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IMAGING SYSTEM, METHOD AND DISTAL ATTACHMENT FOR
MULTIIRECTIONAL FIELD OF VIEW ENDOSCOPY

CROSS-REFERENCE TO RELATED APPLICATIONGS

B8] This application claims priority from ELS Patent Application Serial No.
617984258, filed on Apnil 25, 2014, and also relates to International Application
PCT/USZ01 34031948 filed March 15, 2013 (and published as International Patent Publication
WO 20137148306 on October 3, 2013) and US. Patent Application Serial No. 61/618.225,

filed March 30, 2012, the entire disclosures of which ave incorporated herein by reference.

FIELD OF THE DISCLOSURE

[6602]  Exemplary embodiments of the present disclosure relate to endoscopic wnaging
systemy and methods for mudtidirectional fleld of view endoscopy which can be used to
improve the field of view, speed and efficiency of diagnostic and therapeutic endoscopic

procedures.

BACKGROUND OF THE DISCLOSURE

[0083]  In general, endoscopic imaging systems allow the evaluation of animal and huanan

internal organs, Endoscopes can consist of at least one of the following components, a ngid
or flexible tube, a light delivery systemn, a fluid delivery and recovery svstem, an air delivery
and recovery system, a lens system, an evepiece, a high pixel —count color CCD or imaging
transimission system, graphical display unit (monitor), and for accessory channelfs) to allow
use of devices for manipulation, sampling or imaging of target lesions.

[#084]  The endoscope may be imserted inte any natwal onfice of the amumal or uman
mcluding the nares, ears, mouth, biliary tract, pancrestic duct, ostomy, urinary fract, vagina,
uterus, fallopian tubes, anus andfor any opening prodoced by procedures emploving an
incision or pancture into an internal body cavity (craniotomy, thoracotomy, mediastinotomy,
laparotomy or arthrotomy). While currently available endoscopes are capable of evalualing
target stroctares by the obligatory forward or other directional field of view obtmned by
current light delivery and lens systems, in some medical applications this design increases the
risk for missed detection of mportant areas of interest. As a result, there 15 a need for multi-

directional visualtration.
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[0a0s]  Colonoscopy is widely considered the gold standard for detecting mucosal
abnormalities i the hwmnan colon, and the preferred technique for removal of many non-
invasive lestons requires biopsy, polypectomy or endoscopic resection, There have been well-
documented limitations related to the practice of colonoscopy with traditional endoscopic
imstruments. Because most colon cancers are balisved 1o avise from abnormal colon tissue,
adenomas, the detection and removal of adenomatous polvps have heen recommended for the
prevention of future colon cancers. (See, eg., refl 1} Missed polyps or cancers have been
one of these unfortunate limiations. (See. e.g., refs. 2-4). Although there are additional
factors associated with the risks of missing mucosal lesions such as, a patient’s colonic
anatomyy, patient comiort doring an endoscopic procedure and the qualiy of bowel
preparation, i has been well established bv other investigators, that the location of mucosal
abuormalities 1¢ hghly associated with fatlore of identification. (See, e.p., ref 4).

f0606]  Prior groups have investigated several gpproaches to attempt to demonstraie an
improvement in the diagnostic yield of a colonoscopic procedure by altering or increasing the
conventional forward fields of view. Unfortunately these studies did not demonstrate a
signilicant ingrease iy adenoma detection. (See, e.g., refs. 53-7) Nevertheless, the uses of &
transparent cap that does not change or improve the field of view placed on the distal aspect
of colonoscopes have demonstrated greal promise in inypuwoving the effectiveness of
colonoscopy (see, e.g., refs. 8-11) and adenoma detection {see, e.g., refl 12), however the use
of these devices are still associated with a signilicant adenoma miss rate. {See, e.g., refl 13}
jooa7]  Other researchers have atfenysted to mmprove the adenoma detection mate
established veith the use of a conventional endoscopic system by increasing the total field of
view during a colonoscopy by coupling the traditional endoscope with an auxihary imaging
device, placed within the accessory chamnel, to provide a continuous retrograde view of the
target organ via the accessory channel, {See, e, ref 14), While this auxihary imapging
device provides a continuous refrograde fleld of view used in combination with traditional
forward viewing endoscopes, 1t requires the use of an sccessory channel of the endoscope.
This becomes an mportant factor duning colonoscopy, i used with a standard single channel
colonoscope, due (o the necessity (o remove the auxiliary imaging device to allow for the use
of an appropriate ausiliary sampling or retrieval instnument to biopsy, resect and reirieve
specimens removed from the organ being nvestizated. This addiional equipment has been
shown in a prospective, multicenter, randomized, controlled trial to decrease the relative risk

of pussing polyps and adenomas bat was also shown to have a statistically significant

(]
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incresse in the mean total procedure times.”” Auxiliary endoscopic devices placed within the
auxibiary channel of the endoscope have the further disadvantage that they require an
additional endoscope, which increases complexity, ease of use, and cost of the overall
procedare.

(68681  Thus, thers 18 g need to address gt least some of the issues andior deficiencies

deseribed herein above,

SUMMARY OF EAEMPLARY EMBODIMENTS

{0809  In various exenplary embodiments according to the present disclosure, exenplary
configurations for the acquisition of multidirectional viewing during endoscopic examination
can be provided. Exemplary applications can be utilived, i which mcreasing the field of
view while using high resolation endoscopic systems can be mmproved with the exemplary
embodiments of the system and method of continuous and simulianeous forward and
mulndirectional views during a baroscopic, laparoscopic, angioscopic, or endoscopic
procedie.

[0818]  Exemplary embodiments of the present disclosure can relate generslly 1w
exemplary configuration of optical elements, and 1o the gpplication(s) theveof in exemplary
endoscopic anaging systems which can be wsed with medical applications 1o improve the
field of view, speed and efficiency of an endoscopic procedure. Exemplary embodiments of
the present disclosure can be apphied to rigid, flexible, wireless or telescoping endoscope ©
provide, ... a continuous multi-directional view of animate and inanimate hollow spaces.
jBe11]  In one forther exemplary embodiment of the present disclosure, a distal imaging
attachment and an bmaging system can be used in combination with a rigid, flexable, wireless
or telescoping endoscope o create a continuous nmlti-directional view of animate and
inanimate hollow spaces. According to a further exemplary embodiment of the present
disclosure, the directions are forward and to the side. In vet another preferred embodiment of
the present disclosure, the directions are forward and backward. In sull vet snother further
ambodiment, the divections cover approximately a 4in sohid angle that 13 ondy obscured by the
device Hself. This said distal imaging attachment and imaging system may be emploved, but
not limited to, wih endoscopy of anmmal and human internal anstomical organs and
borescopy of manimate closed spaces, Due to its design, the integrated optical element within

this imaging system, allowing both the forward and multidirectional felds of view,

Led
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[0012]  In vet further exemplary embodiment of the present discloswre, # is also possible w0
acconmodate the simultanecus passage of devices via the accessory channel of g video
endoscope or applicable device of which the distal imaping attachment 15 applied. For
example, optical elements in the exemplary device can be configered to facilitate a
multrdirectional viewing of target organs ov spaces with exemplary endoscopes. In another
exemplary embodiment of the present disclosure, the exemplary device can be retrofitied o
alter the wnative conventional high defimition endoscopes currently used 1 endoscopic
procedures. In still further exemplary embodiment of the present disclosure, the exemplary
device/apparatus can be disposable.

[0613]  Indeed, exemplary embodiments according to the present disclosure as described
herein, can be provided as exemplary endoscopic lens system{(z}, and can be lermed as

a4
S

“roaltidivectional™, “shmalview™ or “retroview”, and utiized as a basis for exemplary
embodiments of endoscopic systems for a deployment.

[0014]  Further, an exemplary apparatus for imaging at least one anatomical stracture can
be provided, according to an exemplary embodiment of the present disclosure. For example,
the apparatus can include a probe imaging first arrangement, a radiation source second
arrangement which provides at least one electro-magnetic radiation, and a third wrangement
attached to at least one portion of the endoscopic arvangenent.  The third amrangement can
contamn an optical arrangement which, wpon impact by the at least one electro-magnetic
radiption and hased thereon, may transmit a {ivst radiation and reflects a second radiation.
The first radiation can impact &t least one first portion of the anatomical structure(s), and the
second radiation can impact at least one second portion of the anatomival structiwe{s}. The
first and second portions can be at least partially different from one another. Further, the first
and second radiations can have characteristics which are different from one another.
Additionally or alternatively, the third arrangement can include a hollow internal portion that
facilitates an unobstructed passage of at teast one of huid or mstrument within an accessory
channel of the first arrangement.

{8015 For example, the characteristics can include or be wavelengths or polanizations. A
detector arvangemnent can be provided, whereas the endoscopic arrangement can be associated
with the radiation source arrangement and the detector arrangement.  The first and second
radiations can have spectral regions i ved, green and blue band which do not substantially
overfap with one another. The first radiation can be divrected n a forward direction, and the

second radiation can be directed in a backward direction or a side direction. The third
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arrangement can inclode 8 cap that can be connected to an end portion of the endoscopic first
arrangement.  In addition or alternatively, the cap can mclude sn optical structure, which,
gpon impact by electro-magnetic radiation{s) and based thereon, can cause a resultant
radiation to be at least side, retrograde and forward directions of the endoscopic first
arrangerment with respect 1o a viewing direction thereof,

0016  The second radiation can stmultaneously tluminate between 270 and 360 degrees
of a field of view. Further, the radiation source second arrangement can inclade a modulation
arrangement which can be configured to modulate the first and second radiations.  An
electromic arrangement can be provided which 1 configured o synchronize the second
arrangement and the detector arrangenmient. As an slternative or i addition, the electronic
arrangement can be configured to {1} synchrontze the moduladion arangement and the
detector arrangement, and (1) control the detector arrangement to detect signals from the

anatomical struciure(s) iltuminated by the first and second radiation, and separate the signals

hased the synchronization with the medulation arrangement.

[0817]  According to forther exenmplary embodiments of the presemt disclosure, the
angtomical structure(s) can be a gl anntomical structure.  The third arrangement can
include at least one opening which facilitates a passage of wnstrumentation, alr gasses and/or
fluids therethrough. A tabe can be provided that i associated with the third arrangement,
and which provide a passage of mstramentation, an gasses andfor fhads therethrough
Further, the first and second radiations can have a specific polarization status.

{0018]  Other featwres and advaniages of the present invention will become apparent upon
reading the following detatled descripion of exemplary embodiments of the present

disclosure, when taken 1n conjonction with the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[6819]  Further objects, features and advantages of the present disclosure will beconme

apparent from the following detailed description taken in conjunction with the accompmrying
Figures showing lustrative embodiments of the present disclosure, m which:

[B920]  FIG. 1 isa side cross-sectional block diagram of an imaging systenvapparatus and
optical elements thereol according (o an exemplary embodiment of the present disclosure;
[0821]  FIG. 2 15 a set of view of an exemplary optical element consists a 4-faceted
pyramid dichroic nurror which can fransmit and reflect radiations with  different

characteristics according to an exemplary embodiment of the present disclosure;

¥
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[0822]  FIG. 3 a block diagram of an endoscopic arengement, & radiation source

arrangement, and a detector arrangement according (o exemplary embodiments of the present
disclosure;

{80231  FIGS. 4(a) and Hb) are block diagrams of exemplary modulation arrangements
according to an exemplary embodivoent of the present disclosure;

{6624]  FIG. S(a) s a dingram of an exemplary electronic swiich based on an optical
chopper according to an exemplary embodinent of the present disclosure;

{00251 FIG. 3{b} is a diagram of the exemplary electronic switch based on a first switch
posttion according {0 an exemplary embodiment of the present disclosure;

[0826]  FIG. 3¢y is a diagram of the exemplary electronic switch based on a second switch
position according 10 an exemplary embodiment of the present disclosare;

[6827] FIG. 6n) a diagram of » frther exemplary electronic switch based on 4 gabwo
scanner at a first switch position according to another exemplary embodiment of the presemnt
disclosure;

j0a28]  FIG. 6(b) a diagram of the exemplary electronic switch of FIG. 6{a) based on the
galve scanner at a second switch position according to snother exemplary embodiment of the
present disclosure;

{8629 FIG. 7 a front view of the optical elements provided within a distal imaging
attachment cap of the exemplary imaging systewm/apparatus of FIG. 1]

[0030]  FIG. 8 a side view of the imaging systew/apparatus, optical elements and distal
imaging attachument cap, as shown i FIG. 7;

jB831]  FIG. 9 i3 a set of illostrations providing external distal mage attachments and an
overfapping field external display Disgram according to exemplary embodiments of the
present disclosure;

[0832]  FIG. 10 15 g set of exemplary images providing exemplary festing results achieved
using the exemplary system, method andfor computer-accessible madium according 1o the
exemplary embodiments of the present disclosure;

[0033]  FIG. 11 15 a side cross-sectional block diagram of an imaging cap of a
sysigm/apparatus according o vet another exempiary embodiment of the present disclosure;
{00341  FIG. 1215 a perspective view of side/backward view filters and housing according
to an exemplary embodiment of the present disclosure;

[0835]  FIGs. 13(a) and 13{D) are side and front views, respectively, of forward view filters

and housing according to another exemplary embodiment of the present disclosure;
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[0R36]  FIGs. {8(a) and 14(b) are ade and front views, respectively, of beam splitters and
housing according to still another exemplary embodinent of the present disclosure;

[8637] FIGs. 1Ma}-15{c) are side, sude perspective and front perspective views,
respectively, of forward view filter housing and beam splitter housing according to vet
another exemplary embodiment of the present disclosure; and

{00381 FIGs. 16(a) and 16(hy are side perspective and fromt perspective views of
side/backward view filter housing, forward view filter housing and beam splitter housing
according 1o vet another exemplary embodiment of the present disclosure.

[6639]  Throughout the drawings, the same reference numerals and characters, unless
otherwise stated, are used to denote like features, elements, components, or portions of the
iltusirated emboduments. Moreover, while the present disclosure will now be descrnibed 1n
detail with reference 1o the figures, i is done so in counection with the ilustrative
embodiments and Is not limited by the panticular embodiments illustrated in the figures,

andfor the appended claims.

BETAILED DESCRIPTION OF EXEMPLARY EMBOBIMENTS

[0840]  Using the exemplary embodiments of the apparatus, system and method of the
present disclosure, it &5 possible to facililate 2 viswalization of a plurality of fields of view,
e at a plurality of angles with respect to the long axis of the endoscope by multiplexing
image fields of view using an optical apparatus. in one exemplary embodiment of the present
disclosare, an optical apparatusisystem can be provided which can be partially reflective
andior may be a polarization or wavelength selective such that certain wavelengths or
polarization states are directed to andfor received from different fleld angles and therefore
tHuminate and/or recetve different fields of view.

{8641}  The exemplary states may be altered by changing the charactenistics of the optics
or the optical characteristics of the ight, such as the wavelengths ov the polarization state. For
example, such changes of wavelengths can be differemt bands of wavelengths i the RGB
spectrum. Alismatively, the different wavelengths mav be compnised of different wavelength
bands inthe visible and NIR spectnan. Furthermore, e.g., the characieristic{s) of the light is
not changed by the optical apparatos, but the images are separated using software algorithms,
In yet another embodiment, the optical apparatus contains g beam splitter. In a further
exemplary embodiment of the present disclosure, the optical apparatus can be configured

andfor structered to be within a cap that can be atlached to the distal end of an endoscope, a
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catheter, a borescope, andior a laparoscope device. For example, the cap can be disposable,
and/or can contain one of more apertures or openings to allow the pussage of devices, fwds,
or tissue to effect a change i the anatomic stracture.

[8842] According to another exemplary embodimenmt of the present disclosure, the
arrangement of optical elements coupled with or to centain endoscopes, and exemplary signal
processing methods can facilitte an acguisition of continnous multi- directional views,
without the need for additional auxiliary imaging devices deploved through the endoscope
accessory channel.

[6643]  FIG. | shows a side cross-sectional block diggram of an tmaging system/apparatus
and optical elements thereof sccording to an exemplary embodintent of the present
discloswre. For example, a distal imaging attachment cap | of the exemplary imaging system
ol FIG. 1 can be facilitated in an endoscope 14, The attachment cap 1 can condain an optical
element/arangement 4 which can include certain multiple configorations, such as but not
lintited to a fiber optic bundle, a tapered {iber optic bundle, a cone mirror, & partial cone
mirror, a peptagon nuror, an inverted pyramid muror, a prism, andfor pdtiple mobile
optical elements. The use of such exenplary opiical elementiarrangement 4 can achieve, e.¢.,
a side and retrograde endoscopic view while matmiainming the endoscope’s field of view 3,
such as the forward feld of view. The exemplary optical element 4 may also have or applisd
thereto a customized reflective material to facilitate a detailed and customized manipulation
of the field of view or wavelengths, Such exemplary arrangement can facilitate the user of
the exemplary endoscopic systen 1o view both the forward field of view 5 and figlds of view
located to the side and retrograde 6 to the endoscope’s objective lens 2 and endoscope light 3.
[8044]  According o another exemplary embodiment of the present disclosure, as shown
n FIG. 2, the exemplary optical element 4 can be, e.p. a 4-faceted pyramid dichroie mirror
which can transmit andfor reflect radiations {e.p., electromagnetic radiations, including light,
ete.) with different characterisics. For example, the exemplary chavacteristics can include
andfor be wavelenpths or polarizations. The first and second radiations can have speetral
regons 1 red, green and blwe bands which fikely do not substantially overlap with one
another {at least for the mwost part).  In additton or aherpatively, the first and second
radiations can have a specific polarization status.  For example, the first radisbion can be
directed 1 a forward divection 21, and the second radiation cap be directed in a backward

direction or side directions (e.g., directions 22, 23, 24, 25},
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[0845]  Further, tuming to FIG. 1, according to an exemplary embodiment of the present
disclosure. it is possible (o faciiitate a toggling via 8 manual andfor electronic switch R (which
can inclode a modulation arrangement), e.g., © apply an exemplary procedure to filter,
polarize, bend andfor exclade predetermined wavelength(s) of one or more radiations {e.gz.,
hghis} 7 of an endoscopic light/radiation source 9. As mdicated herein, the distal tmaging
gtiachment cap 1 can be placed at the distal tip of the endoscope 14,

[Bod6e]  According {o another exemyplary embodiment of the present disclosure, as shown
mn FIG. 3, a system can be provided (which can inclade but not himited to one or more of,
eg., computer 31, video capture device and synchromzation signal generator 32, and
endoscope video processar 33). The endoscopic arrangement 14 can be assoctated with the
rachation sowrce arrangemeant (which can inchude but not humited o one or more of, ey,
endoscopic lightradiabion source 9, an exemplary procedure (0 filter, polarize, bend andfor
exclude predetermined wavelength(s) of the radiation{s} 7, and manuval andior elecironic
switch 8) and a detector arrangement, Further, as indicated herein above, the radiation soutce
arrangement can inchade the modulation arrangement (incloding, e.g., element ¥} which can
be configured to modulate the first and second radiations. The compuder 31 andéor the signal
generator 32 can be configured to synchronize the radiation sowrce arrangement (including,
e.g., slements & 9) andior the entire system {inclading e.g., elements 31, 32, and 33). Asan
aliernative or 1 addiion, the computer 31 andfor the signal generator 32 can be configared to
(1) synchronize the modulation arvangement {ncluding, e.g., element 8) and the detector
arrangement, andfor {11} conirol the sysiem o detect signals from the anatomical stracture(s)
thomnated by the fust and second radianion, and separate the signals based the
synchronization with the modulation arrangenent {e.g., element ¥).

[0047]  According to yet another exemplary embodiment of the present discloswre, as
shown m FIG. 4a), an exemplary modulation arrangement of another exemplary
embaodiment of the present disclosure can include a bearn splitter 41 1o divide the radiation
(e, hipht andior beam) nio two beam paths. For example, one beam can pass a filter for
predeternuned wavelength(s) or pelarization(s) 44 to provide the fist radiation 435, The other
beam can be reflected by a mirror 42, and can pass another filter for another predeternuined
wavelengih(s) or polarization 43 with different characteristics compared with the
wavelengih{s}) or polarization 44 to provide the second radiation 46.

[8048] Further, as shown i FIG. 4(b), ancther exemplary modulation arrangement

according to still another exemplary embodiment of the present disclosure can include a
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beam sphitter for predetermined wavelength(s) or polarization 47 o provide the first radiation
4% and the second radiation 46.

[0649]  FIGS. S(a)-3{c) illustrate block diagrams of various exemplary electronic swilches
according to further exemiplary embodiments of the present discloswre.  The exemplary
electronic switches of FIGS. 5(a}-3{c) can mclude an optical chopper 31 svochromized with
the compuier 31 andfor the signal generator 32 (shown m FIG. 3}, The fist rachation 45 and
second radiation 46 can be allernatively coupled nto the endoscope 14 by exemplary optical
components {e.g., a mirror 32, a beam splitter 53, and a lens 54).  Such exemplary optical
compouents can be switched by the optical chopper’s positions, as shown n FIG. 5(b) and
3l

[8053¢] FIGS. 6fa) and o) show anocther exemplary electronic swilch avrangement
according 1o yet another exemplary embodiment of the present discloswre, provided in
different switch position. The exemplary switch arrangement of FIGS. 6{a) and 6(b) can
include a galvo scanner 61 which can be synchronized with the computer 31 andior the signal
generator 32 {shown in FIG. 3). For example, the first radiation 43 and the second radiatiop
46 can be allernatively coupled inte the endoscope 14 by exenyplary optical components {e.z..
lens 62} switched by the galvo scanner’s positions as shown in FIGS. 6(a) and 6{b).

[8651]  According fo another exemplary embodiment of the presenmt disclosure, as shown
in FIG. 7, the exemplary distal imaging attachment cap | can facilitate a use of a fhud
delivery channel 76 andfor an accessory channel 72 to mamiain s original use by providing
& non-obstructive pathway for an gndoscopic manipulation within the endoscope 14 via the

accessory channet 72,

EXEMPLARY IMAGE PROCESSING

[0652]  In one exemplary embodiment of the present disclosure, with reference to FIG. |,
the exemplary systenvapparstus/method can be wsed for a sumthaneous or controlled
switching between the above deseribed forward feld of view 5 and the side/retrograde figld
of view 6. In order o facilitate accurate localization of target lesions obtamned with the
exemplary maging svstem, an exemplary procedure 12 {which can be used 10 program a
processing hardware arrangement, such as, e.g., a computer} can be used o deconstruct a
wavelength/polarization “profile” of each field of view 14, 11 by electromcally spliting

aative and multidirectional felds of view.

¢



io

15

20

WO 2015/164792 PCT/US2015/027605

{08331 Using an a Dght/radiation source of the endoscope 14, exemplary selective fillering
of, e.g., whie hight to faciliiate only the reflectance or transmission phase {0 be analvrzed can
be accomplished by placing applving a filter al the endoscope’s connection 1o #s processing
arrangement {e.p., the processor). Toggling between the on and off phases, e.g., manually

{such as with a manual foot pedal), astomatically or vin an electromie switch, the reflected or
rransmitted light'radigtion ¢can then be deconstructed via a funther procedure which can
prouram or configure the processing arrangenient to continucusly display the forward and
multidivectional fields of view 13,

{0854]  According to yet funther exenmplary embodiment of the present disclosare, another
procedare can be provided which can program or configure the processing arrangenment
deconstruct each pixel, and display the two profiles determined by the reflective transniission
wavelengths, polarizations or charactenistic properties established by a special avangement 7,
the optical element(s} 4 and angles of observanon of each field of view §, 6.

[0058]  The exemplary imaging svstent of FIG. 1 can also use of an glernative light source
which can be deploved, e.g.. via the cap irigation channel &1 (showan in FIG. 8). The use of
such light source via the brigation chammel 81 can provide andfor fheilitate, eg., a further
selective manipulation of the reflectance and travsmission frequencies for an improved
discretion betwsen the phases for an exemplary imaye manipulation via 3 procedure which

capn program or conligure the processing arrsngement to perform such exenplary function.
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EXEMPLARY APPLICATION OF EXEMPLARY EMBODIMENT

Exemploary Cap Design

[808356]  According to one exemplary embodiment of the present disclosurs, a plastic,
transparent, semi-flexible disposable cap 1 can be fitted over the distal tip of the endoscope
14 vig a fuction fit configurapion 82, as shown in FIG. 8 The exemplary design andior
confipuration of this cap 1 can be provided in various ways, e.g., depending on the indication
of the exemplary endoscopic procedure, Shapes of the exemplary cap 1 can include, but are
not linited to oblique or perpendicular angled shapes, in respect to the distal aspect of the
endoscope 4 and a location of the objective lens 2.

[0857]  In a further exemplary embodiment of the present disclosure, the distal imaging
attavhment 1s designed 1o be in a specific onieniation so as 1o favtliate the native functions of
the endoscope to continge to operste without an interropiion. To facilitate the fanction of]
.z, cleaning the endoscopes objective lens 71, a light guide 74, an awr nozele 73, and a water
novzle 75 {as shown m FIG, 7}, the exemplary cap 1 can include a clearance chamber 83 (as
shown in FIG. 8}, which can seal the distal apparatus away from lumimal bguid and contents,
winle continuing to facilitate the instillation of water for mmaging and cleaning. This above
described exemplary clearance chamber 83 can contain a perforation located above the
accessory chamber 86 to faciliiate suctioning of contenis of the clegrance chamber 83, To
facililate the distal imaging cap to be cleaned, a water jet ouwiput channel {e.g., the fhud
delivery chamber} 76 can be provided which 1s structured and/or designed to be unobstructed
by the exemplary cap 1. Furthermore, to provide mere agpressive cleansing, 2.g., the distal
imaging cap is also structured andfor designed with an irrigator port 81 which can facilitate
the sttachment of a tovage device or syringe to atd wy a cleavance of liquad andior debris from
the distal attachument cap L.

[0858]  Further, the exemplary cap 1 can be coupled with multiple optical elements 83 in

the optical chamber 84,

(vertapping Field Cap Design
[B039  According to vel another exemplary embodiment of the present disclomwre, it s
possible to use a plastic, transparent, semi~{lexible and disposable cap, which can facilitate a
circular configuration and arrangement of multiple imaging detectors within a small collar
01, as shown n FIG. 9. This exemplary collar 91 can facilitgle overlapping, multidirectional

and circamferential views of the desired target sample (e.g., organ} or space being inspected.
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This exemplary configuration can facilitate the use ol maltiple haht sowrces and independent
optical sensors, e.g., bypassing & preference to alter the conventional endoscopes light source,
Exemplary image processing of mmages obiained using the system, apparatas and method
according to the present disclosure can be accomplished using the exemplary procedures
implemented on the exemiplary processing arrangement, as described herem. For exmmple,
depending on the number of optical elements placed within the exemplary imaging collar
vap design, an exemplary procedure implemented on the exemplary processing arrangement
according to an exemplary embodiment of the present disclosure can agsist i an alignment of
the sigoals to provide, e.g., a 360 degree, multidirectional field of view 92, as shown in FIG.

]

Exemplary Testing

[8060] Further exemplary testing was performed using the following: {1} Polka dot beam
splitier, {2} 30:50 beam splitter AQL 45 degree, (3) long pass dichroic miarvor, 30%: Trans.
Refl. AL 567am, {(4) cone nurror or {§) 395493/ 10um Triple-edge dichroic beam splitter
installed at multiple distances distal to the endoscopes objective leans. Preliminary testing
with both a white hght and mirared light source was successful in demonsirating that
selective observation of the forward and retrograde views could be accomplished if the
optical element was oriented at an angle such ss a 45 degree, 30 degree, ov 60 degree angle wo
the endoscopes olyective lens.

[8061] FIG. 10 shows a set of exemplary images achieved using the exemplary systam,
method and/or computer-accessible medium according to the exemplary embodiments of the
present disclosure. Such exemplary images were based on exemplary testing result using an
sxemplary software separation vig a stmuliansously tHumination and slilizing g 442/505/633
wn Yokogawa dichroic beamsplitter installed at the distal to a CCD camera with lens,
Massachusetis General Hospital ("MGH") logo and Harvard Medical School ("HMS™) logo
were used as the tmage targets, placed i front of, and at side of the dichroic beamsplitier,
respectively. In this testing, the white light source was not modulated and ilhuminated on the
two image targets simultancousty. The separately captured exemplary individual images of
the logos are shown mn FIG. 10 as MGH 102, and HMS 103, A captured exemplary
combined image 101 with the two logos in posttions at the sane time was the image intended
to be processed. The exemplary procedure 12 described berein above with respect fo FIG. §
(which may be used to program a processing bardware arrangement, such as, eg., a
compuier) can be ulthized to deconstruct the wavelength “pofile”™ of each field of view by

i3
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splitting the native and mulidirectional fields of view with the two logos. For example, the
exemplary procedure 12 can be one or more programs including, but not hmited 1o, eg.,
Neural Network and/or Independent Component Analysis, or other procedure/program which
can configure the processing hardware arrangement o separate the two views from the
captired combimed image 101, The exemplary reconstrucied ymages of each field of view are
shown in FIG. 10 as tmages 104, 105, respectively. The exemplary software based separation,
which splits the two views as described herem, can significantly reduce the complexity of
various components/parts of the procedure, systemn and computer-accessible mediam
according to the exemplary embodimenis of the present disclosure.

[0862]  An exemplary integration of such sxemplary configuration that is associatad with a
disfal maging eap which 13 is coupled with various optical elements has been deseribed
herein.

{00631  According fo & further exemplary embodiment of the present disclosure, e.p., the
charactenistics of the light may not be changed by an optical apparatus, and instead, the
images can be separated wvsing software processing procedures.

fee6d]  FiG. 11 shows a side cross-sectional block diagram of an  imaging
systemvapparaius and optical elements thereof according to a further exemplary embodiment
of the present disclosure, provided within a haven 1000, For example, a distal imaging
attachment cap 1006 {which can include side/backward wiew filter arrangement’housing
1100, forward view filter arrangementthousing 1200, and beam splitter arrangement/housing
1383y of the exemplary imaging system Hlustrated i FIG. T can be factlitated or otherwise
mrovided in an endoscope 1001, The aftachment cap W06 can include such
arrangementschousings 1106, 1200, 1300 or other optical arrangements which can have
certain multiple conligurations, such as but not hmited to, a cone mirror, a partial cone
MIrrer, & pertagon mirror, an inverted pyramid nurror, a prism, andfor multiple mobile
optical  elements. The  exemplary  use  of  such  exemplary  optical
element/arrangements‘housings 1100, 1200, 1300 can achieve, ¢.p., a side and retrograde
sndoscopic view 1020, while mamtainng endoscope’s forward field of vigw 1016, zuch as,
e, the forward field of view. The exemplary optical elements/arrangementsiconfigurations
HHOO, 1300, 1300 can also have or gpplied thereto a costomuzed reflective mmterial to
factlitate a detailed andfor a customived manipulation of the field of view or wavelengths.
Such exemplary arrangement/configuration can faciitate the user of the exemplary

endoscopic system to view both the forward field of view 1110 and fields of view located to
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the side and retrograde 1020 (o the endoscope’s objective lens 1002 and an endoscope hght
arvangement 1603,

[8665]  In particular, referring to FIG. 11, the light {or other electro-mapnetic radiation)
provided from the endoscope light arrangement 1003 can be partially reflected by the beam
splitter mvangement’housing 1300, and transnutted through the sidesbackward view filer
arrangement(sYhousing{s) 1100, The scattered side/backward hight from the tissue can be
provided back to the endoscope objective lens 1002 to facilitate the side and retrograde view
1020, The light from the endoscope hght arrangement 1003 can be partially transmited
through the beam splitter arrangement/housing 1300, aod transnutied through the forward
view {ilter arrangement(sihousing(s) 1200, The scattered forward light from the tissue can be
provided back fo the endoscope objective lans 1002 {o provide the foreard field of view
10T,

f0t66]  Further, according 1o an exemplary embodiment of the present disclosure, it i3
possible to facilitate a toggling via an elecironic and/or manmual switch, eg., 1o apply a
procedwre 1o filter, and/or exchude predetermined wavelength{s} of lights provided from the
endoscope light arrangement 003 of an endoscopic light/radiation source.  According to a
further exemplary embodiment of the present disclosure, the exemplary switch can be or
include a scanuer (o scan the light source beam to different filier sels, syaclronteed by the
conirol system, such as, e.g., a programmed computer. In another exemplary embodiment of
the present disclosure, the exemplary switch can be or include an optical chopper which s
confyawed to block one or more of particular paths of the light source beam o or from

different [ifter sets, eg. synchronized by the control system, such as the progranmumed
computer.

[0067]  According to still exemplary embodiment of the presemt disclosure, s shown in
FIG, 12 alustrating a perspective view of side/backward view filters and housing, the
imaging device can have optical filter arvangement(syhousing(s) 1100 at all facets or parts of
the facets {e.p., a side view direction). According to another exemplary embodiment of the
present disclosure, the number of facets at the sude/backward views can be at feast four facels
which can also be flers TIHO, 1120, 1130, 1148, as shown in the FIG. 12, or any other
number of facets. Further, such filters/facets 1110, 1120, 1130, 1140 can be provided around
or gbout a hollow mierngl portion 1130, The optical filters andior windows 1110, 1120,
1130, 1140 can be designed, structured andfor configured for a transmission of one or more

predeiermined wavelength(s), sach as different bands of wavelengths in the RGB spectram.
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According to another exemplary embodiment of the present disclosure, the optical filers
andfor windows 1110, 1120, 1130, 1140 can be provided at or in different nilted angles.

[8668]  In vet another exemplary embodiment of the present disclosure, as shown m FIGs,
13(a) and 13{b), exemplary optical filter{s} and/or housing(s} 1204} can be provided at other

facets (e.g., & forward view direction) of the exeroplary imaging attachment cap. According

to o further exemplary embodiment of the present disclosure, the number of facets mt the
forward views can be at least four facets which can alse be filers 1210, 1220, 1230, 1240, as
shown i the FIGs. 134a) and 13¢h), or any other number of facets. Further, such filters/facets
E200, 12260, 1230, 1240 can be provided around or about g hollow internal portion 1230, The
optical filters andfor windows 1210, 1220, 1238, 1240 can also be designed, structiwed andfor
contfivured for @ transmission of predeternuned wavelengihis), ssch ag, ey, different bands
of wavelengths i the RGB spectrum. According to another exemplary entbodiment of the
present disclosure, the optical filters andfor windows 1210, 1220, 1234, {240 can be placed,
provided or put at or in different tilted angles,

0869 According fo vet a further exemplary embodiment of the present disclosure, as
shown in FIGs. 14{a) and 14(h), the exemplary beamn splitter andior housing 1300 can be
provided i rom of the endoscope in the exemplary imaging attachment cap. In one example,
the number of facets at the forward views can be at least four favets winch can also be filters
13160, 1326, 1330, 1340, as shown in the FlGs. {4{a) and 14¢b), or any other number of
facets. Further, such Glters/facets 1310, 1320, 1330, 1340 can be provided around or about a
hollow internal portion 1350, In still another exemplary embodiment of the present
disclosure, a S/30 beam sphitter can be used. Further, e.g., other optical component{s} can be
wsed o split the hght, such as a dichroic mirror. According to yet further exemplary
embodiment of the present disclosure, the surface of the beam sphitter can be a cone shape,
[8670] In an additional exemplary embodiment of the present disclosure, as shown in
FIGs. 15{a)-16(h), the relative surface and position of andéor in the side/backward view filter
arrangementthousing 1100, the forward view filter arrangenenthousing 1200, and the beam
sphiter arrangement/housing 1304 can be changed according o different requirements such
as the view angles.

{88711  According to avother exemplary embodiment of the present disclosure, as shown
in FIGs. 12-16(h), the exemplary distal imaging attachment cap, which can inchude respective
hollow internal portions 1130 (see FIG. 12), 1250 (see FiGs. 13{a) and 13(b}}, 1350 (see

FiGs. 14(a) and 14{b}}, can facilitate an exemplary ase of a fhud debivery channel and/or an

)
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accessory channel of an endoscope 10 madatain its oviginal use by providing a non-obstruchive
pathway for an endoscopic manipulation within the endoscope via the accessory chanmel.
[8672] In addition, according to a further exemplary embodiment of the present
disclosure, a procedure {e.g., in a form of a software compater program) can be provided
which can program and/or configure the processing arrangement 1o deconstruct each pixel,
and display the two profiles determined by the reflective, and transnissive wavelengths
sstablished by wavelength filters, the optical clement{sy'housimpfs}y 1100, 1200, and 13041,
and angles of observation of each field of view 1010, 1020,

{08731  In yet an additional exemplary embodiment of the present disclosure, algorithun,
procedure(s) andior software program(s} can be provided to program or otherwise configure a
compaiar 1o correct any distortion of the anatomical struchwe under exammation nduwed by
the exemplary imaging apparatus, reconstroct the relative positions of different views related
to the forward view of the endoscope, andior balance the color. 1t is also possible to facilitate
andfor provide a toggling procedure o selectively display any ndividual Held of views via a
manual andior electronic switch, eg, wsing the alporithims andfor computer software by
progranuning the computer o perform the same.

[0074]  The foregoing merely iHustrates the prnciples of the imvention.  Various
modifications and alterations 1o the deseribed embodiments will be apparent 1o those skilled
in the art i view of the teachings berein. Indeed, the arrangements, systems and methods
according to the exemplary embodiments of the present invention can be used with any OCY
system, OFDI svstem, SD-OUT svstem or other imaging systems, and for example with those
described 1 International Patent Application PCT/US2004/020148, {iled September &, 2004,
.S, Patent Appheation No. 11266,779, fled November 2, 2005, and US. Patemt
Application No. 10/301,276, filed July 9, 2004, the disclosures of which are incorporated by
reference herein in their entireties, It will thus be appreciated that those skitled in the art will
be able 0 devise numerous systems, arrangements and methods which, although not
explicitly shown or described hergin, embody the principles of the mvention and arve thus
within the spirtl and scope of the present invention. (o addition, 1o the extent that the prior art
knowledge has not been explicitly incorporated by reference herein above, i is explicitly
being corporated beremn in its entirety.  All publications referenced heremn above are

incorporated herein by reference in their entiveties,
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WHAT IS CLAIMED IS:

1. An apparatus for imaging at least one anatomical structure, comprising:

a probe imaging first arrangenenti;

a radiation source second arrangement which provides at least one glectro-magnetic
radiation; and

a cap third arrangement attached to at least one portion of the endoscopic
arrangement, and containing i optical arrangement which, upon impact by the at least one
electro-magnetic radiation and based thereon, transmits a {irst radiation and reflects a second
raciation, wherein the [irst radiation npacts at least one first portion of the at least one
anatomical structure, and the second radiation impacts ai least one second portion of the at
least one anatomical structare, the first and second portions being at least partially different
from one another,

wheremn the first and second radiations bave characteristics which are ditferent from
one another, and

wherein the third arrangement includes a hollow mnternal portion that facilitates an
anobsiructed passage of at least one of flaid or mstnument within an accessory channe! of the

first arvangement.

2. The apparatus according to paragraph 1, wherein the characteristics ave wavelengths

or polarizations.

3. The apparatus according to paragraph 1, further conymising a detector srangament,
wherein the probe imaging first arrangement 1s associated with the radiation source

arvangement and the detector arrangement,

4. The apparatus according to paragraph 1, whevein the first and second radiations have
spectral regions in red, green and blue band which do not substantially overlap with one

anothet.

5 The apparatus accordimg to paragraph 1, wherein the first radiation is directed in a
forward direction, and wherem the second radiation is directed in a backward direction or a

side divection.
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6. The apparatus according to paragraph 5, wherein the second radistion simnoltaneously

iHluminaies between 270 and 360 degrees of a Held of view.

7. The apparatus according to paragraph 3, wherein the radiation source second
arrangement imcludes a modulation arrangement which 1s configured to modulate the first and

second radiations.

¥ The apparatas according to paragraph 7, further comprising an electronic arrangement

which is configured to synchronize the second arrangement and the detector arrangement.

9, The apparatus according 1o paragraph 8, further comprising an electronic arrangement
which is configured (1) synchronize the modulation arrangement and the detector
arrangement, and (1) control the detector arrangement to detect signals from the at least one
anatornical structore illuminated by the first and second radiations, and separate the signals

based the synchromization with the modulation arrangement.

10, The apparatus according to paragraph 1, wherein the a1 least one anatomical structure

15 a lununal anatomical structure.

It.  The apparatus according to paragraph 1, wherein the third arrangement includes at
least ong opening which faciiftates a passage of instramentation, air gasses and fluds

therethrough.

12, The apparatus according o paragraph 1. wheremn the first sand second radiations have

a specific polarization status,

13, The apparatus according to paragraph 6, wherein the cap includes an optical structure,
which, upon mipact by the at least one slectro-magnetic radiation and based thereon, cause a
resuttant radiation 1o be at least side, retrograde and forward directions of the probe naging

first arrangement with respect to a viewing divection thereof
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