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(57) ABSTRACT

A method of treating a tumor includes providing a tissue
biopsy and treatment apparatus that includes an elongated
delivery device that has a lumen and is maneuverable in
tissue. A sensor array having a plurality of resilient members
is deployable from the elongated delivery device. At least
one of the plurality of resilient members is positionable in
the elongated delivery device in a compacted state and
deployable with curvature into tissue from the elongated
delivery device in a deployed state. At least one of the
plurality of resilient members includes at least one of a
sensor, a tissue piercing distal end or a lumen. The sensor
array has a geometric configuration adapted to volumetri-
cally sample tissue at a tissue site to differentiate or identify
tissue at the tissue site. At least one energy delivery device
is coupled to one of the sensor array, at least one of the
plurality of resilient members or the clongated delivery
device. The apparatus is then introduced into a target tissue
site. The sensor array is then utilized to distinguish a tissue
type. The tissue type information derived from the sensor
array is utilized to position the energy delivery device to
ablate a tumor volume. Energy is then delivered from the
energy delivery device to ablate or necrose at least a portion
of the tumor volume. The sensor array is then utilized to
determine an amount of tumor volume ablation.
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TISSUE BIOPSY AND TREATMENT APPARATUS
AND METHOD

CROSS-RELATED APPLICATIONS

[0001] This application claims the benefit of priority to
U.S. Provisional Application Ser. No. 60/193,544 filed Mar.
31, 2000, entitled “Tissue Biopsy, Monitoring and Treatment
Apparatus and Method”, which is fully incorporated by
reference herein. This application is also related to a co-
pending application attorney docket number 13724-844.

FIELD OF THE INVENTION

[0002] This invention relates generally to a method for
performing an in vivo tissue biopsy sample using minimally
invasive methods. More particularly, the invention to relates
to method and apparatus for performing in vivo tissue
biopsy using optical methods. Still more particularly, the
invention relates to a method and apparatus for performing
an in vivo tissue biopsy to discriminate between diseased
and healthy tissue and facilitate tissue treatment.

BACKGROUND OF THE INVENTION

[0003] Various ablative procedures can be used to treat
diseased and/or abnormal tissue. These methods cause
physiological and structural changes intended to cause
necrosis of the selected target tissue. During ablative pro-
cedures of diseased and other abnormal tissue, clinicians
encounter numerous difficulties and challenges, these
include (i) locating the target tissue, (ii) the need to perform
a biopsy and diagnose diseased tissue versus healthy tissue,
(iii) correct device placement, (iv) monitoring ablation
progress, (v) assuring a (healthy tissue) margin, and (vi)
assessing the completed ablation. Current ablative technolo-
gies have failed to recognize and therefore, properly address
these requirements.

SUMMARY OF THE INVENTION

[0004] An embodiment of the invention provides a
method of treating a tumor that includes providing a tissue
biopsy and treatment apparatus that includes an elongated
delivery device that has a lumen and is maneuverable in
tissue. A sensor array having a plurality of resilient members
is deployable from the elongated delivery device. At least
one of the plurality of resilient members is positionable in
the elongated delivery device in a compacted state and
deployable with curvature into tissue from the elongated
delivery device in a deployed state. At least one of the
plurality of resilient members includes at least one of a
sensor, a tissue piercing distal end or a lumen. The sensor
array has a geometric configuration adapted to volumetri-
cally sample tissue at a tissue site to differentiate or identify
tissue at the tissue site. At least one energy delivery device
is coupled to one of the sensor array, at least one of the
plurality of resilient members or the elongated delivery
device. The apparatus is then introduced into a target tissue
site. The sensor array is then utilized to distinguish a tissue
type. The tissue type information derived from the sensor
array is utilized to position the energy delivery device to
ablate a tumor volume. Energy is then delivered from the
energy delivery device to ablate or necrose at least a portion
of the tumor volume. The sensor array is then utilized to
determine an amount of tumor volume ablation.
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[0005] An embodiment of the invention provides a tissue
biopsy and treatment apparatus that comprises an elongated
delivery device that is positionable in tissue and includes a
lumen. A sensor array having a plurality of resilient mem-
bers is deployable from the elongated delivery device. At
least one of the plurality of resilient members is positionable
in the elongated delivery device in a compacted state and
deployable with curvature into tissue from the elongated
delivery device in a deployed state. At least one of the
plurality of resilient members includes at least one of a
sensor, a tissue piercing distal end or a lumen. The sensor
array has a geometric configuration adapted to volumetri-
cally sample tissue at a tissue site to differentiate or identify
tissue at the target tissue site. At least one energy delivery
device is coupled to one of the sensor array, at least one of
the plurality of resilient members or the elongated delivery
device.

[0006] Yet another embodiment of the invention provides
a method for tumor detection, wherein a primary optically
labeled marker or antibody is infused into a patient or
injected into a target tissue or organ site containing a tumor
and specifically binds to a marker produced by or associated
with a tumor. The target tissue or organ site is scanned with
a biopsy ablation apparatus including a sensor array and the
binding sites of the labeled marker antibody are located by
detecting elevated levels of optical label signal intensity at
such sites with the sensor array. This information can be
digitally stored and displayed on a monitor device to accu-
rately position the biopsy ablation apparatus within the
tumor s to deliver energy to necrose or ablate the tumor
resulting in an ablation volume. A second marker which
binds or reacts with necrosed tumor tissue can infused or
injected into the tumor site before, during or after the
delivery of ablating energy. The sensor array is utilized to
detect the signal from the second marker ablation volume
and this signal digitally stored and superimposedly display
over tumor volume image so as to determine the size of the
ablation volume relative to the tumor volume. This embodi-
ment provides two key benefit to the physician: (i) visual
confirmation that the tumor has been completely ablated/
necrosed, (i) selective over control the amount of healthy
tissue margin that is ablated beyond the tumor volume to
improve clinical outcomes of the procedure.

BRIEF DESCRIPTION OF THE FIGURES

[0007] FIG. 1 is a lateral view illustrating the placement
of'an embodiment of a tissue biopsy and treatment apparatus
at a tissue site.

[0008] FIG. 2 is a lateral view illustrating the components
of an embodiment of a biopsy and treatment apparatus
including the elongated member, sensor array, resilient
members and energy delivery device and advancement
member.

[0009] FIGS. 3a and 35 are cross sectional and perspec-
tive views illustrating embodiments of the resilient member
having a slot.

[0010] FIG. 3¢ is a perspective view illustrating an
embodiment of the sensing member fixedly positioned to the
resilient member.

[0011] FIG. 4 is a perspective view illustrating an embodi-
ment of a biopsy and treatment apparatus having an emitting
member and detecting member positionable positionable in
the resilient member.
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[0012] FIGS. 5 is a schematic view illustrating various
optical tissue interactions and properties.

[0013] FIG. 6 is a perspective view illustrating an
embodiment the sensing members fixedly positioned within
the resilient member.

[0014] FIG. 7 is a perspective view illustrating the use of
different wavelengths to sample multiple tissue volumes in
an embodiment of the invention.

[0015] FIGS. 8a-8d4 are perspective views illustrating
various arrangements of the emitting and detecting mem-
bers; FIG. 8a illustrates an embodiment having a centrally
positioned emitter member surrounded by detector mem-
bers; FIG. 86 illustrates an embodiment having centrally a
positioned detector member surrounded by emitter mem-
bers; FIG. 8¢ illustrates an embodiment having emitters
22me and detectors 22md located in linear arrangements that
are substantially perpendicular or have a selectable angle;
FIG. 84 illustrates an embodiment having multiple and
independently positionable and rotatable sensor arrays.

[0016] FIG. 9 is a perspective view illustrating an
embodiment of a biopsy and treatment apparatus having
sensors members positionable distally to the energy delivery
member.

[0017] FIG. 10 is a perspective view illustrating an
embodiment of the invention having a multiple wavelength
laser light source.

[0018] FIG. 11 is a perspective view illustrating use of an
optical marker compound and binding agent in an embodi-
ment of the invention.

[0019] FIG. 12 is a perspective view illustrating an
embodiment of a biopsy and treatment apparatus configured
to detect metabolic chromophores.

[0020] FIG. 13 is a perspective view illustrating an
embodiment of a biopsy and treatment apparatus configured
to generate a 3D map of the tumor.

[0021] FIG. 14aq is a perspective view illustrating use of
sensor array to monitor a developing ablation volume.

[0022] FIG. 145 is a plot of spectral signal intensity verses
time for a sample volume of ablating tissue illustrating
quantitative determinants of an ablation endpoint.

[0023] FIG. 15 is a lateral view illustrating a control and
display unit used in various embodiments of the invention.

[0024] FIGS. 16a-16¢ are perspective views illustrating
use of the sensor array to assure proper placement of the
energy delivery members in the tumor mass in an embodi-
ment of a method of the invention.

[0025] FIGS. 17a and 175 are perspective views illustrat-
ing use of the sensor array to detect an incomplete ablation
in embodiments of a method of the invention.

[0026] FIG. 18a is a lateral view illustrating the configu-
ration of the introducer.

[0027] FIGS. 185 and 18¢ are cross sectional views illus-
trating cross-sectional profiles of the introducer.

[0028] FIG. 19 is a lateral view illustrating an embodi-
ment of a deflectable introducer along with the components
of the introducer.
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[0029] FIG. 20 is a lateral view illustrating an embodi-
ment of a tissue biopsy and treatment apparatus with a
handpiece and coupled aspiration device, fluid delivery
device and fluid reservoir

[0030] FIGS. 21a-21fare lateral views illustrating various
configurations of the electrode including ring-like, ball,
hemispherical, cylindrical, conical and needle-like.

[0031] FIG. 22 is lateral view illustrating an embodiment
of a needle electrode configured to penetrate tissue.

[0032] FIG. 23 is lateral view illustrating an embodiment
of an electrode having at least one radii of curvature.

[0033] FIG. 24 is lateral view illustrating an embodiment
of the electrode having a radii of curvature, sensors and a
coupled advancement device.

[0034] FIG. 25 is a perspective view illustrating an
embodiment of the electrode that includes insulation sleeves
positioned at exterior surfaces of the electrode(s) so as to
define an energy delivery surface.

[0035] FIG. 26 is a perspective view illustrating an
embodiment of the electrode that includes multiple insula-
tion sleeves that circumferentially insulate selected sections
of the electrode(s).

[0036] FIG. 27 is a perspective view illustrating an
embodiment of the electrode with insulation that extends
along longitudinal sections of the electrodes to define adja-
cent longitudinal energy delivery surfaces.

[0037] FIG. 28 is a cross-sectional view of the embodi-
ment of FIG. 27.

[0038] FIG. 29 is a lateral view illustrating an embodi-
ment of the apparatus with an electrode having a lumen and
apertures configured for the delivery of fluid and the use of
infused fluid to create an enhanced electrode.

[0039] FIG. 30 is a block diagram illustrating a controller,
power source, power circuits and other electronic compo-
nents used with an embodiment of a control system other
embodiments of the invention.

[0040] FIG. 31 is a block diagram illustrating an analog
amplifier, multiplexer and microprocessor used with an
embodiment of a control system or other embodiments of
the invention.

DETAILED DESCRIPTION

[0041] Embodiments of the present invention provide a
method and apparatus to optically biopsy a tissue and use the
information to diagnose a tumor, accurately position an
energy delivery device, visually monitor and confirm com-
plete ablation of the tumor. Further embodiments of the
invention include one or more sensing members or sensing
arrays that can be deployed independently or simultaneously
to enable probing of target tissue by optical or other means.
Deployment of each array is controlled such that telemetry
can be used with optical, temperature and impedance feed-
back to both identify tissue and map the topography of tissue
types and structures to facilitate proper placement of an
energy delivery device to ablate the tumor. These and other
embodiments of the invention allow for the control and
determination of a clinical endpoint while significantly
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reducing the risk of incomplete ablation or unwanted dam-
age to critical anatomical structures due to improper device
placement.

[0042] Specific embodiments are configured to utilize
inputs from the sensor to distinguish and identify the distinct
spectral profiles that are generated by different tissues. The
apparatus is further configured to employ analytical methods
to compare these profiles and utilize them to accurately
identify and distinguish between tissue types. Such tissue
comparison and identification is particularly applicable to
the detection of metastases and other types of tumors. This
is due to the fact that metastases are growths of tissue from
cells originating in a different part of the body from the
subsequent tumor site that they cause. As such these differ-
ent body tissues have different pathological features, the
spectral profile comparison can be used to discern a meta-
static or other non-native tumor within the target tissue
sample.

[0043] FIG. 1 shows an embodiment of a tissue biopsy
and treatment apparatus 10 configured to optically biopsy
and treat a tumor mass 5" in a target tissue site 5' by
volumetrically sampling the tissue mass and delivering
energy or other treatment to produce an ablation volume
5av. Referring now to FIGS. 1 and 2, an embodiment of
biopsy treatment apparatus 10 comprises an elongated mem-
ber or introducer 12 having a lumen 13, a proximal portion
14, a distal end 16, one or more resilient members 18
positionable in lumens 13 and one or more sensing members
22m positionabe in lumens 72 disposed within members 18.
Distal end 16 may be sufficiently sharp to penetrate tissue
including fibrous and/or encapsulated tumor masses, bone,
cartilage and muscle. Lumens 13 may extend over all or a
portion of the length of introducer 12. Members 18 can
comprise a plurality 18p/ of resilient members 18 configured
to be positionable in lumen 13 and advanceable in and out
of distal end 16 by an advancement device 15 or advance-
ment member 34 or other means described herein. Resilient
members 18 can be deployed with curvature from introducer
12 to collectively define a volume Sav in target tissue site 5'.
In an embodiment all, or a portion, of one or more members
18 can be an energy delivery device or energy delivery
member 18¢ described herein. Energy delivery device 18e
can be coupled to an energy source or power supply 20 and
can also include one or more lumens 72.

[0044] In various embodiments, introducer 12 can be
flexible, articulated and steerable and can contain fiber
optics (both illumination and imaging fibers), fluid and gas
paths, and sensor and electronic cabling. In an embodiment
introducer 12 can be configured to both pierce tissue and
also be maneuverable within tissue. This can be achieved
through the use of flexible portions coupled to a tissue
piercing distal end 16 that can be a needle or trocar tip
integral or joined to introducer 12. Introducer 12 can be
sufficiently flexible to move in any desired direction through
tissue to a desired tissue site 5'. In related embodiments,
introducer 12 is sufficiently flexible to reverse its direction
of travel and move in direction back upon itself This can be
achieved through the use of flexible materials and/or deflect-
ing mechanisms described herein. Also, introducer 12 can be
coupled at its proximal end 14 to a handle 24 or handpiece
24. Handpiece 24 can be detachable and can include ports
24" and actuators 24".

Oct. 26, 2006

[0045] One or more sensors 22 can be coupled to intro-
ducer 12, resilient members 18 or energy delivery device
18¢. In an embodiment, sensors 22 can comprise one or
more sensing members 22m that can be positionable within
lumens 72 of members 18 and configured to be advanceable
in and out of individual members 18 or can be coupled to an
exterior of resilient member 18. Sensing members 22m can
comprise a plurality of members 22mp! positioned in mul-
tiple resilient members 18. Sensing members 22m, or sen-
sors 22 coupled to resilient members 18 can be deployed
independently or simultaneously to enable probing of target
tissue 5' in multiple locations. Deployment of sensing mem-
ber 22m or sensors 22 can be controlled such that telemetry
can be used with optical, temperature and impedance feed-
back to identify tissue types and map the topography of
tissue masses, tumors or tissue structures.

[0046] 33. Sensing members 22m can also be deployed
with curvature from members 18 to collectively define a
volume 5sv (also called sample volume 5sv) that is volu-
metrically sampled by sensing member plurality 22mpl.
Collectively, the plurality 22mp of deployed sensor mem-
bers 22m or plurality 18p/ of deployed resilient members 18
with coupled sensors 22 can comprise a 3 dimensional or
volumetric sensor array 22a. By having sensors 22 in
multiple locations and planes sensor array 22a is configured
to volumetrically sample (e.g. sample in multiple locations)
tissue within target tissue site 5' including tumor mass 5".
Sensor array 22a is further configured to be able to simul-
taneously sample tissue at multiple locations within volume
5sv or tissue site 5' to perform one or more of the following:
(1) locate the position of the tumor mass 5", (ii) discern the
position or deployment distance of the energy delivery
devices 18, (iii) monitor the developing ablation volume,
(iv) perform tissue sensing biopsy and identification by
comparing signals between two or more site (e.g. known
healthy tissue and suspected diseased tissue). In various
embodiments sensor array 22a and/or member plurality 18p/
can be configured to define a variety of shapes for sample
volumes Ssv including, but not limited to, a hemisphere, a
sphere, an oval, a cone, pyramidal, a polyhedron or a
tetrahedron.

[0047] Referring now to FIGS. 3a and 354, in an alterna-
tive embodiment sensor member 22m can be advanced
through a slot 725 in or on the surface of resilient member
18. Slot 725 serves as track to guide and advance sensor
member 22m. Slot 72 also serves to increase the torsional
flexibility of member 18 and to lesser extent lateral flex-
ibility (the reciprocal of stiffness). The size and shape of slot
72s can also configured to increase the lateral flexibility of
member 18 with a minimal affect on lateral flexibility (e.g.
less than 10%). Shapes for slot 72s can include but are not
limited to substantially semi-ovoid or semi-circular. In vari-
ous embodiments the torsional flexibility of member 18 can
be increased in the range of 10 to 200% with specific
embodiments of 25, 50 and 100% with increases in lateral
flexibility being lower in each case. Also in various embodi-
ments, the torsional flexibility of member 18 can be con-
trollably adjusted via the length of sensor member 22m
positioned within slot 72s. In one embodiment member 18
with a slot 72 has a maximum flexibility when slot 72 is
empty, as increasing lengths of sensor member 22m are
advanced within slot 72 member 18 flexibility is decreased
until sensor member 22m completely fills slot 72s. In a
related embodiment shown in FIG. 3¢, sensing members
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22m can be fixedly attached to the exterior of resilient
member 22 either in slot 72s or adhered to the surface of
member 18 using an adhesive known in the art.

[0048] In various embodiments, multiple sensing mem-
bers 22m can be positioned and deployed from a single
lumen 72 of resilient member 18 and/or from lumen 13 of
introducer 12. Referring now to FIGS. 4 and 5, in an
embodiment, two sensing members 22m can be positioned
in a lumen 72 of one or more resilient members 18: a light
emitting member 22me, configured to emit an incident or
probe beam 22ib; and a light detecting member 22md,
configured to detect returning light 22rb resulting from
various optical tissue interactions (including scatter, reflec-
tance or absorbance) of incident beam 22ib by tissue 5 as is
shown in FIG. 5.

[0049] In these and other embodiments members 22m,
22me and 22md can be optical fibers including glass fiber
known in the art such as those manufactured by the Dow
Coming Corporation (Midland, Mich.) or Polymicro Tech-
nologies (Phoenix, Ariz.). The diameter 22d of fiber 22m can
be in the range of 0.001 to 0.010" with a preferred embodi-
ment of about 0.004" (without cladding). When light emit-
ting member 22me is a fiber optic, one or more members
22me can include or be coupled (preferably at its distal end
22med) to a collimating or focusing lens 221 to collimate,
and/or increase or decrease the size of incident beam 22ib.
Similarly light detecting fiber 22md can include or be
coupled to a collimating lens 221 preferably at the proximal
end 22mdp of member 22 to collimate returning light prior
22rb prior to its entry into a optical measurement device
described herein.

[0050] In an alternative embodiment shown in FIG. 6,
sensing members 22 including emitting member 22me and
detecting member 22md 22me can be fixedly positioned
within resilient member 18 such that their distal ends are
substantially flush with the distal end 18de of resilient
member 18 or can fixed in other arrangements such as
protruding slightly out of distal end 18de by several thou-
sandths of inch or more or being recessed by a similar
amount within distal end 18de. These embodiments provide
the benefit of maintaining the optical relationship between
the emitting and detecting members 22me and 22md con-
stant, reducing signal variations due to movement of either
member. In a related embodiment, sensing members 22me
and 22me can also be fixedly positioned at or near the distal
end 16 of introducer 12.

[0051] Sensing members 22 can be arranged in variety of
configurations to perform one or more desired functions
(e.g. tissue identification). Fach resilient member 18 can
have one or more sensing members 22. Some members 18
may have emitters 22me and some detectors 22md, so that
selectable portions of tissue between members 18 can be
interrogated via different optical paths. Emitters 22me and
detectors 22md can be positioned anywhere within or out-
side of members 18 including at the tips 18de of members
18 where they can be fixedly positioned. Alternative
embodiments may comprise emitters 22me and detectors
22md positioned on passive or otherwise non-energy deliv-
ery resilient members 18 so as to position at least some of
the emitter and detectors beyond the developing or complete
ablation volume 5sv. Such configurations allow for moni-
toring outside of tissue outside of the developing ablation
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volume to simultaneously compare un-ablated tissue 5 and
ablated tissue 5av as well as reduce signal noise and artifacts
from energy delivery within the ablation volume.

[0052] Referring back to FIGS. 2 and 4, in various
embodiments one or more sensing member 22m can coupled
to an optical switching device 29 or otherwise configured
such that their function can be dynamically switched from
an emitter to a detector mode and vice versa. By changing
the optical function of sensing member 22m (e.g. from
receiving to emitting) during the process of scanning or
interrogating a desired tissue sample volume 5sv, directional
biases, signal artifacts and detection errors can be reduced
improving detection sensitivity. Further, different emitter
detector combinations can be employed to obtain more
accurate higher resolution signals and hence more detailed
information about the target tissue. When both emitter
member 22me and detecting member 22md are located in the
same member 18, they can be operated simultaneously for
localized tissue sampling and interrogation. Such configu-
rations allow for the comparison of tissue adjacent one
resilient member 18' to that of another resilient member 18".
In a related embodiment, emitting or detecting sensing
members 22 on multiple and/or distant resilient members 18
can be operated collectively to obtain a more global inter-
rogation of a desired sample volume 5sv using one or more
wavelengths.

[0053] In various embodiments separate wavelengths can
be used to simultaneously sample different locations within
target tissue site 5'. In an embodiment shown in FIG. 7 a first
interrogation wavelength or group of wavelengths 7' can be
used to sample a local first volume 5svl and a second
wavelength or group wavelengths 7" for a second volume
5sv2 and a third wavelength for larger or global sample
volume 5sv3 defined or circumscribed by multiple sensor
tipped members 18 or sensing members 22. Each sample
volume 5sv probed with a given wavelength 7 results in a
separate spectral profile 19s. Thus sample volumes 5sv1,
5sv2 and 5sv3 produce spectral profiles 1951, 1952 and 1953
respectively.

[0054] Referring now to FIGS. 84-84, in various embodi-
ments light emitting members 22me and light detecting
members 22md can be arranged in arrays 22g having a
variety of geometric arrangements and relationships so as to
optically sample different volumes of tissue Ssv using dif-
ferent optical paths and/or optical tissue interactions. Such
embodiments provide the benefit of improved acquisition,
accuracy and analysis of the spectral signal 19s from a given
sample volume 5sv to compensate for signal hysteresis,
noise (due to energy delivery etc) directional bias or other
error. They also provide the benefit of simultaneous sam-
pling and comparison of two or more tissue volumes to
perform tissue identifications. In an embodiment shown in
FIG. 8a, an emitting member 22me is positioned at the
center of tissue volume S5sv with detecting members or
sensor 22md positioned in a surrounding relationship so
light passes from the center of the sample volume to the
outlying sensors. In another embodiment shown in FIG. 85,
a detecting member 22md is positioned at the center of tissue
volume Ssv with emitting members 22me or sensors 22
positioned in a surrounding relationship so as to transmit
light inward. In yet another related embodiment shown in
FIG. 8c, emitters 22me and detectors 22md can be located
in a linear arrangements 22' that are substantially perpen-



US 2006/0241577 Al

dicular or have another selectable angle 22". Alternatively as
shown FIG. 84, emitters 22me can comprise a first array
22al (such as perpendicular array) and the detector 22md
located on a separate array 22a2. First array 22al can be
rotated to obtain different optical paths to detector array
2242 so as to sample different tissue volumes and/or provide
multiple samplings of the same volume (via different optical
paths) to improve accuracy and signal to noise ratios.

[0055] In another embodiment shown in FIG. 9, one or
more sensor members 22m can be advanced from energy
delivery member 18e so as to be positioned a selectable
distance 45 distal to the distal end 18de of energy delivery
member 18¢ (which corresponds to the deployment distance
43 of energy delivery member 18.). Distance 45 onto or even
beyond the point that member 22m is positioned outside of
the ablation volume S5sv. Distance 45 can be a greater
longitudinal distance 45' or a lateral distance 45" with
respect to a longitudinal axis 12a1 of introducer 12. This can
also be achieved by the embodiment shown in FIG. 84
utilizing two or more arrays 22a, with at least one array
positioned outside of the ablation volume.

[0056] Referring back to FIG. 4, emitting member 22me
can include an integral light source 17 such as an LED or a
diode laser or alternatively can be optically coupled to an
external light source 17 which in various embodiments, can
be configured to emit light at multiple wavelengths and over
a range of wavelengths including, but limited to the range of
300 to 850 nm, a more preferred range of 450 to 850 nm with
specific embodiments in the UV and infrared ranges. In an
embodiment light source 17 can be a monochrometer known
in the art. Examples of monchrometers include single crys-
tal, double crystal and surface normal reflection monchro-
meters as well as models manufactured by Macken Instru-
ments Inc. (Santa Rosa, Calif.). In other embodiments, light
source 17 can be a white light source, a xenon bulb, an LED
or a coherent light source such as a laser configured to emit
probe beam 22ib. Examples of lasers include, but are not
limited to, YAG lasers, Nd:YAG lasers, CO2 lasers, infrared
lasers, argon lasers, tunable dye lasers and copper vapor
lasers. Referring now to FIG. 10, laser device 17 can include
multiple beams at different wavelengths including a first
22ib' and a second beam 224" having a first and second
wavelength 7' and 7" wavelength. Examples of multiple
wavelength emitting lasers include CO, lasers and argon-
pumped tunable dye lasers. The use of multiple and/or a
broad spectrum of wavelengths 7 provides the benefit of
increased tissue or tissue chromophore specificity and hence
increased predictive power (e.g. statistical confidence) of
associated tissue identification algorithms described herein.
The use of laser light source 17 with multiple beams and
wavelengths can also be configured to determine the deploy-
ment distance of one or more members 18, 18¢ using laser
range finding methods known in the art.

[0057] Referring back to FIG. 4, in an embodiment detect-
ing member 22md can be coupled to an optical measurement
device 19 such as a spectrophotometer, reflectometry device
or CDC device. For ease of discussion, optical measurement
device will now be referred to as a spectrophotometer, but all
other embodiments are equally applicable. Spectrophotom-
eter device 19 is configured to detect and record spectral
information including a tissue spectra or spectral profile 19s
resulting from optically induced tissue interactions such as
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reflectance, transmittance and scatter resulting from the
incident light 227 from emitter 22me on tissue within sample
volume 5sv.

[0058] In an embodiment, spectrophotometer device 19
can include logic resources 19/ such as a microprocessor
and memory resources 19/7 such as RAM or DRAM chip
configured to analyze, store and display tissue spectral
profile 19s and/or other optical information derived from
sensing member 22m and/or sensing array 22a. Spectropho-
tometer device 19 can also be coupled to a display device 21
s0 as to display real time or stored spectra, images and other
data generated by spectrophotometer device 19. Examples
of display devices 22 include cathode ray tubes (CRTs),
liquid crystal displays, plasma displays, flat panel displays
and the like. Display device 22 can also be incorporated in
an external computer 24 coupled to spectrophotometer
device 19.

[0059] Referring now to FIG. 11, in various embodiments
light source 17 can also include a wavelength 7f configured
to cause fluorescence of an optical marker compound or
molecule 9 either naturally occurring or coupled to a tumor
specific binding agent 9ba such as an antibody, protein or
liposome known in the art. Antibody 9ba is configured to
attach to a tumor specific antigen 9a. Binding agent 95a can
also be configure to be controllably release marker 9 when
a specific tissue condition is met such as temperature, release
of intracellular fluids/contents or other indications of cell
lysis from ablative treatment. Binding agent 9ba can include
a plurality of binding agents 9ba including a first and a
second binding agents 9bal, 9ba2 configured to be released
a first and a second marker 9' and 9" upon a first tissue
condition and a second tissue condition. An example of
binding agent that is configured to controllably release a
marker includes a liposome. Suitable liposomes include
those manufactured by Liposome Technology Inc. (Menlo
Park, Calif.). In various embodiments binding agents 9ba,
9bal or 9ba2 can be configured to release marker 9 in a
temperature range from about 40° C. to about 60° C.; and
more preferably in the range from about 45° C. to about 55°
C. Marker 9 can also be configured to enhance the delivery
of energy to tumor 5" and or increase the necrotic effect of
energy on the tumor mass. An example of an energy delivery
enhancing marker is an ferro-colloid compound.

[0060] Inan embodiment, marker 9 and binding agent 9ba
can be mixed in a solution 27 that is fluidically coupled to
introducer 12 (via a reservoir or fluid delivery device
described herein) and delivered to tissue site 5' through
lumen 13 of introducer 12 or through lumen 72 of member
18.

[0061] In related embodiments, markers 9 can be config-
ured to degrade upon a given tissue condition such that a
decrease in the concentration of marker 9 serves as an
indicator of that tissue condition, temperature being one
example. In various embodiments, marker 9 can be config-
ured to degrade or under a change in state or phase (e.g.
solidity, liquefy or vaporize) upon a number of conditions or
tissue treatments including: temperature or thermal irradia-
tion, electrical current such as an RF current, ultrasound
irradiation, UV radiation, ionizing irradiation and the like.
These and related embodiments can be configured to be used
in conjunction with an analytical method known in the art
such as fluorescence spectroscopy described herein.






