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SYSTEM AND METHOD FOR DEPOSITION AND REMOVAL OF AN

OPTICAL ELEMENT ON AN ENDOSCOPE OBJECTIVE
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Serial
Number 60/833,897, filed July 28, 2006, the entire content is incorporated

herein by reference. .
FIELD OF THE INVENTION

[0002] The invention relates to medical imaging systems and more
particularly, to a video endoscope capable of operating in multiple imaging modes

to acquire color or multi-channel fluorescence and reflectance images.
BACKGROUND OF THE INVENTION

[0003] Fluorescence endoscopy utilizes differences in the fluorescence
response of normal tissue and tissue suspicious for early cancer as a tool in the
detection and localization of such cancer. The fluorescing compounds or
fluorophores that are excited during fluorescence endoscopy may be exogenously
applied photo-active drugs that accumulate preferentially in suspicious tissues, or
they may be the endogenous fluorophores that are present in all tissue. In the
latter case, the fluorescence from the tissue is typically referred to as
autofluorescence or native fluorescence. Tissue autofluorescence is typically due
to fluorophores with absorption bands in the UV and blue portion of the visible
spectrum and emission bands in the green to red portions of the visible spectrum.
In tissue suspicious for early cancer, the green portion of the autofluorescence

spectrum is significantly suppressed. Fluorescence endoscopy that is based on
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tissue autofluorescence utilizes this spectral difference to distinguish normal from

suspicious tissue.

[0004] A fluorescence endoscopy video system typically includes an
endoscopic light source that is capable of operating in multiple modes to produce
white light, reflectance light, fluorescence excitation light, or fluorescence
excitation light with reference reflectance light, depending on particular filters
inserted between the light source and the illuminated tissue, and between the
tissue and the imaging sensor, respectively. A compact camera with the imaging
sensor, such as a color CCD imager, can be disposed in the insertion portion
(distal end or tip) of the endoscope; alternatively, the camera can be placed at the
proximal end of the endoscope, in which case the acquired image can be
transmitted from the distal end of the endoscope to the proximal end through a

light guide.

[0005] Commonly assigned US Patent Application Serial No. 2006/0241496
A1 discloses a distal filter that can be placed over the distal end of a conventional
white light imaging endoscope to allow the endoscope to perform fluorescence
and white light examinations of a patient. The primary function of this filter is to
prevent the transmission of blue light illumination used for fluorescence
excitation and to transmit all other visible light over the field of view of the

endoscope objective lens.

[0006] The filter may be mounted in a frame that is snap-fitted over the distal
end face of an endoscope. The filter and/or frame may be secured to the

endoscope with a mechanical, adhesive, magnetic force or other means.

[0007] Since fitting of the filter is performed in a clinical environment and for
medical purposes, such fitting must be simple, accurate and reliable. In that

regard, the small size of the filter represents a handling challenge. Even more
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challenging is the accuracy required for placing the filter over the video
endoscope objective lens with sufficient precision. The tips of video endoscopes
are typically 5 -13 mm across and may include multiple closely spaced
illumination ports, water ports, and one or more additional working channels, all

sharing space with the objective lens.

[0008] Therefore, there is a need for a system and a method which enables
accurate and reliable placement of an optical element, such as a filter, over the

video endoscope objective lens in a clinical environment.
BRIEF SUMMARY OF THE INVENTION

[0009] The invention is directed to an applicator for precisely and reliably
placing and attaching an optical element to the distal end of an endoscope in a

clinical setting.

[00010] According to one aspect of the invention, an applicator for attaching an
optical element to an optical port disposed on a distal end of an endoscope
includes a base having an opening, with the optical element releasably supported
in the opening, one or more alignment members extending from the proximal side
of the base, and an actuatable element disposed on the distal side of the base and
adapted to transmit a force to the optical element, wherein the optical element is

released in a proximal direction by actuating the force-transmitting element.

[00011] According to another aspect of the invention, an applicator is provided
that is adapted to engage with a distal end of an endoscope, wherein the distal end
includes a registration feature. The applicator includes a base having at least one
alignment member that is configured to engage with the registration feature of the
endoscope’s distal end, and an optical element releasably disposed in or on an

opening of the base and in alignment with an optical port in the endoscope’s distal
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end when the at least one alignment member engages with the registration feature
of the endoscope’s distal end. The applicator further includes an actuator disposed
on or in the base and configured to release the optical element from the base and

to urge the optical element in a proximal direction under an external force applied

to the actuator.

[00012]  According to yet another aspect of the invention, in a method for
attaching an optical element to an optical port disposed on a distal end of an
endoscope with one or more registration features, an applicator is provided which
releasably holds the optical element, which has an adhesive side facing the
endoscope’s distal end and an opposing non-adhesive side. The applicator
comprises one or more alignment members. The method further includes the steps
of engaging one or more of the alignment members disposed on the applicator
with corresponding ones of the registration features disposed at the endoscope’s
distal end, thereby aligning the optical element with the optical port, and applying
with the applicator an external force against the non-adhesive side of the optical
element so as to disengage the optical element from the applicator and urge the

adhesive side of the optical element into contact with the optical port.

[00013] The invention is also directed to a kit for converting a white-light
endoscope to an endoscope for combined white-light/fluorescence imaging. The
kit includes the aforedescribed applicator in a sterile package and one or more
cleaning implements as well as a removal tool to remove the optical element from
the optical port at the distal end of the endoscope after use. The kit may further
include a cleaning solution that may be impregnated on or in the cleaning

implement, or that may be available for such impregnation by the user.

[00014] Embodiments of the invention may include one or more of the

following features. The actuatable element may be implemented as a piston
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slideably disposed in a piston housing that extends from the distal side of the
base, with the piston adapted to transmit the force to the optical element. The
actuatable element may also be configured as a lever arm or a membrane; a
compliant tip made, for example, of silicone rubber, may be interposed between
an end of the piston, lever arm or membrane facing the first major surface of the

optical element and the optical element.

[00015]  The one or more alignment members may be integrally formed with
the base and configured to engage with a corresponding registration feature
disposed on the distal end of the endoscope, which may be ports other than the
optical port, or other structural surface features formed on the endoscope’s distal
end. Advantageously, the base may also include one or more gripping surfaces for

handling the applicator.

[00016] The optical element may be an optical filter fabricated, for example, of
polycarbonate. The optical element may have a first major surface that is non-
adhesive and a second major surface of the optical element facing the optical port
(when the endoscope and applicator are registered) that is adhesive for attachment
to, for example, an imaging lens. The adhesive side of the optical element may
supported on a shoulder or recess extending radially inward in the opening;
alternatively, the adhesive side of the optical element may supported by a metal
disk which is disposed on the base and includes the opening for the optical
element. In certain embodiments, the invention provides an endoscope with one

of the applicators described herein.

[00017] Further features and advantages of the present invention will be
apparent from the following description of preferred embodiments and from the

claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[00018] The following figures depict certain illustrative embodiments of the
invention in which like reference numerals refer to like elements. These depicted
embodiments are to be understood as illustrative of the invention and not as

5 limiting in any way.

[00019] FIG. 1A is a block diagram of a fluorescence endoscopy video

system in accordance with one embodiment of the present invention;

[00020] FIG. 1B shows the distal end of the fluorescence endoscopy video

system of FIG. 1A with a filter incorporated inside the camera;

10 [00021] FIG. 1C shows the distal end of the fluorescence endoscopy video
system of FIG. 1A with an external distal filter that allows a conventional

endoscope to perform both fluorescence and white light imaging;

[00022] FIG. 2A and 2B show operation of the distal filter of FIG. 1B for
fluorescence (FIG. 2A) and white light mode imaging (FIG. 2B);

15 [00023] FIG. 3 shows schematically an exemplary embodiment of a distal

filter according to the invention;

[00024] FIG. 4 shows an exemplary configuration of a distal end of an

endoscope with optical and working ports;

[00025] FIG. 5 shows an embodiment of an applicator according to the

20 invention placed over the distal end of an endoscope;

[00026] FIG. 6 shows the applicator of FIG. 5 in a cross-sectional view and
as an inset, at an enlarged scale, the support for the distal filter and a piston

for urging the filter against the optical port;
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[00027] FIG. 6A shows another embodiment of the support for the distal
filter;

[00028] FIG. 6B shows another embodiment of an applicator according to

the invention placed over the distal end of an endoscope;

[00029] FIG. 6C shows yet another embodiment of an applicator according

to the invention placed over the distal end of an endoscope;

[00030] FIG. 6D shows sequential steps for applying an optical element on
the distal end of an endoscope with the applicator of FIG. 5;

[00031] FIG. 7 shows the applicator according to the invention enclosed in

a sterile package; and

[00032] FIG. 8 shows a sterile kit with the applicator according to the

invention and a filter cleaning and removal tool.
DETAILED DESCRIPTION OF THE INVENTION

[00033] FIG. 1A is a block diagram of an exemplary fluorescence endoscopy
video system 10 which includes a multi-mode light source 102 that generates light
for obtaining color and fluorescence images. The use of light source 102 for
obtaining different types of images will be described in further detail below. Light
from the light source 102 is supplied to an illumination guide 104 of an endoscope

110, which then illuminates a tissue sample 12 to be imaged.

[00034] As shown in FIG. 1A, the system also includes a camera 100, such as a
color CCD camera, in particular a color CCD camera capable of operating under
low light conditions, located at the insertion end, also referred to as distal end or

tip, of the endoscope 110. The light from the tissue 12 is captured by the camera
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100. With the camera 100 located at the insertion end of the endoscope, the
resulting endoscope 110 can be characterized as a fluorescence video endoscope,
similar to video endoscopes currently on the market (such as the Olympus CF-
240L) in utility. In addition to conventional color imaging, the endoscope can be
utilized for fluorescence/reflectance and/or fluorescence/fluorescence imaging.
Locating the camera at the insertion end of the endoscope improves the light
sensitivity and image resolution compared to endoscopes having an imaging guide

or a relay lens.

[00035] A processor/controller 106 communicates with the camera 100 and the
light source 102 via electrical and/or optical signal transmission lines routed
within the endoscope, and produces video signals that can be displayed on a video
monitor 108. Alternatively, the camera 100 can communicate with the

processor/controller 106 over a wireless link (not shown).

[00036] As shown in FIG. 1B, the exemplary camera 100 includes a single
color CCD sensor 103 and suitable imaging optics 113. Each of the pixel elements
on the single color CCD sensor 103 is covered by an integrated filter, typically
red, green or blue. These filters define the wavelength bands of fluorescence and
reflectance light that reach the individual pixel elements. Such filters typically
have considerable spectral overlap between the red, green, and blue passbands,
which can lead to considerable crosstalk when imaging low-intensity fluorescence
light in the presence of the much more intense reflected excitation light. It is
therefore advantageous to place a separate filter 118 in the optical path before the
CCD sensor 103 which passes the fluorescence light, but reduces the intensity of
reflected excitation light to the same level as that of the fluorescence light. The
individual primary fluorescence and reference image signals can be generated
from the image signals received by processor/controller 106 from CCD sensor

103. It will be understood that instead of a single color CCD sensor, the color
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image sensor 103 may be a three-CCD color image sensor assembly, a color
CMOS image sensor, or a three-CMOS color image sensor assembly, optionally

with charge carrier multiplication.

[00037]  As also shown in FIG. 1B, the filter 118 in current fluorescence
video-endoscopy systems is typically built in to the endoscope’s distal end
(typically between the objective lens and the low light image sensor), thus
requiring dedicated endoscopes. Filter 118 blocks the strong excitation light used
to excite the tissue fluorescence these systems are intended to image. This built-in
filter distinguishes these endoscopes from those used for conventional video-
endoscopy. To be able to use a conventional video-endoscope, which lacks the
built-in filter 118, for also imaging tissue fluorescence, an externally mounted
filter 202 can instead be applied externally to a conventional video-endoscope that
contains a sufficiently sensitive image sensor to also image tissue fluorescence, as
shown in FIG. 1C. This combination of a conventional video endoscope and an
externally mounted filter 202 can be used in conjunction with an appropriate
endoscopy light source 102 to image both in both color (or white light) and

fluorescence modes.

[00038]  FIG. 1C illustrates one embodiment of a conventional video-
endoscope with a distal filter 202 placed over the distal end or tip to allow the
endoscope to perform fluorescence and white light examinations of a patient. As
will be described below, the filter 202 blocks excess excitation light from
reaching the image sensor 103, but allows sufficient blue light intensity to pass in

order to render white light images with proper white balance.

[00039] FIGS. 2A and 2B illustrate the operation of the distal filter 202 in
further detail. An exemplary endoscope 250 includes illumination ports 252, 254
that supply illumination light to an area of interest. Another port 256 is the distal
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entrance to a working channel through which endoscopy tools can be passed in
order to perform a desired task such as obtaining a biopsy sample, marking tissue
with dye or perform some other diagnostic or therapeutic procedures. Light that is
reflected from the tissue 350 is captured by a lens 258 that images the light onto a
color sensor 262. In this embodiment, the color light sensor is a CCD, CMOS or
equivalent image sensor 262 with a mosaic filter 260, such as a RGB filter,
positioned in front of sensor 262. Image signals produced by the image sensor are
transmitted to image processor 106 (FIG. 1A) that converts the signals into video
signals that can be displayed on monitor 108, transmitted to another location, for
example, for remote diagnosis, or recorded on a storage medium for later review

or comparison.

[00040] The endoscope 250 is shown as being fitted with the distal end filter
202. As will be described in more detail below, the filter 202 is designed as a
single-use device that is applied to the tip of the conventional color CCD video
endoscope prior to endoscopy and that is removed following endoscopy. The filter
covers the field of view of the video endoscope objective lens 258, but does not
block the illumination ports 252, 254 or working channel 256, water ports (not
shown) or other features that may be located on the endoscope tip. The filter
remains firmly attached to the endoscope tip, preferably directly to lens 258, until

it is deliberately removed.

[00041]  The filter 202 is positioned in front of the imaging lens 258 and
prevents excitation light from reaching the image sensor. In one embodiment, the
filter removes the excitation light having wavelengths in the UV/blue spectral
range, for example a wavelength range between about 370 nm and about 450 nm,
or some subset of this wavelength range, but passes some blue light, for example
451-480 nm, for use in white light imaging, as will be described below. Because

most endoscopes have objective lenses with a wide field of view, the filter should

10
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block excitation light over a correspondingly wide field of view. The filter should
also be thin enough so as not to introduce optical aberrations or interfere with the
mechanical properties and maneuverability of the endoscope tip. Examples of
suitable filters are, for example, dye-based absorption filters designed to block the
desired range of excitation light and to operate over a wide field of view, such as

Kodak Wratten gel filters.

[00042]  As shown in FIG. 2A, the distal filter 202 allows fluorescence images
to be obtained in at least two modes. In a first mode, excitation light, typically in
the UV/blue wavelength spectral band, is provided from a light source (not
shown) and through the illumination ports 252, 254 whereupon it is incident on a
tissue sample 350. A portion of the excitation light causes the tissue sample to
produce fluorescence light while another portion of the excitation light is reflected
off the surface of the tissue 350. Excitation light reflected from the surface of the
tissue 350 is blocked by the filter 202, whereas the fluorescence light and light in
other spectral bands passes through filter 202.

[00043] In one fluorescence imaging mode, only fluorescence light is used to
produce video images of the tissue. In another mode, the tissue is illuminated with
the excitation light and some amount of reflectance light. As shown in the
exemplary embodiment depicted in FIG. 2A, the reflectance light is in the red
spectral band. The reflectance light passes through filter 202 and the mosaic filter
260 disposed in front of image sensor 262. Images of the tissue are obtained by
combining, for example, the green pixels from image sensor 262 to obtain a
fluorescence image in the green spectral band and the red pixels from image
sensor 262 to obtain a reflectance image in the red spectral band. Alternatively,
the reflectance light may be provided in the green spectral band and a
fluorescence image in the red spectral band. In yet another embodiment, the

reflectance image can be produced from blue reflectance light having wavelengths

11
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that are not filtered by filter 202. The fluorescence and reflectance images may be
combined and displayed on video monitor 108 (FIG. 1A). To prevent the intense
light from the reflectance image from overpowering the low light level of the
fluorescence image, the amount of reflectance light supplied from the light source
is selected to be comparable to the amount of fluorescence light received by

image sensor 262.

[00044]  As shown in FIG. 2B, endoscope 250 can also be used to obtain white
light images of the tissue 350 by illuminating the tissue with light having red,
green and blue spectral components. The illumination light is reflected by the
tissue sample 350, passes through filter 202 and is focused onto image sensor 262
by the endoscope's imaging lens 258. Because the filter 202 removes most of the
blue reflectance light, the light received by image sensor 262 includes excess red
and green light. To compensate for the reduced blue light intensity at the image
sensor, the illumination light should either contain excess blue light intensity in
the band that passes through the filter 202 or contain reduced green and red light
intensity so that the resulting image produced by the image sensor may be white
balanced. Additional fine-tuning of the white balance of the images produced by
the image sensor 262 can be accomplished by image processing software in the

image processor 106 (FIG. 1A).

[00045] The filter 202 may be secured to the endoscope’s distal end with an
adhesive. In one embodiment, illustrated in FIG. 3, filter 202 may be composed of
various flexible, optically transparent materials, such as a dyed polycarbonate
filter disk 202a with a diameter of several millimeters. The filter disk 202a may

be laminated to an optically clear adhesive 202b for a total thickness of

approximately 100 pum.

12
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[00046] Since the filter is applied externally to the endoscope’s distal end in a
clinical environment and for medical purposes, the attachment must be reliable,
simple, accurate and free of contaminants. In that regard, the small size of the
filter represents a handling challenge. Endoscopy suites are not equipped with
tools for such purposes, medical staff is frequently gloved and pre-endoscopy
preparation time is often limited. Even more challenging is the accuracy required
for placing the filter over the video endoscope objective lens with sufficient
precision. The tips of video endoscopes 60 are typically S -13 mm across and can
be very crowded with multiple illumination ports 252, 254, water ports, and one
or more working channels 256, all sharing space with the objective lens 258. (See

FIGS. 2A and 2B and FIG. 4).

[00047] Mechanical considerations are not the only concern in fitting a filter to
an endoscope objective. Endoscope objectives have a wide field of view (typically
between about 120° and about 170°) and the optical aperture of the filter should
not occlude any part of that field. Moreover, trapping of contaminants or air
between the filter and the objective lens which could degrade the optical
performance of the video endoscope should also be prevented or at least
minimized. Although endoscopes are typically cleaned, washed and disinfected
by specialized washing machines, it is not uncommon for some form of residue to
remain on the objective lens. Such residue needs to be cleaned prior to endoscopy
and in the case where a filter is to be fitted to the objective lens, such cleaning
would need to take place prior to fitting the filter. Any remaining contaminants
between the filter and the objective may also adversely affect the adhesion of the
filter to the endoscope objective. Once fitted, the filter needs to remain firmly and
securely attached throughout the endoscopy procedure. Finally, since the filter

will contact mucous membranes, it is desirable that the filter itself should be

13
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sterile and remain so until the endoscope is inserted into the patient at the

beginning of the procedure.

[00048] FIG. 4 shows in a perspective view another exemplary configuration
of the distal end 402 of an endoscope 110 with an optical port 404, illumination
ports 406, working port 408, water ports 410a, 410b and other features, such as tip
surface contours 412, which may aid in placing filter 202 on the endoscope’s

distal end 402.

[00049] FIGS. 5 and FIGS. 6 through 6B show an applicator 50 according to
the invention. Applicator 50, when properly registered with endoscope’s distal
end 402, can be used to accurately place filter 202 (or any other optical element
such as a lens adapter or relay optics) on optical port 404 of distal end 402.
Applicator 50 is supplied with filter 202 already mounted therein, as described
below in more detail with reference to FIG. 6. The exemplary embodiment of
applicator 50 illustrated in FIG. 5 has a substantially round base section 510 with
gripping surface(s) 520 to aid an operator in handling the applicator 50. The distal
end of base section 510 (i.e., the end pointing away from distal end 402)
transitions into or is attached, for example by a snap-in connection, to a
longitudinally extending, substantially cylindrical projection 516 adapted to
receive a piston 518 which is movable in the longitudinal direction, as indicated
by arrow A in FIG. 6. Alignment members, such as projections 512a, 512b, 514,
are integrally formed on, such as molded, or attached to the proximal end of base
section 510. The exemplary projection 514 is adapted to engage with, for
example, the working channel 408, whereas the projections are adapted to engage
with a circumferential shoulder 414 of endoscope distal end 402 to position
adapter 50 on distal end 402 with the proper orientation. Other embodiments may
use other locating features, such as the water ports 410a, 410b and tip surface

contours 412.

14
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[00050] As suggested in FIGS. 6 and 6A, the piston 518 may be held in place
by a small detent 515 located, for example, near the top of the piston housing.
Detent 515 prevents the piston 518 from being inadvertently activated and
prematurely ejecting the filter before a force is intentionally applied to the piston

to place the optical element 202 on optical port 404.

[00051] FIG. 6 shows applicator 50 in cross-section, with the insert showing
the placement of filter 202 on base section 510 in more detail. Base section 510
has an opening 62 which optionally includes an annular inward recess or shoulder
66. The diameter of opening 62 is preferably slightly smaller than the diameter of
filter 202, thereby precisely and securely supporting filter 202 in opening 62.
When the applicator 50 is properly positioned over the distal end 402 of the
endoscope, the projections 512a, 512b, 514 place the opening 62 directly over the
optical port or objective lens 404 of the endoscope. The filter 202 is then centered
in the opening 62 with the adhesive side 202b of filter 202 facing the optical port
404.

[00052] In an alternative embodiment illustrated in FIG. 6A, the top of the base
may be provided with a metal disk 67 having a hole that will be precisely
positioned by the applicator 50 over the endoscope’s optical port 404. The hole in
the disk is slightly smaller in diameter than the optical element that is centered
over the hole. The disk 67 may be made, for example, of a thin brass sheet or
another material capable of holding the optical element before its release by the

force applied to the piston.

[00053] In the exemplary embodiment depicted in FIGS. 6 and 6A, a
membrane 517 covers substantially the entire opening in base 510. A compliant
tip 64, 64a is formed in the center of the membrane 517 on the side facing the

optical element 202. The tip 64, 64a presses against the center of optical element
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202 when an external force is applied to piston 518 in the direction of arrow A. In
this way, the optical element is pressed against the optical port 404 (or a lens in
the optical port) from the center of the lens outwardly, thereby eliminating
trapped air bubbles. Alternatively, the tip may be disposed on the end of the

piston facing the optical element without an interposed membrane.

[00054] FIGS. 6B and 6C are examples of other possible embodiments of the
applicator 50, indicated by the reference symbols 50’ (FIG. 6B) and 50’ (FIG.
6C), respectively. The difference between these embodiments and the applicator
50 of FIG. 6 is modifications in the actuation mechanism for releasing the optical
element 202. For example, applicator 50’ is shown to include a resilient strut or
lever arm 68, wherein one end of the lever arm 68 may be attached to the base,
and the other end of the lever arm 68 is in force-transmitting communication with
a resilient tip 64a, which may be constructed similar to the tip 64 in Fig. 6A.
Applicator 50’ may include a dome-shaped membrane which may also include a
tip 64b facing the optical element 202, with the tip 64b pushing the optical
element 202 out of an opening against the optical port (in response to force
exerted on membrane 68b), as analogously described above with reference to
FIGS. 6 and 6A. Those skilled in the art will appreciate that other types of
actuation mechanisms can be contemplated for use with the aforedescribed
actuator, as long as an optical element can be precisely positioned over an optical

port of an endoscope.

[00055) FIG. 6D illustrates a sequence of steps for positioning optical
applicator 50, 50’ or 50°” on the distal end of the endoscope. One of the alignment
members 514 (see FIG. 5) is pushed into, for example, working port 408, while
the outside projections 512a, 512b grip around the periphery of the distal end.
Referring now also back to FIGS. 5 and 6, for securely attaching filter 202 to the

optical port or objective lens 404, an operator presses down on piston 518 in the
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direction indicated by arrow A. The compliant, rounded tip 64 then presses
against the center of the non-adhesive side 202a of filter 202, also in the direction
indicated by arrow A. Piston 518 then pushes filter 202 through the opening 62
against the optical port or objective lens 404, thereby ejecting the filter through
the opening 62 towards the optical port 404. In one embodiment, the piston 518
may be composed of silicone rubber, but other suitable elastomer compounds can
also be used. When the rounded tip of the piston 518 presses the filter 202 onto
the endoscope objective lens in optical port 404, filter 202 contacts the endoscope
objective from the center of the lens outwardly toward the periphery of the lens,

thereby removing air bubbles trapped between the filter and the objective lens.

[00056]) As shown in FIG. 7, applicator 50 is preferably preassembled with
optical filter 202 and sealed in a sterile package 70. Prior to endoscopy, the
applicator containing the filter 202 is removed from the sterile package 70 and
positioned over the endoscope’s distal end 402 (see FIG. 5). Applicator 50 is then
pushed over distal end 402, with the interior projection(s) 514 engaging with the
mating port(s) 408 and the outside projections 512a, 512b slidingly engaging with
a portion of the exterior peripheral surface of distal end 402. The filter 202 is then
applied to optical port 404 as described above.

[00057] As shown in FIG. 8, applicator 50 may be supplied as a kit 800 which

may include:

e A first solvent-impregnated swab or wipe 804a impregnated with a
volatile solvent, such as alcohol or acetone, for preparing endoscope distal
end 402 and removing any residue, oil or dust from the endoscope’s

optical port or objective lens 404 prior to application of filter 202;
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e A removal tool 802 that aids in the removal of filter 802 after the
endoscopy. A suitable tool is, for example, a plastic spatula-shaped
instrument, such as a polypropylene nail cleaner/pick available from

Qosina, Edgewood, New York;

® A second solvent-impregnated swab, (e.g. an alcohol-impregnated wipe)
804b for removing residual adhesive or other contaminants from the
endoscope objective lens after removal of filter 202 and prior to

processing of the endoscope for reuse.

[00058] While the invention has been disclosed in connection with the
preferred embodiments shown and described in detail, various modifications and
improvements thereon will become readily apparent to those skilled in the art. For
example, although not illustrated in the drawings, alignment may also be achieved
by providing on the adapter of the invention recesses adapted to mate with
features that protrude on the endoscope tip (such as port used to spray water
across the objective lens to clear the lens) or by providing on the adapter a recess
or projection adapted to engage with a complementary feature disposed, for
example, along the periphery of the endoscope tip. Accordingly, the spirit and

scope of the present invention is to be limited only by the following claims.

[00059] What is claimed is:
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CLAIMS

1. An applicator for attaching an optical element to an optical port disposed on a
distal end of an endoscope, said applicator having a proximal side and an opposing distal
side, the applicator comprising:

a base having an opening and supporting the optical element in the opening,

the optical element releasably disposed within said opening;

one or more alignment members extending from the proximal side of the base,
and

an actuatable element disposed on the distal side of the base and adapted to
transmit a force to the optical element,

wherein the optical element is released in a proximal direction by actuating the

actuatable element.
2. The applicator of claim 1, wherein the actuatable element comprises a piston
housing extending from the distal side of the base, and

a piston slideably supported in the piston housing and adapted to transmit the

force to the optical element.

3. The applicator of claim 2, wherein the piston comprises a compliant tip facing the

optical element.

4. The applicator of claim 3, wherein the compliant tip comprises silicone rubber.
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5. The applicator of claim 1, wherein the actuatable element comprises a tip adapted
to transmit the force to the optical element and at least one strut connecting the tip to the

base.

6. The applicator of claim 1, wherein the actuatable element comprises a resilient
membrane disposed on the base, said membrane adapted to transmit the force to the

optical element.

7. The applicator of claim 6, further comprising a tip disposed on or integrally

formed on the membrane and facing the optical element.

8. The applicator of claim 1, wherein the one or more alignment members are
configured to engage with a corresponding registration feature disposed on the distal end

of the endoscope.

0. The applicator of claim 1, wherein the first major surface of the optical element is

non-adhesive and a second major surface of the optical element facing the optical port is

adhesive.

10.  The applicator of claim 9, wherein the optical element comprises an optical filter.
11.  The applicator of claim 10, wherein the optical filter comprises polycarbonate.
12. The applicator of claim 9, wherein the adhesive side of the optical element is

supported on a shoulder or recess extending into the opening.
13. The applicator of claim 9, wherein the adhesive side of the optical element is

supported by a metal disk disposed on the base, said metal disk having an opening and

supporting said optical element in the opening.
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14. The applicator of claim 1, wherein the one or more alignment members and the

piston housing are integrally formed with the base.

15.  The applicator of claim 1, wherein the base comprises one or more gripping

surfaces for handling the applicator.

16. The applicator of claim 1, further comprising an enclosure for packaging the

applicator in a sterile environment.

17.  An applicator adapted to engage with a distal end of an endoscope having a
registration feature and an optical port, comprising:

a base having at least one alignment member that is configured to engage with the
registration feature of the endoscope’s distal end,

an optical element releasably disposed in or on an opening of the base and in
alignment with the optical port in the endoscope’s distal end when the at least one
alignment member engages with the registration feature of the endoscope’s distal end,
and

an actuator disposed on or in the base and configured to release the optical
element from the base and to urge the optical element in a proximal direction under an

external force applied to the actuator.

18. A method for attaching an optical element to an optical port disposed on a distal
end of an endoscope comprising one or more registration features, comprising the steps
of:

providing an applicator releasably holding the optical element, said optical
element having an adhesive side facing the endoscope’s distal end and an opposing non-

adhesive side, and said applicator comprising one or more alignment members;
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engaging one or more of the alignment members disposed on the applicator with
the one or more corresponding registration features disposed at the endoscope’s distal
end, thereby aligning the optical element with the optical port, and

applying with the applicator an external force against the non-adhesive side of the
optical element so as to disengage the optical element from the applicator and urge the

adhesive side of the optical element into contact with the optical port.

19. The method of claim 18, further comprising withdrawing the applicator from the

distal end of the endoscope, while leaving the optical element attached to the optical port.

20.  The method of claim 18, wherein applying an external force comprises actuating a
yieldable element disposed in or on the applicator, said yieldable element being in force-

transmitting communication with a non-adhesive side of the optical element.
21.  The method of claim 18, wherein the one or more registration features are
selected from the group consisting of a working port, a water port, an external peripheral

surface, and a surface contour formed on the distal end.

22, The method of claim 18, further comprising cleaning the endoscope’s optical port

prior to placing the applicator on the distal end of the endoscope.

23.  The method of claim 22, wherein cleaning comprises applying a volatile solvent

to the endoscope’s optical port.

24, The method of claim 18, further comprising removing the applicator from a sterile

package.

25.  AKkit for converting a white-light endoscope to an endoscope for combined white-

light/fluorescence imaging, comprising:
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an applicator according to claim 1 enclosed in a sterile package,
one or more cleaning implements;
a cleaning solution for cleaning the optical port, and

a removal tool for removing the optical element following an endoscopic

procedure.
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