US 20110295061A1

a9y United States

12 Patent Application Publication (o) Pub. No.: US 2011/0295061 A1

HARAMATY et al,

(43) Pub. Date: Dec. 1, 2011

(54)

(75)

(73)

1)
(22)

(60)

METHOD AND DEVICE FOR IMAGING AN
INTERIOR SURFACE OF A CORPOREAL
CAVITY

Inventors: LIOR HARAMATY, Cresskill, NJ
(US); RON HADANI, Cresskill, NT
Us)

Assignee: NANAMED, LL.C, NORTHVALE,
NI (US)

Appl. No.: 13/104,832

Filed: May 10, 2011

Related U.S. Application Data

Provisional application No. 61/333,189, filed on May
10, 2010.

Publication Classification

(51) Int.Cl

AGIB 1/04 (2006.01)
(52) USuCl wooooooeoeeeeeeeeeeee 600/109
(57) ABSTRACT

An endoscopic imaging catheter is configured for insertion,
optionally via a longitudinal channel of an endoscopic inset-
tion tube. The endoscopic imaging catheter includes reflect-
ing and optical elements and an imaging element. The reflect-
ing element reflects onto the imaging element through the
optical element side and rear views of at least a portion, or the
entire 360° view of a wall encircling an intrabody lumen
around the axis of said the longitudinal channel.
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METHOD AND DEVICE FOR IMAGING AN
INTERIOR SURFACE OF A CORPOREAL
CAVITY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efitof the filing date of co-pending, commonly assigned U.S.
Provisional Patent Application Ser. No. 61/333,189, filed
May 10, 2010, incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to an endoscope
assembly. More particularly, the invention relates to an aux-
iliary endoscopic imaging catheter and a method of perform-
ing a medical procedure.

BACKGROUND OF THE INVENTION

[0003] Anendoscope is amedical or industrial device com-
prising a flexible or rigid tube and a camera or fiber optics
mounted on the distal end of the tube. The endoscope is
insertable into an internal body cavity through a body orifice
orasurgical incision to examine thebody cavity and tissues as
part of a diagnosis or therapeutic procedure. The tube of the
endoscope has one or more longitudinal channels, which may
be used for irrigation, or suction, or through which an instru-
ment can reach the body cavity to take samples of suspicious
tissues or to perform other surgical procedures such as
polypectomy, tissue ablation or localized drag delivery.
[0004] There are many types of endoscopes, and they are
named in relation to the organs or areas with which they are
used. For example, gastroscopes are used for examination and
treatment of the esophagus, stomach, and duodenum; colono-
scopes are used for examination and treatment of the colon;
bronchoscopes are used for examination and treatment of the
lungs and bronchi; laparoscopes are used for examination and
treatment of the peritoneal cavity; sigmoidoscopes are used
for examination and treatment of the rectum and the sigmoid
colon; arthroscopes are used for examination and treatment of
joints; cystoscopes are used for examination and treatment of
the urinary bladder; ureteroscopes are used for examination
and treatment of the ureters and kidneys; and angioscopes are
used for examination and treatment of blood vessels.

[0005] Many conventional endoscopes include a single for-
ward-viewing fiber bundle or a camera mounted at the distal
end of the endoscope that captures and transmits an image to
an eyepiece, in the case of fiber bundle, or to a video display
monitor at the proximal end. The image is used to assist a
medical professional in advancing the endoscope into a body
cavity and looking for abnormalities. The camera provides
the medical professional with a two-dimensional view from
the distal end of the endoscope. To capture an image from a
different angle or in a different portion of the endoscope, the
endoscope must be maneuvered, repositioned, articulated, or
moved back and forth. All these maneuvers of the endoscope
prolong the procedure and cause added discomfort, compli-
cations, and risks to the patient. Additionally, in an environ-
ment such as the lower gastro-intestinal tract, flexures, tissue
folds, and unusual geometries of the organ may prevent the
endoscope’s forward-looking camera from viewing behind
tissue folds, flexures, and other “hidden” areas of the lumen.
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The inability to view behind the folds, flexures, and other
“hidden” areas may cause a potential polyp to be missed
during colonoscopy.

OBJECTS OF THE INVENTION

[0006] It is an object of the invention to overcome the
problem of limited forward-looking characteristics of known
endoscopes.

[0007] It is also an object of the invention to provide an
endoscopic imaging catheter comprising:

[0008] a longitudinally extending shaft having a proximal
end, a distal end, and an outer surface, wherein the distal end
comprises a portion that is transparent;

[0009] asource of light in the distal end of the shaft;
[0010] a proximally facing reflective element positioned
within the distal end of the shaft; and

[0011] animaging element positioned within the distal end
ofthe shaft and in communication with the reflective element,
[0012] wherein the imaging element in the distal end of the
shaft can obtainimages ofup to 360°, preferably 360°, around
the distal end of the shaft and in a proximal or substantially
proximal direction.

[0013] It is a further object of the invention to provide an
auxiliary endoscopic imaging catheter for insertion via a lon-
gitudinal working channel in an endoscope or an endoscopic
insertion tube, comprising:

[0014] a longitudinally extending shaft having a proximal
end, a distal end, and an outer surface, wherein the distal end
comprises a portion that is transparent;

[0015] asource of light in the distal end of the shaft;
[0016] a proximally facing reflective element positioned
within the distal end of the shaft; and

[0017] animaging element positioned within the distal end
ofthe shaft and in communication with the reflective element,
[0018] wherein the imaging element in the distal end of the
shaft can obtainimages ofup to 360°, preferably 360°, around
the distal end of the shaft and in a proximal or substantially
proximal direction.

[0019] These and other objects of the invention will
become more apparent from the discussion below.

SUMMARY OF THE INVENTION

[0020] In one embodiment, the present invention provides
for a retrograde or rear view that augments the forward-
looking view of a conventional endoscope. This embodiment
provides for a rear-looking video camera and a light source,
mounted on the distal end of an endoscopic insertion tube,
that together provide for an auxiliary endoscopic imaging
catheter.

[0021] Optionally, the auxiliary endoscopic imaging cath-
eter is designed to be insinuated into a channel of a conven-
tional endoscope and to exit from the distal opening of the
channel of the conventional endoscope.

[0022] According to an embodiment of the invention, the
endoscope is an auxiliary endoscopic imaging catheter. The
endoscope assembly includes a main endoscope that includes
aninsertion tube, a forward-viewing imaging device mounted
atadistal end area ofthe insertion tube, and a channel extend-
ing through the insertion tube. The auxiliary endoscopic
imaging catheter extends through the channel of the insertion
tube of the main endoscope and exits from a distal opening of
the channel of the insertion tube.
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[0023] According to another embodiment of the invention,
the auxiliary endoscopic imaging catheter is moveable along
the channel of the main endoscope to adjust the distance
between the camera and light source of the auxiliary endo-
scopic catheter and the camera and light source of the main
endoscope in order to avoid optical interaction or cross-talk
between them.

[0024] In an exemplary embodiment of the invention, the
camera of the auxiliary endoscopic imaging catheter allows
for capturing at least a portion of a fold, flexure, or other area
“hidden” to a forward-looking main endoscope, without
maneuvering or articulating the tip of the main endoscope.
[0025] Optionally, parts or the entire auxiliary endoscopic
imaging catheter are disposable and or replaceable

[0026] Optionally, the auxiliary endoscopic imaging cath-
eter is flexible and does or does not include a steering or
articulation mechanism.

[0027] In accordance with another embodiment of the
invention, an auxiliary endoscopic imaging catheter for inser-
tion via a longitudinal channel of a main endoscope’s inser-
tion tube, comprises a distal head which includes a rear view
camera and light source. The rear view camera includes opti-
cal components including a mirror, which without any move-
ment, continuously reflects to the camera the surface of the
cavity located behind to the side and optionally in front of the
camera.

[0028] The present invention, in certain embodiments
thereof, relates to a method and an apparatus for intrabody
imaging and, more particularly, but not exclusively, to a
method and an endoscope for imaging to the side of the
endoscope.

[0029] According to certain embodiments of the present
invention, there is provided an endoscopic imaging catheter
which is optionally designed to be inserted via a working
channel of an endoscopic insertion tube, and which allows the
imaging of walls which encircle an intrabody lumen. Option-
ally, this catheter is used for imaging portions of the wall
which are outside the view of a camera provided with the
endoscope insertion tube, for example, portions of which are
behind the view of such camera.

[0030] Optionally, both aninsertion tube imagerand a cath-
eter imager are used together to image different and possibly
overlapping parts of the intrabody lumen, optionally simul-
taneously. Optionally or alternatively, illumination is shared
between the two imaging systems. Optionally, the imaging
catheter includes an illumination guide or means. Optionally,
such illumination means is arranged so that it does not
directly illuminate the imaging system of the imaging cath-
eter. Optionally or alternatively, the imaging catheter imaging
system is arranged so that it is not directly illuminated by an
illumination means of the endoscope, for example, if the
catheter is advanced a sufficient amount. Optionally, this
direct illumination is prevented by recessing one or more
parts of the imaging system of the imaging catheter so that the
body of the imaging catheter blocks light from the illumina-
tion means of the endoscope. Optionally or alteratively to
changing an imaging axis of an imaging element of the imag-
ing catheter, the illumination is reflected, for example, using
a mirror, towards the wall of the intrabody lumen, optionally
to overlap with a visual field of the endoscopic imaging
catheter.

[0031] In another embodiment of the invention, the endo-
scopic imaging catheter is covered with a protective sheath,
optionally disposable. Such a sheath, which is optionally
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made from a relatively inexpensive, transparent material such
as polyethylene terephthalate (PET) or polycarbonate, allows
using the endoscopic imaging catheter in multiple proce-
dures, with multiple patients, without having to perform time
consuming disinfective reprocessing procedures. Such a
sheath may reduce the price of each one of the procedures.
Optionally, such a sheath is designed for a single use to reduce
the risk of patient to patient cross contamination. For
example, the sheath may tear when removed or may be elastic
and provided in everted form or rolled-up for mounting on the
imaging catheter.

[0032] In another embodiment of the invention, the endo-
scopic imaging catheter is sized and shaped so that it can be
used with a plurality of different endoscope insertion tube
designs.

[0033] In another embodiment of the invention, the imag-
ing catheter includes an imaging element and an optional
image axis changing element (e.g., a mirror). Optionally,
these elements are aligned along the longitudinal axis of the
shaft.

[0034] Optionally, the imaging element and/or mirror are
arranged to simultaneously image on multiple sides of or
around the imaging catheter.

[0035] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, for insertion via a working
or longitudinal channel of an endoscopic insertion tube, the
catheter comprises:

[0036] an optical element and
[0037] an imaging element,
[0038] wherein the optical element and the imaging ele-

ment are capable of capturing an image of up to 360° of the
side and rearward-looking views of a corporeal wall encir-
cling an intrabody lumen.

[0039] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, the optical element com-
prises a reflecting optical element that is distal or proximal in
relation to said imaging element when the catheter exits the
longitudinal channel.

[0040] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, the optical element is distal
or proximal in relation to said imaging element when the
catheter exits the longitudinal channel.

[0041] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, the catheter further com-
prises an illumination source located proximal or distal to the
imaging element.

[0042] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, the illumination source is
structured and mounted as a 360° ring thus illuminating the
side, rear, and optionally front field of view of said imaging
element, approximately 360° around the longitudinal axis of
the auxiliary endoscopic imaging catheter.

[0043] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, an illumination source is
located proximal or distal to the optical element.

[0044] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, the illumination source is
structured and mounted as a 360° ring thus illuminating the
side, rear, and optionally front field of view of said imaging
element, approximately 360° around the longitudinal axis of
the auxiliary endoscopic imaging catheter.

[0045] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, an illumination source is
attached to one end of a rotatable wire.
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[0046] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, rotating or wobbling of said
rotatable wire in its other end around its long axis allows
rotating or wobbling said illumination source to cover a
motion of 360° around the longitudinal axis of the auxiliary
endoscopic imaging catheter, allowing the illumination of
said side and rear view or at least a portion, of the entire 360°
view of awall encircling an intrabody lumen, which is located
behind the imaging element, around the axis of said the lon-
gitudinal channel.

[0047] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, an illumination source
comprises a single light source or a plurality of light sources.
[0048] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, the illumination source
comprises one or more LEDs.

[0049] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, said endoscopic insertion
tube is capable of performing a procedure from a group con-
sisting of anoscopy, arthroscopy, bronchoscopy, colonos-
copy, cystoscopy, esophagogastro-duodenoscopy (EGD),
laparoscopy, and sigrnoidoscopy.

[0050] In another embodiment of an auxiliary endoscopic
imaging catheter of the invention, a system comprises an
endoscopic imaging catheter and a sheath sized and shaped to
cover said the auxiliary endoscopic imaging catheter.

[0051] In an embodiment of a method of the invention of
probing an intrabody lumen, the method comprises:

[0052] inserting a standard endoscope having a working
channel into a patient’s organ or corporeal lumen;

[0053] inserting an endoscopic imaging catheter of claim 1
into the working channel; and

[0054] advancing the distal tip of the imaging catheter dis-
tal to the working channel of the endoscope,

[0055] wherein first and second images of the intrabody
lumen and a segment of an inner wall encircling said intra-
body lumen can be captured.

[0056] Inoneembodiment ofthe invention, first and second
images are captured substantially simultaneously.

[0057] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, the cath-
eter comprises:

[0058] an optical element;

[0059] an imaging element; and

[0060] an illumination source,

[0061] wherein the optical element and the imaging ele-

ment are capable of capturing an image of up to 360° of the
side and rearward-looking views of a corporeal wall encir-
cling an intrabody lumen and wherein the illumination source
comprises a 360° ring capable of illuminating up to 360°
around a longitudinal axis of the catheter.

[0062] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, the opti-
cal element comprises a reflecting optical element that is
distal in relation to said imaging element when the catheter
exits the longitudinal channel.

[0063] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, the opti-
cal element is distal in relation to said imaging element when
the catheter exits the longitudinal channel.

[0064] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, the illu-
mination source is located proximal to the imaging element.
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[0065] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, the illu-
mination source is structured and mounted as a 360° ring thus
illuminating the side, rear, and optionally front field of view
of said imaging element, up to 360° around the longitudinal
axis of the auxiliary endoscopic imaging catheter.

[0066] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, the illu-
mination source is located proximal to the optical element.
[0067] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, the illu-
mination source is structured and mounted as a 360° ring thus
illuminating the side, rear, and optionally front field of view
of said imaging element, up to 360° around the longitudinal
axis of the auxiliary endoscopic imaging catheter.

[0068] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, the illu-
mination source is attached to one end of a rotatable wire.
[0069] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, rotating
or wobbling of said rotatable wire in its other end around its
long axis allows rotating or wobbling said illumination source
to cover amotion of 360° degrees around the longitudinal axis
of the auxiliary endoscopic imaging catheter, allowing the
illumination of said side and rear view or at least a portion, of
the entire 360° view of a wall encircling an intrabody Iumen,
which is located behind the imaging element, around the axis
of said the longitudinal channel.

[0070] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, the illu-
mination source comprises a single light source or a plurality
of light sources.

[0071] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, the illu-
mination source comprises one or more LEDs.

[0072] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, the endo-
scopic imaging catheter is capable of performing a procedure
from a group consisting of anoscopy, arthroscopy, broncho-
scopy. colonoscopy, cystoscopy, esophagogastro-duodenos-
copy (EGD), laparoscopy, and sigrnoidoscopy.

[0073] In an embodiment of an endoscopic imaging cath-
eter of the invention for capturing rearward images, a system
comprises an endoscopic imaging catheter and a sheath sized
and shaped to cover said endoscopic imaging catheter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0074] FIG. 1 is a schematic of one embodiment of an
auxiliary endoscopic imaging catheter of the invention;
[0075] FIG. 2 is a schematic of another embodiment of an
auxiliary endoscopic imaging catheter of the invention; and
[0076] FIGS. 3 and 4 are each an oblique view of a distal
section of an auxiliary endoscope imaging catheter according
to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0077] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown are
by way of example and for purposes of illustrative discussion
of embodiments of the invention. In this regard, the descrip-
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tion taken with the drawings makes apparent to those skilled
in the arthow embodiments of the invention may be practiced.
[0078] FIG. 1 is a schematic representation of the distal
portion of an auxiliary endoscopic imaging catheter 2,
according to one embodiment of the present invention. Aux-
iliary endoscopic imaging catheter 2 is shown exiting a work-
ing channel 4 of a primary endoscope 6. A forward-looking
field of view 10 of primary endoscope 6 is augmented by a
side and rearward-looking field of view 12 of auxiliary endo-
scopic imaging catheter 2. Both fields of view 10 and 12 are
360° around the longitudinal axis (not shown) of primary
endoscope 6 and auxiliary endoscopic imaging catheter 2,
respectively. Auxiliary endoscopic imaging catheter 2
includes illumination component 16, which illuminates 360°
around catheter 2 and correlates with the field of view 12 of
auxiliary endoscopic imaging catheter 2.

[0079] The side and rearward-looking field of view 12 of
auxiliary endoscopic imaging catheter 2 is enabled by a distal
mirror or lens 20, which reflects the side and rearward-look-
ing image onto the imaging element or camera 22. Imaging
element or camera 22 transmits electronic signals comprising
the images through wire 24 to a camera control unit (not
shown). The camera control unit converts the electronic sig-
nals to video images which may be displayed on a monitor
(not shown). Optionally there may be one or more lens 26
between mirror 20 and camera 22.

[0080] InFIG. 1, atissue fold 30 has a growth 32 (possibly
a polyp), which is located on the distal side 34 of fold 30.
Growth 32 is outside of, and cannot be seen or detected by,
forward-looking field of view 10 of main endoscope 6. How-
ever, it is within, and thus can be seen and detected by, the side
and rear looking field of view 12 of auxiliary endoscopic
imaging catheter 2.

[0081] FIG. 2 is a schematic representation of the distal
portion of an auxiliary endoscopic imaging catheter 42,
according to another embodiment of the present invention.
Auxiliary endoscopic imaging catheter 42 is shown exiting a
working channel 44 of a primary endoscope 46. A forward-
looking field of view 50 of primary endoscope 46 is aug-
mented by a side and rearward-looking field of view 52 of
auxiliary endoscopic imaging catheter 42. Both fields of view
50 and 52 are 360° around the longitudinal axis (not shown)
of primary endoscope 46 and auxiliary endoscopic imaging
catheter 42, respectively. Auxiliary endoscopic imaging cath-
eter 42 includes illumination component 56, which illumi-
nates 360° around catheter 42 and correlates with the field of
view 52 of auxiliary endoscopic imaging catheter 42.

[0082] The side and rearward-looking field of view 52 of
auxiliary endoscopic imaging catheter 42 is enabled by an
imaging element or camera 62, which receives the side and
rearward-looking image. Imaging element or camera 62
transmits electronic signals comprising the images through
wire 64 to a camera control unit (not shown). The camera
control unit converts the electronic signals to video images
which may be displayed on amonitor (not shown). Optionally
there may be one or more lens 66 positioned proximally to
camera 62.

[0083] A tissue fold 70 has a growth 72 (possibly a polyp),
which is located on the distal side 74 of fold 70. Growth 72 is
outside of, and cannot be seen or detected by, forward-look-
ing field of view 50 of main endoscope 46. However, it is
within, and thus can be seen and detected by, the side and rear
looking field of view 52 of auxiliary endoscopic imaging
catheter 42.
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[0084] Schematic representations of distal ends of two dif-
ferent embodiments of the invention are shown in FIGS. 3 and
4. In FIG. 3, the distal section 80 of a catheter shaft has a
proximally facing mirror or reflective surface 82 spaced apart
from a lens or optics system 84 in communication with cam-
era 85, with an illumination ring 86. The outer surface 90 of
distal portion 80 is transparent in most or all of the space
between mirror 82 and lens or optics system 84 or optionally
extended and including camera 85 and/or illumination ring
86. Optionally the outer surface 90 between camera 84 and
illumination ring 86 is opaque or translucent.

[0085] In FIG. 4, the distal section 100 of a catheter shaft
has a proximally facing, reflecting mirror or reflective surface
102 spaced apart from a lens 104, with a camera 106 and a
light source 108. The outer surface 110 of distal portion 100
is transparent in most or all of the space between mirror 102
and lens 104.

[0086] Before at least one embodiment of the invention is
explained in detail, it is to be understood that the invention is
not necessarily limited in its application to the details of
construction and the arrangement of the components and/or
methods set forth in the following description and/or illus-
trated in the drawings and/or the Examples. The invention is
capable of other embodiments or of being practiced or carried
out in various ways.

[0087] The description above relates to an endoscopic
imaging catheter which is intended for use with a “standard”
endoscope, such as endoscope 96. Such standard endoscope
may be used in various medical imaging procedures in which
an intrabody cavity or lumen is imaged, for example, anos-
copy, arthroscopy, bronchoscopy, colonoscopy, cystoscopy,
esophagogastro-duodenoscopy (EGD), trans-nasal esopha-
goscopy (TNE), laryngoscopy, laparoscopy, and sigmoidos-
copy.

[0088] A standard endoscope includes an insertion tube
whose distal section can optionally be articulated, for
example, by an articulation knob (or other control), which
may be part of an endoscope control/handle unit. Optionally,
the control/handle unit is similar to an endoscopic control
handle that is incorporated in a conventional endoscope used
for intrabody procedures, such as biopsy. The insertion tube
may be detachable from the control/handle unit or in perma-
nent connection. The diameter, length and flexibility of the
insertion tube may depend on the procedure for which the
endoscope is used. The endoscope may have one or more
working channels, for example, for instrumentation, airinsuf-
flation, water irrigation, suction and/or light, for example as
commonly used in the art. For example, if the insertion tube is
used for colonoscopy, the diameter of the working channel
which is integral to the insertion tube thereof may be from
about 3 mm to about 4 mm, optionally, from about 3.2 mm to
about 4.2 mm. Optionally, the insertion tube may have vary-
ing flexibility over its length.

[0089] In one embodiment of the invention, an endoscopic
imaging catheter 2 or 42 as described above is inserted via a
biopsy/working channel 4 or 44, longitudinally traversing the
insertion tube through the working channel. In other embodi-
ments, an imaging catheter according to the invention can be
integral to the standard endoscope. Optionally, an imaging
catheter is sheathed before being inserted into a biopsy/work-
ing channel. Optionally or alternatively, a sheath covers the
endoscope (or at least an insertion tube) and includes a chan-
nel and/or elongate extension for extension of the imaging
catheter therethrough.
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[0090] Optionally, a control handle is provided for manipu-
lation of the imaging catheter, for example, for axial and/or
rotational position control and/or for controlling of imaging
and/or illumination features thereof. The control/handle unit
optionally has a plurality of ports, for example, coupled to the
biopsy/working channel, which are in communication with
one or more channels in the insertion tube. Each port may
allow the insertion of an endoscopic imaging catheter. For
example, an endoscopic imaging catheter may be inserted via
a biopsy tool port.

[0091] Optionally, the insertion tube has an imaging ele-
ment mounted at a distal end thereof. Exemplary imaging
elements include an image sensor, a tip of afiber optic bundle,
a charge coupled device (CCD) based sensor, a complemen-
tary metal oxide semiconductor (CMOS) based sensor and/or
a radiation sensitive element. For clarity, this imaging ele-
ment may be referred to herein as a frontal imaging element or
as a main imaging element.

[0092] Optionally, an insertion tube has an illumination
source mounted on the distal end thereof (or provided as a
separate movable element, e.g., a catheter), for example, one
or more light emitting diodes (LEDs) or fiberoptic light
bundle(s). Optionally, an illumination source illuminates the
field of view of the imaging element (and/or of imaging
catheter). Optionally, a control unit is used for controlling
and/or aiming frontal imaging element and/or illumination
source. The cable or another port may be used for providing
an illumination channel or fiber bundle that is connected to
the frontal illumination source.

[0093] Optionally, the endoscopic imaging catheter may be
extended out past the distal end of insertion tube, under visu-
alization of the frontal/main imaging element. This may
increase a safety of such extension.

[0094] According to some embodiments of the present
invention, a reusableand/or a disposable sheath is placed over
an endoscopic imaging catheter before insertion thereof into
the intrabody lumen. A potential advantage of a disposable
sheath is that it allows reusing the endoscopic imaging cath-
eter multiple times. Optionally, a protective sheath is made of
a layer of transparent flexible material, such as polyethylene
terephthalate (PET), for example, 120-gauge PET, polyvinyl
chloride (PVC), Polyethylene terephthalate copolymer
(PETG), polyurethane, or other suitable transparent materi-
als. Optionally, a sheath has a transparent segment that covers
the distal end of an endoscopic imaging catheter. In such an
embodiment, the rotatable shaft allows rotating an optical
element without changing the orientation of the sheath. A
potential advantage is that, the rotation of an optical element
cannot damage the inner walls of an intrabody lumen, e.g., in
an embodiment where the optical element is exposed. In some
embodiments, with or without a sheath, a window is placed
over the optical element. In some embodiments, the entire
imaging catheter is rotated for achieving the above described
lateral imaging.

[0095] Itisexpected that during the life ofa patent maturing
from this application many relevant systems and methods will
be developed and the scope of the term illumination source,
optical element, and imaging element is intended to include
all such new technologies a priori.

[0096] The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to”. This term encompasses the terms “con-
sisting of” and “consisting essentially of”.
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[0097] The phrase “consisting essentially of” means that
the composition or method may include additional ingredi-
ents and/or steps, but only if the additional ingredients and/or
steps do not materially alter the basic and novel characteris-
tics of the claimed composition or method.

[0098] As used herein, the singular form “a”, “an” and
“the” include plural references unless the context clearly
dictates otherwise. For example, the term “a compound” or
“at least one compound” may include a plurality of com-
pounds, including mixtures thereof.

[0099] Theword “exemplary” is used herein to mean “serv-
ing as an example, instance or illustration”. Any embodiment
described as “exemplary”is not necessarily to be construed as
preferred or advantageous over other embodiments and/or to
exclude the incorporation of features from other embodi-
ments.

[0100] The word “optionally” is used herein to mean “is
provided in some embodiments and not provided in other
embodiments”. Any particular embodiment of the invention
may include a plurality of “optional” features unless such
features conflict.

[0101] Throughout this application, various embodiments
ofthis invention may be presented in a range format. It should
be understood that the description in range format is merely
for convenience and brevity and should notbe construed as an
inflexible limitation on the scope of the invention. Accord-
ingly, the description of a range should be considered to have
specifically disclosed all the possible subranges as well as
individual numerical values within that range. For example,
description of a range such as from 1 to 6 should be consid-
ered to have specifically disclosed subranges such as from 1
to 3, from 1 to 4, from 1 to 3, from 2 to 4, from 2 to 6, from 3
to 6, etc., as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of the
breadth of the range.

[0102] Wheneveranumerical range is indicated herein, it is
meant to include any cited numeral (fractional or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate num-
ber and “ranging/ranges from” a first indicate number “t0” a
second indicate number are used herein interchangeably and
are meant to include the first and second indicated numbers
and all the fractional and integral numerals therebetween.
[0103] It is appreciated that certain features of the inven-
tion, which are, for clarity, described in the context of separate
embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the
invention, which are, for brevity, described in the context of a
single embodiment, may also be provided separately or in any
suitable subcombination or as suitable in any other described
embodiment of the invention. Certain features described in
the context of various embodiments are not to be considered
essential features of those embodiments, unless the embodi-
ment is inoperative without those elements.

[0104] Although the invention has been described in con-
junction with specific embodiments thereof, it is evident that
many alternatives, modifications and variations will be appar-
ent to those skilled in the art. Accordingly, it is intended to
embrace all such alternatives, modifications and variations
that fall within the spirit and broad scope of the appended
claims.

[0105] All publications, patents and patent applications
mentioned in this specification are herein incorporated in
their entirety by reference into the specification, to the same
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extent as ifeach individual publication, patent or patent appli-
cation was specifically and individually indicated to be incor-
porated herein by reference. In addition, citation or identifi-
cation of any reference in this application shall not be
construed as an admission that such reference is available as
prior art to the present invention. To the extent that section
headings are used, they should not be construed as necessarily
limiting.

What is claimed is:

1. An auxiliary endoscopic imaging catheter for insertion
via a longitudinal channel of an endoscopic insertion tube,
comptrising:

an optical element and

an imaging element,

wherein the optical element and the imaging element are

capable of capturing an image of up to 360° of the side
and rearward-looking views of a corporeal wall encir-
cling an intrabody lumen.

2. The auxiliary endoscopic imaging catheter of claim 1,
wherein the optical element comprises a reflecting optical
element that s distal in relation to said imaging element when
the catheter exits the longitudinal channel.

3. The auxiliary endoscopic imaging catheter of claim 1,
wherein the optical element is distal in relation to said imag-
ing element when the catheter exits the longitudinal channel.

4. The auxiliary endoscopic imaging catheter of claim 1,
wherein the optical element is proximal in relation to said
imaging element when the catheter exits the longitudinal
channel.

5. The auxiliary endoscopic imaging catheter of claim 1,
further comprising an illumination source located proximal to
the imaging element.

6. The auxiliary endoscopic imaging catheter of claim 5,
where the illumination source is structured and mounted as a
360° ring thus illuminating the side, rear, and optionally front
field of view of said imaging element, up to 360° around the
longitudinal axis of the auxiliary endoscopic imaging cath-
eter.

7. The auxiliary endoscopic imaging catheter of claim 1,
further comprising an illumination source located distal to the
imaging element.

8. The auxiliary endoscopic imaging catheter of claim 7,
where the illumination source is structured and mounted as a
360° ring thus illuminating the side, rear, and optionally front
field of view of said imaging element, up to 360° around the
longitudinal axis of the auxiliary endoscopic imaging cath-
eter.

9. The auxiliary endoscopic imaging catheter of claim 1,
further comprising an illumination source located proximal to
the optical element.

10. The auxiliary endoscopic imaging catheter of claim 9,
where the illumination source is structured and mounted as a
360° ring thus illuminating the side, rear, and optionally front
field of view of said imaging element, up to 360° around the
longitudinal axis of the auxiliary endoscopic imaging cath-
eter.

11. The auxiliary endoscopic imaging catheter of claim 1,
further comprising an illumination source located distal to the
optical element.

12. The auxiliary endoscopic imaging catheter of claim 11,
where the illumination source is structured and mounted as a
360° ring thus illuminating the side, rear, and optionally front
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field of view of said imaging element, up to 360° around the
longitudinal axis of the auxiliary endoscopic imaging cath-
eter.

13. The auxiliary endoscopic imaging catheter of claim 1,
further comprising an illumination source attached to one end
of a rotatable wire.

14. The auxiliary endoscopic imaging catheter of claim 13,
wherein rotating or wobbling of said rotatable wire in its other
end around its long axis allows rotating or wobbling said
illumination source to cover a motion of 360° around the
longitudinal axis of the auxiliary endoscopic imaging cath-
eter, allowing the illumination of said side and rear view or at
least a portion, of the entire 360° view of a wall encircling an
intrabody lumen, which is located behind the imaging ele-
ment, around the axis of said the longitudinal channel.

15. The auxiliary endoscopic imaging catheter of claim 1,
further comprising an illumination source comprising a
single light source or a plurality of light sources.

16. The auxiliary endoscopic imaging catheter of claim 15,
wherein the illumination source comprises one or more
LED:s.

17. The auxiliary endoscopic imaging catheter of claim 1,
wherein said endoscopic insertion tube is capable of perform-
ing a procedure from a group consisting of anoscopy, arthros-
copy, bronchoscopy, colonoscopy, cystoscopy, esophagogas-
tro-duodenoscopy (EGD), laparoscopy, and sigrnoidoscopy.

18. A system comprising an endoscopic imaging catheter
of claim 1 and a sheath sized and shaped to cover said the
auxiliary endoscopic imaging catheter.

19. A method of probing an intrabody lumen, comprising:

inserting a standard endoscope having a working channel

into a patient’s organ or corporeal lumen;

inserting an endoscopic imaging catheter of claim 1 into

the working channel; and

advancing the distal tip of the imaging catheter distal to the

working channel of the endoscope,

wherein first and second images of the intrabody lumen

and a segment of an inner wall encircling said intrabody
lumen can be captured.

20. The method of claim 19, wherein said first and second
images are captured substantially simultaneously.

21. An endoscopic imaging catheter for capturing rearward
images, comprising:

an optical element;

an imaging element; and

an illumination source,

wherein the optical element and the imaging element are

capable of capturing an image of up to 360° of the side
and rearward-looking views of a corporeal wall encir-
cling an intrabody lumen and wherein the illumination
source comprises a 360° ring capable of illuminating up
t0 360° around a longitudinal axis of the catheter.

22. The endoscopic imaging catheter of claim 21, wherein
the optical element comprises a reflecting optical element that
is distal in relation to said imaging element when the catheter
exits the longitudinal channel.

23. The endoscopic imaging catheter of claim 21, wherein
the optical element is distal in relation to said imaging ele-
ment when the catheter exits the longitudinal channel.

24. The endoscopic imaging catheter of claim 21, wherein
the optical element is proximal in relation to said imaging
element when the catheter exits the longitudinal channel.
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25. The endoscopic imaging catheter of claim 21, wherein
the illumination source is located proximal to the imaging
element.

26. The endoscopic imaging catheter of claim 25, where
the illumination source is structured and mounted as a 360°
ring thus illuminating the side, rear, and optionally front field
of view of said imaging element, up to 360° around the
longitudinal axis of the auxiliary endoscopic imaging cath-
eter.

27. The endoscopic imaging catheter of claim 21, wherein
the illumination source is located distal to the imaging ele-
ment.

28. The endoscopic imaging catheter of claim 27, where
the illumination source is structured and mounted as a 360°
ring thus illuminating the side, rear, and optionally front field
of view of said imaging element, up to 360° around the
longitudinal axis of the auxiliary endoscopic imaging cath-
eter.

29. The endoscopic imaging catheter of claim 21, wherein
the illumination source is located proximal to the optical
element.

30. The endoscopic imaging catheter of claim 29, where
the illumination source is structured and mounted as a 360°
ring thus illuminating the side, rear, and optionally front field
of view of said imaging element, up to 360° around the
longitudinal axis of the auxiliary endoscopic imaging cath-
eter.

31. The endoscopic imaging catheter of claim 21, wherein
the illumination source is located distal to the optical element.

32. The endoscopic imaging catheter of claim 31, where
the illumination source is structured and mounted as a 360°
ring thus illuminating the side, rear, and optionally front field
of view of said imaging element, up to 360° around the
longitudinal axis of the auxiliary endoscopic imaging cath-
eter.
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33. The endoscopic imaging catheter of claim 21, wherein
the illumination source is attached to one end of a rotatable
wire.

34. The endoscopic imaging catheter of claim 33, wherein
rotating or wobbling of said rotatable wire in its other end
around its long axis allows rotating or wobbling said illumi-
nation source to cover a motion of 360° degrees around the
longitudinal axis of the auxiliary endoscopic imaging cath-
eter, allowing the illumination of said side and rear view or at
least a portion, of the entire 360° view of a wall encircling an
intrabody lumen, which is located behind the imaging ele-
ment, around the axis of said the longitudinal channel.

35. The endoscopic imaging catheter of claim 21, wherein
the illumination source comprises a single light source or a
plurality of light sources.

36. The endoscopic imaging catheter of claim 35, wherein
the illumination source comprises one or more LEDs.

37. The endoscopic imaging catheter of claim 21, wherein
said endoscopic insertion is capable of performing a proce-
dure from a group consisting of anoscopy, arthroscopy, bron-
choscopy, colonoscopy, cystoscopy, esophagogastro-duode-
noscopy (EGD), laparoscopy, and sigrnoidoscopy.

38. A system comprising an endoscopic imaging catheter
of claim 21 and a sheath sized and shaped to cover said
endoscopic imaging catheter.

39. A method of probing an intrabody lumen, comprising:

inserting an endoscopic imaging catheter of claim 21 into

an intrabody lumen; and

advancing the distal tip of the imaging catheter through the

intrabody lumen,

wherein first and second images of the intrabody lumen

and a segment of an inner wall encircling said intrabody
lumen can be captured.

40. The method of claim 39, wherein said first and second
images are captured substantially simultaneously.
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