HAND- HELD M NI MALLY DI MENSI ONED DI AGNOSTI C DEVI CE HAVI NG | NTEGRATED DI STAL
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di agnost iwoi2nagiongg2 f or exanpl e endoscopy, has al | owed Pom/ush@omiesor ng of
objects, internal nechanisns and the Iike with mniml disruption to the
subj ects necessarily penetrated to view the afore nentioned objects and
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application in the fiel d of 10nedi ci ne. O particular challenge in
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array of equi pnent required to acconplish an inmaging application found in
the prior art 15 includes nonitor systens, |lighting systens and power
systens. In addition these systenqgrRBy, RS JREr Manently or sem -permanently
installed in small offices or operattorrroonms, for exanple, which require
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el ectrical, optical and nmechani cal neans, exanp may 25 physically
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- array of equipment required to accomplish an imaging application found in the prior art

15 includes monitor systems, lighting systems and power systems. In addition these

systems may be permanently or semi-permanently installed in small offices or operation

rooms, for example, which.require said offices and rooms to be adapted in potentially a

less than ideal fashion so as to accommodate the cumbersomeness of the imagihg

equipment. In addition, this challenge of the needed installation of imaging systems

20 components may require the duplication of such imaging systems in other offices and
rooms as required.

Compounding the above mentioned problem is the requirement that many of
these imaging system components must utilize a cabling means to function. These
cables that transfer electrical, optical and mechanical means, for example, may

25  physically interfere with objects and persons in the room such as a patient. In some
cases, cables for light fransmission, for example fiber optic cables, that are rather
inflexible may break if over-flexed and thus compromise the outcome of tHe imaging
application.

An additional chalienge for imaging technology found in the prior art is the use of

30 external monitoring of the imaging that may be located some distance from the



practitioner. As is the case, the practitioner would then be required to
view the nonitoring of the inmaging application in one direction while

physi cal Iwoi2ntwméeesei ng or utilizing the imagi ng means i RCa/U$éHO1EBNL
direction, thus potentially conprom sing the detail and accuracy of the use
of the imaging tool. 5Another problemwth such inmaging systens is that
they may require external power. This power nust be |ocated relatively
proximate to the | ocation of the power outlets and the required voltage
avai l abl e. Since various countries do not share a common power adapter
means, oradiienstars wlthag@seutipritpraciigher ovoald doerpthsr geqmr@d tse vigw Itheed for
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internal tissue of a subject. 20 BRIEF DESCRI PTION OF THE FIGQURES FIG 1A

is a si BRMUIAPIFEAAPETBER M r tB? sansoyeltagpouipulgadditioral asepterymyst 1B i s

a secti g iR Bf funborRii SBhEsdiRappstic tool of FIG 1A FIG 1Cis a
perspectl\l/Jelw ew o?ﬂﬁ% ortaﬁ %l agnostic tool of FIG 1A 25FIG 1D is

an é%pl oded Anethenichallenggofacad ky dnagingssyistenndds setistari@mn oA the goals of
sterility and reuseability. Imaging systems must be sterile in order to be employed for

their intended applications. While sterility can be accomplished by using a device only
once, such approaches are wasteful. However, reusing a device poses significant

challenges with repect to maintaining sterility.

15
SUMMARY

Hand-held minimally dimensioned diagnostic devices having integrated distal end
visualization are provided. Also provided are systems that include the devices, as well
as methods of using the devices, e.g., to visualize internal tissue of a subject.

20
BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A is a side view of one embodiment of a portable diagnostic tool.

FIG. 1B is a section view of the portable diagnostic tool of FIG. 1A.

FIG. 1C is a perspective view of the portable diagnostic tool of FIG. 1A.
25 FIG. 1D is an exploded view of the portable diagnostic tool of FIG. 1A .

FIG. 1E is a perspective, exploded view of the portable diagnostic tool of FIG. 1A

FIG. 1F is a close-up, side view of the portable diagnostic tool of FIG. 1A

showing a port for introducing material, medicine and implant.

FIG. 1G is a perspective view of the portable diagnostic tool of FIG. 1A, with the

30 top of the device housing removed to show the.geared mechanism between a motor

and the elongated member for the purpose of rotating the elongated member along its



FIG 1E is a perspective, exploded view of the portable diagnostic tool of
FIG 1A FIG 1F is a close-up, side view of the portable diagnostic tool of
FIG 1A swownngpoeosport for introducing material, medicireTdasdotioopisant. FI G
1Gis a perspective view of the portable diagnostic tool of FIG 1A, wth
the 30 top of the device housing renoved to show the. geared nechani sm
between a notor and the el ongated nenber for the purpose of rotating the

el ongated nenber along its axis relative to the hand-held control unit,
and connections for nmonitor, lighting, canera and notor to a control board,
wi t hi n ek rdiaiveilo fherhansirhald conlgolhuitdapd eernections for nryrd@or, Jlighting camera

enbodi gk ofiod B, ELORIRLSA TRARSG LRATRbAbNIY IR AO S he portabl e

di agnost’i ¢ tool oWs rictton-bas i ve connection 5
bet ween a noFB. thds bhe eshimoateidoimdrbelondated hemiparr posetoofjumatibatafrige t he

el ongat ed nber along,. its ax;s relative to the. hand-hel d , control unit
f o931 BoudBe Brofedeting raklG s "B ettt B Tintn tased R hfnectBh
conngct bekenbdl diiSadd theS¥loh§ited Inerabér ol thedpurpbse RPFdtathEthdl aangsted ¢ t ool
of FIG 1D. FIG 1J is a side view of the portable diagnostic tool of FIG

1A t hat MERRE alendotsfds tiigivette dhehantgReld ¢oRENBEYE. portion of the device from

t he hand- hel gicgontigod éBFHf%ctive view 5t e déhtict Rard, diddr@Wicel EdheRRdisabl e
di agnostic tool of FlI A that shows a di sconnected catheter portion of

t he devprbongmendswifdithestrolsolibeppoablpsiagnestiofoot PidledPee from t he
hand-hel d copig 0fj I} ide view of the portable diagnostic tool of FIG. 1A that shows a

10 disconnected elongated member portion of the device from the hand-held controi unit.

FIG. 1K is a side view of the portable diagnostic tool of FIG. 1A that shows a
disconnected catheter portion of the device and a disconnected monitor portion of the
device from the hand-held control unit.

FIG. 2A is a section view of the distal tip of the elongated member of the portable

15 diagnostic tool of FIG. 1A that shows camera, lighting, prism lens and electrical
connection.

FIG. 2B shows an embodiment of an image filter within the distal tip of the
catheter of FIG. 2A.

FIG. 2C shows another embodiment of an image filter within the distal tip of the

20  elongated member of FIG. 2A.

FIG. 2D is a section view of the distal tip of the elongated member of the portable
diagnostic tool of FIG. 1A that shows camera, lighting, flat cover lens and electrical
connection.

FIG. 2E shows an image filter configuration according to one embodiment within

25  the distal tip of the catheter of FIG. 2D.

FIG. 2F shows another image filter configuration according to one embodiment
within the distal tip of the catheter of FIG. 2D.

FIG. 3A is a front view of the distal tip of an elongated member of the portable
diagnostic tool of FIG. 1A that shows an eccentric arrangement between a camera and

30  anintegrated illuminator.



FIG 2A is a section view of the distal tip of the el ongated nmenber of the
portabl e 15di agnostic tool of FIG 1A that shows canera, |ighting, prism

| ens and wbDeotwioewsk connecti on. FIG 2B shows an echaseemmiisof an
image filter within the distal tip of the catheter of FIG 2A

FI G 2C shows anot her enbodi nent of an inmage filter within the distal tip

of the 20 el ongated nenber of FIG 2A FIG 2D is a section view of
the distal tip of the el ongated nenber of the portable diagnostic tool of
FIG 1A that shows canera, lighting, flat cover lens and el ectrical

connecti on. FIG. 3B is a fropt dew2¥ theclimdaldip ohthg eeldndatard memitfer g the porable

accor di ' 1.t DI | ti f..1he theter of FIG
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for a sensor | ocated at the distal tip of the el ongated nmenber and
connect lnﬁ'ﬁ Y the control board, accor di ng to one enbodi nent of the

i nvention. FIG. 3F is a section view of the top view of the portable diagnostic tool of FIG. 1A

15 that shows a conduit diagram for a port located at the distal tip of the elongated member
and connecting to the port of FIG. 1F, according to one embodiment.

FIG. 4A is a side view of an embodiment for a sterile sheath for the portable
diagnostic tool of FiIG. 1A that shows an éntégral monitor cover, control cover,
connection to a detachable elongated member, and sealable opening.

20 FIG. 4B is a side view of an embodiment for a sterile sheath for the portable
diagnostic tool of FIG. 1A that shows an integral control cover, connection to a
detachable elongated member, and sealable opening.

FIG. 4C is a side view of the sterile sheath of FIG. 4A surrounding the portable
diagnostic too! with detached elongated member of FIG. 1l that shows the integral

25  monitor cover over the monitor of FIG. 11, and an integral control cover over the conirols
of FIG. 1. _

FIG. 4D is a side view of the sterile sheath of FIG. 4A conforming to the shape of
the portable diagnostic tool of FIG. 1A and the opening of FIG. 4A is sealed.

FIG. 4E is a side view of the sterile sheath of FIG. 4B conforming to the shape of

30 the portable diagnostic tool of FIG. 1J with the monitor removed but with the catheter
piece attached as in FIG. 1A, and the opening of FIG. 4B is sealed.



FIG 3F is a section view of the top view of the portable diagnostic tool
of FIG 1A 15that shows a conduit diagramfor a port |ocated at the distal
tip of thwoebomgetsed nenber and connecting to the port @®@CTRISG10MDF502
according to one enbodi nent. FIG 4A is a side view of an enbodi nent
for a sterile sheath for the portable diagnostic tool of FIG 1A that shows
an integral nonitor cover, control cover, connection to a detachable

el ongat ed nenber, and seal abl e openi ng. 20FIG 4B is a side view of an

enbodi ment for a sterile sheath for the portable diagnostic tool of FIG 1A
that shows ahlGritfeigraside siew of thelasiie sl@%ﬁih@éﬂ@rﬂﬁ @O%foﬂ@ﬂaé%éhﬁ ghapedigat ed

nmenber, %ﬁﬂé oSRER rile
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el ongat éhbtrieMsetedodn FeGhardd piehatremhmvls bthweith ﬁtee@oagateémmnib@*ratmhed agver

t he noni E ' r ontrol cover over the controls of
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FI G 1J withtacdriel amétor renoved but with the catheter piece attached as In

FIG 1A, and_the opening of. FIG 4B is sealed. WO
2011/ 006052 PER-UBB oshomsaécgew of one embodlment for a flexible elongated member

section in a bent or flexed orientation relative to the axis of the elongated member of
10 FIG. 1A with a control cable.

FIG. 5C shows a view of one embodiment for an elongated member in a bent
orientation relative to the axis of the elongated member of FIG. 1A.

FIG. 6A is a section view of the distal tip of the elongated member of FIG. 2D
showing low-profile biopsy tool that includes an annular member concentrically located

15  at the distal end of the elongated member, and a cable means for actuating the annular
member, according to one embodiment.

FIG. 6B is a side view of the distal tip of the elongated member of FIG. 2D
showing low-profile biopsy tool that includes an annular member concentrically located
at the distal end of the elongated member, and a cable for actuating the former.

20 FIG. 7 is a section view of the distal tip of the catheter of FIG. 2D showing a low
profile cutter concentrically located to the tip of the elongated member.

FIG. 8 is a perspective view of the distal tip of the catheter of FIG. 3F illustrating
one embodiment for a slidably present sensor that is in a working channel within the
elongated member and can be deployed and remain in a tissue site after the portable

25 diagnostic device of FIG 1A is removed.

FIG. 9 is a block diagram showing an embodiment of an electronic control
schema for the portable diagnostic device of FIG 1A.

FIG. 10 is a block functional diagram of a stereoscopic imaging module
according to one embodiment of the invention.

30 FIGS. 11A and 11B illustrate off-set views of that may be obtained with a single
visualization sensor (FIG. 11A) or two visualization sensors (FiG. 11B).



FIG 4F is a side view of the sterile sheath of FIG 4B conformng to the
shape of the portable diagnostic tool of FIG 1J with the nonitor renoved
and t he meoizdbovoonesant that is | ocated on the hand pi ecePcemse@d/obisn2 Wi t h

t he el ongated nenber attached as in FIG 1A and the opening of FIG 4B is
seal ed. 5FIG 5A shows a view of one enbodi rent for a flexible elongated
menber section in a straight orientation relative to the axis of the

el ongated nmenber of FIG 1A with a control cable. FIG 5B shows a
vi ew of one enbodi nent for a flexible el ongated nenber section in a bent or
flexed orientation relative to the axis of the el ongated nenber of 10FI G

| Awith a control cable. FIG 5C shows a view of one enbodi nent for
an elongated nenber in a bent orientation relative to the axis of the

el ongat ed nmenber of FIG 1A DETAILEBI[BESGAIATIOR section view of the distal
tip of the el ongated nenmber of FIG 2D showi ng | ow profile biopsy tool that
i ncl udes an Hardiheld miskplly dmreeaned digongsticstexiceg hesingintegatey] distal eathd of
the el opgahiRdtoR @Rﬁgmm. AlAR0idBB NS sg%né%a%gmaetth@ d@OiBH%],aés wefroer,
according to one enbodi nent. FIG BB 1s a side view of the distal tip
of the @ab omifaadsofvsingdhe geviFes. e.@DiosYignaliag internaplisslielad asubjesy t ool t hat

I ncl udes an annul ar nmenber concentrically |ocated at the distal end of the
el ongat ed nenber, and a cable for actuating the fornmer. 20FIG 7 is a
section vi evBefbra the pleserdlintdnpionfis tescribet! e geratef ddthiG. it Do deowdegstaod ow
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r enbvedsince the scope of the present invention will be limited only by the appended claims.

Where a range of values is provided, it is understood that each intervening value,

to the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
15 between the upper and lower limit of that range and any other stated or intervening

value in that stated range, is encompassed within the invention. The upper and lower

limits of these smaller ranges may independently be included in the smaller ranges and

are also encompassed within the invention, subject to any specifically excluded limit in

the stated range. Where the stated range includes one or both of the limits, ranges
20 excluding either or both of those included limits are also included in the invention.

Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present invention,

25  representative illustrative methods and materials are now described.

All publications and patents cited in this specification are herein incorporated by
reference as if each individual publication or patent were specifically and individually
indicated to be incorporated by reference and are incorporated herein by reference to
disclose and describe the methods and/or materials in connection with which the

30 publications are cited. The citation of any publication is for its disclosure prior to the

filing date and should not be construed as an admission that the present invention is not



FIG 9 is a block diagram show ng an enbodi nent of an el ectronic control
schema for the portabl e diagnostic device of FIG 1A FIG 10 is a

bl ock furwoi2onaloseszagr am of a st ereoscopi ¢ i magi ng nodulPETAISC@O®#ISg2t 0 one
enbodi nent of the invention. 30FIGS. 11A and 11B illustrate off-set views
of that may be obtained with a single visualization sensor (FIG 11A) or
two visualization sensors (FIG 11B). DETAILED DESCRI PTI ON
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ranges
and features which may be readily separated from or combined with the features of any

of the other several embodiments without departing from the scope or spirit of the
present invention. Any recited method can be carried out in the order of events recited

15  orin any other order which is logically possible.

In further describing various aspects of the invention, aspects of embodiments of
the subject tissue visualization devices and systems are described first in greater detail.
Next, embodiments of methods of visualizing an internal target tissue of a subject in

20 which the subject tissue visualization systems may find use are reviewed in greater
detail.

TISSUE VISUALIZATION DEVICES AND SYSTEMS

25 As summarized above, aspects of the invention include internal tissue
visualization systems. The internal tissue visualization systems are visualization
systems that are configured to visualize an internal tissue site of a subject. As such, the
systems are structured or designed to provide images of a tissue site inside of a body,
such as a living bedy, to a user. As such, aspects of systems of the invention include

30 internal tissue visualization devices that are useful for visualizing an internal target

tissue site, e.g., a spinal location that is near or inside of an intervertebral disc (IVD).



20excl uding either or both of those included limts are also included in

the invention. Unl ess defined otherwi se, all technical and scientific
t erms usewoherigioonshave t he same neani ng as conmonly undecstuseaolyisone of
ordinary skill in the art to which this invention belongs. Al though any

met hods and materials simlar or equivalent to those described herein can
al so be used in the practice or testing of the present invention,
25representative illustrative methods and naterials are now described.
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from 5 cm to 20 cm, such as 7.5 cm to 15 cm and including 10 to 12 cm. The elongated

member may have the same outer cross-sectional dimensions (e.g., diameter) along its

entire length. Alternatively, the cross-sectional diameter may vary along the length of

the elongated member.

20 In some instances, at least the distal end region of the elongated member of the
devices is dimensioned to pass through a Cambin’s triangle. By distal end region is
meant a length of the elongated member starting at the distal end of 1 cm or longer,
such as 3 c¢m or longer, including 5 om or longer, where the elongated member may
have the same outer diameter along its entire length. The Cambin’s triangle (also known

25 in the art as the Pambin’s triangle) is an anatomical spinal structure bounded by an
exiting nerve root and a traversing nerve root and a disc. The exiting root is the root that
leaves the spinal canal just cephalad (above) the disc, and the traversing root is the root
that leaves the spinal canal just caudad (below) the disc. Where the distal end of the
elongated member is dimensioned to pass through a Cambin’s triangle, at least the

30 distal end of the device has a longest cross-sectional dimension that is 10 mm or less,

such as 8 mm or less and including 7 mm or less. In some instances, the devices



In further describing various aspects of the invention, aspects of

enbodi nents of the subject tissue visualization devices and systens are
descri bedwDi2osifoos052gr eat er detail. Next, enbodi nents of PoEtUseEs/00f502
visualizing an internal target tissue of a subject in 20 which the subject
tissue visualization systens may find use are reviewed in greater detail.
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t he el ongated ne
elongated member. Accordingly, the devices of the present invention are distinguished
20 from devices which include a “working channel” through which a separate autonomous
device is passed through. In contrast to such devices, since the visualization sensor of
the present device is integrated with the elongated member, it is not a separate device
from the elongated member that is merely present ih a working channel of the elongated
member and which can be removed from the working channel of such an elongated
25 member without structurally compromising the elongated member in any way. The
visualization sensor may be integrated with the elongated member by a variety of
different configurations. Integrated configurations include configurations where the
visualization sensor is fixed relative to the distal end of the elongated member, as well
as configurations where the visualization sensor is movable to some extent relative to
30  the distal end of the elongated member. Movement of the visualization sensor may also

be provided relative to the distal end of the elongated member, but then fixed with



20l n sone instances, at |least the distal end region of the el ongated nenber
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1.5 mm or less, including 1.0 mm or less. Within a given imaging module, the sensor

- component may be located some distances from the lens or lenses of the module,
where this distance may vary, such as 10 mm or less, including 7 mm or less, e.g., 6

30 mmorless.
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30 the distal end of the elongated nenber. Mvenent of the visualization
sensor may al so be provided relative to the distal end of the el ongated
menber, bwo 20hi@06dsexed with respect to anot her conponemrCTaISesenNd15at t he

di stal end, such as a distal end integrated illum nator. Specific
configurations of interest are further described below in connection with
the figures. Visualization sensors of interest include mniature imging
sensors that have a 5 cross-sectional area which is sufficiently small for
its intended use and yet retains a sufficiently high matrix resol ution.
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configuration, where the particular configuration may be chosen based on location of
25  the sensor, direction of view of the sensor, etc. The housing may be fabricated from any
convenient material. In some instances, non-conductive materials, e.g., polymeric

materials, are employed.
Visualization sensors may further include functionality for conveying image data
to an extra-corporeal device, such as an image display device, of a system. In some
30 instances, a wired connection, e.g., in the form of a signal cable (or other type of signal

conveyance element), may be present {o connect the visualization sensor at the distal
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As summari zed above, the visualization sensor is |located at the distal end
of the el ongated nenber, such that the visualization sensor is a distal end
vi sual i zawpan11/(bsgensor. I n these instances, the visualPCTatSe@n/0$B050r iS

| ocated at or near the distal end of the el ongated nenber. Accordingly, it
is positioned at 3 mmor closer to the distal end, such as at 2 mm or
closer to the distal end, including at 1 nmor closer to the distal end. In
sonme instances, the visualization sensor is |ocated at the distal end of
the el ongated member. The visualization sensor may provide for front
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such, the integrated illuminators of these embodiments are not readily removable from
the remainder of the component, such that the illuminator and remainder of the
component form an inter-related whole. The light sources may be light emitting diodes
(LEDs) configured to emit light of the desired wavelength range, or optical conveyance
25 elements, e.g., optical fibers, configured to convey light of the desired wavelength range
from a location other than the distal end of the elongate member, e.g., a location at the
proximal end of the elongate member, to the distal end of the elongate member. The
physical location of the light source, e.g., LED, may vary, such as any location in the
elongated member, in the hand-held contro! unit, etc..
30 As with the image sensors, the light sources may-include a conductive element,

e.g., wire, or an optical fiber, which runs the length of the elongate member to provide
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Where desired, the devices may include one or nore illumnation el enments
configured to illumnate a target tissue |location so that the |ocation can
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variety of different types of |ight 15 sources nmay be enpl oyed as
illumnation elenents (also referred to herein as illumnators), so long as
their dinensions are such that they can be positioned at the distal end of
t he el ongated nmenber. The |ight sources may be integrated with a given
conponent (e.g., elongated nenber) such that they are configured relative
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Cross- Sﬁ-\?%érB{él ncﬁﬂgﬁ%ﬁoni Ms%fié}ﬁi lﬂH}miﬁarf’ é} e‘q% 50! hGH A in éPa[t%d

rectangu I'mg square), 1rregu SOme T hstance
conf i guviatidlamation sehsori méy goatmda ifirdt yroiriicat ofrthesa\&adaﬁle guossasdctioca rerea iof wi t h

the confiauralon obethe Laterated (iR Ua'Jhabi 8 SRIing U6 & Lhe
25 more of the total available cross-sectional area of the distal end of the elongated
member) and the integrated illuminator may occupy a substantial portion of the
| remainder of the cross-sectional area, such as 60% or more, 70% or more, or 80% or
more of the reméinder of the cross-sectional area.
In one configuration of interest, the integrated illuminator has a crescent
30  configuration. The crescent configuration may have dimensions configured to confirm

with walls of the elongated member and a circular visualization sensor. In another
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20 components is maximzed within the overall mninmal cross-sectional area
avail able at the distal end of the el ongated nenber. For exanple, the

conf i gur avpansl/bosehe i ntegrated visualization sensor amdTiushaionesvnr s nay
be such that the integrated visualization sensor may occupy a first portion
of the avail able cross-sectional area of the distal end of the el ongated
menber (such as 40% or nore, including 50%or 60%or 25 nore of the total
avai |l abl e cross-sectional area of the distal. end of the el ongated nenber)
and the integrated illum nator occupy a substantial portion of the

r emai ndépnfiguration ef ptaresfethe mi@graédelaummm kas soRBHlansoaliguretigre.gore, or

80% or QREfs Bbni %ut?ﬁs (SR MAef ﬁ@ Is BPﬂwe%lBﬁ@atgﬁ%énﬂBé\J 0 %ﬂes LP tRESvalls of 30

confi guratl on of I nterest, ntegrate | ' um nat or as a crescent
confi guthset ebngatﬁﬂenemsceﬂng wndesgmlbad iiogreatgr datad hhlmmn§hlens)rxﬁgmfailgtmr ed to

Censor Yk ThePeburbPE L ARRR=Bfor Sphie AMficRofrl 5 G e R o

has &n andof te donfatglmahiben, e.g., where conforns to the inner walls of

t he el ongated nenber , or walls of the el ongated nber . 9.,

L desor L hed i DT e T e s BRI AR PTBH RG] EENEHUrei or est
wher e t kecondusaligmabi ths é@rﬁg@@éd h&nﬁlﬁﬁld&tt@n@iﬂ fbmt Hpre&embEEn®EolMRe. Thetal 5
end of the el Oﬁat ed menb some i nstances, the el ongated nenber

conpr i s&S1aend g ifiaAnfrier W@Bﬁ’?"ﬁ‘yg@ﬁ @@wteg asginagrategrliumipatoneasfiesrghed d

menber dp§ielin GRdefinam G sLIHRNVAR ofeRE eﬁu‘apé@% -strlBRirél wWhich c@e&n@fmam &p
annul ar wall nmay be viewed as an integra | um nat or, as descri bed

above. fhe snjsdar wﬁba@nfaégcateﬁér%mtéar@fuceh*err@r%ﬁgmhm eandyets|igst amea
|l ect | t
collec F&&h%‘an%&&%é Bﬁa”}%‘d ar 9 "ol géif}héf (?r‘?c# &g ﬂfxé Bfé‘tag emeammevgen

mat eri a conduct s ht from a sour apar i stal
e.g., fdesiradhea pedadtivel cmtm,g eyt e piayided endthevwgtsmedmlmedtralaﬁlmca‘nltect| ve

Co 1 nt oPREGRE BBt forich B prShod oo Bhickf 008 O§ 78l ™ 00"
LED at ahd 5D ektrmeaproginthl éna, théheddistahlenérd tind detiee.dlny cenvelignt ceffecting ent

r ef ctlv 15 coat terial may be enpl oyed. Also of interest are
i nt igraf‘% qgwal‘ﬁ{lﬂlg{pgygateﬁmloxeﬁd ude a fluid filled structure that is

confi gured tAise@ithetest b@hintdgrateh alehinaead mt RIRY a duigtfilbd @fdcfufe Mat
proxi mal end source. Such a structure may a lunmen that extends along a

| engt h B ceniiguiddraangbotsliaht & dhecelopaated rﬁ@fﬁkewﬁtaéﬁad fioghe REXIMekend t he
di stal sagcef stidrahpUad AhyHd HAHER thet @8 ABRPS Mngtls BE thel &loRdHedBY

have a | ongest cross section that varies, ranging 1n sone instances from

0,5 to atrectuse fram ehpepxiroale:ndolight sorfee Pribe @ktﬁtaigerw o the elompaied stryduleunens
myz@avwh%w r%@@n’(tegha?iun‘?% r°na§9r%/le°£' g@gtaa%ss seeﬁdhdpf%@ vBids, r}%%hggted to

circul ar, are ar, “tri ang sem-cClrcu trapez )
i rregul ammeemtam:@sfrrd'eﬂ Sé@I 4. Orh'enfﬁsunhdaﬁ D15l tod3. 5tmm;nnnil&‘flmga9 S 3.0Imed with

any co n’fﬁ? Lﬁ‘ﬁénst Ij;‘lgg ?1398 gﬁ)z c&lu\}é ‘ijent %?os\é\/%%rcﬁonai éh%@% ?%qlué?lﬁg béitot! llﬁﬁ‘tlea ‘{’8

aqueous |ne etc. such as heavy
m ner al ciocdlan esqgare, mentangmam irlahgnﬂangsamlsqneoiafl trapezviddly irgroeitEr eetdt ,has or

F?EZ' tgeglbe%u%h% g’wd a}qu rtreufc urréfjl bnl“lgy e fYY% ﬁ’nb%% con\8/gn;grr1]t trans?u SE)nt ﬂand the
25 where fluids of interest include agueous fluids, e.g., water, saling, etc., organic fluids,
such as heavy mineral oil {e.g., mineral oil having a specific gravity greater than or
equal to about 0.86 and preferably between about 0.86 and 0.905), and the like.
As indicated above, certain instances of the integrated illuminators are made up
of an elongated member integrated light conveyance structure, e.g., optical fiber, light
30 conductive annular wall, light conducting fluid filled structure, etc., which is coupled to a

proximal end light source. In some instances, the proximal end light source is a forward
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As indicated above, certain instances of the integrated illumnnators are
made up of an el ongated nenber integrated |ight conveyance structure, e.g.,
opti cal fwbepivdoseght 30conductive annular wall, |ight ceocadoseémwg4fsbri d
filled structure, etc., which is coupled to a proxinmal end |light source. In
sone instances, the proximal end light source is a forward focused LED. O
interest are in such enbodi nents are bright LEDs, e.g., LEDs having a

bri ght ness of 100 ntd or nore, such as 300 ncd or nore, and in some

i nstances 500 ntd or nore, 1000 ned or nore, 1500 ntd or nore. In sone

i nst ancéecusen b Epr Qftntatest areain gush eMmbhednoents sreoight ks, sucH-Es Badng e 1500
med. Th%ri%ﬁﬁﬁﬁ?}ﬂf l?ﬁ(? RIS Slcras IPDVRES of 91%'1’&'#}% h&ddind I?u?séan'cés shg turn,
coupled to the l'ig conveyanc¢e structure. n sone 1 nstances, the
pr oxi maimashet hé®, a0 becdcarupbred 1600 trivel drimgbre. boswey arstancesy thethrightriass a

Mot i MR nBHES B Pl ol 1 Bocea TP TERTTRY bhbotled din

f ocusi ng foevesd faoushg leesthag s Bdtueycbuplbato tie lightssmeypetd starct@t. t he | i ght

emtted by tﬂ_g LED i.,s ., 10 directed. al on%pt EE outer surface of ttge el ongat ed
0

menber. In t NeSEMEdPSARGES: e PFUITRY & Reda¥ fifr cBHPEH 1Ry 1B ot s

confi gueesvdyaned eGétutd BNA ndrPRe stidHe 1l lsBhstaMtidIg e, #fndt 2@, Wdrﬁmﬁ@@bgenber :
As such, Ibght fromthe proximal end LED travel s al’ongat he outer surtace of

the el of¥fatiel isrifpykinte Hetlight aprveypnemtrusturen Aitengtivaly.dbe isfband focksisg me
| st anc@shs hae bl SHAGUEUSHRYN Rat heRadey i ﬁﬁmO(}fyﬁ@?ighpgﬁmEédOBy HELLED s

configured to reduce coupling of |ight direct e I ntegrated
i |1 dfi ngireeted Rlome the utar sutacenofs thes elongated omambenolndthese hestdatescdbe ar e

structu Il I I f Lo ;. Qf i 1 d by
t he int i‘g?’g e@p%duwﬁr@ﬁhgtad 'Jf%ee%décgglgﬁ"egﬁé (@er C't It"%g'tcglﬁ%ggth% gjgﬁ%rtegrgﬂ%[:%re i's
pr event et tifer elongated anéypber #shsunly, liglkt frors thé ipzratinenersk hESr travats blong thenner ,
the maj qrj i f all, of the || that reaches the visualization
sensor. uterSiyipds fidbe Blonsafi hOfiret B he b cbi ¥ M e P BT L o e
pla}] a by tlhe kr:is;]?aia' zlaﬁ'amessemso&issdqﬂlxﬁglmgﬁtatm s;l}gbﬁ;bagpf a‘hélyinpéﬁit\'tﬁhﬂ_tarei f hnot
i nhi bit, t fromthe integr illumnator, fromdirectly reachi t he
|t 49 abaridra 10 Toid rosuRBost onetimsly dbrinpe iAot dhumerdr e

pol ar i zeuarizEen sefordirséthbr RBEHsD Herabviest SRMARICIrSs BB M4t suibSlahtifilyugie or
conbi nation of structures that have been polarized in sone manner = 25

suf fi ci 8nott 3l fhihevight rmitiedi b he intpgratecolluminaten Al the distel erd iofithat i ng,
Vi ual | Sl R R B e A ol FeEbng, el ol o8 e 2e
by a fi mannge|theimajoripy, ithaak BY. of thei lightl taet ygachssithe edisualization pemeords prism
o eV BB Qi EBRORIA R0 |y Yy BBLIAR P A" o
30secondemssiradn zendebdo nguimstarpialiyrepreeent, tifo nbhenhibit,slightofram zlee istegtdted any
light r ﬁl[ll'lﬁ%tgrd frg% directly reaching the integrated visualization sensor, the device may
include a distal end polarized member. By distal end polarized member is meant a
structure or combination of structures that héve been polarized in some manner
25  sufficient to achieve the desired purpose of reducing, if not eliminating, light from the
integrated illuminator directly reaching the integrated visualization sensor. In one
embodiment, the light from an LED is polarized by a first polarizer (linearly or circularly)
as it enters at lens or prism at the distal tip of the elongated member. A visualization
sensor, such as CMOS sensor, also has a polarizer directly in front of it, with this
30 second polarizer being complimentary to the first polarizer so that any light reflected by

the outer prism surface into the visualization sensor will be blocked by this polarizer.
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the outer prismsurface into the visualization sensor will be bl ocked by
this polarizer. Light passing through the first polarizer and reflected by
t he surrowodongosisgsue wi Il have random pol ari zati on, secCrasgidopstsar f of
this light will pass through the second polarizer to reach the

vi sual i zati on sensor and be converted to i mage data. The distal end

pol ari zed nenber may be a cover lens, e.g., for forward view ng el ongated
menbers, or 5 a prism e.g., for off-axis view ng el ongated nenbers, such
as described in greater detail bel ow. In sonme instances, the distal

end of tLight éﬁ%ﬁﬂ@ﬂiﬂ'@@lgﬁﬁﬁé@tim’@rﬁééén‘éfﬁﬂ@ﬁﬁdﬁ ithe pugQandinatissie wildave t hat
I's conf 'r%o‘ﬁﬁj él%n%t%tn (Is ﬁo%(%fﬁ*‘ﬂhl‘f%ﬂlﬁlé’ﬂ%@%ﬁ%’asQ'%r%h tﬁ@%@?dcnrdaﬁtlér e're' d Of

vi ew t hat par af ['ongi tUdi nal” axis o
Wth 10 aﬁaczh‘ thaamssahaemual senapi @ndrrlufdu:loeyertemb td iimbde afatgi éhe c;:hstalhend

e ol oRS2EH RERRST i B a BPyAlent ol € Bl Faldlb Mo et oF o 5
to 99, supisnased’ foo oﬁEax;eev@wmg’%lon@a&zdofhbmrsﬁ stichUad desdribed inoglebter may

i ncl ude a{%)(aﬁpnvem ent light guide which collects |ight froman off-axis
f| eld o1d %hd conveys the collected light to the visualization sensor.

I n some 15i nBt &€ mstdrit@sOftle didiab el D0 8d SlahiBd MSMbEr ingludedahSdf-axis
Dependi n% on the{i%@rtl cul ar devi ce enbodi nent, the el ongated rrenber may or
BHeliaggen

may not v ug thabiseconiigwisd seriagt tE?(V@HG"Z&t'OPéﬁ@%orp%“%'ﬂ%ﬂm? BMbng its

| engt h. a%ﬁﬁoﬂ@&?ﬁét:ls 'hB??éHéH@ri@ tREMoNYANYndl T SRE VlorRRtd R riber. 8Amh oyed
for a varlety of different purposes, Such as irrigation, aspiration,

el edfri 8aI0f-a¥s aisushzatioprmestdepine Bld iR of Je ViRgalizaibarsensel ishaiaan
wires), glearelgﬁgg‘i‘@'tﬁélong%ﬂﬁal SE of tlﬁselﬁﬁgétsmmﬂergmggmﬂ%b@l’el ngl OW.
may have a

When pres such I'unen Cross seéction

rangi ng rangesimneomasihstaness froomb0to590% sﬁmﬁ aai5stoch5ase.d., BOP o The offvayis

i ncludin mens nmay. have ,any, conveni en r.0ss- secti onal
shape. | VRURTEHNG i By e Sorbehien Lt Sliearas Balitts iR 3om o

tri angubﬁla,XIsSﬁﬁM of:vléw@r@rcorﬁ/é?@mdnabted lighiewthakisuaftatioh Gens@Ss Infgsihé ed.
These | unens nm provided for a variety of different functions, -

i nclodi H@t%eﬁéﬁ‘?é‘g?;ﬁ%‘é?ev'%‘ﬁ"&@?‘lﬂ @edylgis 8PFSMdi ng access of devi ces,

conposi ti OnSDeﬁéerlné Bn ttl'?@ gghﬁj%ﬂ' d8lide @mﬂd&ﬁn@ﬁtoﬂﬁaélgﬁgéf@m%mb&%gﬁ%ﬁr i bed
in greater detail bel l'unens may be enployed as a "work

channel may| 9t s echmsol Meietlgmean tha%teétyfndtaééaa@t prgialaeiooa ideteth When hat
| npart S ridefl BR meln's;ny )}\Qar in bigAntel i, rﬂéfh@lewcﬂffoFQGﬁﬁétﬁ Bﬂéi\‘rﬁfén@”ber

or a co onent t ereof i's a SO present in suc
el ongat edrpeeatesuchsas hmgasiopn gapieatione plestricakisolation (for example of conductive

20 members, such as wires), as a mechanical guide, etc., as reviewed in greater detail
below. When present, such lumens may have a longest cross section that varies,
ranging in some instances from 0.5 to 5.0 mm, such as 1.0 fo 4.5 mm, including 1.0 to
4.0 mm. The lumens may have any convenient cross-sectional shape, including but not
limited to circular, square, rectangular, triangular, semi-circular, trapezoidal, irregular,

25 efc., as desired. These lumens may be provided for a variety of different functions,
including as conveyance structures for providing access of devices, compositions, etc.
to the distal end of the elongated member, as described in greater detail below. Such
‘Jumens may be employed as a “working channel”.

In some embodiments, an integrated articulation mechanism that imparts

30  steerability to at least the distal end of the elongated member or a component thereof is

also present in the device, such that the elongated member is the elongated member is
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configured for distal end articulation. By "steerability" is neant the
ability to maneuver or orient the distal end of the el ongated nenber or
conponentwORlerigwbosas desired during a procedure, e.g., PgTOS2Ig/0eEntrol s
positioned at the proximl end of the device, e.g., on the hand-held
control unit. In these enbodi ments, the devices include a steerability 5
mechani sm (or one or nore elenents |ocated at the distal end of the

el ongat ed nenber) which renders the desired el ongated nenber distal end or
conponent thereof maneuverable as desired through proximal end control. As
such, tkenfigired fofdistaland artigulations Bys'sigerabildy'ris meshéths atilits toreenguverart hat
provi de r a,l&h]. |t

directi %nlé?iﬁtﬁgdﬁéi%rdﬁ?r%%%@%éfségghé@éerb m\ﬁc%eﬁ?ﬁ}pféﬂfa‘sc%é{sﬁgd EDWor down
rel ati vereaedutes eiqnj by aBQOoetrt:lsqmsﬁﬁhed at ttwrp)mgmfail eotl |or6rliaaé de\yce;amg ben

mechan Sxe ne B Sl uaft, ' TheR pRBEHRRST e B aR Gl s iy

pl at &s, mmhasno(omom|cﬁratnowseiéahemeolbcaﬂéadat theoRlisagipesdrdfathe slhgateal s,
sic wire, etc. In sone instan t he

such as sh c
ol S PREN oy fat SrSimdhiongath bkt digtelbra qeramRanERLheteot
addi t i onfdnetedabid 43 dedifkatthaughWrokifnal End BontiSI SRS BAGT tthy tdrRl BtRflaitgut i ts
Iongltudlnal axis when a significant portion of the operatlng handl e i s

mai nt ai REYSEA Ngrein.sters 4 A mMesnanisn hal dieddes A msgr slgeeng fuctenalibeissah The
extent af tgl %bmig @%ﬁg@@treéﬁdd .ﬁtﬁ ééél%srnglflnérh§ud é{§8 'nsm/ néftIVﬁ% 5uch as

from-180 to +1 . Al'ternatively etlp
artilBul & idews rﬁ@yve émg“@ mrt@hﬂmth@nsﬁbe sé&mlhgefgn@lomelltxo:ammproamdltryta udi ng

0 to +9ga?%l}/ltotﬁ d&fe?%ti‘b@&%n{s?ﬁs rE?(taﬁ'fco'léqsgoft aBI%%&E TQRE %Rﬂ b%llf?re%ts SO

that th range es i s accessi er SI e axls of
t he probwmjted thg pne @b rrt;besmmreb,etdbem iatestrees uist ari donikenations Rodradf, aradeffranne

el ongat r ..pe_acconplished via onveni ent proach, e.g.,

hr ough SR EE R er A iR et R f R BATE SRt ar | bel o

Arti cul at i oninmesrhannstascest thmﬂsteesandamfethbwlbﬂme@%@iﬁwm;tmdwded Puipl & shed
20087 0OHFIE a2 GBPOBI B! FISWE: dcich L SdogEndRTioh ipsch abgitn ts

i ncor polatgeddiny #@¢ WHRACE sighfRahd pértiah tof ene ebe@@ngmhu&uléaha;ﬁfa%éaf inl 4t er est
are further described in connection with the figures, below, as well as in

United Sxef P8SIEPD a siscypseskin greatsy. dqtgtlbz@w@ae entenyiof digalusemeenambi ch i s
herein bﬂ&ﬂfa@Sﬁ@bf’ﬂweb?‘w ofﬁfﬁ,%g%?y such as 364 eag?ovﬁl §o.
i zatl f&l ﬁe |nven urit’her 1 nclude a

internal tissue visua on devides o ion f
hand he Allematively) thard|$tat prohmtmhantsbldatadwtsn@ay edng;mﬁber Oits 36p&raishyascdhmect ed.

By ' grerapbly conn t hat. on str |s i n.conmu cat.ion
Y o7 One ka8 R0 16 2ol M Ardfiiof o Barhif Miedante hronEBBHEA B4 " ¢
anot her ssthialheIfutl.range ShandIedd-duekssiSIeni ahekiBidh df $hd Qfa@bﬁmeaﬁrob@ae I oxi mal
end of the el on ted structure, and therefore at the proxi mal of the

devi ce. @asdgseabed ip r graiehi detpil belpw. Refagion; of the elnge r@EP”Bllﬁrb@aMeb‘%i
easily. b&drﬁkﬂlshé@Qné)Bn?'&oﬁ@éHlénthéH%chA%@r ﬁ'lr W thel (i€ Bf“%’ttﬂ@l ﬁj&ﬁ% rol

unit may have a configuration that 1 s anenab o0 gripping b uman
adul t h@perribedeinnaraster dﬁtaﬂlh@elﬁmdﬁtﬁ@wfah%maqﬂan@ma oﬁaytemtyarebﬁu’then sone

' nsﬁﬁmceéscfri@@@e% #ij iSRG POT A Oép:ﬁlikgﬁ;on ?’.ﬂ!cﬁﬁm Nds® Wd Pooo: Eﬁﬁ]iﬁanﬁfd]el d

control unit ave any conv ent c urati on, such as a hand-held
wand w 2&%1’&%443%4 W@e%ﬁﬁﬂ@@‘biwbmd e 2%@!094Haﬁxitﬁeedldcigwrewctf twhich mrgger ,

gtefb’ V\ﬂ&l’eﬁw ?ﬁ%%'?f%rgt%dogy Srgl‘etrgrp Q e'?;ﬁljceaﬁlgﬂlf &urc%%hguratlc?nrseoF 'ijrqtct—:‘l%%{ éOVi ded

further described in connection with the figures, below, as well as in United States
Application Serial No. 12/422,176; the disclosure of which is herein incorporated by
30 reference. ‘ |
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In sone instances, the hand-held control unit may include a nonitor. By
nonitor 15 is neant a visual display unit, which includes a screen that

di spl ays wp=odlooad#ska in the form of |images and/ or text POTASAGION4150he
screen may vary, where a screen type of interest is an LCD screen. The
nonitor, when present, may be integrated or detachable fromthe renmai nder
of the hand-held control unit. As such, in sone instances the nonitor may
be an integrated structure with the hand-held control unit, such that it 20
cannot be separated fromthe hand-held control unit wi t hout damagi ng the
noni tor in sORSUTERERD ahpveetheointrinaldifisyeivismglizationevinesi efdhe riayenben a

det acha h pi Iy t e d from
Che. nandhefaAba o KR RelEotiluhRitg Aol ing G bl BraRaleC

t he nonicoomnected M‘onemhbmmntesl” IStm@anﬁblmttomue @rm:dtdnamjnrwhulnwmﬂtnol(faum t

may hav ri [ t t| uch. as where
The hanSX bR iichafioa dldctical oA GhogRRid, 31168 1iRDGvit 3Rater Sulduliber *of

t he foniThemhandtheiccdrivel minist I?catbelat mﬁﬁrﬁulﬁ‘éau[aﬁd ohtte élonganad Btyuldft&ﬁz twAd snap
onto a recejvin t ruct.ur t n e ontr uni.t., etc e. noni tor,
Chen 5. LEagtore, M9, ihe LGN HTE 40, Bl BRTiEe: Af (e ool Whitih RAE-pd Mol &
contr ol coffigurediiebe hekr &Ry S aeeShéﬁd bNAE BESE hif¥nI A@éd#@lﬂg%otﬂenﬁélﬁﬁhél
smal l er, such es or snmller, ? 5 i.nches or smal i nches,

cto. | Control s THaY BRHe A VDGR tRidh pRDeREDIBIPRIDY He R Aell of
the hangahg! The@Bighebs melﬁanﬁasél@eommlm%h aG%ah bR ihSaRBYs FMARuENI ent

configuration. For exarrﬁEI he nonitor an Mai ni ng conponents of the
hand?heff@mtenit di lksnisuchess b2 teohdest e"Eheoiﬁabdrbeb‘lr cmi:rcé Wit gy have any

Al ter ”aEbH\Périi/ent%ﬁfuédkﬁtl&r?%ﬁﬂ%%té haRY.-hBR ‘ﬁ%ﬁ willflone :fr th8re &eri‘égbﬁf?éri " W' t h

each other via a w s communi cati on
moni t or agi Bl handidhelle gunwivithi e‘ss’tnggmruﬁk:can'\nhere nocuies of suitable bambe

enbodi Eg?ﬁ,@ur%@ﬁg(ymﬁhﬁ{he?gpovﬂﬁ&%W' ongated nenber is rotatable about its

| ongi t igniticant” portion of the hand-held control unit
i s mai nt ai neh somairfstareds melhandmeld%orﬂttﬂhmtama)l pakite theoditat B!y mdidtopf t he

eIon at ed nmenber.can.turn o] ree while the hand-h dcotrol
unltl at % @ﬁ@gp?é’sf"ﬁ 'BP@Xl Iwgf?i‘ 'gﬁlug aécfﬁ?tj'a{héﬁ WBW@rV'Sé'lag%a Qefl xed
posi ti OfbrmeEmWse@ncﬂér feRt & i20fsdrN The GckRIh @haylm NRiYergad YcredRdy )bfr ange
fromO to 360, such as to 270, .including to 1800. Rot at i on,

pr esent NMergst 'Bé’“de)Q|38'@ﬁnb§hﬁﬁy3r@8hmne‘ﬁ?3%ﬂ§pm§&@ﬁ inigggpted Phg@féﬁfhah!%e of

not or s. frdRPME ¢&faifbet BE thé \HRRHIHIY MBMtrdeyst. SRQ%%Qheer%oﬁﬁuﬁ@Qn‘ées Afe such,
devi ces of the invention t;\;gbe entirely reusable (e.g., be multi-use

devi cesnasiton@aynbe @8l iptegraisdssipiciureevig th%ﬁéﬂ@rhﬁld cewre oftn sych fthathié
devihge @éﬁrzcﬁ'tfégé ac‘t%a fr#nlq 15€ MBnd.! 'ﬂ%{oﬁ%ﬁﬁﬂ uhit Swith®kt ﬁsmﬁgﬁpbtﬁg%&ﬁn@?ln;{

reposable (e.qg., ere a nponen can be reused
ti mes) . sgaemmafnarhén aehptb:nemodfmerhte, tilevnnoeltcnralyaayrtm @i dadhiapleb monitor,

"9 e e kD BHRRN A Y B LA By
usabi | i tgsipeal; amititoett slamaging the function of the monltor In such embodiments, the
monitor and hand-held control unit may have a variety of different mating configurations,
25 such as where the hand-held control unit includes a hole configured to receive a post of
the monitor, where the monitor has a structure that is configured to snap onto a
receiving structure of the hand-held control unit, etc. The monitor, when present will
have dimensions sufficient for use with the hand-held control unit, where screen sizes of
interest may include 10 inches or smaller, such es or smaller, e.g., 5 inches or smaller,

30 e.g., 3.5inches, etc.
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O interest are devices in which the hand-held control unit is reusable. In
such devices, the elongated nenber is configured to be detachable fromthe
hand- hel awoaentwmbosanit. As the el ongated nmenber is confiPpguirusdoo4ise2 r eadi | y
separable fromthe 25 hand-held control unit without in any way damagi ng
the functionality of the hand-held control unit, such that the hand-held
control unit nay be attached to another el ongated nenber. As such, the
devices are configured so that the hand-held control unit can be

sequential ly operably attached to nultiple different el ongated members. O
interest arebl é&ﬁ?’@ﬁ\“ﬁ@ﬁ% belveh e mraiten ah e emangey oicthe Mndmegidal | y

oper abl a le - U ¢ y
t ool s. Xof/}%(?il gﬂ(ﬂ?%:%ﬁg% f % g%bgﬂgm@%%?? %gfﬁélﬁq)g%séﬁ %{’Méﬁtl %&@gﬂ?ﬁmﬂ F%P
the pr owfmpleeﬁge aroniterears] targritied Qmmen@r@‘dgeéwandéwelmamtdwhd rnambe oI

uni t {0 Bl E1Py 7R QRETARL S RRARGIERLIBSHEGER AohERls AP Bo 38nfibrdy

snap-fit con iguratron, an |nser ron gur
cert ai nte@nfringumcetioonsith tdaeh hather hial d wmelbssnlcommndmd:ﬂmnapmtdcottIurthese

configured to recejve the proxinmal end of the elongated rrber. 5In sone

i nstancgﬁ% offjine rﬁ%ﬁ emﬂ”ﬂ \@W '?%ﬁ@%ﬂ."‘t"el%&;? CB@WL@“‘EFQ%H "WPHFy by wi pi ng down
t he hand- hel th stond embodimédnts, ahé aistaI@nad of thecBloRGAEE WbrebaNgl rdthebleddBehi ng a
new el oqg&ngggmanber to the hand-held control unit. In other instances, to

provi de' dinpleaxiswaen pisignticant perting ol thedhandclsid centrel wntt is mpintaiasd ce may

I ncl uderpa fiRE®Yasich. ﬂsegucheap@ﬁﬁrthegns@éft@q@ftﬁdhé lohhSteR A& BB chNinPhy t he
el ongat ed nenber that is configured t 10 seal the hand-held control unit

f r odf't hECBRVIeBRGaMile the Bard-Beld @orﬁwémtngttq@eg to the pmsm@rmcbpf dhgheat h
as descblo?@gte'd”mg EXIaBr?‘?ﬁaa‘ ﬁxé?!ab&é"ﬂom%he 'o?ﬁ’&%ﬁgjf! ?n H GeViand! e

cover that “uses a e bag, a portion |ch I o and seal ed
to the mayxvarml aedldnanf rarhw ﬂnspastabB@)"elsudgzaseﬂ toezddey mcwm'@OdbsiiEB@’d t he
sterile %g:g %Pma Iude an integrated clear .nonitor cover, which nmay
be rigi & MqliFed’ 18‘3¥5bec8FﬂV ¥ A} LORYFNIE R arprpae 69 gD

i nst ancese of metwover may be configured to provide for touch screen

i nt gaction th the mgnitor. As |indj cated above, the hand-hel d cantrol
unii may incﬁnﬁﬂﬁe%o AURYe 'BHt”F"l‘:YI b ‘SpPW@%EHr?%@PEn@ésSUC’E‘ héevigesqf|tee

coveri n%v@ﬁt’on maly Wdeardirdly exidabR: (eUPPSE nimplisd QEvieRS @%b@klr&@ﬂkb@éétﬁé

sealing, i.e., a boot portion confl gured to associated with the manual
contr ol Keee thﬁr%ahi:@me@ne%ef e slevice ase vivolengsaralp sopme ingtenger the devite at a

[ 0Lon, 886 kel WchablaSoRy R iy gt RecA 00 B SIRIET I 1
conveni ehtmes} dcaghedf #e ch@PpReXE | therﬂﬁvmomawmdglq@aﬁy teosinglg-use, the
't 2ol R SEIRE o el rBbadtb  oshitia MRCEH SyERITBIRT ESARM ° 1Y
steril ec@mpmecbcbf dohﬂmeetsbmjmnmmrmwaabmty paraaeterach 25 t hat when
e oy, o RGO L e PR o ARG B B PR B LA K
sensor, deviges, ths elesgitedatermber is configured to be detachable from the hand held
control unit. As the elongated member is configured to be readily separable from the
25 hand-held control unit without in any way damaging the functionality of the hand-held
control unit, such that the hand-held control unit may be attached to another elongated
member. As such, the devices are configured so that the hand-held control unit can be
sequentially operably attached to multiple different elongated members. Of interest are
configurations in which the elongated member can be manually operably attached to a
30 hand-held control unit without the use of any tools. A variety of different configurations

may be employed, e.g., where the proximal end of the elongated member engages the
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greater detail above, devices of the invention may include a distal end

i ntegrated non- visualization sensor. In other words, the devices may

i ncl ude owe 2orr/aeer52 non- 30 visualization sensors that ace/usniieguesved at
the distal end of the el ongated nenber. The one or nore non-visualization
sensors are sensors that are configured to obtain non- visual data froma
target |l ocation. Non-visual data of interest includes, but is not limted
t o: terfperat ure, pressure, pH elasticity, inpedance, conductivity,

di stance, size, etc. Non-visualization sensors of interest include those

confi guhéﬂd‘ﬂW@'ddElf‘élphU@h@ Rpvigead qpeseile 6pnReTEion Satwaeiie twat SHGHras bit @r est .
! Spab-ripalTRLRatbA24n IR dritt @RI AoRRBbIdT 18 LBha Rt gL, DUt
are not erature sensors essure sensors, rs,

i nrpedan(dm Bambeld, cootmidtuut had a)strgehusa)ctmﬂgeraadstq receiye :thmsmmalar@ ofd3peci fic
types of Io%ﬁ%ﬁa%rrﬁeh% ude but are not limted to: thermstors, strain

gauges, rane containing sensors, MEMS sensors, electrodes, |ight
sensdrs, etcin Jdme mmmspfheahaﬁebelﬂwantrylpmibhaagemsw used singpbndvigingt he

nat ur e f t nan interest. For ressure
censor Gauhdae BeRaaEt Senticl uls Spckhd & B srup geedire AEREE 4 BoRbS FepH red <o
determ @R)nbbfédei'n%&tbe@ ta0Ee| hgndPhelti Neoritral @alt. Il S8R inftahesd etbapraiieSRAS OF
can be enpl oyed to detect |ocal I%/ el evat ed tenperatures (which can hbe used

to dif f SPERJ Sedlityiq ehand-hgig eants! upjtstag sevieg eppyaisciuge & Feravaile sifieml  and

tunor t 8oty (Mh@dttéqﬁé?r&&mbpbﬁd ioh G aRRPaltlioRehpeWids [BR\igIes g @
hi gher tenperature)). properly collinmafed | aser beam coul d be used to

det éP i sealithe handtheitt eontepl wﬁém thehenviengwat.cEnis starég epveringviedr. infee | engt h
scal e Offorﬁpb?%t Shddth LREJERYLES ik ﬁé&e%eﬁé.l%lo@%f%&%%? gogﬁmn«%rﬁgr at ed

non-vi sual | zati on sensor or sens ot her
di st al 6&addlie copentat yses atfllaﬁlb@elwg:@sporgm afswhm;hm‘r @ifixied do angl aeataeidp tbe t he

outer di o)

Goscr i oA Ebs hOictioSble d0hatfa Momde?. WRRs RREIARD sfkficl

In sone rriaysmalndesan integyratedi e monitardmvar, tw?aetmmayoﬂe frige and maﬂwra@(ﬂmfl ers
are t i eract with tissue in sonme manner t.0 npdj

ol e aS o BANE T do PRGBS Sitert uhsard e sy do cBrgnaey e SPdaed IS
changi n@rdvlfdesféﬁmuaﬁ)Scrdeithiéebdﬂ@nwmtth@mdrh@r t AS FidifcateDhdven thel i dthgig ue,
deliverin an a entgéu to the tissue, freezjng the 25 tissue, etc. As such,

of int eP@ fol ity B & mpRyal C&F‘E"'h"s'@u?é'cﬁlﬂ%‘@?@s thesderie sorengr ®ay t i ssue

freezi ng{cirmt b MxI€ TBRbE b&AeRF AEHAVREY cHRGIRE Seafihd:: .J | $SHSotCHbiGh S Of
interest include, but are not limted to: blades, |iquid jet devices,

| asers SARfigured 1o aesocipteskwish tsl meaval contreliardneasiditione ingdrterile gevering may
i My ed i qabd 8dd; %E‘aqg%i)ﬁ%%ocﬁé‘tﬁg' tﬁ&ﬁh&?&ﬁ% d cﬁ‘?lju% Hgﬁ%hé'lgtclr LARENIG, €ner gy
In evi or 30

(e.qg., as enploye trasoni c abl ati ces Ivering
pl asma énérege, indlencessthe copeteside exfi sterile adhivef pEquémepe (RAY benesnygniedtyi ces

For del io‘ég{étd”& {HeSHOVRYF SAAC FBNowiRG DosiiBRINGYor thB SHEF aHRINGCHRR ind MET oSt

i ncl ude
control unit, the open side may be mechanically attached to the handle and closed by a

validated sealing method. The sterile cover of these embodiments is configured such
25 that when employed, it does not inhibit handle controls or elongated structure and
monitor actuation.

In addition to the distal end integfated visualization sensor, e.g., as described in
greater detail above, devices of the invention may include a distal end integrated non-
visualization sensor. In other words, the devices may include one or more non-

30  visualization sensors that are integrated at the distal end of the elongated member. The

one or more non-visualization sensors are sensors that are configured to obtain non-
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not limted to: devices for nodul ating the tenperature of tissue, e.g.
freezing or heating devices, etc. In sone enbodi nents, the tissue nodifier
is not awossuéonesdi fier that achi eves tissue nodificatiPom/usgololoarsp: ng,
clasping or grasping of tissue such as may be acconplished by devices that
trap tissue between opposing surfaces (e.g., jawlike 5 devices). In these
enbodi nents, the tissue nodification device is not an elenent that is
configured to apply mechanical force to tear tissue, e.g., by trapping

ti ssue between opposing surfaces. I n sone instances, the tissue

nodi f i e¥ispal data Fanpa dangpklocatin, dNavodsyal geta eflipteress includag, prbisinoct livitepsy
foe o . . S Sty 0
00l or & thWe RdHGHe! .pﬁ%ééﬁPé, 3SCH, éH&QltgPﬁ%Hndghb%fcﬂd@%{é\ﬁg{@%‘t@o@ 3iz8 Btc,

i nclude tissue cutti strudct'ure posi t he "el"'ongat ed
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t he di st.al does not substantially.increase the
bnter anbesAlinghobNEug] R A EfielBRasar e oo B Pah ey Ba Mg dltba BlCe ' Of
t he 5 owthar ditial endinehslg, batadre inat imdse td: emperatire depstrs efressure Bensdrongat ed
nenber'b¥ 2 nn1or(%%ss, such as 1.5 mmor less, 15 including 1_mmgor | ess.
The confPyi et I"PPECE HENEERE: p‘?D@giPF‘é"tBiWrSt’o?J?Sthgy SROSErS: | FiC-s SREcinic

I nst anc 8pestdiechoivsn@hideé, HliRe Ft 1iPREd E@ REMSSDraA SR YaRiesC Hdndiansrenber
concentrical ly di sposed about the distal end of the el ong_a% ed nmenber and
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may not be configured as a conplete ring structure, ere the ring
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edge of camde iemplaytedutt uleéeatdypcdlly eevalied etespesatdiest micieh beayobd tdesl db st al

end of t ed r ere. this distance,. ary and i,n sone. i nstances
"0%10 BuRaRb TRIRRLypdl T SisSik s st B8 I8 Rt iolma fnd PR deb 08 o
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the pr oRi&tEN JbEnttegipied pRn-Visu@lizalion sieaseof | SRRSPEoMAY begeonfiguregeder i bed
I'n sonmechmipleftne sther fstall sHaddonfitshenfy 6O dedicsk S#Rhs R hiMMIRLARLmdaRt
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present as an RF-shiel ded visualization nodule. As the visualiZation sensor
modul e B8R theeyteralimensiae o dhe sistel-end, @ @lein wape anhlogavs sathase dasedleed nodul e

| nchydesoa, oAbl yillahicthsh #iidklon daREAt s, 11 not comietel y

prevents, an anbi ent romreachi ng an 5 interacting with
ci rcui try oflnts$mneiinsfeidesathieodegesss mcludasa dissue nmddéieRFTistue bdifiera are

structu I tiallV. inhibi i.f not co el,. revents. nbi ent
o aner ggmp@hits B BRI G ish0RE bdie e SRR IHE e RE B EdeRredea 1
gr eat le_rwelsa.ft ahé tbltrmwhodif\s}om ﬂsi:qmbtc@an!g/ thecfer n@mgapmn@ u?(siidnw waly, ﬁr]Evthing

vi sual i zat.i onp sensor. .sualizatio ensor nodu 0 vi ces of the

vont i Giting e e apilisy Tie ier RelEParan BENERoie TrruEorearind e

enbpsli Nggyue, etdIASIQMINC @8 iritBiest HE tBSlie MiRifieAe afe 6OARUSIHCYS tRBID IbIdtbrat
conductjvely connects the visualization sensor with_another |ocation of the

devi ce, ISSiEHTeszNg/Rnabing rementa. perMdebyery Aguicesopial TEswpeUaTe ©f iRigreat so be
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described in greater detai
ablators of interest include, but are not limited to ablation devices, such as devices for

delivery ultrasonic energy (e.g., as employed in ultrasonic ablation), devices for
30 delivering plasma energy, devices for delivering radiofrequency (RF) energy, devices for

delivering microwave energy, etc. Energy transfer devices of interest include, but are
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15The RF shield of the visualization sensor nodul e may have a variety of
different configurations. The RF shield may include an encl osure el enent or
el enent s wbhi2eti/®ersge to shield the circuitry of the viseariusatioomssensor
froman anbient RE field. In sone instances, the RF shield is a grounded
conductive encl osure conponent or conponents which are associated with the
vi sual i zati on sensor, conductive nenber and other 20 conponents of the
vi sual i zati on sensor nodule. In sone instances, the visualization sensor of
the visualization sensor nodule is present in a housing, where the housing
may i ncl"@iémiedyis davieds uteedulalingube itsraperajse oftissle, ear.\ieeezing emhatinghi el d

COWponerch{aé‘ dideme drﬂét eﬁt@e tﬂ:téetlleeh%d\fk%rq’%] St B fisd Ollﬁlrg}g?l

conductive [ayer. e con ucti ve encl osure or enclosures o -§%ie|ded
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to 0. Gmep@ang g@ﬂfat;@sng 0.4mm to 300.5nm Additional details regarding

RF-shi el ded vi sual i zation nodul es may be found in United States
appl i cation dREPEE iRFanass. e tisis, m@ﬂléerdlﬁﬁlowlsmpéledfssmmﬂﬁeg, sihedsa
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menber |
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and dis i field of vi ew
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mat er i abeteordidiietec ofrithe atangatedheieertier blynz |nhlflldilgleb$§tsumt ad 1B tredl of Qess,
gllc er|1als sutﬁga tun ﬁtenf inl ess ?Lallo Iatlnumor

|ts | | W g { JAMUAT &SSi 4 Be fonggration, ﬁ(‘)eefRWTP Bl piopsy (teg)am -‘éHﬁWﬂll'&kel or

its all eyme BbRINCES! 1HEE IdwE-prtiilee bics§ , toBH €BmpRisePlant Bhhr@b LatPEt MehBRe.

pol yi m de, PEEK and the | 1ke: ceranics, such as al um na (e.g., STEATITETm

al uni nacoRsaEEaR¥X AiEPaRechaoutdbe distaliend ob he ¢largaind emhar@ndapnigyerdy
i ncl udepa HERIEREAREILS théTaEE RAUEhe BBl LRBARIR tn gr@%&vﬁﬁﬂcﬁ‘edﬁo meant

a functional nodul e that provides a stereoscoplc | g rom i nage data
obt ai ne@8N@394 WesufevT e anaylas iting meemiriumay perowiaye 5ok beseonfigleed: e aroni t or

‘M thyt h@orﬂgfeﬁ@%%%ﬂ'ueﬁr@ Wh rpeethge\” .3 @(ﬁ?ﬂje iyl acf)fle ﬂpgelgﬁgﬁﬁﬂ{&?%%grf rom

he | mage data obtai ned by e S e€rnms of
| magestelative to the distal end of the elongated member such that it may be moved along the

elongated member towards and away from the proximal end of the elongated member).
The distal edge of the ring structure may be movable some distance beyond the distal
end of elongated member, where this distance may vary and in some instances is 10
25 mm or less, such as 5 mm or less, including 3 mm or less. The distal edge of the ring
structure may be sharp in order to penetrate tissue, and may include one or more tissue
retaining structures, such as barbs, hooks, lips, etc., which are configured to engage the
tissue and stably associate the engaged tissue with the ring structure, e.g., when the
ring structure is moved longitudinally along the elongated member towards the proximal

30  end. Also of interest are cutting tocls, e.g., as described
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20and it should be understood that the description applies equally to stil
I mges and vi deo. Where the device includes a stereoscopic inage nodul e,

t he devi cwormay/dosskude two or nore distinct visualizati @0TASRE008150E. g.
CMOS caneras as revi ewed above) or a single visualization sensor via which
the image data is collected and enpl oyed by the 25 stereoscopic inage
nodul e to provide the stereoscopic i nage. Wiere the el ongated nenber

i ncludes first and second visualization sensors, the stereoscopic imging
modul e is configured to process inmaged data provided by the first and
second vi suali sawe Bistansasdhe disalansdniesrated vistalizatign spneoriisrarsent @s guich

el oyen - Haeey (FRAERGE, mebke Ry el v B PR CrER  MoRl BT RTHRY, °
pr oduce egterdmts s BF-ishiriptes!, theovisiatimgiiondsarspr modoledncigdésoanmRE svddd thiatent .
Left anguﬁét%ianb Wﬁtsq?ftr?ot%B%p?e%i?ip?g\gen@}sén ambient RF field from reaching and
5 interacting with circuitry of the visualization sensor. As such, the RF shield is a structure
which substantially inhibits, if not completely prevents, ambient RF energy (e.g., as
provided by a distal end RF electrode, as described in greater detail blow) from
impacting the circuitry function of the visualization sensor.
Visualization sensor modules of devices of the invention include at least a

10 visualization sensor. In certain embodiments, the devices may further include a
conductive member that conductively connects the visualization sensor with another
location of the device, such as a proximal end location. Additional components may also
be present in the visualization sensor module, where these components are described

~ in greater detail below.

15 The RF shield of the visualization sensor module may have a variety of different
configurations. The RF shield may include an enclosure element or elements which
serve to shield the circuitry of the visualization sensor from an ambient RF field. In some
instances, the RF shield is a grounded conductive enclosure component or components
which are associated with the visualization sensor, conductive member and other

20  components of the visualization sensor module. In some instances, the visualization
sensor of the visualization sensor module is present in a housing, where the housing
may include a grounded outer conductive layer which serves as an RF shield
component. In these instances, the RF shield is an outer grounded conductive layer.
The conductive enclosure or enclosures of the RF-shielded visualization sensor module

25  may be fabricated from a variety of different conductive materials, such as metals, metal
alloys, etc., where specific conductive materials of interest include, but are not limited
to: copper foils and the like. In certain instances, the RF shield is a metallic layer. This
layer, when present, may vary in thickness, but in some instances has a thickness
ranging from 0.2mm to 0.7mm, such as 0.3mm to 0.6mm and including 0.4mm to

30  0.5mm. Additional details regarding RF-shielded visualization modules may be found in
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represented by bl ocks 1005), either sequentially froma single

vi sual i zati on sensor that is noved froma first position to a second

posi ti on W0,20i11f006050 Vvi sual i zati on sensors are present, ®EHUS2a0aKISY2 Or

si mul taneously. The left and right Inage data account for the different

| ocations and perspectives associ ated with each respective position of the
5 sane visualization sensor or respective positions of the two distinct
vi.sual i zati on sensors. The inage data for the flrst and second inages nay
i nclude distortions, and an al orlthn1na be enpl oyed, for exanple, in

whi ch t Maiteet$tatasd appligation rﬁe?@é A al 243 g@@ sﬂﬂemﬁlﬁﬁlewrasofswﬁh i5 Hegein

cal i bra t nove | ens distortion, as represented by bl ocks
1010. Ak%gggﬁggﬁﬁgﬁ?kﬂ?ggrlthnlnay be enployed Al gorithns of 10 interest
i ncl ude t hosk @ewer instances, t@on@y rincdudeald wolimated dasabi gonfiglurethierermit

t hrough bV L d.on’ g |
comput 1 3 npiid" 288 FEFE ol B A regh 158 SMHfERET e RO s et
Levefibeengd M&tmueiodgatadj gwmibérmThé Collimated seotorfeameits otthieea enibiogitnoents on
t hrough | mage by Lu hese SPA 2003, Proceedin % of t! érg’

| nt er nal%n 'F ”ﬂg uﬁ%"olhs‘% gB Y %IOé,%rpcgﬁegcgggb,%S Lk nok Timiteg, 1055 |
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a2 oo ond T s e biderool MRACHTY LEETBRE ankfed S aly 1o Bl P i dndl P

t he fir¥ideand second V|suaI|zat|on sensors may be identified and used in

t he determ cause
the first amggé;g]% e\%‘%ﬂg Ilhazéé{t | ggb?g%%? chﬁ'agaw%ﬁ&i? l%%e ?F@?ér@%ﬁ‘é%ﬁ ong
and hentwo bamr@dfstm«:tenﬁuqheatmmﬂnsmfss(e d.hENPreamieyECcas mmﬁ abave)) mage
data for th i zation sens at dlffer

el OBt shslzaRas sERET Vi ik de e B T alartatT o iovad bV 1R

r epees esteesbsoypiol inzige 1ddule togeovide the amrboycopis Peage etthaviet fhet dlengate@t i ons
of the first a,nd'Haecond VI ual i zati.on sensors na be used to determ ne

dept h aAEMEAgEC e%ﬁ]r%tcﬁ‘% SEEANG VigyRbzation $PARRIP MG SERE08Is Enaging

Tri anguhiduRn |§%ﬂﬁélﬁbﬂoﬁs pPoRs3PtdRd HEtadFdwRd BYItheddital, ah Gelcbid
resultant ran or depth) map can be overlayed on the inmage display, as

desi r ed_V'SWIZs'ig% SPBEATE e edER (61 HEIEOSOREC INag G In BYCh STEREUBEBST 3N mages
taking béﬁx}én?h?%’teho%@é;ﬁ@ dgRn r&&%mﬂeﬁw;g[rérﬂf tb'eO rffyelihUsIgPe10

reconstructe rominmage data f omt e fir con Vi sual i zation
sengdr . illusirates.a bioek iflovudingerne ©f A taghhigye dbfryeduas sigstascapicdmagesifianons,

accor di mgaéeodgtgf Egéo?dlng to one embodiment. Left and right image data are obtained (as
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enbodi nents. FIG 11B illustrates two visualization sensors, i.e., 1142 for
a first view of objects A and B and 1144 for a second view of objects A and
B. The depoOhlommdérsange of the object is found in a sim lpar/usaswmsisas f or
FIG 11A, as described in nore above. Further details regarding aspects of
stereoscopi ¢ i mage nodul es that enpl oy 20 i mage data obtai ned by two or
nore distinct visualization sensors nay be found in United States
application serial no 121269, 770; the disclosure of which is herein

i ncorporated by reference. Also of interest are stereoscopic inage nodul es
that ar ESRIBRRNIBE DY PIRAKSHIIOR). Fithar §@@49é1§§|bb§5@@ 3 piagle Yisuatizatiaraseisoathasd by a

si ngl e id"RRed RO 5: firkpSdifdh &MRRLSRD m}ggm e of NEtld8REa ?l‘?rseh%rg%‘é' gur ed

to provide to the stereosco | C [ mage e c¢dnsecut rve set | nage data
of the tspst, Serqgeuf@liwnatmnuhanamsbfhTbedeféaudmgdat drﬁég@tdatamgmudafca taee t hen

ST O bl SR SHRE BB o IRAC RIS LR PSR g e o
t hat 5i nsbm@ems&ﬁhzlahazstsmlmba_drr mspectf\/ler pbsitivrewodftha twar giltinti sBuelidatieat i on
i Tl N TR R S e
f rom t henfdigaithmiresy by caiplo@@nYah@riplsliis Waisteihef1oft apYyagat ﬁ‘nége data are
first warped as shown via a calibration element to remove lens distortion, as
represented by blocks 1010. Any convenient algorithm may be employed. Algorithms of
10 interest include those described in “Geometric Calibration of Digital Cameras through
Muiti-view Rectification” by Luca Lucchese (Image and Vision Computing, Vol. 23, Issue
5, May 2005, pp. 517-539); and Levenberg-Marquardt algoﬁthm, “Correction of
Geometric Lens Distortion through Image Warping” by Lucchese (ISPA 2003,
Proceeding of the 3rd International Symposium on Image and Signal Processing and
15 Analysis, 18-20 Sept. 2003, Vol. 1, pp. 516-521). The resultant undistorted left and right
images, represented by blocks 1015, are then processed with stereo and image fusion
algorithms to construct a stereoscopic imalge, as represented at blocks
1020,1022,1024,1026,1028. Any convenient stereo and image fusion algorithms may
be employed, such as but not limited to those described in: “Scene Reconstruction from
20 Multiple Cameras” by Richard Szeliski (Microsoft Vision Technology Group; see also,
http://research.microsoft.com/pubs/75687/Szeliski-ICIP00.pdf); “A parallel matching
algorithm for stereo vision”, by Y. Nishimoto and Y. Shirai (lJCAI-1985-Volume 2, pg.
977, see also, htip:/fijcai.org/Past%20Proceedings/lJCAI-85-VOL2/PDF/059.pdf);
“Image Fusion Using Wavelet Transform”, by Zhu Shu-long (Institute of Surveying &

25 Mapping; Commission v, Working Group IVIT; see also,
http://www.isprs.org/commission4/proceedings02/pdfpapers/162.pdf); “Disparity field

and depth map coding for multiview 3D image generation”, by D. Tzovaras (Image
Communication, Signal Processing; 1998, vol. 11, n°3, pp. 205-230); eic.

Stereo algorithms compute range information to objects seen by the visualization

30 sensors by using triangulation. Objects seen at different viewpoints will result in the

object at different locations in the image data for the first and second visualization
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mmor less, including .5 mmor less. The first and second offset views may
be obtai ned using any conveni ent approach. In one approach, the single

vi sual i zawoan1igesser is nmoved froma first position to &Cyasend/operti on in
order to obtain the desired offset imge data. The single visualization
sensor may be noved fromthe first to the second 5 positions using any
conveni ent manner, e.g., by a nechanical elenent that physically noves the
sensor fromthe first to the second position. In yet other enbodi nents, the
desired offset views nay be obtained with a single visualization sensor

oper at i ¥eN§PrEoUpectsnasitapr dpege giffesrncge issysaddmdelgrminingralgpthnandtiegermé or
‘ g . 0 > ) e
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ens with two, or .nore different views. T requenc it i.C e first
and secdhd®% tforvhﬁ/vgrsér%' B?‘éqqﬁiga'sﬂgl'zﬁ§9”v5§?'§?r \'/\'}/?é’\rmbei‘?‘fVWE]'BCF’rE?”l5 Rehnces
the fregoemmateraycdtionge Trigngulation Ry bR MPBleAftHited Usd ré@sredented 1y block

frames/ SSé@I Various systenms may be inplenented to provide nmultiple views

with a $PrlI 8agehedna deapetynassaciated g!?i@stth@ refaliges efuthearfestngnd |saepodd t o,
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Usi ng PlThisae réerea¢ttet! aPblock™108§ iCiriGy 10.Gatgreescoplc. imzBes kaking Inis actoing,

Uni ver si 1 NQi f. - Chanpai. gn; see .al so .

nt pe s Ebgdmetgt® Baft ntbip R8s PATRES HreSSs iRy rom jmage daia from
Reconst thecfirsband$eddad visullization seneges Based on a Plane Symmetry Recovering
Met hod" by . et a EEE .Transaction.on Pattern Anal ysis and
Vechne |t er1aheniEe iubieS siBhpy bETR oskE, peTiats. FoeoenRulo Grioge)
FIG  1lambobintdrat PRS.a1 18 iMgdteated Surlisualzhidh SAReAY, i.8.10%40dredvirsbvigR\ed to

two different positions 1{1101 and 1102) to sequenti al li[ obht ai ned i mage
dat a, wRPIERSIDagd&iand 144 jorsbeesand viewrbebigaisH pad Bapl kg gepthyand range

st er eos gPHeGbidRSSIOIRAH & sinfiaP FAMRELadfo? IFRE ©PHC QR deskbiBEfinGhoelieets A and
B. The first and second visualization positions 1101 and 1102 are at an

of f set wi dt h Frtheodpigie regridinerasprisischl algjecssenic imaagimedules dwmteernpiey ances
fropyl h Ohiect t )

focal plad gpEr Buietiegarue b bR olsfis iR St BB RIS, and
second po#ed i Jates( spplivatiy sevint ed. |12/269, 1701 She 1dig€psuresple athiohe sy hereline
differe i i em perspectives is reflected in the i mage data

obt ai ne@%gwo?%tgésb&r{g%l&é&}%ﬁﬁge sensor fromthe first and second positions. As
shown, firstAkbsiiditerzat aenstenscopid éges sedulebjtieattaze Aokfigured to pvideea ri ght

O e e B2 lhyd 0L A 2P RO e S et S bkl o g
to det ethd nmadepténsdndisr 206RgREd OR) enbbdéd RNAh&. stereoscopic image module
consecutive offset image data of the target tissue location, which consecutive offset
image data are then employed by the stereoscopic image module to provide the desired
stereoscopic image. By consecutive offset image data is meant image data that
includes at least data from a first view of a target tissue location and data from a second
30 view of the same target location, where the second view is offset from the first view. The

second view may be offset from the first view by any convenient distance, for example 1
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10The stereoscopic i mage nodul e may be inplenented in a video processor
nodul e configured to receive i nage data obtained by the one or nore

vi sual i zawoan11gerEser s. The stereoscopi ¢ i nage nodul e pr @CEdses 00es02 nage
data to provide stereoscopic imge data for display on a display. In
certain enbodi ments, devices of the invention include an inmage recognition
15 nodul e. I nage recognition nodules of interest are those that are
configured to receive inage data and conpare the received image data with a
reference that includes at | east one of color descriptor data and

anat oni &N oféessy instugingaatramt @ Iessk d he fissitandriesand offselsviews Waytlieceblainedl er t

si gnal t The fer to
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for one nmvezdromraeflnsémesleun60|mg@s1ﬂ pnsqun whender tdebtidi éhecdesitedl offsed by an

appropri e _ane_or e r ef renc S such, a
b ihde BRACTRE YndyBl:SRAS) e imiF e dlefiiEl M IBPEme Ssdhd " 2
r fef es fenq;esshmeg asing rangotm%/emehanﬁaae% erg3][ By @neecledrical Idhffrhewtetﬁaﬁpmd ¢ set

of reference ta for econd reference image.. I n such enbodj nents,
o e er BIVES fhe SER dtn 48 SRS R SoemecboaHiege I HPLOIET STPHIHIGS 2be

r ef er endesirgtR8fiSet Fels m8y e Hﬁt'éﬁ}ed5wﬁiﬁ d"8ingle @@u@lfzaﬁﬁﬁ &ender Qgerﬁﬂflé?y 50 or
nmore, 100 or nore, 100 nmore, 1500 or nore, 2000 nor e, 00 or nore,

10, 000 cgypl%,tcéa@tqphca!rgq@ @(ﬁ;@m, ng@smay mcludepgyfee@re:w@@ pfnlggéﬁgs @algors
predet efifg@esch r&eaﬁ‘gi,rga t@%r;o%ﬁi‘eQHe %S.ré& RECad se%%ng fb@fséﬁh@w@ gﬁg%ﬁ are

pr edet er m ned, are | es that have been produced 30i n tTy of
t he 1P nade trat amﬂ Isa@ondsoffe@é@lay@dmby behrrovided o ﬁmsﬂegigm@aﬂwmnesenlsnr by e

I nst ancﬁﬁ:iuo‘irgbearfﬁéte%rﬁpg&dn@qgﬁ§ sgétgmgmﬁﬁ a tgmateq cgﬁvey fn?e[gqet (?a&g% qhéFrrent

of the "1mag 'S recei roce
ref er enaeualmgels sangorb el heneifpes viewat may elsomeapnme[dleﬂr fometxbmpleq ivg ischingieg t

(e.g., pe that | s being.visuali.zed durin dure

where t Rco AR Lehn cvetol JEL huerS Rerrhied ¥ bfMich. el IhaCMASING! & B® 4 ven

pr ocedutiferent vfemmTae dicilienenivitls whjchcthe (fifst @nd seeosd bifset vieWd @fertaitamedi y, the

r ef may be pr.oduced ovo, such that theit ég not produced
@

ol iy VR SVRE A Ao R e, e Tehel Bl cangR o gned.

e.g., b%ucﬂﬁa@g tRBURAMOS/s6Q N EGlis Sfctérhs %y%@%lém@ﬁ%%cﬁréwde multiple
Ref erence i mages that nake up_the reference nmay differ fromeach other in a

nunber ¥EWRAYE ashiole campra, %@emmf Hiterent Pé'ﬂéﬁeh‘étear erivd digitag fo.HBosemges
of described in: “Scalable Multi-view Stereo Camera Array for Real World Real-Time
Image Capture and Three Dimensional Displays” by S. Hill (Massachusetts Institute of
20  Technology, Program in Media Arts and Sciences School of Architecture and Planning;
May 7, 2004; see also, hitp://web.media.mit.edu/~vmb/papers/hillms.pdf); “Single
Camera Stereo Using Planar Parallel Plate” by Chunyu Gao, et al. (Beckman Institute,
University of lllinois at Urbana-Champaign; see also,

hitp:/fvision.ai.uiuc.edu/newpubs/Stereo PPP Gao.pdf); and, “3-D Reconstruction

25  Using Mirror Images Based on a Plane Symmetry Recovering Method” by Mitsumoto,
H., et al. ([EEE Transaction on Pattern Analysis and Machine Intelligence; Vol. 14; Issue
No. 9, September 1992, pp. 941-9486).
FIG. 11A illustrates a single visualization sensor 1105 which is moved to two
different positions (1101 and 1102) to sequentially obtained image data, which
30  sequentially obtained image data is employed by a stereoscopic image module to

produce a stereoscopic image of objects A and B. The first and second visualization
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10 regions of interest of different internal tissue |locations. In such a
reference, the reference may include first and second pre-determ ned i mages
t hat dif fwo 20rics@ach ot her with respect to a pre-det er rCmas2000er502l

ti ssue location. For exanple, the reference may include i mages of at | east
a first tissue location and a second tissue |ocation. The first and second
tissue locations nay be |locations that a given device may 15 be expected to
i mage during a given procedure, such as during a surgical procedure. In
sone instances, the reference includes nult ifpl e images of different

| ocat i oResitinRg 140y ie0en 102Aralat A offset ydgibol Tsare Ang analirr. wWhishngay vgrven

pr ocedure.d; Fg{ge | t etk al so

i ncl uderﬁ%@ge@%‘rﬁ%?% er eﬁtﬁlot%i1 Egﬁﬁeqo(frgg%t’ %g%@%tg h*ﬁ"”&%?%%é@i%ﬁ%ﬁ@%sor
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interest IS Ing peFformed correctly. Accordi’ngry, sone references nay
i ncl 6ide viemling pémpecivgess tdilattetdriadhe infeye databbtaineaf byatheéeingle imbgnseorect | y

and incorrectly posi,tioned duting ap entire_.procedure, such a entire

SO gt catolt s HisP @R a2 08 SR, e SRt FRESATion S0 108 BPeone

or nor e objelclr A deB @ totthé right cfadentatrwhariatpuEitional 1 108 sl sdesrobjisitalA dit Bol or
ata _which is _based on the particular color of a

descri pt gr ta i s neant | \
given i ﬁ%é?ﬂ%‘ Oft?eé%‘ifé"’aﬁé‘?rt 8 RasiioRohien ethesdispatity Betwaeg the fupnyiews ig ysedt er nal

tissue g HSteBeldepliialf RMBet obRER A hagses that each has a distinct color.
For exanple, different tissues such as nuscle, nerve, bone, etc., nay have

di f flBrent coll6¢ sterepseoni dnpge tmedilermanypendmpeseatad im & Nepepr@Fesi®E i mage
as col or | ; hey | p ' ul e.
By anat ool 3Rt Ao 18R A0S TR HALIRG, by T BROorgRe SRl paTEH

parti cusansghagdeobieggrscopicniinage tieduie porestesr 8% dmaghedatat &y mibvide ssue

L of BP0 ST o, e o ey pone etes
as anat om caln dertan igptberdirdentta, devices of the invention include an image recognition
15  module. Image recognition modules of interest are those that are configured to receive
image data and compare the received image data with a reference that includes at least
one of color descriptor data and anatomical descriptor data to make a determination as
to whether an alert signal should be generated. The term "reference” is used herein to -
refer to data in any format, e.g., saved as one or more image files, etc., that is for one or
20  more reference images, e.g., where the data can be used by an appropriate processor
to produce one or more reference images. As such, a reference includes at least a first
set of reference image data for a first reference image. In some instances a reference
aiso includes a second set of reference image data for a second reférence image. In
such embodiments, a reference may include sets of reference image data for multiple
25  reference images, e.g., 2 or more, 5 or more, 10 or more, 25 or more, 50 or more, 100
or more, 1000 or more, 1500 or more, 2000 or more, 5000 or more, 10, 000 or more
etc., reference images.
Reference images are predetermined images of a region of interest. As the
reference images are predetermined, they are images that have been produced
30 independently of the image data that is received by the image processing module. In

some instances, the reference images are images that exist prior to obtainment of the
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As summari zed above, the image recognition nodul e conpares received inmage
5 data of an internal tissue site (e.g., obtained during a given procedure
of i nter e8OR0W/mbosehe reference. The conpari son perfor medThis2ele4isnnge
recogni tion nodul e may be achi eved usi ng any conveni ent data processing
protocol. Data processing protocols that may be enployed in this conparison
step may conpare the received i mnage data and reference based on col or
descriptor data and/or anatom cal descriptor data. Data 10 conpari son
protocols of interest include, but are not limted to: nmean absol ute

di f f er efiBegb datethat i socpbad PlpttQﬁ inage gracgsseing edHedThelrelerensgdmagss nean
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from sensors_on the device or nanual |y input and associ ated with a, given
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| ocati oRuabef bR RN Fr V@iﬁmpief‘earﬂﬁw{&% VeR! @kdlefcd hrﬁagéga%ydﬁé Amagbe &f

received. Alternatively, the i ma?e recogni ti on nodul® may "aut omatical |y
sel 8t PP Of diteresdt @f dffferenige Qiﬁ@’a“%@e@cého%ﬁ mn &p¢h ya gelesenseertse  For

25 exa”%ﬁrenkg%é%”grg,guc%aﬁfa%@%'}mg n%&ﬁﬁ&%{e%e[@%ur?é&t Ct%t )ﬁuf%?'ﬁ%% e‘é@ﬁ most

simlar sets of erence npariso
step. Thinernuiffe respasdniot Aoprentdeinaned niptermes mssaeri@cemaredFmrrmg@nuLet é;hw th

the r ef I t t erdm t.her.. I S I I

oner ot SEREFe Hal ifflad IndEscTat Bal BieH il doBionoafd) &R desPE | ¢ 4
dECI Si omcaBom dl' hdmmd moad&iskué%[bcais@ma‘haya beldahtibes thah erghtedddevide may i mage
rec 8 e.determnes that an alert nal shoul.d ,be ccl%dnerzt ed, it

§t’(8e t%"%"I‘Qe durgigLa 9PN PRSIy sycl @B%Fﬂ?%ar’?b‘&w% PEPCHOHER- Y st em
tO pr OdUGmeamsﬁheéé tab gafdrence includes multiple images of different locations that a

given visualization sensor should image during a given procedure if the procedure is

performed correctly. The reference may also include images of different tissue locations

that a visualization sensor should not see during a given procedure, e.g., images of

20  tissue locations that should not be viewed by the sensor if the given procedure of

interest is being performed correctly. Accordingly, some references may include multiple

images that track the location of a device when correctly and incorrectly positioned
during an entire procedure, such as an entire surgical procedure.

The sets of image data in the reference may include one or more color descriptor

25 data and anatomical descriptor data. By color descriptor data is meant data which is

based on the particular color of a given internal tissue site and components thereof. For

example, an internal tissue site may include one or more tissues that each has a distinct

color. For example, different tissues such as muscle, nerve, bone, efc., may have

different colors. This distinct color may be present in the reference image as color

30  descriptor data, and emplioyed by the image processihg module. By anatomical

descriptor data is meant data which is based on the particular shape of one or more
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The alert signal, when generated, may vary depending on the nature of the
system An alert signal may be a warning signal about a given system

par anet erwonroa/®eeszgnal that confirnms to an operator of PChaSsysers: hat a
gi ven system paraneter of interest is acceptable. In sone enbodi nents, an
alert signal may include functional information about a device. For

exanpl e, in these enbodi nents an alert signal nmay include information that
a given device is functioning properly. In sone enbodi nents, an alert

signal may include positional information about a device. For exanple, an
al ert 10ssiggsbivctregs phéhauddeingt diseva s Hor wyani héfferent tissues sicheasdevi ce
is corr | i Shid i t i gnal
may con'?’g%s r?béi’ ﬁ? f)};rehglt)é‘%n&?'hg%&iafﬁ@gesnhgh%?ihgrgggw eﬁ{e{ s@ge%:%greﬁgr%%%%tﬁ gcti ng
non-t ar ff&t imagesiata as aohtontieal deberiptorsdaia. nodifier is not correctly spatially

posi ti oned. e.configured to enpl an alert signal in a
Dol ety of e R Tbye S ReGd db EiariiBo RO Y Ryt ef e Srebe Fhe
alher f sidgtzadf aroirg%rpal_emssué Sitbl(%(esy,smtﬂ_aineld -C@rin% \d giver pﬁid@dhrél;bfqﬁwr?swﬁvphlé of
the system .In a ion or alternativ ,.the systemn e nfigured to
aut omat MERTS18RGtTE GOGMETSN AT BTBRGIY: 6 BIo0Eaf BN BOR BTG BE erm
based oachibeediesiag ahy edn@nié datLprocsdipprotddl. Suta PRI Rssing PrRotd)e tHairge
pr ocessi n% nodul e deternm nes that a tissue nodifier is contact |qr$ga andy 1
r

non- t ar & ¢ EQWOYEAJN 205 1908IREriEPR SIEPhBIRKCOTIPEFE M FaceledBiage
si gnal  r@éreieh ORdkCah | &’OI&D@HééFp%rOBQtraaﬁh&’lelr Od(ntaids?ﬁicél' ?éé@ip‘f@dﬁét’a?rDatg - Ig ’

by turning it off. In sonme instances, the aler gnal may automatically

shut0t heoRparisan deelpcols of intereskunelbde, bet @re snetedjanitad nty: | mage aksobdei tion
nodul es o] V! i U npld Cat | i / : '

di scl 053?%?% m#tg%gpsﬂﬁe&eslcﬁwgﬁ%?p%ﬁgt%? %@kpzc,;q’ra 'é%’ éré%ée%gqneém%?ﬁé

st er eos tdgisitynmeddl theadegreragfecoredatipn befweenoghincgde axisgof thes sttesturd bed
above, &)93;[,1\%?' enented as software, e.g., digital signal processing
sof t war €; ol I'e, e.g., a circuit; or conbinations thereof, as desired.

I n sonme enbobhi peribsping hkisd eginpetsarm st p) cthe dignayeC psogyAioa emstitlec nayebS0

configured.to nvey an itembetween the distal end of fhe el ongated nenber
and 5o BRI Pert e S RlhlERPIcH (i APRioPHal iEten i ralsts e, odgvare
associ abgsin tha rebeived qmia]@@lda;ae el sBhet NBtaRLOS AAL ashalB TBSIgrtionans @Gk 3 ed
with the hand-held control unit. This conveyance structure may have any

conveni ERTTIGUASH itQy N thGHesRived insagR: dats Mathcthe faferegce byyesirsting @mannel
di sposedppiobhhia §éieof%bfé9&ﬂ§eeﬂ1é§é”@ﬁé-ba\é\@§rbrpé RREHif Boal EaBbRBRe! |
t he channel may have an outer dianeter that varies, and 1 n sone
the device. For example, the image recognition module may obtain positional
20  information about the device (e.g., as may be obtained from sensors on the device or
manually input and associated with a given image) and then select reference images
that are for the same positional location as the device when the device obtained the
image data being received. Alternatively, the image recognition module may
automatically select appropriate sets of image data based on similarity parameters. For
25 example, the image recognition module may automatically select the most similar sets
bf image data from the reference to use in the comparison step.
The image recognition module compares the received image data with the
reference in order to determine whether an alert signal should be generated. In other
words, the output of the image recognition module is a decision as to whether an alert

30  signal should be generated. If an image recognition module determines that an alert
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5 instances has an outer diameter of 3 nmor |less, such as 2 mmor |ess and
including 1 mmor |ess. The conveyance structure nay be configured to

t ranspor twotzenmos®2g. , fl ui ds, medici nes, devices, to amCiratseswakispar get
site or froman internal target site. As such, the proxinmal end entry port
of the conveyance structure may vary, and may be configured to be operably
coupled to a variety of different types of conponents, such as but not
10limted to: aspiration units, fluid reservoirs, device actuators, etc.

As indicated elsemhere devi ces of the invention may be configured for

wi r el es&9aak sheyd henpergraied, dt gay 9@%?%%@&36@@% Jr NgBHE Brseparate

transm gjden &fthggyﬁeﬁqbwcﬁadﬂ Sbg sgpgponent of “the device, transm ssion
of data between conponents of the device and anot her device, such as

hospi tal i nf berelarbBigepktwhen gepatfeé@ct; mayiveor deperding DnAme batwweof dhe
| .
Wi rel esg, GONMARI 624 'sgﬁa &qmﬁ:ﬁ% w’H?Munges a{r{ggEB&?cda %}Vrﬁgrs&/lsfregq Eg%étéﬁéﬁé‘ces

wi rel esSY Conmmuni Cat i ne or Ss communi cat i on
nmodu$ es signal that Aonilmi’a)tq)lanccamahor rob dioé: esystewn et pr givent sysien paraoeter gfir ed t o

trol t t I t b dj
cont o1 MEBsC RS atleplRie S8 SrmidcfitEnts i ah AP SO e D RO HBRIERIT ST
The vi dedomration st raaaae\axtesd:d)eemﬁd fle,gmrmdsé @nﬂmiehb giets N aert sighal rhapm one
t ool s an u e C

ore nNDre sensors r rther,. ma nfigured t troI
Che TongRER Rl et Dov el dBNig & SiSPhisd Feerhad S SeeREERBmaul ¢
i ncl udi ag didiesighs! May ﬂ%fﬁesﬁj%ﬂﬁfnﬁl iAfration aBb®: a a'@\ﬂcé/ ForAampR) SR ferfBY
include, but are not |limted sensors rel ating pressure tenperat ur e,

el adfi cpiopal may M espiamatien a8 9 whetiss @5 Reba gi\ee@eqievw intcorresty seatially f y

and/ or pBB&AHER. %fﬁe@é%’ﬁ%d‘irﬁeﬁt@”ﬁl@ra‘?ert @:tgﬁan h cé!:%ln%m%rﬁﬂ%ﬁtfi&)é tisBGé ude,
but are not limted to, a neasurenent s ear drop probe, biopsy probe,

f or ceps Mogifies gbine, devigsl iasontasting eon-farget tigaue.raychihatrihe Hesie medifer ismont
devi ce, Dependi ng on the specific application and
PBR R0 psfiipg mren 0 o1 e SPecit ¢, oo

sensor/t sénsor data nmay al so be included with the inmge
data for 30pfFluEegdemgniby bemnﬁglﬁeddemmkw anmdpst sigdallie,a varlerby dediffeenpr ovi de

t he,st ereogr h|C|ma n .centain st an V|csofthe
hoant Thaoe AR s e configurest brhsf s i weRSH oa ubd Bk STSRY ¢ o
devi ges ea{]I ena:anfalegtdmgﬁbtmmmm trmmg/ﬁwm rigraﬁdmoﬁtdr@ltembgwy tthesystémt hay |deVi ce
may e at P, ati.n C eve usi n an onyeni ent ro CO

suoh as DB rantiret Re B Ra Gy angRAn AncAY MO ORY=BORR oHremBT & 68 usi ng
awre @mmcbam 68 tBe . gl_ etletatidnUsiBal Qilért %riaheF&eékéiﬁbleoﬁrvk@rd\ﬂtﬁ@|trﬂ§§e
comuni cati on protocol he content of the update may varegégqtn sone

| nst ancBEOCeSSING MRS SEteBRINES (e tiSSHE Masifiar asiCRRiagi PYLIAERHESUMARd t 0 be

usegow EH@ré\‘oféargTehQFHté?é & wﬁtﬁﬁmdmm@raler{ ”s.uérﬁdl SmE?SQMthatléé]s pfEiate
hand- hel d. control units A ed W two ofr nore different
ﬁ‘tﬂa mr,fﬁ Gr,

el ongat eperationef thettisgue bwumumdt Dférfn samehastancay thi aledrsignal
From t noe e ey LR A E e M P 21 1 suioh that upon operabl e
connection ofurthes détaﬂ@aegardmrt)r@age orenhgnitmandnb@hids caret palvidedi fn Wpdat e
o " bbby SERAShE 58RO e RLRUERY 5 oPRIRE nhhd REROTEY o
suchst hedferehce.an operate with that parti cuI ar el ongated
The stereoscopic module and image recognition modules, e.g., as described
above, may be implemented as software, e.g., digital signal processing software;
hardware, e.qg., a circuit; or combinations thereof, as desired.
In some embodiments, the devices may include a conveyance structure
30  configured to convey an item between the distal end of the elongated member and an

entry port positioned at a proximal end of the device, e.g., associated with the proximal
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15 nmenber. The update information nmay al so i nclude general functional

updat es, such that the hand-held control unit can be updated at any desired
time to iwolzad#éoese or nore additional software feature@Canustaw/omsdlfy one
or nore existing prograns of the device. The update information can be
provi ded from any source, e.g., a particular elongated nenber, the
internet, etc. 20Turning now to the figures, FIGS. 1A-1K, illustrate one
enbodi ment a sel f- contained, portable diagnostic inaging device of the
invention. The hand-hel d, sel f - cont aj ned, portable diagnostic im

devi ce €09 of| thaselpagalad  Memkes or fasgaeiatedi with (thedand C@F‘B@leu'llmgﬂhél a
renovab d CMOS
Sensor . CURTYRRGS SR FLRTAR) RAVTER, BonvEhiert SRR A, St ElbmIRRIRES o

Fr om anités teetwerkingi ehannelialignosbd vothit &e abnga@dnmembér QVhen esknt @s a

i ncl ude opgat u r n

mechani @’aﬁ( r@%%hgﬁ?%’r HTS%Q%”“%P H%yh %ﬁeoéug& él"%rneg‘%{nﬂgg yé@%slla%rdoﬁ gorﬁ‘e

ext ef nainstarees has aphmier diamBteG.of :BAsnmrtd 83, sucte bﬂdeﬁrraorrmﬁzadbire:lmimg 1
renmovabl e no unit 113 tor 30 and nmoni_t or unt 135
{hat . o Bar e alHbE v YEGd SR Py BTaYR ol EPOHA By o g B 30

t he hanehgolichess, d@ﬁeé@ht@gnometr’fwt@gMerm%m an $HiBEHL 1PpGstisitd 7 Bs sBHIE &S a
USB port, for use as an in ranm ng or as an output for VI deo and

still i RERy4eal ed esivgrort ofd Pew% 09 ﬁrUWﬁe{g*fmaryo@m My g conBIYrRe tlevi ce,

a top cgyedpetiiity c%uPI@Htt@a”é GRYiefy dOHiffefaM: LERAS of ebmbBRSRs CAHIES HRthoEat a
transfer and contro and a swtch for controlling the rotation of the

prob@ plidied K @spiafion lé\hl”ﬁtﬂihd 1R rfinsefeNi¢s agitatorheé® positions for
control ling D& 0lk&d efs%%ﬂhfeo'?jevﬁ% PR ﬁw\/&‘i‘uotnomégtb%t%nﬁ@ﬁ’reﬁ%f’ﬁnrﬁﬂe% Kw sg

5 one position to rotate t not or count er cl ockw rtronin
cent er tihtat transmission.aé.g.. Ltasproyide der shevan moreFdiGEangDissiah QfEdattaHm’cweels a

bat tery, door &(?,%5.%{% 8”&&‘?5@%96{ nsflse Op%ﬁk R‘?ete gé%‘é‘%e”iﬁé’f Pty

I nt er nal y Vi éwed V|ce ad ronally co
be rec hdegealahé anatheeldecite onioh axohdspital mmmudﬁ)@ystamd sepatram:monﬂsorl@a; for

I | _and. 10 opti cal ts of the d d fromth
ol olf o CONERB PR £E0mGECERB LA oRarok s b empioved GyBE I G o a

tip 120|nsfarfcbe wirehgspiceatnurasat®Rov® iMpleehtedl isangnd Eor | oke | @it6led2?2,
such as a lesmlens or aflat lens (e.g., cover glass), and a CMOS
vi sual i SEPMICREARBIOdUSSF erred to herein as a canera)124. Wthin the

el ongat ed stAwéér@rocééop%dduwmhy%eoﬁre%m FHOBE cBhRffed fo ord] Eeldfe f OF

el ectrically connecting the canera 124 to a connector 199 on the
el ect r ofif EIOTBFHPUNCL tsUBlFAiON SANSPIY bifi SRACHIG1 0BMPRY apRtEd gdala iPthicAMErR pr obe

Phood) onciBle Tndtidy ey 8082 otk o e T 8o By AR it he
hand pi eewfigured tohrecpive sensoredeia dioneane ofe mioee senssis aod/ontoaldiamd further,
- may be configured to control the sensors and/or tools by sending sensor control data to
a sensor module including the one or more sensors and/or tools. The various sensors
may include, but are not limited to, sensors relating to pressure, temperature, elasticity,
25 ultrasound acoustic impedance, laser pointer to identify and/or measure difference to
sensors, etc. The various tools may include, but are not limited to, a measurement
scale, teardrop probe, biopsy probe, forceps, scissors, implant device, IR lighting,
ultrasound measurement device, cutting tool, etc. Depending on the specific application
and sensorftool implemented, sensor data may also be included with the image data for
30 processing by the stereoscopic image module, in order to provide the stereographic

images.
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20 in FIGS. 1D, 1E and 1G is a geared notor 156. Ceared notor 156 is
connected to the probe piece via a geared internediary piece 154. The
connect i omokzetvmwers2t he geared notor 156 and the internmedcams2@oaesods4 of
the probe piece is oriented in such a way as to allow for the rotation of

t he probe piece both counterclockw se and cl ockwi se. The connector 150

|l i nking the probe piece to the hand piece does not rotate with the

25i nternedi ary piece 154. I n another enbodinment, as shown in FIG 1H, there
may be a frictional and rotational connection acconpllshed bet ween t he

pr obe p| ece Hh@e’ﬁﬂi@ ingfarges] dire Wevians iohthe ventery "]ﬂ'léi?ea&wdafﬁ?ﬂe éﬁ'ﬂfﬁil e, a
rubber %%ﬁ%aﬁpﬂg?% @éblce%()érg c{c}vhﬁgﬂ@& ) ti]1§t70|‘?t=f‘ﬁ e contro
| ece way as to a

|nterrred| ary are oriented 1 n suc or t e 30
rotati o@lg@mthrn@ qribbedgnier andyotie cpdatedr ¢lpdeting svanrie @bbiekwl sesingT ey

connect op, g0, 2041 Q9O0SERCTLUER0101.041 902, i0i0 e B aBEBiSge ©

t he han plece does nhob ate Wi y piece
Last by, usiefjemr iwikg toconkédionl IFegndwlaF,a WISEi port hen hthad dpvieeke ort hemirelessa

connectaor 137.far ele tr| I ' t he .nmoni t or unt 135 to the
cFect rofPETHiaton GuStorhl The' LorfiRttotLP: e Toh PrauiBdors tSFPer ¢ he
rotati orhan@ htemec@mrul tum DR atdd 3o @hﬂgﬂir@uﬂﬁetlﬁtﬁt bt Gdedl Rith cOPARRURE tO
t he noni pount wi t hout bi ndi ng, breaking or kinking of the

connect & ”9§thd?‘e'f"ﬁ§r ds %% ifaghiRn. \ihe saigethead-helhrenttd upite "I?chPFéE’F‘B‘OVinO to
the el eglithocCobathé diffent BloRBMEHShe SBBRIINEEMayOhiffeh @yl OMERYH aRd Habe

portlgbl %|ﬁ%lr§qnc%sn§| c imaging system
ponents, In some instances, the update information may be transmitted
from the particular elongated member itself, such that upon operable connection of the
elongated member to the hand-held control unit, update information is transferred from
the elongated member to the hand-held control unit that updates the control module of
the hand-held confrol unit such that it can operate with that particular elongated

15 member. The update information may also include general functional updates, such that
the hand-held control unit can be updated at any desired time to include one or more

- additional software features and/or modify one or more existing programs of the device.
The update information can be provided from any source, e.g., a particular elongated
member, the internet, etc.

20 Turning now to the figures, FIGS. 1A-1K, illustrate one embodiment a self-
contained, portable diagnostic imaging device of the invention. The hand-held, self-
contained, portable diagnostic imaging device 100 illustrated in these figures includes a
hand piece 114 and a removably attached elongated member 111 having a distal end
integrated CMOS sensor, which is referred to herein as a “probe piece.” See FIG. 1K.

25 From an external view, the probe piece, as shown in FIG. 1A and 1C, includes a
distal tip 120, an elongated tubu!ar structure 110, and a mechanical connector 150 to
the hand piece. The hand piece, from an external view, as shown in FIG. 1A and 1C,
includes a rotatable and removable monitor unit 113 made up of a monitor 130 and a
monitor mount 135 that may be attached to either the monitor housing or the top part of

30 the hand piece depending on the embodiment, a single port 170, such as a USB port,

for use as an input for programming or as an output for video and still images, an on/off
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10 100 may include an elenent to transport material, nedicine and inplants
to and froma point external to the hand piece and external to the distal
tip 120 ovotzha/qs@be piece, e.g., a lumen configured asPaTmsekioogisohannel
As shown in FIG 1F, there is a port connection 115, such as a |uer
connector for connecting to other |uer connectors, for exanple a barbed
connector for connecting to tubing, |ike a conpression connector for 15
connection to tubing. This port connector 115 may be | ocated and protrude
fromeither external half of the hand piece 165 and 160, and at any

| ocat i ofEeMVER] fahMmanggingePayes 'BPUttWethéleﬂﬂVLC@: al {9Petavar 156 B diorhedvsind

pi ece ango! BRitdH e%b%r%gggc‘aﬁt %%dd%sltét er an@&ﬂm |s’t gﬁ(ﬂta é\&@%ﬁﬁha port

391, as shown in B and 3D located at the very end

di st al cppiradirw die rofation obdngiveale plece . hmtswrtclaIMOn@enecaNyehaﬁ ttree

i mpl ant d t e nt,

| Bl ant gBBohe A SlontBiRg ohf AP Rl oL S8Ry (AT PR TRRtLEEn

t he @i stoak pasilioh26 rofate fiee mubdzrecqmn&relpclamsle bmd aapusitiont iadhé flveoteg hhat isondui t

on the HaRE; beeb. 28RN ShElpSngiendili e ot 4 EReRERF I e nc uae
an el ecipurpuise dﬁeambsm@&hé%@tterlﬁlﬂs 11 shovvs one enbodi nent of an electronic
board 190 and. its associated co General |y speakin one group of

conponent 5t EMake viewed; thidevig aﬁ‘ tﬁ’@“h&@“@”@c?r‘? tery 193t hak may b8 i t

are el eeédrRplcabl m%leapﬁal@aoﬁtm baam 19, FhcorhbEsrd B3 R AN tefchidl Bh@cks
146 and 147. |In the exa 1, there are two | ocations for

| e
el eé?roﬁPBCEﬂd??ﬂéﬂ%'ﬁf'%? szg’eaﬁ@‘“@%?’tooﬁn‘ﬂ fene (the: wlashiopicheraep! toard 480, esere
may onl ¥haWh& ERSiUig. ed, in other enbodi nents of the invention, electronic
conponents | ocated on one side or the other of the el ectronic board 190,
and not nece¥dihin ihp distat e 128 @f e probefpiedrs asl Fumroini KIGSHipbarthilE, 1848, 147

as sugg n e el Ly ched
to the e ct(:ilr ani c oar% F?Lrb%nll%nﬁn&tefg fiat rlfegg]l (te' hr(f(e’g PE‘%% %r at Fﬁﬁnés% tting
dat a t oVvisndliZatiomsehgordtefetred to hel‘emaasja ]39@181‘32)1241 Wihiexhe efmgatedastisicturé i ng or

Lvi o mbod t. t he el ect |
contot BPrBBa o' e WRePRE® i Bt 2 R IFERaY ey Eanodhacamera the
el ectr ot @ cummpolde D9adre theOkle bl GHiSs bbarl;l4ﬁecarmé@raﬁtmarrmiatbhesaé Q!Bﬁahgékﬂ c

board 190 exanple with a cq te n anot her enbodi ne
el ectri (‘fvéfhinc%ﬁ ﬁé‘&fi%i"e%éoﬁéyfolﬁ’éo‘{égﬁgrf“@g o S gk fin g 20 ﬁ%*scﬁoné‘?FtleF’ % mages

that ar eheC@BEWIRS chiMrdl BBakRITY & thddbnActtordobocat ed at the distal tip 120
of the probe piece neans and stored in a neno %ﬁchl p that may be | ocated in

t he el ect r onfASOVEHbHEMANG RiBCH N Heckresent erappdmaninf tha inventigmas shawh r oni ¢
boang 190FiSIdiD I @Nghd ﬁGt hd éﬁesfé'armofaphse N8Yaleq rﬁ@ﬁ%ﬁ%é@héﬂ cﬁr{rfé'&}etdflg thé esent

i nventi on or reattache tO t e pr esent 1 nvention anot i ment of
t he prepEhe piacemia @geaw@i istesmedient piccorifdcThe comieatian betwesrethet geasedhd

vi deo Shﬂ;{ﬁﬁj 18605 r :}f%&%g?nﬁgleggqgﬁ%’f Thé ﬁr%ﬁ%t @ébofshoerfenﬁ%?ﬂdéu%ﬁ@ wa he

el ectrical connéc Ve an exter evice, such as a w refess
adapt er as $helidvd faxr the rethssoikihe tpesbapieca bothashunbeclodolise @dd widchwizepTes ent
i nventi attached,to it

somd " Eindtior 1A HBE h8 Pbe R T IRG nadl SRS tdeB ot {388 Y o,

exanpl eirensdidropjiecerisdend and receive data wirelessly to and/or from for
exanpl e, a C%nchgtﬁér g%b%&n?énrt]eras Cs?]n{r)vlrjlt ;InnlglGde'Y !llcthsere may be a frictional and
rotational connection accomplished between the probe piece and the motor 157 by an
intermediary piece 155, for example, a rubber to rubber contact connection. Both the
motor 157 and the intermediary piece 155 are oriented in such a way as to allow for the

30 rotation of the probe piece both counterclockwise and clockwise. The connector 150
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As nentioned previously, there is also attached to the electronic board 190
a switch 180 for turning on and off the present device. In sone

enbodi nerwe,20tiweesai t ch 180 woul d al |l ow for power from Phe/usateuis0d95,
shown in FIG 1B, to pass to the electronic board 190. 25There is al so
attached to the electronic board 190, such as to el ectronic conponents

| ocated at either/or electronic conponent areas 146 and 147, a series of
switches 145 for control of the present invention, as shown in FIG 11. In
this enbodi ment there are three such switches 145 for controlling the

pr esent lINkpgrihe Grobeppiece He thefeed pigcesdpeschelsrotale withotheeiktamsediaty pigce0

SW tche§,5 may be present on this 30 device depending the nunber of controls
require Por di fferent enbodi nents of the present invention. One exanple of
what a swi t chagiis referringolot irl6l. 1il":sali1drd§emaint1hed1a‘ndqﬁecet Heereaiser eonnctdrher

exarrple ndi n ta,  .such i1

| mages, ?0@?%‘9&@%%%@@@@”\% mﬁﬁﬁ& %Sén Z%/?i%,%et %Ieg Oa'yt%%%ﬂ%@oa% for
exanpl e cancestput3d is c‘éeflgmdttdaeﬁowitaftpéeoteflombﬁﬂweansmftdr(rdioumy Bbeam:B&ﬂsf or is
to control the il] h n t e pres I ny reV|oust
ment i onddf TPHURE 13 ‘éor’rg’c%du%a *?EE VAT Lty Sy ? fi3P: 4] OEW%U@H& 1{% akiR o |

and t he kinkinyest teé cgmtcml'ﬁ;?cm teeTROSHCTRE Firg tht SonnBY¥@Mhé @Bndctdr 178 to
relative to such needs. Additionally attached to the el ectronic board

190, sudhf glscireniebaard 1§ ¢ conponents |ocated at either/or electronic
conponent ar gagnditér &nbodithént ofthd Bveith, 40 érPJbE&B%bHQéﬂd :H% ﬁ sgfs‘?érﬁt i on

of the notor which then controls the rotatlon of the cath piece. In
one 18nbd@P ezt include anvglemRntpdranspor énatendli medisine: Wd]@méamiﬁéo @ﬂd friormea

posi ti Ogbsin‘f"%%e‘?ﬁ’éi th '}ﬁ%*ﬁahé m"eébe!#ﬁcg AltePOS 1th 1tRD dis?a[ttlbgm'q ro?xfop[a rﬁé%ﬁ”p' €,

and a position on eit he neutral posit
ot or eletmea leineo loanBgured asoammkmglcdsmhmeisésa@omuindﬂl& uiattbem\ ;aeajpbugt t he
user’ cBRHéctton 115, such as a luer connector for connecting to other luer connectors, for
example a barbed connector for connecting to tubing, like a compression connector for
15 connection to tubing. This port connector 115 may be located and protrude from either
external half of the hand piece 165 and 160, and at any location convenient to the use
of the device. Internal to both the hand piece and the probe piece is a conduit that
connects the port 115 to a port 391, as shown in FIGS. 3B and 3D located at the very
distal end of the distal tip 120 of the probe piece whereby a material, medicine or
20 implant may be delivered from the hand piece 100. In another embodiment, the
material, medicine or implant, may be aspirated into the port 391 at the distal tip 120 of
the probe piece, and be transported through a conduit within the probe piece and hand
piece, exiting through the port 115 located on the hand piece.
As mentioned above, devices of the invention may include an electronic board
25 190. FIG. 11 shows one embodiment of an electronic board 190 and its associated
components. Generally speaking, one group of components that the electronic board
190 has electrically attached to it are electronic compohents of the control circuitry
represented as blocks 146 and 147. In the example of FIG. 11, there are two locations
for electronic components 146 and 147 on the electronic board 190, but there may only

30  be required, in other embodiments of the invention, electronic components located on
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Anot her attachnment to the electronic board 190, and where desired to

el ectronic 15 conponents | ocated at either/or electronic conponent areas
146 and M@, 20avm@6@2seri es of connectors 199. These connecrarsg01®@1snny serve
a variety of functions, including for the control of the nmotors 157 or 156,
the canera 122, the lighting 126, and the nonitor 130. In another

enbodi nent, the connectors are |linked to a sensor |located at the distal tip
120 of the catheter. 20As shown if FIG 1J, the portabl e diagnostic imging
system 100 has a connector to connect and detach the probe piece 111 of the
devi ce 20 Sidedththaothessd the elestranio beprd: 10, dadineé necessarily t@ﬁge aatrint eént |

t he pur } i ; pi ece 111 of the device
100 froﬁ?fﬁgaﬁgﬁ%&%ﬁggggﬁ%gg%?g?%gggggfﬁgf{@%@?tho change t he probe piece
111 from oneAerethediiteenthalf ist tlechicalbe apachns 1d the elegimnine boagd A80wsudnl be

the caseihebeedNBclrqz8lioPakoflithh SERMo ALRSRRE BR2rbAE ke 188 {d srent
unctionallty as required by the practitioner. | n another enpodi nent of
FI G 5 1J extelmal pranpodting br dededding npanbelnporabempodiaent bi thed ptdsentdimvertenl 00

fromthe hand .pi.ece 112 i for the sterility requitgenents that,the

or oot ¢ Msnapfcehor ftgr,1 7o iy b o & prgntaln 25 R T0S opteshin g o
sh;)_ul dt bf@eirﬁm@@:bhip'oﬂ't _ t@l_@trarl’eeq&#iafrié%st gf weahdrer ﬁbﬁ?d@@cwm? b?m ﬁl@)O{)fofTD_r e

atl ents, e practitl oner. wou e requlre (0] | SpOose O rope | ece
L Bk Pa S BI0POIRE In Shbsherambioent the Sischiaaicemecior 138y be °°F

anot her ,8&dPesH BRHIoAdIng NAdEI bF @Al IHBYES thatOfe ddpRUERTY MHe ddderRihatlisO be
detachabl e fromthe hand piece 114 as shown in FIG 1K The functionality

of det alaspiag atrbe giskaltier12019f the srRlenRies MPaps ape slarad i agrgenapry ghithat
practiti 1 = of i i fef £ i In
this ca‘s@? e%%yér?gbrﬁ F§$h@1% %d?g © %\r/]\ngr e ggs‘?ﬁ;a%agogri\:n‘ggf g@d/bgqﬁg? Eg%d

pi ece 1églkectronialboewd {9 faldiiogatly this mebwrg ehip rhawhe rérsoedbie froovihe predenhi n t he

o P o IR gt een W B RS e

necessamyeniomtheasi¢draniatommekcr dg0anaybe uasdiid séndyhitieo gigmatitd &n exteprabduce

ol o B of FRuaercp GREReR 1 PRk contiberd7Branc aa GromR

of f - axi devicgvduty 08 WimslesaSadaptrashedd iawieiess eystdel aotl allzadpwe iAcipdesm | ens
122 cover.F_ t he end of .the eI,ongat ed nenber 110 of the gr obe qoi ece 111. The
pur pos e 8N FIESERT 1IBYSNtORS 28 sbMa RepinneampedimentAtiaghad Qdgloamrelese axi s
of the psmPAaR BE/ theOpreSEMMBYEnticROtISE R BFnal ReeXiviigl ddvicd, H6r Bkariplel #ns, i n
one enbodi ment, is shown a canera housing 124. 15 Contained within this

housi ngMPRioN, O §erG AN seceive daig adrejessly tﬁrﬁnéﬁﬁ-rff%nﬂ:éb?@@m@'ﬂ@6@%‘P9@00énd 226

andog Cher | T ki 20 that is attached to filter 226 by adhesive 224.

I n ot her eﬁ%ﬁ?%@%g‘g}é@%he canera, there may be nore or |ess conponents as

required to Ps ocridienad diréfieusint thereatgealso retiaded itothe elestrenicpogrd 199 a

mechani I A, Clr eui :

{ranem toit SRR AL of 3 rihi 58 RyRerty Sohe ohBRlfhents, tiShtcn
180 would allow for power from the battery 195, shown in FIG 1B, to pass io the

electronic board 190.

25 There is also attached to the electronic board 190, such as to electronic
components located at either/or electronic component areas 146 and 147, a series of
switches 145 for control of the present invention, as shown in FIG. 1l. In this
embodiment there are three such switches 145 for controlling the present invention, but
the number of switches 145, for example 1 to 10 swiiches, may be present on this

30  device depending the number of controls required for different embodiments of the

present invention. One example of what a switch 145 may control is image capture from
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20 el ectronics wthin the hand piece of the present invention. Al so |ocated
within the distal tip 120 of the catheter piece is an integrated

i 11 um natwo 200806052 one enbodi ment, the integrated il | ulrCmaiSesiomasobe a

fi beroptic bundl e connected to an LED or other |ight source that is powered
fromthe battery within the hand piece. In another enbodi nent, the

integrated illum nator 128 nay be a nade froma |ight piping material such
as a 25 plastic or light transmtting hard resin or |ight transrn'tting
liquid or air, all of which wyuld be connected to an LED or ot her ght

source W& FAMeErANARREEX BRI of what §§Wﬁﬁ[hmadrh§d~’3§|d69f i§i$enging data, SUFf'r‘l aénot her
embodi mgpj 1tm9§1e§ hﬁorﬁogpr?\@%W SWUE Gnthjﬂetl'f?é %te@icet It é’?%x%z nd NEWcd Nrof! G

2D, a cover ass is |locate place of the prismlens 122 of FIG

2A. I n examp @acmm&erca{ﬁérar@ﬂszemlaldfdvlaattawgmutcle\mmgbefumd fordgdot hat
Is di re t S | n

exanp %E)I%It¥0| the fllﬁﬂmeﬁfon vﬂﬁuﬁﬁ’ré Wesglli}lng\'r&ﬁlén. A-Q 'p?edzcgﬁ h@?f‘@é\dgeg’ \t/det‘?%?é;er\]

i nt e@raiptmiailtj/ImfmnmerfoIZ&ear&;wmhexartaraommlngmdetmarniuomelryoﬂ coatreld behi nd a
prism122.is.that uni t fro theintegratedillurrinator
128 or 8 8?‘@%?8@ f‘Fa'isV‘?'mOQrVY' SfﬁﬁfW Cﬁsé"cé t her eby produci ng

sub- opt i mum iAdaiitienallo atehdhes stot e élsstimic aboar@umao zauci;rorlasrmdUbieciﬂwc 3)
include a filteri is one e odirren%@ %3 f7|ltering system

o ooe PEpPNeS (it 8} Slhertor Grediicaic coBponan aredn & | I@WiEn, 108
or ot hen4gayf %@n%lliﬁz%g‘m rothfid® of NBe GRbBr 2dfibh Hdnt 86ntrhd the reatiad iof @le

opposite to filter so that unintended |ight, artlcularléfromthe
i nt &8r acatetar|nirrendt GPe EPEPoSRERS Hiiswitemil 40 MaY be spalgwes ta pave pne b

cat het e'fhr@é SfRitbfs MRty kY id 8 Sk &BQ?O&W@M@& NRRLReNe, efHaogli ment

of the filtering neans, "as shown in rizing filter 270 is
| ocat ed p@$l§@tapntemth3hélde @mstes rw@abmtmrn@d refiating thet metar gitbeacihokwisagr 124,

but Br OXhibe LBk Ee BE YR 0Getormined i Busdls Bt 20, are enbodiments of
I'AQ THEY

filtering OF “eontro cidence of Tight formthe integrated
i1 um nat or Aﬁﬁher atbmdimerﬂ(bmltrteee[ef;tnbriigbbandnt@j) teind vﬂf&reeiesmed thelpctt@tc as

reyLou des ribe n ho 2B and 2C excepti.on that
Phe 57| BheBSEE Iafed A oSN slebumSTentilt s 1db ' 17, BUEF Sr8hs 125
r a]'E her bhemmrectors S%éﬁ%e%&né@to@%mey r?E#\@Ea vaiktpotifuAtions, |nc]!udwg for I
ref erenge now A i s shown_an endwa i e sever a
bods mite Sl Of fre Thatorat Car 185y BAGBmEN | 87 BelBBa 25| BePeaaior e
di stal @Bd. In another embodiment, the connectors are linked to a sensor located at the distal

tip 120 of the catheter.
20 As shown if FIG. 1J, the portable diagnostic imaging system 100 has a connector

to connect and detach the probe piece 111 of the device 100 from the hand piece 112
of the device 100. In one embodiment, the purpose of attaching and detaching the
probe piece 111 of the device 100 from the hand piece 112 of the device 100 is to
change the probe piece 111 from one embodiment of the probe piece 111 to another as
25  would be the case where the two of more different probe pieces 111 have different
functionality as required by the practitioner. In another embodiment of FIG. 1J, the
purpose of detaching the probe piece 111 of the device 100 from the hand piece 112 is
for the sterility requirements that the practitioner must follow, e.g., for a medical
application. For example, should the practitioner require to use the device 100 with two
30  of more patients, the practitioner would be required to dispose of the probe piece 111,

and attach a new sterile probe piéce 111 to hand piece 112.
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20 300 of a probe piece of device. As shown in FIG 3A, an endways vi ew of
t he probe-piece wall 310 has | ocated eccentrically within its inner

peri met erwoaotawersa housi ng 340, canera | ens and vi sual ipgattsenoserssor 330.
In addition, an endways view of an integrated illum nator 320, such as the
end of a fiber optic bundle, is located in the space between the canera
housi ng 340 and inner perineter of the probe piece wall 25 310. The

integrated illum nator 320 has a crescent configuration so as to conformto
t he camera housi n% structure. FIG 3B illustrates the end of a probe piece
that is anal 8yduetheempadimenah thencrrant derice| 1WO0Fkhe gRiter hbhmaysalse beat i on

2P0 aChidbhab RIETRUIMEFB801 14 39 nbin hOPRS AK T AMeih Ry B obBEnRG oD

pi ece an ocated on 't ogg05|te S probe®pi ece.
Port 39iharepniier 113 fogrotbd hand pienedtld inta aid she prastitionen miithgheviemaasof thart  of

he | . ' . ari f i
et uh S eRtJ B Beafity N Bt oast e BanfBr ot wtld BRCWIERRY o o
Anot Ber cenerdedrtmthe o pibee rme4 hauailoalvideor siqgsiarenbe gEnchompane riestrbnicat ed at

the distal.end 30Q of t device, ..is own in FIG 3C An endways view of
t he prol?f"gt ingthg;hap p\'/%elﬂgltﬁeﬁﬂ%g’qng%&ﬁg concentrically within its inner

perimeter, aFEaMN shdwa!s saglichAdevadthealiBtarig €7PoftRE prolsdigibed 4t 1 OBh&RASOr
330. In,ag%dt# on, an endvvaé%s view of an integrated illum nator 350, such as
the end'™ A BEs thepgGespiy flogPangnisdhat wake ypth earapeanh Behiwermeside caner a

housi ng (@4fodipd érﬁ‘%é?é)gﬁ%tnﬁ‘ér?bepcﬁisélﬂ PHALL MbREE YRS lcarbPa ahdhldRtingD

illustrates the end o robe piece that is analogous to that shown™in

FI G103cmqdyle-pgsdestribes Hion. vipwingl of-axis.omndibessiere malke upspmeiéexigréevsaasor )
390 is |y 0, [ t ; | £C 154 ed on
t he opposit ieee’%sdtgekpﬁ'ﬁ?%gﬂg? ofceer éﬁ%‘@églgﬁb?\ S@@%y?%%%ﬁe%%&? lepeoqctﬁé
connect eongatedamennven 1@ nhihegprabe pieast! ipalbe plirpose df dmgpiisrofersht22ois dbe

mhece: S0 TR AN g B b BShSon LB T BB b RS e

Proximal to the prism lens, in one embodiment, is shown a camera housing 124.

15  Contained within this housing 124 is a series of lenses 250, an aperture 240, filters 230

and 226 and a CMOS imaging chip 220 that is attached to filter 226 by adhesive 224. In

other embodiments of the camera, there may be more or less components as required

_to produce a different image. In addition, the chip 220 is mechanically and electrically

attached to a circuit board 210 that transmits signals between the chip 220 and the

20 electronics within the hand piece of the present invention. Also located within the distal

tip 120 of the catheter piece is an integrated illuminator 128. In one embodiment, the

integrated illuminator may be a fiberoptic bundle connected to an LED or other light

source that is powered from the battery within the hand piece. In another embodiment,

the integrated illuminator 128 may be a made from a light piping material such as a

25  plastic or light transmitting hard resin or light transmitting liquid or air, all of which would

be connected to an LED or other light source within the hand piece 114, as mentioned
previously. '

In another embodiment, of the components within the distal tip 120 as shown in

FIG. 2D, a cover glass 123, is located in place of the prism lens 122 of FIG. 2A. In this

30 case, a cover glass 123 allows the viewing of an image that is directly in from of the

sensor chip 224. This configuration is an example of an "on-axis” imaging module.
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Data transfer fromthe sensor to a control nodule in the hand piece of the
devi ce may be acconplished using any conveni ent approach. In certain

enbodi mrerwe,20tweansterri ng i nformati on from sensor 390 t @Crhs2@bmetsnoni cs

wi thin the hand piece is acconplished by a connection to the electronic
board 190 at a point 392 via wires 394 20 that are passed through the probe
pi ece fromthe sensor 390 into the hand piece, as shown in FIG 3E. FIG 3F
illustrates one enbodi nrent of a connection froma port 391, |located at the
distal end of the probe piece, to a port 398 in the hand piece via an open
condui t 396, Oner chaliangee with (e, intebeated alfsminatast i@8n antle apwemsra BQEllnand

398, anchddBEAaR heidd oo oL 185 REPNE BhCERyy PV T LLIARTF RN O

FIGS. 4 els s own sever eren ure
mai nt ai mtegretad illupnindtot HQShW@trmremrceAsnéy lintetfer@t adthi meFtﬁerMAhembﬁF

th [ t | t h 400 404, that bl t ed
Lot e BIREYE BuEoRRaly e, P iRt s el i dhlzetion PRARr B8R pi cce
111. 5 Thénchiead filtetRQ syeteﬂw@‘FlGnQB islene ambbainidnt pf @@uﬂeﬂ@sysTém fehemtollirgy al so

i ncl ude,one or ddi ti gnal onents, such as | ear . nonitor cover
426 ana i MgRent® b IGH B Biscreamc THBTES414E SOuher Soues PLIGANGIRE over

an enbO@hlgEQQOOfFllielﬁeZ&ﬁnQ ISGRI1 sﬁtbGto ‘mer \@O so that unintended light,
2011/ 006052PCT/ US2010/ 041502 and 4 z 4E), 104 (FIG 4F); via an

openi ng PA#BUiRHY fiea Hignintasiraled ilsingion 188 wn@irﬁﬁﬂe\aﬁmnmdls drti20edithy, a

seal i s pihewrdftdeliQlcss GRbI MY chia? RNEAh& P! €ce 450 at the opening 440 around
an enbodi mentr of etﬁes andyp(?gce 112, 10 104; for exanple, folding over

t hel8heat h pinedrwtlgErehodimentoydhe ﬁl@ermonamﬁ geahowg in FICWiZCh theapelatzingnot her
5 met hoﬂ[’tefr 270 i s I’S‘éatgg %%&W@gh@?&\’%av ccﬁ'ﬁalﬁgc?gﬂhin the C %'é'%o%gﬁgd'ﬁtL an

enbodi ne e connec nd Sea toiTt¥a’rrgid
and cl ehut ;nmmmai»to ﬁ'@\mrsnﬂlzﬁsand a flexible boot 430. The purpose of the

noni t or cove S [l ow f he funct alit f the nopit.or ans of
The hond’ o SBT3 g 2B, ol crbodiEntsi B b Redinocdysfim, o <RRuNES B8 h 500,
The ernlﬁowence\tﬂrllgﬁﬂﬂ)rn‘ﬁmebmtengGI ik@dinafor a1 28l @anthel aslidce, off ligght Gﬂt@rfﬁé e,

t hat _has the rﬁ i cal feat t_ snap. over the_monitor rrea S:

U 5550 SERSERTn 220 S5 PEIGHaN Bpocbetcaid SN df IS (A5 PR TSt ot ge

pract i t epattionfthathBeMEALEE showa ™ IFPEs. Zhard ﬁx'é}b%réﬂﬁfa[ {38 JHR¥r ass
conpri sed of rubber, for exanple, that has_the mechanical featureS to snap

over t hd23smiherthap parisat lensflg? asyshapndn EIBScH2and8€. 15 the hand pi ece 112,
whi | e mai nt a‘!/\fthr}gfeﬁ-@ﬁ:esﬁﬁ{l Flas y?;A)fSDt bfers rf cﬁ%ﬁgﬁ enwva{]'s (/%Tt\/eéfes%% dio FIG

4D, the hand piece sheath portion 450 may t e sea over the hand
pi ece 1embadinentsfutthemerhanigs! avarnganrnd qfcorriponety located at the distal end

20 300 of a probe piece of device. As shown in FIG. 3A, an endways view of the probe-

piece wall 310 has Idcated eccentrically within its inner perimeter, a camera housing

340, camera lens and visualization sensor 330. In addition, an endways view of an

integrated illuminator 320, such as the end of a fiber optic bundle, is located in the

space between the camera housing 340 and inner perimeter of the probe piece wall

25  310. The integrated illuminator 320 has a crescent configuration so as to conform to the
camera housing structure.

FIG. 3B illustrates the end of a probe piece that is analogous to that shown in

FIG. 3A. In FIG. 3B, a non-visualization sensor (e.g., a pressure sensor) 390 is located

on one side of the probe piece and a port 391 is located on the opposite side of the

30 probe piece. Port 391 may be in operable connection to a lumen running at least part of
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I n anot her enbodi nent of the sheath 404, as shown in FIG 4B, there is
connected and sealed to it a flexible boot 430 as nentioned in the above
enbodi nerwQ 280/doais2wi t hout a nonitor cover 420, FI G 4APCTRS2pu0psee  of
this enbodi ment of the sheath 404 is to be able to seal a hand piece 102,
FIG 4E, that has no nonitor attached to it. In this case, there may be an
attachnment structure 480 | ocated on the hand piece 102, where the nonitor
means may be attached and/or renoved as required for use by the
practitioner or the present invention. 25In another enbodi nent of the

sheat h fREIRNGHDAT thes PERGuRIers, aGMayFsevad waliely cdifHeetions, mstidingatheget o the
sheat h Bie@&ﬁ)eﬁ%o%félﬁ?ﬁié%l@eiiﬁ%@toféﬁ%cﬁ% DE&t ped in the latter embodi ment
it : 4A,

and wi thout a nonitor cover of "the purpose of sealing a hand
pi ece 104 t hAnothasemboflisaanyrfer #80meFhamical Branpement dlecaroprinents ivagtedwint |

| ocat ed | .a |l |.OF el F I n r re
enbodi rrgﬁ{]gfsgb? e?'ﬁe%ggéf@%&&hvéﬁflg@é\\h'?pj ﬂ@ %(g g'gse?ipgﬁﬁg v[bgpﬁg’gp% R'RB® caner a
viheWiS ng pieceomali 810 has ebohcditecbﬁbthcmmsricaﬂpg\(ithkﬁim_)Irmeabeametmghe:af‘rmmhbbﬁggxi s of
t he cat er _piece, .ot her, than.those dir i ons . that nma e attain

L hr ongh e Bt IS St U AIROR SRt eBb. Paddie a SHE S B8 rer o
shal | vireggramd emetér 850, adlich & tHel & of W ider rophierm@re, N@okatell! iF3he 5A- 5B,
there is one enbodi nent for a flexible and controllabl e portion 500

sho . ( )

of the ﬁP%‘FFe%%W@.thPrFW‘PﬁF§ Ravsti sEhend dnnesRargneten gl theseigbeiges waltanpl e
atwstgdpwire or rod, is connected at a distal location 530 to and within
t he tubul ar Erobe pi ece portion 540, and behind a distal |ens 520. The

contlPol cabl BIG5HP jilpisiatesdhe angrfraprobieopices thaslie analveenaite dat sbavadn,
wthin ; . rec b4 t r I oward
the. pr ok aaleandar opha o iaudialith SsBE a8, Sireqfiie SRR Podly pERel DU
met hod, oncariedsida s éhe peotld pigcd lapnd po poit @9 156 Jocsted loe the adppopite sideld the bend
as sho i - h l ex] rtj 00, of ,the proh ih,ec y .t hen
Do 1ot uPTLP e ORI el 8 SoRRiY borbeo i i RloiG 41655 oy, g
means, the Eoghi bf yhebprdbleepiace,uaid enayofervda camdty @ff fordtioas Sidludingathdse t he

di stlgl gnd %f t he devi §e. . '][he fl.exi b%ﬁ, ortion 500 of the probe piece
may Be SEREEEdAPYC: FHC8 FSPelveRlPT 48 achvVery Br flexion of this portion of
the probe piBa@ transféNTRond the'Sdrofltd & ebhied SnodUs inltheaidpadiisiRnds tas dstiesn i n
FI GS. 5A-5B shows one exanple of how to create the flexihle portion 500 of

the pr oBEYpiPEc8CCHYPIShEH nySIRT sy &onyeNiek apataachoVar eRftaii t BMBoHESahobi ¢

tube S51@andfBrdngi miciARBoh Horh |RREH 8906 tthO ISR GARRK BETRshd piebb ey I n
one direction, that being shown in FIG 5B. In addition, the purpose of the
hydr oph@BFTRISHEA FYFuFPHRSHPMEP theeeletironiebearg1t9q &t 4 goist 802 via wiee P4l

i NgHRSS At | RLE ; I YTl iAg.for the
1 20 on " ot P28 MG ECoro it pIRAMR, R0, 0 DN nfind O

or i ent ashewn ot Fith Sk Ul lGo B silustiates dhermbbdineEmnt of 8 coboectivnyrdoe affoedddl, e in a

0 21 okl S NP0 BREcs” s P B8 790 £ BB PRSETS {3
wi t hi n tbedUitaB86,pice @@ample a tube, that passes between the ports, 391 and 398, and
through the inside of the probe piece.
25 With reference now to FIGS. 4A-4F, there is shown several different
embodiments configured to maintain sterility of the hand piece. As illustrated in FIGS.
4A to 4F, there is a sterile sheath {or bag), 400 or 404, that is sealably connected to the
probe piece 111 at a location 460 circumferential to the probe piece 111. The sheath
400 or 404 includes a sheath piece 450. The sheath may also include one or more
30  additional components, such as a clear monitor cover 420 and/or or a flexible boot 430.

The sheath 400 or 404 is wrapped over an embodiment of the hand piece 112 (FIG. 4C
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25Anot her enbodi nent for the viewing of the canmera at an angle, for exanple
30 degrees fromthe central axis of the catheter piece, is show in FIG

5C. I n thwe0usws0sehere is an angle formed at a bend 56@Cirstés4130zti on of
the catheter piece 505 which term nates at the proxinmal end of a | ens 520
at the distal tip of the catheter piece. The bend 560 in this portion of
the catheter piece 505 nay be rigid, such as the case of a 30bent steel
tube, or flexible, as would be the case, for exanple, of a forned flexible
plastic tube. In the case where the forned bend 560 is flexible, there may

be a Splaf‘ﬁd‘D)V\@Zzﬁi@/ BESOEHPENE USED vy @ 0Berng A4D de theshand pisce PRILPNNEL Tm
wire, ‘ﬂgéoghéatﬁ%b' ﬂH&zﬁQné]Q Brs%\é ggprwa?a s é(?%ﬂﬁg? hé?:ﬁﬂ%é&% £ Liths

portion into a st ece raI axi s of the
cat het eoppnieget4tbgrouihe gor ambodlmmmof chamﬂnmaeeﬂﬁésm Vi dfdpemxdmipick t o

the for I e _pres

i nventi g‘ﬁg'fjg%zgqm%nsg&g{h p'gg‘%gﬁ%ggﬁ‘ &em&gg@%n S?? ‘é‘&dﬁw'thP pﬁg%f gﬂ}eéqw red
of the.pretledd.ti oner to retrieve a portion-of the material under diagnosis.
Wth referen %€ now to FI GS. 6A- t here 0 e enbodi pent, of, a
control | abl e P(W\?—'H’PB'F? RO % BIBCPW“ A EiGS%AU’sHB‘M% aEé%f'E"?‘%d‘nTr‘?'Wter i 1Bf one
enbodi n@ﬁéatﬂfztdma@lasillﬁt\/@'cohhéctéaQan@fsédﬂ&I B RRerigit &Rl clEACmoRiforskgp 420
external side 10 view of one enbodi ment of the distal tip 120 of the probe

pi ece. ?Hdmﬂ@X@i@s book fd0.eThe parpesk pf 819 MonipPhsever 620 is ﬁ@ta"pw(:f%dég a
cutti ngflﬂicﬁﬁﬁatﬁﬂ-%faﬁ@ AoPRBt MYark 8Fth§1l?andCBfetcbn9123' @hte GAfntaining. the

concentrlcally di sposed about the distal end t he probe piece 120, and
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tissue. In another enbodinment, this
connected and sealed to it a flexible boot 430 as mentioned in the above embodiment,

20 but without a monitor cover 420, FIG. 4A. The purpose of this embodiment of the sheath
404 is to be able to seal a hand piece 102, FIG. 4E, that has no monitor attached to it.
In this case, there may be an attachment structure 480 located on the hand piece 102,
where the monitor means may be attached and/or removed as required for use by the
practitioner or the present invention.

25 In another embodiment of the sheath means 404, as shown in FIG. 4F, there is
connected and sealed to the sheath piece 450 a flexible boot 430 as mentioned in the
latter embodiment and without a monitor cover 420, FIG. 4A, for the purpose of sealing
a hand piece 104 that has no feature 480, FIG. 4E, where the monitor may mount,
located on the hand piece at a location 470, FIG. 4F.

30 In one or more embodiments of the current invention it may be desirable to have

the camera viewing in one or more directions, for example at an angle from the axis of
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25 tool may be configured to be rotated circunferentially to the distal end
of the catheter piece 120 in a manner sufficient to engage material, for
exanpl e twe=0a/006052yet anot her enbodi ment, this tool maycChastivadisar the
distal end of the catheter piece 120. The control piece 712, for exanple a
tube or rod, may be attached to the cutting piece 710, and it may extend to
t he hand piece where is would be actuated by a nmechanical 30 neans shoul d
that be necessary for the particul ar enbodi nrent of the tool. There
may be cases where the practitioner of the present invention is required to
depl oy &ifecahetappieca.afaen hanihese dieagtions that maycbeaattamdthmugmae releliaml e a
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FIG 9 uiréét@hrmaesoang WRGIh ARAHIED! FEE KindhRBGHN RE purSoset 8MORydrBphslsié Ng a
vi deo processor nodule 905, according to one enbodinent. Vi deo processor
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R L N e g A
t he st eredsdoEbes tegecthsidid ewitches or other mechanlcal controls within the hand
piece. |
25 Another embodiment for the viewing of the camera at an angle, for example 30
degrees from the central axis of the catheter piece, is shown in FIG. 5C. In this case,
there is an angle formed at a bend 560 in this portion of the catheter piece 505 which
terminates at the proximal end of a lens 520 at the distal tip of the catheter piece. The
bend 560 in this portion of the catheter piece 505 may be rigid, such as the case of a
30 bent steel tube, or'fiexible, as would be the case, for example, of a formed flexible

plastic tube. In the case where the formed bend 560 is flexible, there may be a spring
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Canmera nodul e 950 may include a single visualization sensor, or two or nore
di stinct visualization sensors which provide i nage data. Front end nodul e
915 i ncl me=x0B/@605eui try for receiving the image data f pomush@onarser a
nodul e 950. The inmage data received fromcamera nodul e 950 is processed by
stereoscopic i mage nodule (i.e., by inmage coprocessing nodule 940) to
provi de stereoscopic i nmage data. For exanple, as previously described, the
i mage data from each distinct visualization sensor may be warped to correct
i mage distortion, and fused to construct a single stereo innage taking 10
into acsifle Sushees @ MEHNQITA| wigr pihat iimfoenfigured o Bavideeted the dameogy

I ncl ude t o] a ispl 980.
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user t ocskbeter piece, bwirdguagitores smd winsthulebe8@8 wayld bene lback to tral foymedupl ed
W th cagg%jﬁ%rgodul e 950 via an 12C bus, for exanple, with camera nodul e 950

configu the slave and 15 microcontroller 930 as the master.
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LEDs), sofficienpiondndage tiseaeliBlakcontrol piece 612, for example a rod, may be attached
15 to the cuiting piece 610, and it may extend fo the hand piece where is would be
actuated by a mechanical means.
There may be cases where the practitioner of the present invention is required to
scrape or cut material, for example a tissue. With reference now to FIG. 7, there is
shown one embodiment of a cutting or scraping tool. This figure shows a section view of
20 one embodiment of the distal tip 120 of the probe piece. In this case, there is a low-
profile cutting or scraping tool that includes a cutting piece 710 and a control piece 712,
and is concentrically disposed about the distal end of the probe piece 120. This tool
may be configured to be moved relative to the distal end of the catheter piece 120 in a
manner sufficient to engage material, for example tissue. In another embodiment, this
25  tool may be configured to be rotated circumferentially to the distal end of the catheter
piece 120 in a manner sufficient to engage material, for example tissue. In yet another
embodiment, this tool may be fixed at the distal end of the catheter piece 120. The
control piece 712, for example a tube or rod, may be attached to the cutting piece 710,
and it may extend to the hand pieceé where is would be actuated by a mechanical -

30 means should that be necessary for the particular embodiment of the tool.
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signals for nore accurate control of a specific sensor(s) and/or tool(s),
to store in nenory, to further process into additional related information,
etc. M crwoantwmwbiser 930 30 may al so control the sensor peDdisk@0@éGori a t he
| 2C bus or GCeneral Purpose | nput / Qut put (GP10) interface by sending
sensor control data (e.g., to control and/or calibrate the specific sensors
and/ or tools inplenented). Processor/controll er nodule 910 further
conpri ses various nodul es for interfacing with external devices and
peripherals. For exanple, as shown in FIG 9, 5 processor control nodule
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the invention further include nethods of imaging an internal tissue site
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enbodi nent's,” the nethods are nethods of 20 inmaging an intervertebral disc
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an inter Ye%{rgﬁ‘lgg ‘%oa% th thE rﬁan%n e@g r\ﬁl%re it %utpu? 535 ib%r pPofcessed. This
processed output may be displayed on a monitor and/or recorded to a memory chip on

15 the electronics board, for example. The wired connection 810 may have sufficient slack,
for example exira wire length, so as to allow the sensor to be located at some distance,
for example 200 mm, from the visualization sensor. In one embodiment, the deployable
sensor 812 may have mechanical features that aid in the deployment of the sensor, for
example a hook or a spike or a barb.

20 As mentioned previously, there may be a wireless deployment of the sensor 812.
In this case, the sensor 812 would wirelessly connect to the electronics board within the
handle where its output would be processed. Any convenient wireless communication
protocol may be employed. This processed output may be displayed on a monitoring
means and/or recorded to a memary chip on the electronics board, for example.

25 FIG. 9 illustrates a functional block diagram of a system 900 including a video
processor module 905, according to one embodiment. Video processor module 905
includes a processor/controller module 910 which is in communication with sensor
module 960, camera module 950, and display 980. Processor/controlier module 910
comprises front end module 915, back end module 920, microcontroller 930, and image

30 coprocessing module 940. Image coprocessing module 940 includes, for example,
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25 the disc, nucleus pul posus, etc., enbodi nents of such nethods include
positioning a distal end of a mnimally invasive intervertebral disc

i magi ng ow0i2ee/6052he i nvention in view ng rel ati onshi pPC®/UBR010/041502
intervertebral disc or portion of there, e.g., nucleus pul posus, internal
site of nucleus pul posus, etc. By viewing relationship is neant that the
distal end is positioned within 40 nm such as within 10 mm i ncl udi ng
within 5mm of the 30target tissue site of interest. Positioning the distal
end in viewing device in relation to the desired target tissue may be
acconpl ﬁgﬂﬁ%%ﬁcﬁﬁicngn%ﬁﬁ/ reefiile mnsh pedppp dbe, previousldi fescribad oiygatianseand an
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the invention further include methods of assenbling an internal tissue
the two or more distinct visualization sensors, etc.).

20 Sensor module 960 may include one or more sensors and/or tools previously
described. The one or more sensors and/or tools implemented may provide sensor data
related to their specific function and application. The sensor data is received by
processor/controller module 210 and may be used in a variety of ways depending on
the specific function of the sensor(s) and/or fool(s) and their application. For instance,

25  sensor data may be used by processor/coniroller module 910 to provide information to a
user (e.g. parameter data, calibration data, measurement readings, warmings, efc., to be
displayed on display 980 or to illuminate one or more LEDs), to account for feedback
signals for more accurate control of a specific sensor(s) and/or tool(s), tc store in

| memory, to further process into additional refated information, efc. Microcontroller 930

30 may also control the sensor module 960 via the I12C bus or General Purpose
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visual i zation device. In these enbodi nents, the nethods include operatively
coupling a proximal end of an el ongated nenber to a hand-held control unit,
e.g., as we=xertidew2above. Dependi ng on the particul ar ceofiusesiavsmn? this
step of operatively coupling may include a variety of different actions,
such as snapping the el ongated nmenber into a 30receiving structure of the
hand- hel d control unit, twi st |ocking the el ongated nenber into a receiving
structure of the hand-held control unit, and the like. In sone instances,
met hods of assenbling may further include sealing the hand-held control

uni t i n&IRYY ol ( VdEPdacy byiseadingveatisag conrardata He Ost 6r ferdrot @peiorng i s

attachegaﬁﬁe}?%qﬁe@ g&g‘i(g@éns% ar?&lo?‘ﬁ%ls%‘f&fé?ﬁérﬁgd menber and configured to seal

t he hand-h con unit fromthe environnment, e.g., as described above.
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of the |l erJ LLLT L ecteti [ | zat.] deyvi ces
and net ﬁ%‘g@é#rﬁ]g&ﬁsgi%%yg‘gh&ég f}ggferﬁ)%g}aisi'fﬁ%r%%%p?#%hbﬁgﬂéqﬂvﬁege it is
desi ﬁabbmdeeschnmg&roamdﬁmsammdesgar gey phd meswi}]dh% cn;lorcait@lﬂﬁoem redaiving

m ni m zi ng, da to.the surroundi tissue. The subj.ect vi ces. an

et hods THLAGOTBE i s Pk $oY PEa g metcBS i 1 et Paribnade” £650 gi can
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vi sual i %9 i ncl udi n% but not limted to: soft tissue, cartil age, bone,
|gggmen§, derccongiplipgfine camsE rripan- dicioneriraller 930 Enaygke caiigurad withefonot
limit edek&nP%F'anélPl(f)L{%' SdindHcBteA Wit ItAB SIaAbadr ity U FRARedite! BRAVIgEYST on
(TLIF)), total disc replacement (TDR), partial disC replacenent (PDR),

pr oéBduPESesseninPeHe 206 roay prludedd cemeunisefien interfagedfon snplsmeating, tasting om t he

i nter veBE?Q‘E@Q@B@@C@L}(Qg“?_gamR-ﬁLgdée\go&}:_asty, and the |like. As such,

met hods ention al'§0 1 nc treatnent nethods, e.g., where a disc
Is nodified in sonme manner to treat an existing
METHODS
15 Aspects of the subject invention also include methods of imaging (and in some

embodiments modifying) an internal target tissue of a subject. Accordingly, aspects of

- the invention further include methods of imaging an internal tissue site with tissue

visualization devices of the invention. A variety of internal tissue sites can be imaged

with devices of the invention. In certain embodiments, the methods are methods of

20 imaging an intervertebral disc in a minimally invasive manner. For ease of description,

the methods are now primarily described further in terms of imaging VD target tissue

sites. However, the invention is not so limited, as the devices may be used to image a
variety of distinct target tissue sites.

With respect to imaging an intervertebral disc or portion thereof, e.g., exterior of

25 the disc, nucleus pulposus, etc., embodiments of such methods include positioning a

distal end of a minimally invasive intervertebral disc imaging device of the invention in

viewing relationship to an intervertebral disc or portion of there, e.g., nucleus pulposus,

internal site of nucleus pulposus, etc. By viewing relationship is meant that the distal

end is positioned within 40 mm, such as within 10 mm, including within 5mm of the

30  target tissue site of interest. Positioning the distal end in viewing device in relation to the

desired target tissue may be accomplished using any convenient approach, including
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20 medi cal condition. Treatnent nethods of interest include, but are not
limted to: annul otomny, nucl eotony, discectony, annulus replacenent,

nucl eus rwpl2acigers, and deconpressi on due to a bul gi ngPoT/USeW00dBSA2 di SC.
Addi ti onal nmethods in which the imging devices find use include those
described in United States Published Application No. 20080255563. 25 KITS
Al so provided are kits for use in practicing the subject nethods, where the
kits may include one or nore of the above devices, and/or conponents

t hereof, e.g., 30el ongated nmenbers, hand-held control units, sterile

cover i ndfyough bse oban aeeassidsyigeasiisiicas ahenmkila or fetrpcion tubite Whishonayler memer
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i ncl udesite comprisaidspisa tl\mme the i nstruct i ons can be vi ewed and/ or from

T ot R B 580 o B TR Al 260 o SRR . 1
profile biopsy tool. For example, the methods may include advancing an annular cutting

15 member concentrically disposed about the distal end of the elongated member beyond
the distal end of the elongated member in a manner sufficient to penetrate and engage
target tissue. Following tissue engagement, the annular member may be retracted in the
direction of the proximal end of the elongate member in a manner sufficient to secure an
amount of tissue with the device which can then be removed from the body to obtain the

20 tissue biopsy.

The subject methods are suitable for use with a variety of mammals. Mammals
of interest include, but are not limited to: race animals, e.g. horses, dogs, etc., work
animals, e.g. horses, oxen etc., and humans. In some embodiments, the mammals on
which the subject methods are practiced are humans.

25 Aspects of the invention further include methods of assembling an internal tissue
visualization device. In these embodiments, the methods include operatively coupling a
proximal end of an elongated member to a hand-held control unit, e.g., as described
above. Depending on the particular configuration, this step of operatively coupling may
include a variety of different actions, such as snapping the elongated member into a

30 receiving structure of the hand-held control unit, twist locking the elongated member into

a receiving structure of the hand-held control unit, and the like. In some instances,
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The foll ow ng exanples are offered by way of illustration and not by way of

limtation. 20 EXPERI MENTAL A hand-held m nimally di nmensi oned
di agnost iwodeu/mweoskavi ng i ntegrated di stal end vi sual i zaCrars20@941502
constructed as follows. The device consisted of an outer SLA shell in the

formof a hand-held unit housing batteries, a 3.5" nonitor, a control
board, 25 and wires that connect to 2 LEDS and a visualization nodul e at
the distal tip of a steel 4mm hypoderm ¢ tube that was connected to the
handl e. The tubi ng was bent about an inch back fromthe distal tip to about

30 degr awdhods efs@ssamblinge@ry fithesinsiidee gedingtthe haadrdelst ecantrotumhisgided®ft o t he
t ube, rat i i i .
Cone} deranCSERBSIAE Elert) BhER thd St bovtfifo REAAERBAIS pfAiel 864 ' 7
30( di ageohthie)elondated meathieo and configured esesd! treweahd-held canteolainitdron the at | east

a full 1 e qf h L.syal i zati.on nodul e he pm out er

i anet ePTUTaTRYe 8. oF RRREoe ol tief Tt fifufeRhothinivdin 6520
QVGAS i migiunlg selaling 6 PactimalCbrad of thE€Ajeriacoetings of | enses, an aperature, IR
filter and a cover-glass within a small steel housing. In addition, LEDS
were placed behind the flat cover-glass, but distal to the aperature. Thus
due to themgonfiguration of canera lens and lighting, there is little

i ncidence of stray light 5 affecting the imge. In the constructed device,
the signal fromthe powered canera goes through a series of electronic

conponent s Whgd @ubfect BsRILGRESIBALILN RVIEBINGIY Hiefidds Rl ubdeh coPiH dpoard,

and wres send the data to the control board where it is then displayed on
t he 1fongiffsrent Bpglieasions ovhese dbisr desiieble. toQu@mer as ditemabtergakstisivsesieeef dor t he
i mage di Ve dhe ' Lt o oi ng
| nvent | SroaL S B PelrEs Cofle' Giroufii fesus. B SR Mafech BTG
exanpl enfegnodsuiinsbeesinohany applicatiohs, lmudbrast lrtdiat dimited to surgicaliprgcegippss; ent t o

ose, hnSEE Akl 56 el e PO PPN P
wi t hout tadepéitissug chrtidege, hene pligantent, etc 1Speutfitnsrooédures obippsrestdacladaibug. |t
i e T S M PO TR NG NERE
be |'im {TNB)), WtsCSsé heplacanentofTORIE paFtRS /e fopRBhIeAD (PDR), Becbdurks ¢ only
by the 3)?1 c%ne(ljllegr gér? Ioir’rtBHe nucleus pulposus is removed from the intervertebral disc (IVD)
space, arthroplasty, and the like. As such, methods of the invention also include
treatment methods, e.g., where a disc is modified in some manner to treat an existing
20 medical condition. Treatment methods of interest include, but are not limited to:
annulotomy, nucleotomy, discectomy, annulus replacement, nucleus replacement, and
decompression due to a bulging or extruded disc. Additional methods in which the
imaging devices find use include those described in United States Published Application
No. 20080255563.
25

Kits

Also provided are kits for use in practicing the subject methods, where the kits
may include one or more of the above devices, and/or components thereof, e.g.,
30  elongated members, hand-held control units, sterile coverings, etc., as described above.

The kits may further include other components, e.g., guidewires, access devices, fluid
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Accordingly, the preceding nerely illustrates the principles of the

i nvention. It wll 20 be appreciated that those skilled in the art wll be
abl e to dwoi2sa/wes20us arrangenents whi ch, alt hough not Pexfiseeiooliso2

descri bed or shown herein, enbody the principles of the invention and are
included within its spirit and scope. Furthernore, all exanples and

condi tional |anguage recited herein are principally intended to aid the
reader in understanding the principles of the invention and the concepts
contributed by the 25 inventors to furthering the art, and are to be

const r ué8UEEShH&ithg Wiiehomay| find 1 4se dR PERchcieg  dise Gubieshl Mmethodei (Madiosganpl es

and condpibaRsnts Wﬁ%’ﬁécka@bb a8l REAERL S @géﬂve\zg f@é?datréﬂé principles,

aspects, and enbodinments o the invention as specific exanpl es
t her eof , ar eln addilinnely akwvernoenipaed doortensnisutheusujecikis mayciurtberinclude

equi val - hereof Lt Lo 1S At lval.ents

i gcl udeﬁﬁt)'t%ﬁﬁ%r@g#ts 'Ir@qﬂlﬁodv?n%ﬂ%}glgéﬁi é/f;tpémtstgéﬁggtg%uﬁéguﬁ#g pnaeg%*%piﬁgi n the
f ut ube, instrectionsnior girectining thie ebjepiethettvals arer fereraliyh eecoadal bune tsuitable

regar dl f ruc e. The.scope of the present. inventiqgn therefore, is
not 1 nt Sscniding Bidstlin; ¥t aa IS RE MefuriaS FRERe Bl P SRR ACaES cr 1 bed
hﬁr ei n. thae:’(rjmTpl)!as;tlmeeﬁﬁf?ﬁ&;&\l}ﬁ%ﬁhfﬂsdcﬁﬁﬁsl %%St?islbreis?miiﬁtth@{kité &sf@@;ﬁ&h@@ by

t he appen . clains.. _ ) JAn internal tissue

vi sual i 7%Eoly f&sd?%%i“gt%%wf@@ewﬁ%%t figeomponents theyeqf (hand@ssrAde ont r ol
uni t cowhi the NthcRadiGidrodubpatithging) etc. IDdthan eflbRAGAGHRE, MRMASKHLAIBMS e @
proxi mal end operatively coupled to the hand-held control unit and a

mi niltral PYRSENBRSAb FEEEITANST HPragrddaailaprasent mregr awisble comanics aepdable ensor .
é?sférhgtﬁg@@ FRedROEY. WDIROIM diskette, BIACTRIVRE Wifer e MboRiertditRERhed
instructions are not present in the kit, but means for obtaining the instructions from a
remote source, e.g. via the internet, are provided. An example of this embodiment is a
kit that includes a web address where the instructions can be viewed and/or from which
15  the instructions can be downloaded. As with the instructions, this means for obtaining

the instructions is recorded on a suitabie substrate.

The following examples are offered by way of illustration and not by way of
limitation. '

20

EXPERIMENTAL

A hand-held minimally dimensioned diagnostic device having integrated distal

end visualization was constructed as follows. The device consisted of an outer SLA
shell in the form of a hand-held unit housing batteries, a 3.5” monitor, a control board, -
25 and wires that connect to 2 LEDS and a visualization module at the distal tip of a steel
4mm hypodermic tube that was connected to the hand.le. The tubing was bent about an
inch back from the distal tip to about 30 degrees. A manual wheel was provided on the
hand-piece connected to the tube, and when actuated, rotated the tube 180 degrees in
each direction. Considering a field of view for the camera of roughly 120 degrees
30 (diagonal), the rofation of the tlibe allowed the camera to view at least a full hemisphere

of space. The visualization module at the 4 mm outer diameter distal tip of the
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has an outer dianeter that is 5 mmor |ess. 3. The device according to Caim
2, wherein the mnimally dinensioned distal end has an outer dianeter that
Is 3 nm owol2es106@53 4. The device according to C ai m 1PCRiuSe@04tshe

i ntegrated visualization sensor conprises a CMOS device. 5. The device
according to Claim1l, wherein the distal end of the el ongated nmenber
20further conprises an integrated illumnator. 6. The device according to
Caimb5, wherein the integrated illum nator conprises a configuration

selected fromthe group consisting of a crescent confjguration and a
concent MYBOYRSANG YhE daglyded %Omwwa 6820 QMGA Hreging ﬁb’Pt(@anaa(Plﬁ‘f&!L C%ér ei n

the el oRgalLHr BRI by GRBRIIRE AW &verRldss &%ﬁsEéaﬁe g "ght
SPERIUBCIR Afbrapty Bvohldes i 4 B,

to the elongated ne roma proxi sour ce.
devi ce addiipai iP$ were plaed behindlae ﬂatcoavwglaemdnut d@ntaiéo themaneraiore. d thar war d

focused dhb%iheeé’ﬂntﬂbhr%goﬁ 'o?gé?memeag %\Mi 98&%@? %gl'-é Bﬁ%ﬁ&ﬂ‘(c%%%g f stray light

5 affécting the image. in the constructed device, the signal from the powered camera
goes through a series of electronic components where it is processed in a manner
useful for the control board, and wires send the data to the control board where it is then
displayed on the monitor. The monitor also rotates. QVGA resolution was cbserved for
the image displayed on the 3.5 inch monitor.

10
Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain
changes and modifications may be made thereto without departing from the spirit or
15 scope of the appended claims. it is also to be understood that the terminology used
herein is for the purpose of describing particular embodiments only, and is not intended
to be limiting, since the scope of the present invention wifl be limited only by the
appended claims.
Accordingly, the preceding merely illustrates the principles of the invention. It will
20 be appreciated that those skilled in the art will be able to devise various arrangements
which, although not explicitly described or shown herein, embody the principles of the
invention and are included within its spirit and scope. Furthermore, all examples and
conditional language recited herein are principally intended to aid the reader in
understanding the principles of the invention and the concepts contributed by the
25 inventors to furthering the art, and are to be consirued as being without limitation fo
such specifically recited examples and conditions. Moreover, all statements herein
reciting principles, aspects, and embodiments of the invention as well as specific
examples thereof, are intended to encompass both structural and functional equivalents
thereof. Additionally, it is intended that such equivalents include both currently known
30 equivalents and equivalents developed in the future, i.e., any elements developed that

perform the same function, regardless of structure. The scope of the present invention,
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9. The device according to Caim8, wherein the forward focused |ight
emtting diode is configured to direct light along the outer surface of the
el ongat edwoentigneos? 10. The devi ce according to C ai m 1, paimarseénn/osise2

el ongat ed nenber conprises a fluid filled structure configured to conduct
light to the el ongated nenber distal end froma proxi mal end source. 11.
The devi ce according to 10, wherein the proxi mal end source conprises a

10f orward focused light emtting diode. 12. The device according to Caim

11, wherein the forward focused |ight emtting diode is configured to
di rect [hejelioray isneptt interglgd efo Barlmg@ b5 tnm@xe'mma@ate@@bq%ﬁﬁ@ts.grmamﬁe
devi ce I ; i i L Ii g ] ce
Coupl | ngor oo rentty e Sttt S RS oG LB O Ky

vi sual i 2gp¢ngdedsedains:. 14. The device according to Claim 13, wherein the
device conprises a distal end polarized nenber. 20 15. The device
according to Claim 13, wherein the polarized nenber polarizes |ight from
the integrated illum nator.
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16. The device according to Caim 13, wherein the polarized nenber filters
| i ght 25reaching the visualization sensor. 17. The device according to
Claim1, wbeodimeiske proxi mal end of the el ongated nenbecTits2@oniisgured to
be detachable fromthe hand-held control unit. WD

2011/ 006052PCT/ US2010/ 041502 18. The devi ce according to Caim17, wherein
the device conprises a renovable sterile covering attached to the proxinal
end of the el ongated nenber that is configured to seal the hand-held
control unit fromthe environnent. 519. The device according to C aim 18,
wherei n the hand- hel d control unit conprises a handle portion and a

control IT‘?—I'ATWHJC,%—QIS (-EDEI jce according to Caim19, wherein the sterile
coverin *portion configured to associate with the
noni tor and boot portion configured to 10associated with the controller.

21. The device accordin ai m 20, wherein the w ndow portion is
confi gurled toONpH EKHHB@SP%M%%%?{]O@&%&? therdavice somPHNG: t he nmonitor. 15

22. The devi cgy) aCCé)ﬁﬁ%dlEeIHQ;oﬁlral' Jﬂlt%mdﬁéﬁfgf‘é Fhohfisr; %6“ I e covering conprises
a seal at a reégion associated with the proxi nal énd of the hand-held
control unit(b) anelongated member having a proximal end operatively coupled to the

hand-held control unit and a minimally-dimensioned distal end having an integrated

visualization sensor.

10 2. The device according to Claim 1, wherein the minimally dimensioned distal end

has an outer diameter thatis 5 mm or less.

3. The device according to Claim 2, wherein the minimally dimensioned distal end
has an outer diameter that is 3 mm or less.

15
4. The device according to Claim 1, wherein the integrated visualization sensor

comprises a CMOS device.

5. The device according to Claim 1, wherein the distal end of the elongated member

20  further comprises an integrated illuminator.

6. The device according to Claim 5, wherein the integrated illuminator comprises a
configuration selected from the group consisting of a crescent configuration and a

concentric configuration.

25
7. The device according to Claim 1, wherein the elongated member comprises an
annular wall configured to conduct light to the elongated member distal end from a
proximal end source.

30 8. The device according to 7, wherein the proximal end source comprises a forward

focused light emitting diode.
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23. The device according to Claim 1, wherein the nonitor is configured to
comuni cate wirelessly with another device. 20 24. The device according to
Cl ai m 23,wotrerigionosthe nmonitor is configured to be detackrablts26womsohe

hand- hel d control unit. 25. The device according to Claim1l, wherein
t he el ongated nmenber conprises a 25distal end integrated non-visualization
sensor. 26. The device according to Caim25, wherein the distal end

i ntegrated non-visualization sensor is a sensor selected fromthe group
consisting of: tenperature sensors, pressure sensors, pH sensors, inpedance
sensors, conductivity sensors and 30el asticity sensors. = WO

2011/ 00@052P: Lg%z% ,Jot}pg’zz im &N i gﬁ,@p i ' hi 5, wherein
t he sen?gr i?%efp oyg{)c%é. tsc’.é'%hrggag’\')?'?eﬂ g‘%cfor Ié}gdc{‘u%e%ﬂ%ﬁnﬁl,mn erein the
el ongat dipdedaisenti td dieact hightaleng thh autessudaciks of tbe elandatetsmerbporti on of
t he el ongated nenber. 5 29. The device according to Claim1l, wherein the
distal end of the el ongated nenber conprises a tool selected fromthe group

consbst i1@g offhadkvee prodriing toiGiqusy 1, twrareianide alohgatedmodmber compriseg at ool
fluid filled structure configured to conduct light to the elongated member distal end from

a proximal end source.

11.  The device according to 10, wherein the proximal end source comprises a

10  forward focused light emitting diode.

12.  The device according to Claim 11, wherein the forward focused light emitting

diode is configured to direct light along the outer surface of the elongated member.

15 13. The device according to Claim 5, wherein the device is configured to reduce

coupling of light directly from the integrated illuminator to the visualization sensor.

14.  The device according to Claim 13, wherein the device comprises a distal end
polarized member.

20
15. | The device according to Claim 13, wherein the polarized member polarizes light

from the integrated llluminator.

16.  The device according to Claim 13, wherein the polarized member filters light

25 reaching the visualization sensor.

17.  The device according to Claim 1, wherein the proximal end of the elongated

member is configured to be detachable from the hand-held control unit.
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10 30. The device according to Caim29, wherein the |owprofile biopsy tool
conpri ses an annul ar cutting nenber concentrically di sposed about the
di stal emsoabiitdesosel ongat ed menber and configured to bePoosdowskesdt ve to
the distal end of the elongated nenber in a manner sufficient to engage
tissue. 1531. The device according to Claiml1, wherein the integrated
vi sual i zati on sensor conprises an RF-shiel ded visualization nodule. 32. The
device according to Claim1, wherein the el ongated nenber is configured for
distal end articulation. 20 33. The device according to Claim1, wherein
t he devil8e cohpApYes agcargivgde Sdaim 7, iwhegrin tride\ice c@vprisese wevdvebleaccor di ng
to d ai ile YARKBI ' rd i L : e.
35, The el S i e Sh e B TR SrafT 1 elo AR Tk B RaL s ROt
col | i matesed dvehand3bgd cantreltundidranh thenamiinngment.i nt ernal target tissue site
of a subject, the nethod conprising:

5 19.  The device according to Claim 18, wherein the hand-held control unit comprises

a handle portion and a controller.

20.  The device according to Claim 19, wherein the sterile covering comprises a
window portion configured to associate with the monitor and boot portion configured to

10  associated with the coniroller.

21.  The device according to Claim 20, wherein the window portion is configured to

provide for touch screen interaction with the monitor.

15 22. The device according to Claim 21, wherein the sterile covering comprises a seal

at a region associated with the proximal end of the hand-held control unit.

23.  The device according to Claim 1, wherein the monitor is configured to
communicate wirelessly with another device. '

20
24.  The device according to Claim 23, wherein the monitor is configured to be
detachable from the hand-held control unit.

25.  The device according to Claim 1, wherein the elongated member comprises a

25 distal end infegrated non-visualization sensor.

26.  The device according to Claim 25, wherein the distal end integrated non-
visualization sensor is a sensor selected from the group consisting of: temperature
sensors, pressure sensors, pH sensors, impedance sensors, conductivity sensors and

30 elasticity sensors.
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WO 2011/ 006052PCT/ US2010/ 041502 (a) positioning the distal end of an

I nternal tissue visualization device in operable relation to the interna
target tiweuelgioses2 where the device conprises: (i) a hagtAisedid/oersn r ol
unit conprising a nonitor; and (ii) an el ongated nenber having a proxi ma
end operatively coupled to 5the hand-held control unit and a

m ni mal | y-di nensi oned di stal end having an integrated visualization sensor;
and (b)visualizing the internal target tissue site with the visualization
sensor. __37. The method according to G aim36, wherein the internal target
tissue 4ite I@%S%F‘P §@%0r§!agﬁtap'q'ms?sﬁ;évher%thWSﬁétsrﬂﬁwlca/@élﬁ ding to Caim
37, wherein the device further conprises a distal end | owprofile biopsy

tool and the method furt her conprises obtaining a tissue biopsy with the
| ow pr o8] e bh@gevice getording to Claim 1, wherein the elongated member comprises a

lumen that extends for at least a portion of the elongated member.

29.  The device according to Claim 1, wherein the distal end of the elongated member
comprises a tool selected from the group consisting of a low-profile biopsy tool and a

low-profile cutting tool

10 30. The device according to Claim 29, wherein the low-profile biopsy tool comprises
an annular cutting member concentrically disposed about the distal end of the elongated
member and configured to be moved relative to the distal end of the elongated member

in @ manner sufficient to engage tissue.

15 31. The device according to Claim 1, wherein the integrated visualization sensor

comprises an RF-shielded visualization module.

32.  The device according to Claim 1, wherein the elongated member is configured
for distal end articulation.

20
33. The device according to Claim 1, wherein the device comprises a stereoscopic

image module.

34.  The device according to Claim 1, wherein the device comprises an image

25  recognition module.

35.  The device according to Claim 1, wherein the device comprises a collimated

laser.

30 36. A method of imaging an internal target tissue site of a subject, the method

comprising:
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15 39. A nethod of assenbling an internal tissue visualization device, the
nmet hod conpri sing operatively coupling a proxi mal end of an el ongated
menber towea 2hamdedsel d control unit, wherein the el ongat @dTrasSae04500pri ses
a distal end integrated visualization sensor and the hand-held control unit
conprises a nonitor. 20 40. The method according to C aim 39, wherein the
nmet hod further conprises sealing the hand-held control unit inside of a
renovabl e sterile covering attached to the proxinal end of the el ongated
menber and configured to seal the hand-held control unit fromthe

envi ronnent . (25 pogitioning thedisial ead b eaiitigmebtisiug visupizatignetayios ifhe
hand-held c %ér%lqut' |0ﬁ%%';ﬁ%ﬁ1§?td?§é\qs§ué)gﬁé ré"ﬂ% @?\ﬁ@&fr%ﬁs%% and the

sterile covering on canfi gured assocl ate with
t he noni tor and dc)ot wandmlﬁoumﬁcgwnédomnajsgcacmam;tm and h t he manual

controller. T r to Clai t hod
compr 1 see sealindth pPDAdRtey Ash el hafob & Arp il o1 pREHFY bl
5 , the hand held control unit and a minimally-dimensioned distal end having
an integrated visualization sensor; and

(b) visualizing the internal target tissue site with the visualization sensor.

37.  The method according to Claim 36, wherein the internal target tissue site

10 comprises spinal tissue.

38. The method according to Claim 37, wherein the device further comprises a distal
end low-profile biopsy tool and the method further comprises obtaining a tissue biopsy
with the low-profile biopsy tool.

15
39. A method of assembling an internal tissue visualization device, the method
comprising operatively coupling a proximal end of an elongated member to a hand-held
control unit, wherein the elongated member comprises a distal end integrated
visualization sensor and the hand-held control unit comprises a monitor.

20
40. The method according to Claim 39, wherein the method further comprises
sealing the hand-held control unit inside of a removable sterile covering attached to the
proximal end of the elongated member and configured to seal the hand-held control unit
from the environment.

25
41. The methed according to Claim 40, wherein the hand-held control unit comprises
a handle portion and a controller and the sterile covering comprises a window portion
configured to associate with the monitor and boot portion configured to associated with
the manual controller.

30
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42.  The method according to Claim 41, wherein the method comprises sealing a

proximal end of the sterile covering.
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