
sweeping motion covering an arcuate area which includes the external surface aréa of .the lens
cover 1210.

[00107]  According to vario_us embodimen;fs, the sécond Wiper element 1266 is provided with a
rotation actuation system arranged to pivbt the second wiper element 1266 to provide a sweeping
motién over the 1eﬁs cover, whefe the rotation actuation system for the second wiper element is
similar to the rotation a~c‘tuation system for the first wiper elefn’ent. In other embodiments, the
wiper module 1260 includes two different zlictuation‘systems.

[00108] According to various embodiments\, the first and second wiper elements 1262 and
1266 are arranged to provide sweeping motions on the external face of the lens cover 1210. In
embodiments, the sweep of the first wiper element 1262 in synchronizatién with the sweep of the
second wiper element 1264. In embodiments, the first wiper 1262 is arranged to complete one
sweep from one side to another of the arcuate area to be covéred, before the second wiper 1264
begins its sweep. In such a way any accidental collision between the ﬁrst‘and seéond wipers can
be éverted. Further, the first wiper 1262 and the second wiper 1264 can be arranged to sweep in | '
. opposing or alternate directions in each successive sweep. |
[00109] FIGs. 13A - 13C illus’grate an endoscope including a displaceable wiper feature for
visualization improvement according to an embodiment. FIG. 13A illustrates a front view of an
endoscope with a displaceable> wiper in a first position. Endoscope 1300 includes an outer sheath

1302 enclosing within a scope 1304 which is part of an optical imaging system for the endoscope
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1300. Endoscope 1300 includes a displaceablé wiper 1360 which supports a visualization
improvement feature for the scope 1304. The displaceable wiper 1360 is arranged to cooperate or
work ’in combinatiqn with a rotating lens cover as described in earlier érribodimeﬁts. In other
embodiments, the displaceable wii)er 1360 can be’ ufilized in the endoscope independent of the
rotating lens cover. In the figures, the displaceable wiper 1360 is shown to operate wifhout the
- rotating lens covér. o
[00110] Displaceable ‘\b>viper 1360 includes a ﬂexiblé Wiper element 1362 coupled to an axle at
a fixed pivot point 1364. In an embodiment, the flexible wiper element 1362 is retained on one
end at a point on the cirqumference of the elongate outer sheath 1302. In an embodiment, the
flexible Wipef element 1362 is .coupled at the other end to a carrier 1366 which is réceived in a
guide track 1368. The carrier 1366 is arranged to guide the wiper element 1362 between
predetermined operational positions.

[00111] In a first position, the flexible wiper element 1362 is displaced to the circumference
- of the outer sheath 1302.- In an embodiment, the outer sheath 1302 includes an upraised groove
for receiving and retaining the flexible wiper element 1362. In ari embodiment, £he flexible wiper
element 1362 is a resilient element and in the first position, the ﬂexible wiper element 1362 is at
rest and in an unstretched condition. The first position of the carrier 1366 also corresponds to a
right side limit of the guide track 1368.

[00112] FIG. 13B illustrates a front view of an eﬁdoscope with a displaceéble wiper in a
second position. Carrier 1366 is c‘oupled to an actuation system which is aﬁanged to drive the
carrier from the first position to the second positién. The actuation system can be electrically or
mechanically driven. In the scc;)nd position of the displaceable wiper module 1360, the flexible

wiper element 1362 is provided diametrically opposed to the retaining point 1364. In other
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embodiments, the acfuatio‘n systexﬁ is coupled to the axis 1364, and the carrier 1366 moves
passively along the guide track 1368.

[00113] In the second position, tﬂe resilient flexible wiper elemént 1362 is in a stretched
condition and also provides sufficient teﬁsion such that the wiper element 1362 is effective for
carrying out a sweeping and cleaning function. It is noted that in the second posiﬁon, the
stationary flexible wiper element 1362 can operate efficiently with respect to ‘a rotating lens
cover, the wiper element being in contact with the external su,r'facé ‘of the lens cover. In
embodiments, the flexible wiper element 1362 is arranged to be in contact with the optical
apeﬁure of the scopé 13Q4 or the lens cbyer once the flexible wiper elemént departs from the
outer sheath 1302. |

[00114] FIG. 13C illustrates a front view of an endoscope with a displaceable Wiper in a third
position. According to various emb‘odiments, the actuation system is configured to drive the
carrier 1366 ffom the second position to the third position. The third position of the displaceable
wiper also corresponds to a left side limit of the guide track 1368. In the third position, the
flexible wiper element 1362 returns to an unstretched condition, and enters a position of rest in
an upraised groove on the outer sheath 1302, which receives énd retains the wiper element 1362.

[00115] The carrier 1366 is configured fo be reversibly actuable back from the third position
to the second position to the first position. According to various embodiments, by actuating the
cafrier 1366 and thus the ﬂéxible wiper element 1362 between positions, for example from the
first position to the second position to the third position, the flexible wiper element 1362 carries
out a sweeping motion and cleans off debris from the optical aperture or léns cover. Further, one
or more drainage channels can be provided in the outer sheath 1302 for debris accuﬁulated by

the wiper element 1362 to be expelled. In other embodiments, the flexible wiper element, instead

43



WO 2014/092650 PCT/SG2013/000528

of being resilient, is retractably céupled to the pivot point 1364. This brovides for a
predetermined amount of tensiqn to be applied to th¢ flexible wiper with respect to the coupling

at thé other end to carrier 1366. The tension is applied through the positional translation by the

carrier 1366, allowing the flexible wiper to carry out the sweeping function for improving

visualization. |

[00116] FIGs. 14A — 14C illuétrate an endoscope including a next displaceable wiper feature

for visualizatioﬁ improvémént according to an embodiment. FIG. 14A illustrates a front view of
an endoscope with a'displaceab‘le wiper in a first position. Endoscope 1400 includes an outer

sheath 1402 encldsing within a scope 1404 which is part of an optical imaging systerh for the |
endoscope 1400. Endoscope 1400 includes a displaceable wiper 1460 which .supports a

visualization improvement feature for the scope 1404. The displaceable wiper 1460 is arranged

to cooperate or work in combination with a rotating lens cover as described in earlier

~embodiments. In other embodiments, the displaceable wiper 1460 can be utilized in the

endoscope independent of the rotating lens cover. In the figures, the displaceable wiper 1460 is

shown to operate without the rotating lens cover.

[00117] Displaceable wiper 1460 includes a resilient Wip& element 1462 coupled to a first

axle 1464 at a first pivot point. In an embodiment, the resilient wiper element 1462 is retained on

one end at a point on the circumference of the elongate outer sheath 1402. In an embodiment, the

resilient wiper element 1462 is coupled at the other eﬁd to a second axle 1466 at a second pivot

point. The resilient Wiper element 1462 is retained at diametrically opposing points on the

circumference of the outer sheath 1402. In embodiments, the first axle 1464 is arranged to be a
driving axle, for actuation of the resilient wiper elemen_t 1462 from a first position to a second

position. The second axle 1466 is'ar_ranged to be a passive axle. In embodiments, the first axle
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- and the second axle are swivels and are rotatable about axes parallel to. the length ‘of the outer
sheath 1402. It is“noted that the resilient wiper element 1462 is arranged for motion only in the
plane parallel to the external distal face of the endoseope 1400_, which can also be considered
normal to the longitudinal central axis of the endoscope 1400. ‘, |
[00118] In a first posit_ion, the resilient wiper element 1‘4v62 is displaced to the circumference
of the outer sheath ‘1402. In an embodiment, the outer sheath 1402 ineludes an upraised groove
lfor receiving and retaioing the resilient wiper element 1462. In an embodiment, in the first
position, the resilient wiper element 1362 is at rest aod in an unmodified condition. The resilient
wiper element 1462 is arranged to elastically return the resilient element on a modiﬁcatioo of its
condition or shape.

[00119] In an embodiment, the first axle 1464 is coupled to the outer sheath 1402 and is
driven by an actuation system to rotate from one side to the other. FIG. 14B illustrates a front
view of an endoscope with a displaceable wiper in transition from a first position to a second
position. As observed, when the first driving axle 1464 is rotated, the end of the‘ resilient wiper
element 1462 coupled to the driving axle 1464 moves along with the rotation of the axle.
Accordingly, the resilient wiper element 1462 is displaced from rest on the outer sheath 1402 and
comes into ‘contact with the external face of the optical aperture of the scope 1404‘ or a lens
cover, thus beginning a sweeping motion and clearing debris.

[00120] FIG. 14C illustrates a front view of an ehdoscope with a displaceable wioer at a
second position after transition from a first position. In actuating the driving axle 1464 to the
other side, the resilient wiper element 1462 is urged to carry out a sweep of the external face of
the endoscope in returning to a position of rest on the other side of the outer sheath 1402 bisected .

by the diametrically opposing pivot points. Further, one or more drainage channels can be
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provided in the outer sheath 1402 for debris accumulated by the wiper element 1462 to be
expelled. |

[00121] | FIGs. 15A - 15E illustrate an. endoscépe 'including a spoolable wiper feature for
§isuahzatio_n improvement according to an embodiment. FIG. 15A illustrates a front view of an
endoscope wi‘th a spoolable wiper in a first p’ositio‘n. Endoscope 1500 includes an outer sheath
15‘02 enclosing within a scope 1504 which is part of an optical imaging system for the endoscope |
1500. Endoscope 1500 includes a spoolable ‘wiper 1560 ;’vhich supports a visualization
improvement feature for the scope 1504. The spoolable wiper 1560 is arranged to cooperate or
work in combination with a rotating lens cover as described in earlier emquiments. In other
émbodiments, the spoolainle_ wiper 1560 can be utilized in the- endoscope indepeﬁdent of the
rotating lens cover. In the figures, the spoolable wiper 1560 is shown to operate without the
rotating lens cover.

[00122] | Spoolable wiper 1560 includes a wiper element 1562 coupled at one end to a first
>spool port 1564 provided at a first point of the circumference of the outer sheath 1502, and
coupled at another end to a second spool port 1566 provided at a second point of the
circumferéﬁce of the outer sheath 1502. In embodiments, the ﬁrst spool port 1564 is coupled on a
shuttle 1568 arrangved to displace about the circumference of the outer sheath. In embodiments,
the spoolable wiper 1560 is configured to be received in a spooling channel 1570 provided in
"between the outer sh¢afh 1502 and the scope 1504. An actuation system for spooling and
retaining excess provision of the wiper element can be provided at the proximal end of the
endoscope to facilitate ‘operation 0 f the spoolable wiper 1560.

[00123]  According to various embodiments, the second spool port 1566 is fixed in relation to

its second point on the circumference of the outer sheath 1502. In embodiments, the first spool
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iaort 1564 is arranged to receive the spoolable wiper element 1_562V and is coupled to a
consolidation module of the actuatioﬁ system in the proximal end, the consolidation module is
arranged to draw in the spbolable Wiper element 1562 and maintéin a tension and drawiﬁg in any
A slack of the spoolable wiper element 1562. In embodi)ments, the second spool port 1566 is
arranged to receive the wiper elemenf 1562 and is coupled to a spool module of the éctuation
system in the proximal end, the spool model arranged to feed spoolable wiper élement 1562
towards thé distal end to provide new portion of spoolable wiper element upon requést or design.
In other embodiments, the first spo.ol-port 1564 feeds the wiper element, and the second spool
port 1566 draws in the wiper element.

[00124] = In embodiments, the shuttle 1568 is mechanically actuateci and is érranged to
circumferentially rotate the shuttle 1568 about the scope 1504. In embodiments, the shuttl_e 1568
is arranged to actuate towards one side of the éndoscope 1500, as defined a line from the fixed
spool port 1566 down to a diametrically opposing point of the outer sheath 1502 separating the
endoscope into two sides. A first position of the spoolable wiper is provided when the shuttle
1568 is actuated to a _left side limit. In embodiments, the shuttle 1568 is an elongate guide, and
thé ‘spool ﬁort 1564 is provided in the middle of the elongaté guide. A leff arm of the elongate
guide limits rotation of the shuttle 1568 when the le;ft arm abuts tﬁe fixed spool port 1566, which
can be referred to as a left side limit. Correspondingly, a right arm of the elongate guide limits
rotation of the shuttle 1568 _whén the right arm abuts the fixed spool port 1566, which can be
referred to as a right side limit.

[00125] = In embodiments, the shutﬂe 1568 is actuated to circumferentially rotate the shuttle
and the first spool port 1564 from a first position corresponding to a left side limit to a second

position corresponding to a n'ght side limit. FIG. 15B illustrates a front view of an endoscope
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with a spoolable wip‘er in transition from a first position to a second position. In FIG. 15B, the
shuttle 1568 in transition provides for the first spool port 1564 to be diaﬁetﬁcally opposing the
second spool port 1566. It is noted that whﬂe duﬁng the transition from the first position to the
second position, the spoolable Wipef element 1562 is kept taut and is arranged to maintain
cdﬁtact with the external face of the scope 1504. |

' [00126] FIG. 15C illustrates a front view of an endoscope with a spoolable wiper in a second
position. As the shuttle 1568 drags the spodlable wiper element 1562 across the lens surface of
the scope during the transition from the first position to the second position, the spoolable wiper
eleni‘ent 1562 carries out a function of accumulating and remox}ing debris from the surface of the
scope. In embodiments, the spoolable wiper element 1562 is a floss or a thin thread >or a bundle
or threads. In embodiments, the spoolable wiper element 1562 is designed to be highly absorbent
for more efficient cleaning. Advantageously, a spooling actuation system provided in the
p.roximal end of the endoscope allows for a new portion of the spoolable wiper element 1562 to
be utilized at a predetermined time, or when the wiper element is deemed necessary for change.
[00127] In spooling, a consolidation module in the actuation system is controlled to drawn in
a certain amount of the spoolable wiper element 1562, aﬁd for Which the spooling module
correspondingly allows for the amount to be drawn out from a spool. be1 such a wéy, the wiper
element 1562 is exchanged, which provides for a continuous provision of clean wiper elements.
In embodiments, the actuation system is configured to éxchange a used portion for a new portion
of wiper element after every sweep or transition from one point of the shuttle to the other.

[00128] FIG. 15D illustrates a ‘cross-sectional view of an endoscope with a spoolable wiper.
Wiper element 1562 is shown to be provided to and.from a proximal spooling actuation systemr

in a spooling channel 1570. Further, a retention module 1572 is provided on the distal end of the
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endoscope 1500, the retention module 1572 configured to receive a spoolable wiper element
1562 from a proximal end and causes the spoolable wiper element 1562 to maintain contact with
the optical aperture 1506 of the sbope 1504.
[00129] FIG. 15E illustrates a retention ﬁodule provided for use with the endoscope of FIG.
15D. The module has 4 prongs, 3 that feceivé the wiper element, and one that enables thé module
to be secured to a portion of the endoscope or endoscope sheath. In an embodiment, the wiper is
| threaded through the prongs as illustrated in Fig 5D. These prongs have smooth rounded surfaces
to allow for smooth spooling of the wipex; elerhent, yet secure the wiper in close contact with the
lens 6r lens cover of the endoscope, to enable efficient cleaning of the lens surface.
[00130] FIG. 16A illustrates a cross-sectional view of an endoscope including a next
spoolable wiper feature for visualization improvement according to an embodiment. Endoscope
1600 includes an outer sheath 1602 enclosing within a scope 1604 which is part of an optical
imaging system for the endoscope 1600. Endoscope 1600 includes a spoolable wiper 1660 which
supports a visualization improvement feature for the scopé 1604. The spoolable wiper 1660 is
arranged to cooperate or work in combination with a rotating lens cover as described in earlier
embodiments. In other embodiments, the spoolable wiper 1660 can be utilized in the endoscope
independent of the rotating lens cover. In the figures, the spoolable wiper 1660 is shown to
operate without the rotating lens cover.
v[001'31] Spoolable wiper 1660 includes a wiper elerhent 1662 coupled to a spooling actuation‘
system provided at a proximal end of the endoscope 1600. In embodiments, the wiper element
- 1662 1s a broad strip and is arrangéd to clean an optical aperture or optical lens 1606 of the scope
1604. The strip needé to be ﬂexible yet strong enough to withstand the frictional forces during

spooling. In embodiments, the broad strip could include a woven material such as cotton gauze,
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and/or be reinforced on the top surface with tape. The tape reinforcement allows for fluid
absorption while strengthening the strip against tearing duﬁng spooling. In embodiments, the
broad strip can include holes or apertures to allow for unimpéded observation with the scope
While the broad strip is cominually spooied over the optical apefture 1606. In varic;us
embodiments, the wiper elefnent 1662 is a clear flexible ma;en'al for protecting the optical
aperture of the scope. Such an arrangement can. be considered a spoolable Vshield feature. When
the material over the optical aperture is fc.>uled,‘ an adjacent clean section of strip is advanced
across the lens, énd the fouled section is withdrawn into the outer sheath.

[00132] The spooling actuation system allows for the wiper element 1662 to be spooled such
that the wiper element 1‘6.62 is refreshed for effective cleaning..The spooling actua.tion system
draws in the wiper element 1662 on one end and correspondingly releases the wiper element on
the other end, through a spooling channel 1670 provided in between the outer sheath 1602 and
the scope 1604.

[00133] Running a broad strip of material along and across the circular surface of a cylinder
| (such as a laparoscope) usually results in the highest tension forces being generated in the middle
of the strip. This would mean that the sides of the optical leﬂs 1606 are less effectively cleaned.
In embodiments, this effect is mitigated with a highly absorbént cleaning material such as cotton
“or_paper. In embodiments, a domed lens 1672 is provided over the optical aperture 1606 to
mitigate éuch effect. Advantageously, the domed lens 1672 is arranged such that the dome lens
does not affect observation with the scope 1604. Further, the dome lens is arranged over the -
scope 1604 at the distal end of the endoscope 1600 and allows for a smooth transition for the

“spoolable wiper element 1662 in and out of the spooling channel 1670, which evens tension on
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the wiper elément 1662. FIG. 16B illustrates a spoolable wiper element according to an
embodiment.

[00134] In embodiments, the wiper element 1662 includes all plurality of holes 1674, which
allows for the wiper element to /sit low on thé‘ domed surface 1672. Upon spooling, the force
_required fpr the wiper element 1662 to overcome in motion due to the dome sitting in the hole
1674 pro-vicie's fbr greater tension at the sides of the holes during spooling, and may create a more
even tension distribution and cleaning efﬁéacy. In embodiments, a dome height of al;out'3‘mm is
provided for a 10mm scope. Such an arrangémént allows for smooth spooling, due to a more
gradﬁal curvature of the .s’trip as cbmpared with the abrupt 90 degree angles without the dome,
and a good cleaning coverége of the sides df the lens. |

[00135] FIG. 17 illustrates an endoscope including a spoolable wiper feature including
extendable arms for visualization improvement according to an embodiment. Endoscope 1700
includes an outer sheath 1702 enclosing within a scope 1704 which is part of an optical imaging
system for the endoscope 1700. Endoscope 1700 includes a spoolable wiper 1760 which supports
a visualizétion improvement feature for the scope 1704. The spoolablé wiper 1760 is arranged to
cooperate or work in combination with a rotating lens cover a.s described in earlier embodiments.
‘In other erﬁbodiments, the spoolable wiper 1760 can be utilized in the endoscope independént of
the rotatiﬁg lens cover. In the figures, the spoolable wiper 1760 is shown to operate without the
rotating lens cover. |

[00136] According to various embodiments, the_spoolablé wiper 1760 includes a pair of arms
1764, the arms 1764 being re_lativély exte‘ndéble and retractabler with respect to the outer sheath
1702. The arms .1764 arranged to be contained within the outer sheath 1702 of the endoscope.

The arms 1764 are arranged to reéeive and retain a spoolable and elongated wiper element 1762
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which is coupled at both ends to a spooling ac;tuatic;ﬁ system provided at a proximal end of the
endoscope 1700. In embodiments, the wiper element 1762 is a broad‘strip that entirely cover s an
optical aperture 1706 of the s;:ope 1704.‘when overlaid on the aperture 1706. According to
various embodiments, the wiper element 1762 is configured to spool or advance such that a clean
portion of the wiper element 1762 is provided to replace a fouled portion.

[00137] Accordiﬂg to various embodiments, a distal portion of the outer sheath 1702 is
arranged to be rétracfable. In a first rest pbsition; the outer sheath 1702' is unretracted and houses
the various features aﬁd functions of the endoscope 1700‘, within the ou‘terv sheath. In a second
retracted position, the outer sheath 1702 is retracted and exposes the arms 1’}64, supporting a
portion of the spoolablé wiper élement 1762 and the distal end of the scop.e 1704. In
embodiments, in the retracted position, the arms 1764 are arranged to flare open and flatten out.
In such a case,‘the wiper element 1‘76‘2 :is also allowed to rest on and contact the external surface
of the optical aperture 1706.

[00138] In embodiments, the spooling actuation §ystem is configured to carry out a spooling
action of the wiper element 1762 when the outer sheath 1702 is in the retracted position, and the
wiper element 1762 is resting on the external surface of the optical épefture 1706. Spooling
while the wiper element 1762 is in contact with the optical aperture allows an efficient cleaning
of the optical aperture 1706. In various embodiments, the wiper element 1762 is a broad strip. In
embodiments, the wiper element 1762 is a tape with intermittent clear portions and cleaning
portions.

[00139] FIGs. 18A — 18C illﬁstrate an endoscope including a spoolable wiper feature
including a tapered sheath guide for Visualization ifnproifement according to an embodiment.r

Endoscopé 1800 includes an outer sheath 1802 enclosing within a scope 1804 which is part of an
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optical imaging system for the endoscope 1800. Endosoope 1800 includes a spoolable wiper

1860 which supports a visualization improvement feature for the scope 1804. The spooleble

wiper 1860 is arranged to cooperate or work in combination_ with a rotating lens cover as

described in earlier embodiments. In other embodiments, the spoolable wiper 1860 can be

utilized in the endoscope independent of the rotating lens cover. In the figures; the spootable

wiper 1860 is shown to operate without the rotating lens cover.

[00140] “ FIG. 18A illustrates a cros"s-.sec»tionall perspective vtew of an outer sheath according to |
an embodiment. The outer sheath 1802 includes a set of guides 1820 through Which a spoolable

wiper element 1862 is received to and from the proximal end of the endoscope 1800. The

spooiable‘ wipef element 1v862 is coupled to a spooling ac_tuation system provided in the proximal
vend of the endoscope. In embodiments, the set of guides 1820 is formed hy cut-outs provided in

- the outer sheath 1802. In embodiments, the set of guides 1820 is formed within the outer sheath

1802 structure. According 1o an embodiment, in such an instance the outer diameter of the outer

sheath can be 12mm, while the inner diameter of the outer sheath is 10mm, including the set of
guides provided in the outer sheath structure. In embodiments, the set of guides 1820 is provided

by assemblling a guide supplement onto the inner surface of the outer sheath 1802.

[00141] According to various embodiments, the set of guides 1820 provide an intermediate

structure which changes the points and angle of inflection of the wiper element 1862 in transiting

to and from a. spooling channel 1870 perpendicnlarly onto the external face of the optical

aperture 1806. In embodiments, the wiper element 1862 is an elongate rectangular broad strip,

which has a breadth sufficiently latge to overlay the s‘urface area of the optical aperture 1806, to

,p‘rovide cleaning of the entire optical aperture surface. However, nvith such a breadth, the sides of

the wiper element 1862 may not be able to clean effectively as the main inflection point can be
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identified towards the center of the strip.‘Advantageously, providing such a set of guides 1820
allows ‘the provision of greater tension on both sides of the scope 1804, such that there is
provided effective cleaning of tfle optical aperture.

[00142] FIG. 18B is a cross-sectional perspective view of the endoscope of FIG. 18A, further '
showing a spooling wiper. FIG. 18C is a top down view of the endoscope of FIG. 18B. In
various embodiments, the wiper elefneht 1862 is a broad strip. In embodiments, the wiper |
element 1862 is a tape with intermittent clear portions and cleaning portions. in,embOdiments,
the wiper element 1862 can include holes or apertures to allow for unimpeded observation with
thev seope while the broad strip is continually spooled over the optical aperture.

[00143] FIG. 19 illustr'etes a block schematic of an endoscope. according to an embodiment of
the present disclosure. According to an embodiment, there is provided an endoscope 1900. The
endoscope 1900 includes an elongate shaft body 1910, and an optical scope 1920 provided
within the elongate shaft body, the optical scope including an optical aperture provided at the
distal end of the optical scope, corresponding to a distal end of the elongate shaft body. The
endoscope 1900 further includes an aperture cover 1930 pfovided at the distal end of the
elongate shaft body for shielding the optical aperture from debris external to the elongate shaft
body, and an actuation system 1940 provided at a proximal end of the elongate shaft body.
According to various embodiments, the actuation system drives tﬁe apefture cover to rotate.
[00144] . In an embodiment, the actuation system includes a motor at a proximal end of the
elongate shaft body. |

[00145] In an embodiment, the ‘motor drives a rotating shaft coupled to the circumference of

the aperture cover.
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[00146] In an embodiment, the rotating shaft is provided between the elongate shaft body and
the optical scope. |

[00147] Inan embodiment, the aperture cover is coupled to the elongate shaft bbdy through a
plurality of bearings. ..

[00148] In an embodiment, the actuation system is a fluid flow actuation system.

[00149] in an embodiment, the actuation system includes any one of a pressurized gas
delivery system and a suction system. In an embodiment, the actuation syste‘in can include a
pressurized gas delivery system. In an embodiment, the actuation system can include a suction
systém.

[00150] Inan embodirﬁent,‘the actuation system includes a pressurized gas,deliver‘y system or
a suction system.

[00151] In an embodiment, the aperture cover is circumferentially coupled to a turbine ring
including a plurality of blades.

[00152) In an embodiment, an innér surface of the elongate shaft body includes a plurality of
fluid guides for directing fluid onto the turbine ring blades.

[00153] In an embodiment, the aperture cover is-coated with any one of a hydrophobic coating
or an oleophobic cdating. In an embodiment, the aperture cover is coated with a hydrophobic
coating. In an embodiment, the aperture cover is coated with an oleophobic coating.

[00154] Inan embodifnent, the endoscope further includes any one of a helical gear or a woﬁn
gear for angulated 6peration of the aperture cover. In an embodiment, the endoscope further
includes a helical gear. In an embddiment, the endoscope further includes a worm gear.

[00155] In an efﬁbodiment, the aperture cover is configured to operate at a rotation speed

which exceeds the flicker fusion threshold.
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[00156] Inan embodiment, the rotation speed is selected from 2 range of between 500 rpm to
10,000 rpm.
[00157] | In an embodiment, | the endoscope further includes a secondary cleaning module
“coupled to the distal end of the elongate shaft body, for cooperation with the aperture cover fqr.
improving visualization.
- [00158] .In an embodiment, the secon_dary cleahing module is a ﬂuid flow actuator arranged to
provide a fluid flow over an extémal surface of the apertu‘ré cover,
t00159] In an embodiment, the fluid flow actuator is coupled to a fluid port on a distal tip on
the elOngate shaft body.
[00160] Inan embodimént, the fluid poft is coupled to a fluid channel provided in fhe elongate
shaft body.’
[00161] In an embodiment, the fluid port is directed to displace debris from in front of the
‘ ex‘t-ernle surface of the aperture cover with a fluid flow.
[00162]) In an embodiment, the endoscope further includes a safety mechanism to indicate a
safety distance from the fluid port.
[00163] 1n an embodiment, the safety mechanism is ahy one of a protruding rod or a
protruding hood. In an embodiment, the safety mechanism is a protruding rod. In an
embodiment, the safety mechanism is a protruding hood.
(00164] In an embodiment, the safety mechanism is a proximity sensor.
- [00165] In an embodiment, the proximity sensor is arranged to provide a feedback indication
to a user.
[00166] In an embodiment, the secondary cleaning module is a fluid flow circulatdr arranged

to provide a fluid flow circulation over an external surface of the aperture cover.
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[00167] In an embodixﬁent, the ﬂuid flow circulator includes a gas inlet port and a gas outlet
port provided at the proximal end of the elongate shaft body.
[00168] In an embodiment, the gas inlet port is coupled-to a gas inlet channel, and the gas
outlet port is coupled to a gas outlet channel, the gas inlet channel and the gas outlet channel
directed tb open at the distai end of the elongate shaft body.
‘[_00169] In an embodiment, the secondary cleaning moduie is a wiper arranged to be in contact
with an external surface of the aperture cover for .i‘mproving visualization. |
[00170] | In an embodiment, the wiper is an elongate band coupled on a first end to the
elongate shaft body and éoupled on a second end to the elongaté shaft body and diametrically
opposite to the first end.
[00171] In an embodiment, the wiper is coupled to a retractable shaft actuated at the proximal
end of the elongate shaft body. -
[00172] In an embodiment, the coupling to the retractable shaft is hinged to elevate the wiper
when the‘retra_ctable shaft is actuated in a first direction and to deploy wiper on the surface of the
aperture cover when the retractable shaft is actuated in the opposite direction.
[00173] In an embodiment, the wiper is arranged to rotate about the aperture cover.
[00174] In an embodiment, the retractable shaft is arranged to rotate about a rotating shaft
coupled to the ape@re cover.
[00175] In an embodifnent, the wiper is*further hinged to a rotating cylinder for rotating the
wiper about the aperture cover.

[00176] In an embodiment, t.he'.wiper is coupled to a pivoting element provided at a point on
‘the circumference of the elongate shaft body and actuated to rotate the wiper in a sWeeping

motion across the aperture cover.
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[00177] Inan embodirhent, the endoscope further includes a second wiper éoupled to a second
pivoting element provided at a diametrically opposing point on the circumference of the elongate
shaft body as the first pivoting eiement.

[00178] In af; emBodiment, the second wipér is arranged to rotate in a sweeping motion across
the aperture cover in succession to thé sweeping motion rotation of the first wiper.

[.00179] In an embodiment, the second wiper is arranged to rotate in a sweeping motion across
the aperture cover in a direction opposing the sweeping motion rétation of ,thé first wiper and in
sﬁécession to the sweeping motion rotation of the first wiper.

[00180] In an embodiment, the wiper is a flexible elongate band coupled at a first end to the
elongate shaft body and céupled at a second end to a carrier, the carrier received in a guide traék”
on the circumference of the elongate shaft body.

[06181] In ah embodiment, the carrier is arranged to traverse from a first position on thé guide
track where the wiper.is deployed across the aperture cover to a second éosition on the guide
track where the wiper is displaced to the circumference of the aperture cover.

[00182] In an embodiment, at the first position on the guide track, the carrier isbdiametrically
opposed to‘the coupling of the first end of the flexible elongafe band to the elongate shaft bpdy.
[00183] In aﬁ embodiment, the flexible elongate band is a resilient band.

[00184] In an embodiment, the coupling of the first end of the flexible élongate band to the
elongate shaft body is a retractable éou}uling for maintaining a tension on the flexible elongate
band.

[00185] In an embodiment, the‘.wiper is a flexible elongate band coupled at a first end and a

second end on the elongate shaft body at diametrically opposing points.
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[00186] In an embodiment, each of the first end and the second end of the flexible elongate

band is coupled to an axle, each axle rotatable about an axis parallél to the length of the elongate

shaft body. |

[00187_]' In an embodiment, the ﬂexible elongate band is arranged for motion only in a plane

parallel to the external surface of the aperture cover.

[00188] In an embodiment, the axle coupled to the first end of the flexible elongate band is
-driven to rotate ‘such that the ﬂexibie elongéte band is actuated from side fo sidé of the elongate

shaft bisected by the diametrically opposing coupliﬁg points.

[00189] In an embodiment, the flexible elongate band is a resilient band.

[00190] In an embodirﬁent, the elongate shaft body further includes a drainageb channel to

allow removal of debris accumulated by the wiper.

[00191] In an embodiment, the endoscope further includes a spooling actuation system

coupled to the wiper.

[00192] Inan embodiment, the wiper is elongated and is actuable With the spooling actuation

system such that a clean portion Qf the wiper can replace a soiled portion for cleaﬁing the

aperture cerr.

[00193] In an embodiment, the wiper is coupled at a first point on the circumference of the

elongate shaft body and coupled at a second point to a shuttle, the shuttle arranged to traverse

about the circumference of the elbngate shaft body.

[00194] In an embodiment, the endoscope further includes a retention module for feceiving a

portion of the wiper, the retention iﬁodule for causing the wiper to contact the external surface of

the aperture cover.
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[00195] In aﬁ embodiment, the wiper is any éne Qf a floss, a thread, ora bundle of threads. In
an embodiment, the- wiper is a floss. In an embodim_eht, the wiper is a thread. In an embodiment,
~ the wiper is a bundle of threads.v

{00196] In an embodiment, the wiper is a strip and includes a pluraiity of regularly spaced
holes in th¢ strip.

'[00197] In an embodiment, the strip is réinforced vs;ith a layef of tape on a side of the strip
which faces away from the aperture cover.

[00198] In an embodiment, an optical lens is provided for mounting over the optical aperture.
[00199] In an embodiment, the optical lens is a dome-shaped lens.

{00200] Inan embodirﬁent, optical lens'is the aperture cover.

[00201] In an embodiment, the endoscope further includes a pair of arms arranged to retain
the wiper over the pair of arms.

[00202] In an embodiment, the pair of arms is provided on opposing sides of the optical
scope, the pair of arms arranged to be retained within the elongate shaft body.

[00203] Inan embodiment, the elongate shaft body is arranged to be retractable préximally.
[00204] In an embodiment, the pair of arms is arranged to flare open and lower the wiper onto
the aperture cover for cleaning. | |
[00205] Inan embodirﬁent, the elongate shaft body further includes a set of guides on an inner
surface of the elongate shaft body.

[00206] In an embodiment, the set of guides is provided by assembling a guide supplément

onto the inner surface of the elongate shaft body.
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[00207] In en embodiment, the set of guides provide' ari édditional point of inflection of the
wiper in transiting tIie wiper from a Spooiing channel parallel t.oi the elongate shaft body to being
eontact with the aperture cover. | |
-[00208] In-an embodiment, the wiper is a clear ﬂex_ible‘materialf for protecting the optical
aipeﬂure, and is spooled to replace a soiled poriioh.
» [00209] The above apﬁaratus, method and/or system as described and illustrated in the
eorresponding figures, is not intended to limit an or any apparatus, mefthod or system as
- according to an embodiment, and the scope of the present disclosure. The description further
includes, either explicitly or implicitly, various features and advantages of the method or system
according to the present disclosure, which can be encomp}assed within an apparatus; method or
system according to the diselosure.
[00210] While embodiments of the disclosure have been particularly shown and described
with reference to speciﬁc embodiments, it should be understood by those skilled in the art that
various changes in form and detail may be made therein without departing from the spirit and
scope of the disclosure as defined by the appended claims. The scope of the disclosure\is thus
indicated by the appended claims and all changes which come within the meanirig and range of

equivalency of the claims are therefore intended to be embraced.
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Claims

What is claimed is:

1. An endoscope cémprising:
an elongaté shaft body;

.‘an optical scope provided within the elongate shaft Body_, the optical scope
comprising an optical aperture provided ‘at the distal end of the optic;ﬂ scope,
' éorrespbnding to a distal end of the elongate shaft body; |
an aperture cover provided ‘at_ the distal end of the elonéate shaft body for
| shielding the optical aperture from debris external to the elongate shaft body; and
an actuation system provided at a proximal end of the elongate shaft body;

wherein the actuation system drives the aperture cover to rotate.

2. The endoscope of claim 1, wherein the actuation system comprises a motor at a

proximal end of the elongate shaft body.

3. The endoscope of claims 1 or 2, wherein the motor drives a rotating shaft coupled

to the circumference of the aperture cover.

4. The endoscope of any one of the preceding claims, wherein the actuation system

is a fluid flow actuation system.

5. The endoscope of any one of claims 6 to 8, wherein the aperture cover is

circumferentially coupled to a turbine ring comprising a plurality of blades.

6. . The endoscope of any one of the preceding claims, further comprising any one of

a helical gear or a worm gear for angulated operation of the aperture cover.

7. The endoscope of any one of the preceding claims, wherein the aperture cover is -

configured to operate at a rotation speed which exceeds the flicker fusion threshold.
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8. The endoscope of any one of the preceding claims, further comprising a
secondary cleaning module coupled to the distal end of the elongate shaft body, for

cooperation with the aperture cover for improving visualization.

9. The endoscope of claim 8, wherein the secondary cleaning module is a fluid flow

actuator arranged to provide a fluid flow over an external surface of the aperture cover.

10. . The endoscope of claim 9, wherein the fluid flow actuator is coupled to a fluid

porton a dis\tal‘tip on the elongate shaft body..

11.  The endoscope of claim 10, wherein the fluid port is directed to displace debris

from in front of the external surface of the aperture cover with a fluid flow.

12.  The endoscope of claim 8, wherein the secondary cleaning module is a fluid flow
circulator arranged to provide a fluid flow circulation over an external surface of the

aperture COver.

13. The endoséope of claim 8, wherein the secondary cleaning module is a wiper
arranged to be in contact with an external surface of the aperture cover for improving

visualization.

14.  The endoscope of claim 13, wherein the wiper is an elongate band coupled on a
first end to the elongate shaft body and coupled on a second end to the elongate shaft

body and diametrically opposite to the first end.

15.  The endoscope of claim 13, wherein the wiper is coupled to a pivoting element
provided at a point on the circumference of the elongate shaft body and actuated to rotate

the wiper in a sweeping motion across the aperture cover.

16.  The endoscope of claim 13, wherein the wiper is a flexible elongate band coupled
" at a first end to the elongate shaft body and coupled at a second end to a carﬁer, the

carrier received in a guide track on the circumference of the elongate shaft body.
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17.  The endoscope of claim 16, wherein the coupling of the first end of the flexible
elongate band to the elongate shaft body is a retractable coupling for maintaining a

tension on the flexible elongate ban_d.

18.  The endoscope of claim 13, further comprising a spooling actuation system

coupled to the wiper.

19. . The endoscope of claim 18, wherein the Wiper is a strip and includes a plurality of

regularly spaced holes in the strip.

20. The endoscope of any one of the preceding claims, wherein an optical lens is

provided for mounting over the optical aperture and wherein the optical lens is a dome-

shaped lens.
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