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(57) Abstract: The present invention, in one aspect, relates to a method of and apparatus for examining a target for tumors or lesions 
using what is referred to as "Early Increase in microvascular Blood Supply" (EIBS) that exists in tissues that are close to, but are not 
themselves, the abnormal tissue and in tissues that precede the development of such lesions or tumors. While the abnormal tissue 
can be a lesion or tumor, the abnofmal tissue can also be tissue that precedes formation of a lesion or tumor, such as a precancerous 
adenoma, aberrant crypt foci, tissues that precede the development of dysplastic lesions that themselves do not yet exhibit dysplastic 
phenotype, and tissues in the vicinity of these lesions or pre-dysplastic tissues.
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METHOD OF AND APPARATUS FOR RECOGNIZING ABNORMAL TISSUE 
USING THE DETECTION OF EARLY INCREASE IN MICROVASCULAR

BLOOD CONTENT

STATEMENT AS TO RIGHTS UNDER FEDERALLY-SPONSORED RESEARCH

[0001] This invention was made with Government support under Grant No. R01C A109861 
awarded by the National Institutes of Health of the United States. Accordingly, the United States 

Government may have certain rights in this invention pursuant to the grant.
[0002] Some references, which may include patents, patent applications and various 

publications, are cited and discussed in the description of this invention The citation and/or discussion 

of such references is provided merely to clarify the description of the present invention and is not an 
admission that any such reference is "prior art" to the invention described herein. All references cited 

and discussed in this specification are incorporated herein by reference in their entireties and to the 

same extent as if each reference was individually incorporated by reference.

FIELD OF THE INVENTION
The present invention relates generally to light scattering and absorption, and in particular to 

methods of and apparatuses for recognizing possibly abnormal living tissue using a detected early 
increase in microvascular blood content and corresponding applications including in vivo tumor 
imaging, screening, detecting and treatment, and, in particular, "Early Increase in microvascular 
Blood Supply" (EIBS) that exists in tissues that are close to, but are not themselves, the lesion or 

tumor and in tissues that precede the development of such lesions or tumors.

BACKGROUND OF THE INVENTION
[0003] There are various techniques known for determining abnormality in tissues. Of these 

techniques, those that are most relevant to the present invention are techniques in which there is 

detected an increase in blood within tissue that is abnormal. While such techniques have advantages 
in and of themselves as compared to other methods, they require testing of the abnormal tissue itself, 
which may be difficult to detect. Further, such methods are usable only after the abnormality is 
sufficiently large, such as a cancerous tissue.
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[0004] Accordingly, the present invention provides a variety of advantageous 

optical techniques for assisting in the detection of abnormal tissue, particularly using 

optical measurements, early in the development of the abnormal tissues themselves.

5 SUMMARY OF THE INVENTION

[0005] The present disclosure relates to methods and probe apparatuses and 

component combinations thereof that are used for examining a target for abnormal tissue, 

tumors or lesions using what is referred to as "Early Increase in microvascular Blood 

Supply" (EIBS) that exists in tissues that are close to, but are not themselves, the

10 abnormal tissue and in tissues that precede the development of such lesions or tumors. 

While the abnormal tissue can be a lesion or tumor, the abnormal tissue can also be tissue 

that precedes formation of a lesion or tumor, such as a precancerous adenoma, aberrant 

crypt foci, tissues that precede the development of dysplastic lesions that themselves do 

not yet exhibit dysplastic phenotype, and tissues in the vicinity of these lesions or pre-

15 dysplastic tissues.

[0006] A particular application described herein is for detection of such lesions 

in colonic mucosa in early colorectal cancer, but other applications are described as well.

[0007] Disclosed is a method of providing an indication that living tissue within 

an organ of a body may be abnormal that includes identifying tissue of the organ that

20 contains microvasulature therein, wherein the tissue does not contain the living tissue that 

may be abnormal and determining from the blood content within the microvasculature 

whether an early increase in microvascular blood content or supply exists in the tissue to 

indicate whether the living tissue or nearby tissue may be abnormal.

[0008] The present disclosure provides a method comprising the steps of:

25 positioning a probe with an illumination emitting device proximate living tissue;

illuminating a first target region of said living tissue;

detecting interacted light from the illuminated tissue;

estimating a characteristic indicative of at least one of blood content and blood 

flow in the first target region of the living tissue based on the detected interacted light;

30 and
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repositioning said illumination emitting device to illuminate a second target 

region of the living tissue, detect interacted light from said second target region and 

estimate a characteristic indicative of at least one of blood content and blood flow in the 

second target region; and

5 determining whether a corresponding change occurred between the estimated

characteristics of said first and second regions.

BRIEF DESCRIPTION OF THE DRAWINGS

[00015] These and other aspects and features of the present invention will 

10 become apparent to those of ordinary skill in the art upon review of the following

description of specific embodiments of the invention in conjunction with the 

accompanying figures, wherein:

[00016] Fig. 1 illustrates organization of blood supply in colonic mucosa and 

submucosa.

15 [00017] Fig. 2 shows schematically according to one embodiment of the present

invention a fiber-optic polarization-gated probe: (a) side view and (b) distal (i.e., close to 

tissue surface) tip.

[00018] Fig. 3 shows according to one embodiment of the present invention 

photographically a polarization-gated probe in an accessory channel of an endoscope.

20 [00019] Fig. 4 shows according to one embodiment of the present invention

accuracy of optical measurement of Hb content in (a) superficial tissue (obtained from 

[AI(k) using Eq.l) and in (b-d) subsuperficial tissue obtained using Equation (1) (panel 

(a)) and alternate methods: absorption band area (panel (b)) and absorption

25
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band area (panel (b)) and absorption band intensity (panel (c)). Is’ stands for transport mean free path 

length. The dashed line shows what the data would look like if the accuracy of measurements were 

100%.
[00020] Fig. 5 shows alterations of blood supply in early experimental carcinogenesis 

observed using polarization-gated signal according to one embodiment of the present invention. The 

data shows EIBS in histologically normal mucosa (i.e., superficial tissue compartment) of AOM- 
treated rats two weeks after initiation of carcinogenesis by means of AOM injection. This early time 

point precedes the development of adenomas, aberrant crypt foci and any other currently known 
markers of colon carcinogenesis. EIBS was observed only in the distal colon of AOM-treated rats 

and no blood content increase was found in the proximal colon, consistent with the fact that 
precancerous and cancerous lesions develop primarily in the distal colon in this model.

[00021] Figs. 6(a)-6(d) show schematically according to one embodiment of the present 
invention the observation of EIBS in our in vivo studies (n=196 patients). The x-axis shows a location 
of EIBS reading in relation to the location of an adenoma. Normal control values were taken from 

patients with negative colonoscopy from the same colonic segments where adenomas were found in 
patients with positive colonoscopy, (a) EIBS from total blood content; (b) EIBS in superficial tissue 
(e.g. mucosa) extends >30 cm, i.e. EIBS can be observed in colonic segments other than the one 

where an adenoma is located; (c) EIBS in subsuperficial tissue (e.g. mucosa and superficial mucosa) 

extends <30 cm from the location of an adenoma; (d) Benign, hyperplastic polyps do not lead to EIBS 
outside extend of a polyp.
Fig. 7 shows the data confirming the phenomenon of EIBS in AOM-treated rats by Western blot. 
Although Western blot clearly shows EIBS 8 weeks after initiation of carcinogenesis (i.e., aberrant 
crypt foci (ACF), pre-adenoma stage of colon carcinogenesis), the sensitivity and accuracy of 

Western blot was not sufficient to measure EIBS in pre-ACF and stage (two weeks after initiation of 
carcinogenesis). For comparison, the disclosed optics approach has sensitivity sufficient enough to 

detect EIBS at this earliest time point.
[00022] Fig. 8 shows according to one embodiment of the present invention a methodology 

of EIBS-assisted colonoscopy.
[00023] Fig. 9 illustrates a probe kit according to the present invention.

[00024] Figs 10(a)-(j) illustrate various configurations of the probe according to the present 

invention.

4
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[00025] Fig. 11 illustrates an overall system according to the present invention.

[OOQ26] Figs. 12(a)-(b) illustrate various embodiments of an indicator device according to 

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[00027] The present invention is more particularly described in the following examples that 

are intended as illustrative only since numerous modifications and variations therein will be apparent 
to those skilled in the art. Various embodiments of the invention are now described in detail.
Referring to the drawings, like numbers indicate like components throughout the views, As used in 
the description herein and throughout the claims that follow, the meaning of "a", "an", and "the" 

includes plural reference unless the context clearly dictates otherwise Also, as used in the description 

herein and throughout the claims that follow, the meaning of "in" includes "in” and "on" unless the 
context clearly dictates otherwise.

[00028] Moreover, titles or subtitles may be used in the specification for the convenience 

of a reader, which shall have no influence on the scope of the present invention. Additionally, some 

terms used in this specification are more specifically defined below.
[00029] The terms used in this specification generally have their ordinary meanings in the 

art, within the context of the invention, and in the specific context where each term is used. Certain 
terms that are used to describe the invention are discussed below, or elsewhere in the specification, to 
provide additional guidance to the practitioner regarding the description of the invention. For 
convenience, certain terms may be highlighted, for example using italics and/or quotation marks. The 
use of highlighting has no influence on the scope and meaning of a term; the scope and meaning of a 
term is the same, in the same context, whether or not it is highlighted. It will be appreciated that same 

thing can be said in more than one way. Consequently, alternative language and synonyms may be 
used for any one or more of the terms discussed herein, not is any special significance to be placed 

upon whether or not a term is elaborated or discussed herein. Synonyms for certain terms are 

provided. A recital of one or more synonyms does not exclude the use of other synonyms. The use of 
examples anywhere in this specification including examples of any terms discussed herein is 

illustrative only, and in no way limits the scope and meaning of the invention or of any exemplified 
term. Likewise, the invention is not limited to various embodiments given in this specification.

5
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[00030] Unless otherwise defined, 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 

pertains. In the case of conflict, the present document, including definitions will control.

[00031] As used herein, "around", "about" or "approximately" shall generally mean within 

20 percent, preferably within 10 percent, and more preferably within 5 percent of a given value or 
range. Numerical quantities given herein are approximate, meaning that the term around", "about" or 

"approximately" can be inferred if not expressly stated.
[00032] The present invention, in one aspect, relates to a method for examining a target for 

tumors or lesions using what is referred to as "Early Increase in microvascular Blood Supply" (EIBS) 
that exists in tissues that are close to, but are not themselves, the lesion or tumor. While the abnormal 
tissue can be a lesion or tumor, the abnormal tissue can also be tissue that precedes formation of a 

lesion or tumor, such as a precancerous adenoma, aberrant crypt foci, tissues that precede the 
development of dysplastic lesions that themselves do not yet exhibit dysplastic phenotype, and tissues 
in the vicinity of these lesions or pre-dysplastic tissues.

[00033] A particular application described herein is for detection of such lesions in colonic 

mucosa in early colorectal cancer (“CRC”), but other applications are described as well.
[00034] The target is a sample related to a living subject such as a human being or animal. 

The sample may be a part of the living subject such that the sample is a biological sample, wherein 
the biological sample may have tissue developing a cancerous disease.

[00035] The neoplastic disease is a process that leads to a tumor or lesion, wherein the 

tumor or lesion is an abnormal living tissue (either premalignant or cancerous), such as pancreatic 

cancer, a colon cancer, an adenomatous polyp of the colon, a liver cancer, a lung cancer, a breast 

cancer, or other cancers.
[00036] The measuring step is preferably performed in vivo, though it can be performed ex 

vivo as well. The measuring step may further comprise the step of acquiring an image of the target. 
The image, obtained at the time of detection, can be used to later analyze the extent of the tumor, as 

well as its location. Measuring of blood content using interacted light, which can include scattering 

as well as other optical methods, can include insertion of a probe for in-vivo usages in which blood 
content and/or flow is measured in tissue of a solid organ. Also, the present invention can be used to 

insert a probe into a body cavity, such as for measurements of tissues that are in the GI tract, 
respiratory track, or the like.

6
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[00037] In one embodiment, the method comprises projecting a beam of light, such as 

broadband light, to a target that has tissues with blood circulation therein. As used herein, broadband 

light is light having at least two different wavelengths. At least one spectrum of light scattered from 

the target is then measured, and blood supply information related to the target is obtained from the 

measured at least one spectrum. The obtained blood supply information comprises data related to at 

least one of blood content, blood oxygenation, blood flow and blood volume.
[00038] The method according to an embodiment of the invention may include obtaining a 

first set of the blood supply information from a first location of the target and then obtaining a second 

set of the blood supply information from a second location of the target. The first set of the blood 
supply information at a first location of the target and the second set of the blood supply information 
at a second location of the target can then be compared to determine the status of the target. One can 

compare the data to indicate whether the tumor or lesion exists at all by comparison to previously 

established microvascular blood content values from patients who harbor neoplasia and from those 
who are neoplasia free. The data can also indicate whether the tumor or lesion is closer the first or . 

second location by comparison of the blood content values from the first and second locations. Rather 

than measuring blood content in a given tissue site, at least two but preferably more tissue sites may 

be assessed located within a given area of tissue and the statistical properties of blood content or 
blood flow distribution can be determined for this area to determine the status of the target. For 
example, the maximal blood content within an area can be used to determine the status of the target. 
Other statistical measures include mean, average, median, standard deviation, maximal value, and 

minimal value.
[00039] Rather than having different locations, the same location can be compared at 

different times, days, months or years apart, to determine the status of the target, and in particular 

whether the tumor or lesion has developed or if it previously existed whether it has gotten larger.
[00040] The present invention, in another aspect, relates to an apparatus for examining a 

target. In one embodiment, the apparatus comprises a light source such as, for example, a light 
emitting device configured and positioned to project a beam of light to a target; and means for 

measuring at least one spectrum of light scattered from the target; and means for obtaining blood 

supply information related to the target from the measured at least one spectrum.
[00041] The apparatus may further comprise a detector that obtains a first set of the blood 

supply information at a first location of the target. The same detector can be used to obtain a second

7
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set of the blood supply information at a second location of the target. An algorithm, which is 

executed by a controller or computer, analyzes that data is used to determine the status of the target, 

typically by comparing the first set of the blood supply information at a first location of the target and 

the second set of the blood supply information at a second location, although comparisons against 
reference blood supply information (that does or does not suggest the presence of a tumor or lesion) 

can be used as well. This same apparatus can he used to implement the method mentioned above 

where the same location is sampled at different points in time.
[00042] The overall system 1100 , as shown described herein and also shown in Fig. 11, 

includes the probe 1110 (or probe combined with other diagnostic or surgical instruments as 
described herein), the fiber-optic cable system 1120, the detector 1130, and a computer 1140 (or other 
type of controller) that is used to analyze the detected data, as described elsewhere herein, and may 
further include an indicator or alert device 1150 such as, for example, a display device 1210 as shown 

in Fig. 12(a) for visually indicating the actual or relative measurements of a blood supply 
characteristic of at least one of blood content and blood flow. The display device 1210 shown in Fig. 

12(a) includes an indicator 1212 with an arrow 1222 that can point to positions 1214 right, 1216 

down, 1218 left and 1220 up, and which can also point to positions between these, to indicate the 
direction from the current position that a probe should be moved to assist in determining the present 

of abnormal tissue, and/or a display screen 1224 that can provide various blood content information. 

In this embodiment, the indicator 1212 will typically be useful after at least two readings occur in 
different locations of the tissue being tested. It is apparent that the indicator 1212 can be made part of 
a screen 1224 as well.

[00043] Suitable display screens, which can also include the indicator, may also include 

electronic monitors such as liquid crystal displays (LCD), cathode ray tube (CRT) displays, plasma 

displays, panels containing light emitting diodes (LEDs) or other technologies for alerting a user. In 
one embodiment, the display screen 1222 preferably uses an on-screen menu that a user is able to 
control in order to label the recorded data based on a colonic segment from which the data are being 

recorded and also record colonoscopy finding by clicking on an on-screen button. The spectral data is 
analyzed, as discussed herein, substantially immediately after a signal is being acquired. (The signal 

acquisition time is ~ 50 milliseconds.) As such, the algorithm executed by the computer in software 

uses the spectral data acquired by the probe to compute blood content values in “superficial” and 

“subsuperficial” tissue as described herein. The EIBS parameters are used by the algorithm to

8
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determine if blood content is increased above the normal range. The on-screen menu also preferably 

enables an operator to enter before or during the procedure demographic, personal and family history 

characteristics including patient’s age, gender, body mass index, smoking history (yes, no, quit), 

history of alcohol, history of prior colonoscopy findings (adenoma/adenocarcinoma/no neoplasia on 

previous colonoscopy, and the use of anti-inflammatory medications. These characteristics can be 

used by the algorithm to include into the diagnosis. After a measurement, the on-screen display 

provide an “indicator of diagnosis”. In principle, an indicator of diagnosis can be one of a number 

types including a text message, a color sign, a sound, etc.

[00044] In a specific embodiment as shown in Fig. 12(b), the indicator device uses a screen 
1260 that displays one of the following text messages: “positive, suspicious region” if the diagnostic 
algorithm indicates that an adenoma is likely to be located in the vicinity of the tissue sites assessed 
for EIBS, or message “negative”, if this segment of the colon is most likely adenoma-free.

[00045] Thus, the display device may further indicate by graphs, symbols, color,

alphanumerics, light and similar techniques and combinations thereof the presence of increased blood 

supply and/or a comparison of consecutive or non-consecutive measurements of a characteristic of 

increased blood supply. It should be readily understood that indicator devices according to the 
present invention include for example, sound emitting devices, vibration generating devices for 
vibrating instruments to alert the user or any other hardware or software technique for alerting the 

user regarding an actual or relative measurements of a blood supply characteristic of at least one of 
blood content and blood flow, suggested direction for movement of the probe and/or likely proximity 
of abnormal tissue.

[00046] The Fig. 3 embodiment illustrates the probe in use with an endocscope. This is 

exemplary and the probe can be inserted into or contained or moveable within other surgical or 

diagnostic instruments, such as a sigmoidoscope for a sigmoidoscopy where the tissue is a colon and 
a larger portion of a colon is analyzed than would be possible using solely the sigmoidoscope. In this 

use, the larger portion of the colon that can be analyzed is at least another 10-30 cm of the colon. A 

rectoscope can also be used, which also allows 10-30 cm of the colon to be analyzed, and removes the 
need for a sigmoidoscopy.

[00047] For many of the procedures herein, when moving the probe, different locations are 

separated by a distance of greater than 5cm or 10cm.

9
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[00048] A superficial and subsuperficial polarization and spectral data analysis algorithm 

that allows for discrimination between spectral data obtained from the mucosal and the submucosal 

tissue is described in the following Equation 1. It is noted that this algorithm, because it is based on 

the quantitative analysis of spectroscopic signals recorded as a result of elastic scattering and 
absorption of light in tissue without the need for tissue biopsy or any other preparation, allows for 
almost real-time processing of the polarization gated signals, which makes it very useful for clinical 

screening applications.
[00049] Polarization gating enables assessment of blood content in several tissue 

compartments at the same time. The two principal tissue compartments that are being analyzed for 

the blood content are the “superficial” (e.g. mucosal) and “subsuperficial” (e.g. mucosal and 
submucosal) tissues (Fig. 1).

[00050] In order to assess blood content and/or blood flow in superficial tissue, 
polarization-gated spectrum is preferably used. Blood content in subsuperficial tissue can be 

measured by using co-polarized spectrum, arbitrarily polarized (also referred to as unpolarized or 

total) spectrum (which is the sum of co-polarized and cross-polarized signals), or cross-polarized 

spectrum. These three signals have progressively deeper depths of penetrations. The depth of 
penetration of these signals can be selected by the instrumentation design in order to selectively probe 

mucosal and mucosal/submucosal tissue for a given organ and tissue type. The polarization-gated 

signal δ(λ) is taken as the difference between copolarized and crosspolarized signals, each normalized 

by the corresponding copolarized and crosspolarized spectra from a polytetrafluoroethylene 

reflectance standard (Ocean Optics). Co-polarized, arbitrarily polarized (also known as unpolarized) 

and cross-polarized signals (D(X)) are normalized accordingly. In the teachings that follow, as an 

example, it is considered that subsuperficial blood content is measured from the cross-polarized 

signal. It should be understood, however, that similar analysis can be performed based on co- 
polarized and arbitrarily polarized signals. Thus, in principle, blood content can be measured for four 
different depths of penetration.

[00051] In both cases of superficial and subsuperficial blood content, it is assumed that the 

variability in path length due to differences in optical properties within the sample is small. While it is 
known that Beer’s law cannot be directly applied to the analysis of scattered light because of 

unknown attenuation due to scattering, Beer’s law served as the starting point for the analysis, as

10
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attenuation due to absorption has an inverse exponential relationship with absorber concentration.

This assumption can be expressed as follows:
δ(λ) = Sscattering(X) exp[-Ls (aHbO2 AHbo2(X) + aHb ΑΗί>(λ))] (1)

D(X) = Dscattenng(X) exp[-LD (βΗηο2 AHbO2(X) + βΗΙ, AHb(X))],

where Sscattering(k) and Dscattcrjng(k) represent light scattering signals from the superficial and 

subsuperficial layers of a sample, respectively, if it were devoid of absorbers. Α(λ) represents the 

absorption spectrum of all of the absorbers present (oxygenated and deoxygenated hemoglobin), 

coefficients Ls and Ld represent the path lengths for polarization-gated and cross-polarized signals, 

and coefficients a and β represent the absorbers’ concentrations for superficial and subsuperficial 

tissue depths. To account for different contributions of oxygenated and deoxygenated hemoglobin, 

two coefficients are used: aHbO2 and aHb in case of superficial blood content and β^οζ and β^ in case 

of subsuperficial blood content. Similar analysis can be performed for co-polarized and arbitrarily 

polarized (i.e., total, unpolarized) spectra.
[00052] Spectra for deoxygenated and oxygenated blood content can be measured in a 

hemoglobin solution in water. The solution is placed in a glass-bottomed culture slide directly on top 
of a reflectance standard and measured to obtain a spectrum ΑΗΜ>2(λ). It is then deoxygenated by 
adding sodium dithionite to measure the AHb(X). Ls and Ld are determined in the process of initial 

instrument calibration in tissue models. The remaining unknowns for the analysis are SScattering^) and 

DscattenngM. To fill this gap it is assumed that expected Sscattering^) and DSCattering^) should have a 
smooth decreasing spectral line shape between λ = 480 and 680 nm, thereby lacking spectral features 
of hemoglobin absorption, which include absorption bands at 542 and 576 nm in the case of 
oxygenated blood and 555 nm in the case of deoxygenated blood. In particular, second-order 

decreasing polynomial or inverse power-law spectral line shapes can be used as target line shapes 

with essentially the same results. Over this narrow spectral range, this assumption is reasonable. Thus 
the superficial and subsuperficial polarization and spectral data analysis algorithm tests values of 

«Hbo2 and anb for superficial and βΗΚ», and βκη for subsuperficial tissue over the range of interest and 

finds those that provide the best agreement between the resulting SscaKeringOQ and DscatteringM and a 
target line shape in the least-squares sense. This process can be continued iteratively.

[00053] Once coefficients aHbo2 and aHb are found, a number of other related metrics 

characterizing blood content can be found including

11



WO 2007/136880 PCT/US2007/012359

total blood content = aHbO2 + aHb and (2)

oxygen saturation = ciHbO2/(aHbO2 + aHb)·

[00054] The validity of all equations was verified using tissue phantom experiments.

[00055] In one embodiment, at least one spectrum of light scattered from the target is 

measured by a fiber optic probe, wherein the fiber optic probe comprises a polarization-gated fiber 
optic probe configured to detect the blood supply information. The light source comprises an 

incoherent light source (such as a xenon lamp).
[00056] In one embodiment, the fiber optic probe includes a proximal end portion, an 

opposite, distal portion, and a body portion with a longitudinal axis defined between the proximal end 
portion and the distal portion. The body portion is formed with a cavity along the longitudinal axis.
At least one first type of fiber is used for delivering a beam of energy to a target, wherein the at least 
one first type fiber is at least partially positioned within the cavity of the body portion. An optical 
element is positioned at the proximal end portion and configured to focus the beam of energy to the 

target. At least one second type fiber is used for collecting scattered energy from the target, wherein 

the at least one second type fiber is at least partially positioned within the cavity of the body portion.

[00057] The fiber optic probe may further comprise at least one linear polarizer optically 
coupled to the at least one first type fiber and the at least one second type fiber and positioned 
proximate to the proximal end portion, and wherein the optical element is positioned at the proximal 
end portion and configured to focus the scattered energy from the target to the at least one linear 
polarizes for the at least one second type fiber to collect.

[00058] The optical element comprises at least one of a ball lens, a graded refractive index 

lens, an aspheric lens, cylindrical lens, convex-convex lens, and plano-convex lens, although 
preferably just a single lens is used. Lenses or any combinations of them other than these above- 

mentioned lenses can also be used. It is further noted that different lenses can be used to assist in 

discriminating measurements and to achieve different tissue penetration depths. Thus, for example, to 

achieve the shortest penetration depth, a lens can be positioned at the focal distance from the end of 
the light-collecting fibers with the fibers positioned symmetrically around the axis of the lens. This 

configuration further increases the intensity of collected light, particularly when a probe is at a 
distance form tissue, and provides improved stability of the signals collected by the probe in terms of 

different distances from tissue (if a probe is not in contact with tissue) and pressures exerted by the 
probe onto tissue (if a probe is in contact with tissue). Shorter penetration depth can also be achieved
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by using a lens with a shorter focal distance, smaller numerical aperture of the illumination and/or 

collection fibers, and larger distance between illumination and collection fiber. In principle, 

penetration depths from a few tens of microns to a few millimeters can be achieved by choosing a 

proper combination of these probe characteristics.

[00059] The at least one first type fiber comprises an illumination fiber, wherein the 

illumination fiber is optically coupled to the light source.
[00060] The at least one second type fiber can also be formed with one or more collection 

fibers, wherein the one or more collection fibers are optically coupled to an imaging spectrograph and 

a CCD at the distal end portion, which imaging spectrograph is used to obtain an image of the target. 
The body portion comprises a tubing.

[00061] The following further details of the preferred embodiments, will further describe 
the invention. As will become apparent, a substantial part of the following disclosure relates to the 

EIBS phenomenon as applied to determination of the presence of colonic neoplasia (adenomatous 
polyp or carcinoma) through analysis of colonic tissue remote to the lesion and as a guide to the 

determination of the location of a tumor or lesion with the colon. This disclosure is also applicable to 

detection of tumors or lesions within other organs, and to the extent variations exist with respect to 
such detection in different organs, such is noted.

[00062] Although it has been well established that blood supply to tumor tissue is 
increased, very little attention has been given to alterations in blood supply at the pre-neoplastic stage 
and histologically/endoscopically normal appearing mucosa outside the extend of a neoplastic or pre- 
neoplastic lesion, largely due to the methodological difficulties in reliably quantitating microvascular 
blood supply. EIBS is most pronounced in the very superficial mucosa (peri-cryptal capillary plexus). 

This makes up a very small amount of total colonic microcirculation. The reason polarization-gated 

optical spectroscopy can detect this is that it can specifically and accurately analyze this plexus.
[00063] It is further noted that the present invention can distinguish between benign and 

malignant tumors, such that when a tumor is seen, looking at the surrounding normal mucosa can 
assist in distinguishing a hyperplastic (benign) from an adenomatous (premalignant) tumor. Abnormal 

blood supply in the microscopically normal mucosa adjacent to the lesion— EIBS — will be seen in 

adenomatous but not hyperplastic polyps. Furthermore, previous angiogenesis studies focused on 

blood supply increase to a neoplastic lesion itself. EIBS manifests itself as an increase in blood 
supply in the microcirculation (primarily mucosa) supplying blood to epithelium. EIBS occurs very
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early during the process of colon carcinogenesis. Our data in animal models of colon carcinogenesis 

showed that EIBS starts at earlier than development of adenomas and aberrant crypt foci (i.e. the 

earliest marker of carcinogenesis) and precedes the development of currently known molecular 
markers of colonic neoplasia. Furthermore, EIBS can be detected outside a neoplastic lesion. This 
allows for detecting a lesion outside its physical extent, as discussed by the examples and further 
disclosure provided below.

Examples
[00064] Without intent to limit the scope of the invention, exemplary instruments, 

apparatus, methods and their related results according to the embodiments of the present invention are 
given below. Note that titles or subtitles may be used in the examples for convenience of a reader, 

which in no way should limit the scope of the invention. Moreover, certain theories are proposed and 
disclosed herein; however, in no way they, whether they are right or wrong, should limit the scope of 

the invention so long as the invention is practiced according to the invention without regard for any 

particular theory or scheme of action.
[00065] Polarization Gated Fiber-Optic Probe to Detect EIBS: Polarization Gated

Fiber-Optic Probe to Detect EIBS: In one aspect, a fiber-optic probe has been developed to 
accurately detect blood supply in tissue mucosa. Figures 2A and 2B illustrate the design of the probe 
and Fig. 3 shows a photograph of the probe protruding from an accessory channel of a colonoscope. 
The probe 100 has one or more 100 pm-diameter fibers, one delivery fiber 110 used for delivery of 
linearly polarized light from a Xe-lamp (not shown) onto the tissue surface and the other two fibers 
120 and 122 for collecting scattered light from the tissue. A positive lens 130 was positioned at the 

focal distance from the fiber tips. Several lens types were also tested, including ball, graded refractive 
index (GRIN), and aspherical lenses. All of the different types of lenses could be used and these 
provide different performance of the probe in terms of the depth of penetration. In the configuration 
where the lens 130 was positioned at the focal distance from the fiber tips, it focused light 
backscattered from a sample onto different fibers 120 and 122, depending on the angle of 
backscattering. It also ensured that all collection fibers receive scattered light from the same tissue 
site, which coincides with the illumination spot. The lens 130 does not have to be positioned at the 

focal distance from the fibers 110, 120, 122, but this configuration provides better performance in 

terms of 1) shorter penetration depth, in particularly for the polarization gated signal, 2) increases 
signal level and, thus, time required to collect the signal with sufficient signal-to-noise ratio, 3)
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prevents collection of specular reflection from probe and tissue surfaces, and 4) improves stability of 

the measurements in terms of probe displacement from tissue surface in non-contact geometry or the 

pressure exerted by the probe onto a sample. In the proximal end of the probe 100, the collection 

fibers 120, 122 are coupled to an imaging spectrograph and a CCD. Two thin film polarizers 140,142 

were mounted on the proximal tip of the probe to polarize the incident light and enable collection of 
both polarization components (i.e. parallel 11| and I J- perpendicular to the incident polarization) of the 

backscattered light to allow for polarization gating. All components of the probe 100 were made 
from FDA approved materials.

[00066] A lens at the probe tip allows selecting a desired penetration depth. For example, to 
achieve a shorter penetration depth, a lens can be positioned at the focal distance from the end of the 
fibers with the fibers positioned symmetrically around the axis of the lens. Furthermore, one can use a 
lens with a shorter focal distance, smaller numerical aperture of the illumination and/or collection 
fibers, and a larger distance between the illumination and collection fiber. For example, probes were 
fabricated with a GRIN lens with the penetration depth in colon tissue for polarization-gated signal 

~85 microns (~ 1.7 mean free path lengths) and that for cross-polarized light -260 microns. A ball 

lens probe with penetration depths -23 and 275 microns was also developed. As such, it is apparent 

that penetration depths from a few tens of microns to a few millimeters can be achieved by choosing a 
proper combination of these probe characteristics.

[00067] Polarization Gating: Polarization gating has been previously used to selectively 

record short-traveling photons as well as to increase contrast for photons emerging from deeper 
tissue. As has been shown by our group, the differential polarization signal ΔΙ(λ) = 11] (λ) - I-1- 
(λ) is primarily contributed by scatterers located close to the tissue surface and, therefore, particularly 
sensitive to the properties of the superficial tissues, e. g. epithelial. Our experiments showed that the 

contribution to the differential polarization signal from deeper tissue structures decreases 
exponentially with "optical distance" to the structure and, hence, with depth (t=L/1s with L "physical" 
depth and Is photon mean free path length in tissue). Because optical density of epithelium is much 
smaller than that of underlying connective tissue, in the colon, differential polarization signals are 

primarily collected from the epithelium plus up to -50 pm of underlying connective tissue. This 

near-surface portion of subepithelial stoma contains a network of capillaries supplying oxygen to the 
epithelium. Co-polarized signal l||, arbitrarily polarized signal I f| + I -1- and cross-polarized signal I -1-
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contain information about progressively deeper tissue, up to several millimeters below the surface for 

certain probe configurations.

[00068] Measurement of Superficial Blood Content' The blood content in the 

capillaries immediately below epithelium can be quantitatively estimated from the spectral analysis of 

ΔΙ(Α). We developed several methods of spectral data analysis. The following example [Eq. 3] 

discusses an earlier version of the method that provides for analysis of superficial blood content. A 
more recent version [Eqs. 1 & 2] that provides improved accuracy of blood content estimation in both 

the superficial and subsuperficial mucosa is discussed above.
[00069] With respect to this earlier version, it operates based on a determination of blood 

content values that include effects of both scattering and absorption by red blood cells in the 
microvasculature and model the presence of absorption bands in the spectra due to both light 
absorption and scattering by blood.

[00070] We obtained the scattering images of rats’ red blood cells (RBCs). Although Hb 

primarily absorbs visible light, it is not sufficient to measure only the absorption spectra of Hb 

molecules. RBCs, which are filled with Hb, are large scatterers approximately 7-8 microns in diameter. 

Therefore, the contribution from the RBCs couples both absorption and scattering. Our data 
demonstrate that differential polarization signal measured from a tissue J Ι(λ ) can be written as

ΔΙ(λ) = ΔΙε(λ) + aAlRBc, (3)
where Δ Is (λ ) is the signal contributed by epithelial cells and other non-RBC components of

the superficial tissue (not a priori known), ΔΙρ BC is the signal experimentally measured from isolated 
ref blood cells (thus, this signal is known), and a is the number density of RBCs per mm2. This early 

version of the polarization and spectral data analysis algorithm for superficial blood content was used 
to find the fitting parameter a by minimizing the Hb absorption bands in Δis(A). This early 

version of the polarization and spectral data analysis algorithm, rather than using an exponential 

attenuation of light propagating in tissue by the tissue blood content that was used in Eq. 1, relies 

upon a linear calculation where the contribution from the red blood cells is assumed to be additive to 

that of tissue scattering; this contribution includes both light absorption and red blood cell scattering.
[00071] For in situ applications, where hemoglobin is present in both oxygenated (AIrbc- 

Ο2(λ)), and deoxygenated (Irbc-O2^ )) forms,

ΔΙΚΒο(χ;λ )= χ AIrbc-02^) + (1- χ) Irbc-o2^ ), (4)
with χ the oxygen saturation coefficient also determined by means of optimization.
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[00072] Measurement of Subsuperficial Blood Content. We also assessed blood supply 

in the deeper tissue layers, i.e. mucosa and submucosa, via (as opposed to Δ I, this signal is

primarily contributed not by single but multiple scattering process). For subsuperficial blood content, 
we developed several methods of spectral data analysis. The following example in Eq. 5 discusses an 

earlier version of the method. A more recent version that provides improved accuracy of blood 

content estimation is discussed above in Eqs. 1 & 2.

[00073] The changes in the blood supply to mucosa/submucosa is detected, as noted, by 

means of the analysis of the cross-polarized signal I (λ). Briefly, a diffusion approximation model 

is fit to the data. The model Im depends on the spectra of the transport scattering μ\ (2 ) and 
absorption coefficient

μα(^)= 1 Pa-02(2) + (l - X) X pa-D02 (2), (5)
which is contributed by both oxygenated μα.ο2 and deoxygenated μα-οο2 Hb species with

oxygen saturation χ found as a fitting parameter μ„ is proportional to the concentration of the 
respective form of Hb in tissue. It is conventionally assumed that Hb is the only significant absorber 
of visible light in the mucosa and μ'5(λ) should not exhibit Hb absorption bands.

[00074] This diffusion approximation-based, early version of the algorithm requires 
substantial processing time (on the order of several minutes per sample), rather than the nearly real
time results from the algorithm of Eq. 1 discussed above. The reason for such an improvement is 

because the algorithm of Eq. 1 does not require the use of a diffusion approximation that is 
computationally intensive.

[00075] Measurement of Oxygen Saturation. As discussed above, due to distinctly 

different absorption spectra of oxy- and deoxy-hemoglobin, not only does spectral analysis of 

polarization gated signals enable measurement of blood content but also blood oxygenation (aka. 
oxygen saturation, SO2= X · We validated S 02 calculations from spectral data. The accuracy of oxygen 
saturation measurement was excellent with error <1%.

[00076] Accuracy of EIBS Assessment Using Fiber-Optic Probe. We also validated the 

ability of the probe to assess hemoglobin concentration in studies with tissue models. The tissue 

models were fabricated and the analysis of spectral data was performed as discussed above. As 
shown in Fig. 4, the probe enables accurate assessment of hemoglobin concentration. The standard 

error of measurements for concentrations <12 g/L for superficial tissue was <0.01 g/L and that for 

deeper tissue was <0.02 g/L. We point out that according to EIBS data in animals as well as humans,
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the dynamic range of Hb concentrations was well within this range. Thus, the probe provides 

sufficiently accurate measurement of blood content in physiologic range with error of measurement 

sufficient to reliably identify EIBS.
[00077] It is also possible to measure blood content based on the analysis of the area of 

hemoglobin absorption spectral band and/or the maximum of this absorption band. As shown in Figs. 
4(c,d), both "absorption band area" and "absorption band intensity" methods enable accurate 
assessment of hemoglobin concentration with the 10 error of measurements for concentrations <1.2 
g/L 0.02 g/L and 0.03 g/L, respectively, and for concentrations from 1.2 to 18 g/L, 0.07 g/L and 0,09 

g/L, respectively.
[00078] EIBS Precedes Formation of Known Markers of Colon Carcinogenesis. EIBS 

precedes the development of any currently known histologic or molecular markers of colon 
carcinogenesis.

[00079] Specifically, we assessed blood content in the colons of rats treated with a colon 
specific carcinogen, azoxymethane (AOM). The AOM-treated rat model is one of the most robust 

and widely used animal models of CRC. As in humans, in this model, neoplasia progresses through a 

well defined sequence of events with the exception that the time course of carcinogenesis in the 
AOM-treated rat model is much faster than the one in humans: the earliest detectable marker of 
carcinogenesis, ACF, develops in 4-12 weeks after AOM injection, adenomas are observed in 20-30 
weeks, and carcinomas develop after 40 weeks. No histologic, molecular or genetic markers have 
been shown to allow earlier diagnosis (<4-12 weeks). As shown in Fig. 5, our data demonstrate that 
EIBS occurs as early as 2 weeks after AOM-injection (p-value<10'9). Importantly, EIBS was detected 
only in the distal colon and not in the proximal colon (p-value<10'* ’). This mirrors the progression of 

carcinogenesis in the AOM-treated rat model as AOM induces carcinogenesis primarily in the distal 

colon with only minimal effect on the proximal colon, as has been validated by numerous studies and 
our data as well.

[00080] EIBS Is an Accurate Predictor of Colonic Neoplasia: Animal Study. In order to 

assess whether EIBS may serve as a clinically useful biomarker, we determined the performance 

characteristics of EIBS to detect future ACF in AOM-treated rats. It was found that EIBS had 
excellent ability to distinguish animals at risk for CRC from the negative controls even at the pre- 

ACE stage of CRC, two weeks after AOM treatment. Indeed, the diagnostic accuracy of EIBS far 

exceeded conventional markers with high (>90%) sensitivity, specificity, positive and negative
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predictive values even at the earliest stages of colon carcinogenesis, preceding the development of 

currently known markers of CRC (Table 1).

Table 1: EIBS diagnosis of 
predisposition to CRC in AOM- 
treated rat model
Sensitivity 04%
Specificity 96%
PPV 97%
NPV 02%

[00081 ] EIBS Gradient Localizes Adenomas: In Vivo Clinical Study. To prove that EIBS 
and, importantly, EIBS gradient (i.e., progressive increase in blood content towards an adenoma) can 
be observed in vivo. A pilot investigation was conducted in human subjects undergoing screening 

colonoscopies (196 patients including 48 with adenomas out of which 43 were diminutive and 5 

advanced, 27 subjects with hyperplastic benign polyps, and 121 patients with negative
colonoscopies). We used an endoscopically compatible fiber-optic probe discussed in the preceding 

section. The probe was inserted into the accessory channel of a colonoscope. During colonoscopy, 
EIBS spectral data were acquired by the probe from the following locations: adenomatous polyp (if 
present), an endoscopically normal location within 10 cm from the adenoma, from the same colonic 
segment where the adenoma was located (typically within 30 cm from the adenoma) and the other 

segments (dubbed "outside" segments).
[00082] In patients with negative colonoscopy, measurements were taken at random from 

each of the three colonic segments (i.e., descending colon including rectum and sigmoid colon, mid- 
transverse colon, and ascending colon including the cecum). On average, three spectra were obtained 
from each tissue site and more than 10 different tissue sites were probed for each patient.

[00083] Our data (Fig. 6) demonstrate a marked augmentation of blood content in the 

uninvolved (endoscopically and histologically normal) colonic mucosal in patients with adenomas 

compared to the control subjects. Importantly, EIBS progressively increased when approaching a 

neoplastic lesion. Indeed, EIBS was noticeable about 30 cm from the location of the adenoma and 
progressed at 10 cm from the lesion and at the site of the lesion itself. It is this property of EIBS that
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may guide an endoscopist to identify high-risk colonic segments. EIBS in superficial tissue was 

observed even for locations >30 cm away from an adenoma (in colonic segments other than the one 

where the adenomas were found) (Fig. 6(a)). For comparison, EIBS in subsuperficial tissue was 

more localized and was observed only for distances <30 cm (Fig. 6(b)). This is consistent with our 

ex vivo data demonstrating that the spatial extend of EIBS decreases with tissue depth. Finally,
Fig. 6(c) demonstrates that hyperplastic polyps do not result in EIBS outside their extend. This is 

also a promising result as it indicates that the absence of EIBS outside a polyp can be used to 
determine if a polyp is adenomatous or hyperplastic during the colonoscopy or other endoscopic 
procedure.

[00084] The performance characteristics of EIBS gradient to distinguish 

colonic segments with and without advanced adenomas are shown in Table 2. 
These characteristics are encouraging, particularly since because no other currently 

available technique enables sensing presence of adenomas by analysis of tissue 

outside the spatial extend of an adenoma. While characterizing the age of an 

adenoma is not possible, factoring the age of the person may be useful since as 

one ages microvascular blood content goes down in controls (neoplasia free).

Table 2: EIBS localization of adenomas in
is by in vivo assessment of EIBS 10*30 cm from an
na
Sensitivity 100%
Specificity 70%

[00085] The diagnostic performance of EIBS is also superior to conventional CRC 

screening techniques. For instance, a recent study demonstrated that FOBT and fecal DNA analysis 
had a sensitivity of 10.8% and 18.2%, respectively, and the sensitivity and positive predictive value 

of flexible sigmoidoscopy was reported to be only 52% and 6%, respectively. Furthermore, the 

analysis of our in vivo data showed that there was minor variation in microvascular blood content 

among the three colonic segments in control subjects, males vs. females, and patients of different 

age (from 40 to 80 years old). The accuracy of EIBS-based colonoscopy guidance may be improved 
by accounting for these variations.

[00086] Non-optics Confirmation of EIBS. We also wanted to confirm EIBS by use of a 
non-optics methodology. We used Western blotting and evaluated blood content in the
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mucosa/submucosa in AOM-treated and control rats. The distal colons of AOM-treated and age- 

matched control rats were gently scraped. Mucosal homogenates were made and 25 pg of protein was 

separated on a 10% SDS-PAGE gel, transferred to PDVF membranes and blocked with 5% non-fat 
milk. Membranes were probed with a polyclonal antibody to hemoglobin (1:300 dilution/ovemight at 

4C, Santa Cruz Biotechnology) and xerograms were developed with enhanced chemiluminescence 

and quantitated with a laser densitometer. One clear band at the appropriate molecular weight was 

noted (68kDa) as shown in Fig. 7(a). This band did not appear on any negative controls (including 
lysates of two colon cancer cell lines HT-29 and HCT-116 and rat samples probed with secondary 

antibody alone). Quantitation of the immunoblot analysis (relative to age-matched controls) is 

demonstrated in Fig. 7(b). As can be seen, there is a significant increase in hemoglobin content in the 

distal colon at 8 weeks (p=0.01). Blots were stripped and probed for β-actin to confirm uniform 

protein loading (data not shown).
[00087] This provides critical non-optics corroboration of EIBS. Moreover, it underscores 

the relative lack of sensitivity of non-optics based technologies. For instance, while the 8-week data 

are significant, the increase is much less dramatic than the 3-fold augmentation of EIBS noted with 
spectroscopy. Moreover, mucosal blood content analysis failed to reveal a difference at 2 weeks 

despite highly significant changes seen with spectroscopic analysis. We believe that this dramatic 
sensitivity of spectroscopic analysis is related in part to its ability to precisely assay just the 
vasculature. Mucosal scrapings, on the other hand, no matter how gentle, probably samples some of 
the larger blood vessels in the submucosa. Since we believe that EIBS in the histologically normal 
mucosa is primarily a microvascular phenomenon, assaying the deeper larger blood vessels can easily 

obscure the subtle early changes in the microvasculature.

FURTHER APPLICATIONS OF EIBS
[00088] Using 4D-ELF or 2D-ELF (as described hereinafter) and polarization gated 

spectroscopy, this EIBS biological phenomenon in colonic mucosa in early CRC can be used for 
early stage detection of lesions. Importantly, spatially, EIBS extended outside the location of a 

neoplastic lesion (within at least —1/3 of colon from the lesion and beyond, depending on the depth 

of tissue) and its magnitude increased in the proximity to adenomas. Thus, our data showed that 

EIBS allowed remarkably accurate determination as to whether a given colonic segment harbors 

adenoma and could be used to indicate to an endoscopist the proximity of an adenoma. The
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methodology is to use EIBS to reduce colonoscopic miss rate (15-20% for adenomas and 6-12% for 

advanced adenomas) by guiding colonoscopy. We propose various applications of EIBS, two of 

which are illustrated as Application A and Application B in Fig. 8.

[00089] Application A: EIBS assessed from a given colonic segment will signal 

endoscopist that this segment is at risk for harboring adenomas and requires more rigorous 

colonoscopic evaluation. If a segment is not at-risk as determined by EIBS measurements, an 

endoscopist may make decision to focus on other colonic segments that may require more intense 
examination.

[00090] Application B: If adenoma is not readily visualized within this segment, increase 
magnitude of EIBS with approaching a lesion will guide an endoscopist in search for a hidden 
neopalsia.

[00091] Other usages of EIBS, Application C: EIBS can be assessed from distal colon 

during flexible sigmoidoscopy to assist in detection of the presence of adenomas and tumors in the 

proximal colon. As is known, a sigmoidoscopy is similar to a colonoscopy but examines only the 

lower colon and rectum. In such a procedure, the EIBS probe can be used in addition to the 

sigmoidoscopy probe to obtain the EIBS data. Furthermore, EIBS can be assessed from the rectum 

either via flexible sigmoidoscopy, a stand-alone fiber-optic probe, or a probe as part of an endoscopic 
device to assist in detection of the presence of adenomas and tumors in the other parts of colon.

[00092] Other usages, of EIBS, Application D; EIBS can be assessed during colonoscopy, 
flexible sigmoidoscopy, or other endoscopic procedures to predict the development of future 
precancerous or cancerous lesions and, thus, assist in determining the schedule (e.g., frequency and 

time intervals) of future colonoscopies or flexible sigmoidoscopy procedures for a given patient.

[00093] Other usages of EIBS, in addition to the usages described above are within the 

intended scope of the invention, and particularly in conjunction with other diagnostic methods.
[00094] In addition to 4D-ELF and polarization gated spectroscopy, other spectroscopic 

techniques such as, 2D-ELF, enhanced backscattering and low-coherence enhanced backscattering 

(LEBS) spectroscopy, and OCT can also be used to practice the present invention.

[00095] For example, EIBS can be used in conjunction with a screening colonoscopy, in 

which case the EIBS probe can be used in addition to the colonoscopy probe to obtain the EIBS data.
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PROBE EMBODIMENTS
[00096] In one embodiment, the probe projects a beam of light to a target that has tissues 

with blood circulation therein. At least one spectrum of light scattered from the target is then 
measured, and blood supply information related to the target is obtained from the measured at least 
one spectrum. The obtained blood supply information comprises data related to at least one of blood 

content, blood oxygenation, blood flow and blood volume.
[00097] The probe can be used to obtain different optical measurements. According to one 

embodiment, it may be used to obtain a first set of the blood supply information from a first location 

of the target and then obtain a second set of the blood supply information from a second location of 
the target. The first set of the blood supply information at a first location of the target and the second 

set of the blood supply information at a second location of the target can then be compared to 
determine the status of the target. One can compare the data to indicate whether the tumor or lesion 

exists at all by comparison to previously established microvascular blood content values from patients 

who harbor neoplasia and from those who are neoplasia free.
[00098] In one embodiment, a probe apparatus comprises a light source configured and 

positioned to project a beam of light to a target; and means for measuring at least one spectrum of 
light scattered from the target; and means for obtaining blood supply information related to the target 
from the measured at least one spectrum.

[00099] The probe apparatus may further comprise a detector that obtains a first set of the 
blood supply information at a first location of the target. The same detector can be used to obtain a 
second set of the blood supply information at a second location of the target. Spectral data which is 
then obtained from the probe apparatus is analyzed and used to determine whether the tissue that has 
been inspected is abnormal, as described herein.

[000100] In one embodiment, at least one spectrum of light scattered from the target is 

measured by a fiber optic probe according to the present invention, wherein the fiber optic probe 

comprises a polarization-gated fiber optic probe configured to detect the blood content information. 
The light source comprises an incoherent light source (such as a xenon lamp).

[000101] In one embodiment, the fiber optic probe includes a proximal end portion, an 

opposite, distal portion, and a body portion with a longitudinal axis defined between the proximal end 

portion and the distal portion. The body portion is formed with a cavity along the longitudinal axis.
At least one first type of fiber is used for delivering a beam of energy to a target, wherein the at least
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one first type fiber is at least partially positioned within the cavity of the body portion. An optical 

element is positioned at the proximal end portion and configured to focus the beam of energy to the 

target. At least one second type fiber is used for collecting scattered energy from the target, wherein 

the at least one second type fiber is at least partially positioned within the cavity of the body portion.

[000102] The fiber optic probe may further comprise at least one linear polarizer optically 

coupled to the at least one first type fiber and the at least one second type fiber and positioned 

proximate to the proximal end portion, and wherein the optical element is positioned at the proximal 
end portion and configured to focus the scattered energy from the target to the at least one linear 

polarizes for the at least one second type fiber to collect.
[000103] The optical element comprises at least one of a ball lens, a graded refractive index 

lens, an aspheric lens, cylindrical lens, convex-convex lens, and plano-convex lens, although 
preferably just a single lens is used. Lenses other than these above-mentioned lenses can also be 
used. It is further noted that different lenses can be used to assist in discriminating measurements and 

to achieve different tissue penetration depths. Thus, for example, to achieve the shortest penetration 

depth; a lens can be positioned at the focal distance from the end of the light-collecting fibers with the 

fibers positioned symmetrically around the axis of the lens. This configuration further increases the 

intensity of collected light, particularly when a probe is at a distance from tissue, and provides 
improved stability of the signals collected by the probe in terms of different distances from tissue (if a 

probe is not in contact with tissue) and pressures exerted by the probe onto tissue (if a probe is in 
contact with tissue). Shorter penetration depth can also be achieved by using a lens with a shorter 
focal distance, smaller numerical aperture of the illumination and/or collection fibers, and larger 
distance between illumination and collection fiber. In principle, penetration depths from a few tens of 
microns to a few millimeters can be achieved by choosing a proper combination of these probe 
characteristics.

[000104] The at least one first type fiber comprises an illumination fiber, wherein the 

illumination fiber is optically coupled to the light source.
[000105] The at least one second type fiber can also be formed with one or more collection 

fibers, wherein the one or more collection fibers are optically coupled to an imaging spectrograph and 
a CCD at the distal end portion, which imaging spectrograph is used to obtain an image of the target. 

The body portion comprises a tubing.
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[000106] The following further details of the preferred embodiments that will further 

describe the invention.
[000107] The present invention provides for a probe kit 300, illustrated in Fig. 9 that . 

contains a plurality of interchangeable probe tips 310-1 to 310-n and a plurality of interchangeable 

optical transmission elements 320-1 to 320-n, where n is an integer greater than 1. Different 
combinations of these allow for a variety of depth selectivity.

[000108] Figs 10(a)-(j) illustrate various configurations of the probe according to the present 
invention. Figs. 10(a) - (e) illustrate probe configurations that have a single depth selectivity based 

upon the various characteristics of the components included. Fig 10a shows an embodiment in which 

there is only a single delivery fiber 410a and a single collection fiber 420a. There may be a polarizer 
440a. Fig. 10b is similar to Fig. 10a, but further includes the usage of two polarizers 440b and 442b. 
Figs. 10c, lOd and lOe illustrate versions with two collection fibers 420c, 422c; 420d, 422d; and 
420e, 422e, respectively. In each of these embodiments there are two or three polarizers, 440c and 

442c; 440d and 442d ; and 440e, 442e and 444e as shown, respectively, in various configurations 

relative to the optical fibers.
[000109] Figs. 10(f)-(j) illustrate probe configurations in which a single probe, including 

both the probe tip and the transmission delivery element, can have more than one depth selectivity.
[000110] In Fig. 10(f) there exist pairs of collection fibers, and each pair has the same 

collection depth. Thus collection pair 420fl and 420f2 have penetration depth 1, collection pair 
422f 1 and 422f2 have penetration depth 2, and collection pair 424f 1 and 424f2 have penetration depth 
3. Each of the fibers in each pair is spaced the same distance from the delivery optical fiber 41 Of. 

There are two polarizers 440f and 442f as shown.
[000111] In Fig. 10(g) there is not a collection pair, but rather individual collection fibers 

420g, 422g, 424g, 426g and 428g, that each has a different spacing from the delivery optical fiber 
410g. Certain of the collection optical fibers have a different numerical aperture than the others, 

shown as 426g and 428g. There are two polarizers 440g and 442g as shown.
[000112] The Fig. 10(h) embodiment is similar to the Fig. 10(f) embodiment, except at the 

penetration depth 3 there is an additional fiber pair that includes collection optical fibers 426hl and 
and 426h4, each of which has a numerical aperture different that the other collection pair at 
penetration depth 3. There are two polarizers 440h and 442h as shown.
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[000113] Fig. 10(i) illustrates a probe having a delivery fiber 4 lOi, and three collection 
fibers 420i, 422i and 424i, each spaced a different distance from the delivery fiber 410i. There is 

either no polarizer or one polarizer (not labeled).
[000114] Fig. l0(j) illustrates a probe that is same as the probe illustrated in Fig. l0(i) except 

that it includes two polarizers 440(j) and 442(j), rather than none or one polarizer.
[OOOl 15] The following discussion sets forth the light path for a three-fiber, two polarizer 

version of a probe, such as illustrated in Fig. 10(b)-(e). A lamp/light source emits unpolarized light. 
This light is coupled into a delivery fiber 410. Unpolarized light emerges from this fiber 410 and 
passes through the first polarizer 420 and becomes linearly polarized. This light is diverging with 

angle of divergence depending on the numerical aperture (NA) of the fiber 410. Typical NA is about 
0.22, which means that the angle of divergence is -25 degrees. Fibers with NA’s between 0.1 and 0.5 
are also available. This polarized but diverging beam then passes through a lens 430, gets collimated, 
and impinges upon tissue. The lens 430 is positioned at a focal distance from the fibers 410 and 440. 

Two collection fibers 440 collect the light that interacts with, such as by backscattering, the tissue.
The spot on tissue surface, which is formed such that the light that emerges from tissue from this spot 
can reach and can get collected by one of the collection fibers 440, will be referred to as the 

“collection spot” for a given collection fiber 440. If tissue surface is in the focal plane of the lens 430 
(GRIN lenses typically have the focal planes coinciding with their surfaces) all illumination and 
collection spots coincide. One of the collection fibers 440 shares the same polarizer 420 with the 
delivery fiber 410 and the other fiber 440 is “behind” a second polarizer 450 with the axis of 

polarization orthogonal (or, to be more general, just different) to the axis of polarization of the first 
polarizer 420. The light that interacts, such as by being backscattered, from tissue has both 
polarization components. Each of these polarizers 420 and 450, selects light polarized in a particular 
way and only this light reaches the corresponding collection fiber 440. The first fiber 440 collects 
light that is polarized along the same direction as the incident light. This is co-polarized light. The 

other fiber 440 collects the cross-polarized light. On the other (proximal) ends, the light transmitted 
through the collection fibers 440 is coupled into a spectrometer and a detector (not shown). The 

spectrometer and a detector can be a single linear array detector (one for each fiber) or an imaging 
spectrometer and a CCD (which is more expensive). The detector records the spectrum of light 

intensity from each fiber, which becomes the co-polarized (Iy) and cross-polarized signals/spectra (Ιχ). 

These spectra are then transmitted to a computer or a CPU. The computer can process these spectral
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data. Four different spectral curves can be looked at: 1) Differential polarization (or what is called 

polarization-gated) signal is calculated as I||-Ij_; 2) The total (or arbitrarily polarized) signal is found 

as I||+k; 3) Co-polarized signal Ιμ; and 4) Cross-polarized signal I±. Each of these four signals is 

preferentially sensitive to tissue up to its own penetration depth. In principle, one does not have to 

use two polarizers and measure both co- and cross-polarized signals. If shallow penetration depth is 

not desired, one can use just a single polarizer and only one collection fiber (co-polarized signal 

only), two polarizers and collect cross-polarized signal, no polarizer and collect Iy+Ij., etc.
[000116] Specific characteristic combinations for two different probes 100 are

provided below.
[000117] Example 1: Ball lens probe

Ball lens diameter: 2 mm,
focal length: 1.1 mm,
fiber core diameter: 200 microns,

numerical aperture (NA): 0.22,
distance between illumination and detection fibers: 0.5 mm,

spot size on tissue surface: 0.5 mm,
output (incident on tissue) beam divergence: 5 deg, 
outer diameter of the probe: 2.6 mm.

[000118] Example 2: GRIN lens probe
GRIN lens diameter: 1.8 mm,
focal length: 2.4 mm,

fiber core diameter: 200 um,
NA: 0.22,
distance between illumination and detection fibers: 0.7 mm,

spot size: 0.7 mm,

output beam divergence: 3 deg,
outer diameter of the probe: 2.5 mm.

[000119] In addition to modifying characteristics of the probe tips and the optical 

transmission elements as mentioned above, there are other characteristics that can be modified.
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[000120] These modifications include altering where the end of the collection fiber is 

relative to the delivery fiber in order to get different angular ranges for this depth selective probe. 
Positioning fibers away from the focal distance is essentially equivalent to using fibers with a larger 
diameter that are positioned in the focal plane, which in turn is equivalent to a greater divergence of 
incident or collected light beams. Greater divergence results in addition of both longer and shorter 

light paths inside tissue. Overall, in most cases this will result in deeper penetration. It should be 
noted, however, that by “defocusing” the probe, the “defocusing” configuration is less efficient in 
terms of intensity the probe collects.

[000121] Another characteristic is the distance to the tissue surface. This distance can be 

controlled by choosing a proper spacer between the lens and the tissue surface. (As discussed above, 
most GRIN lenses have their focal plane coinciding with their sides but this is not necessarily the case 

with other lens types. If other lenses are used, one can put a spacer to distance the probe from tissue.) 
If this distance is different from the focal length, penetration depth is greater.

FURTHER ASPECTS OF THE INVENTION
[000122] In one aspect, the EBBS in vivo blood content measurement apparatus contains 

three major parts: the illumination arm, the detection arm, and the probe. A particular combination of 
these three major parts can be chosen based on functional, cost and other considerations. Possible 

designs of the probe are discussed above. Below, a number of possible combinations of devices; used 
for illumination and detection are discussed. For illustrative purposes, these designs are based on a 
probe design with two collection channels for a co- and a cross-polarized signals. These apparatus 
designs can be easily modified for other number of collection fibers.

[000123]

1. Illumination options:

a) (a) White light arclamp
i. Advantages: smooth broadband spectrum
ii. Disadvantages: poor coupling efficiency, higher cost, shorter lifetime, poor 

stability unless a power stabilizer is employed

b) White Light Emitting Diode (WLED)
i. Advantages: high efficiency, low cost, long lifetime, good stability

ii. Disadvantages: irregular emission spectra, poor coupling, lower intensity
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c) Broadband-spectrum laser or a number of lasers with output at different 

wavelengths

i. Advantages: excellent coupling, high intensity

ii. Disadvantages: limited spectral sampling, speckle, high cost

d) Color LEDs - a number of LEDs of specific spectral ranges
1. Advantages: sequential puling, no speckle, low cost

ii. Disadvantages: limited spectral sampling, lower Intensity
[000124]

2. Detection and system design
a) Three spectrometers with reference signal - Use three single channel fiber 

spectrometers: one for each polarization, and one reference which samples the source. The signal 
from a target is normalized in respect to the reference measurement so that the instability of the 
sources spectrum and intensity would not effect measurement.

i. Advantages: best stability

ii. Disadvantages: highest cost and system complexity
b) Two spectrometers, no reference - two single channel fiber spectrometers are used 

to detect each polarization state. The source spectrum and intensity is assumed to stable.
i. Advantages: lowest cost, simplest

ii. Disadvantages: increased likelihood of error due to source variations unless a 
stable light source is used or measurements from tissue are self-normalized (e.g. the diagnostic 
observable is the ratio of the blood content values from the two depths)

c) Two spectrometers, intensity reference - Two single channel fiber spectrometers 
are used to detect each polarization state. The source intensity is monitored with a simple point 

detector.
i. Advantages: low cost, does not require a stable current light source

ii. Disadvantages: could be sensitive to spectral changes in the source
d) Two intensity detectors with or without a reference detector - can be used with 

illumination provided by a set of color LEDs or laser sources for sequential acquisition of the spectral 
data.

i. Advantages: low cost

ii. Disadvantages: limited spectral resolution
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[000125] Preferred embodiments of the above combinations include 1) A system with 

WLED, two spectrometers and an intensity reference can provide an optimal compromise between the 

cost and functionality. 2) A system with WLED, two spectrometers and no reference is an optimal 

configuration for applications where sufficient diagnostic information can be obtained by computing a 
ratio of observables (e.g. blood content) from different collection channels or depth. 3) A system with 

a set of at least three color LEDs and a single intensity detector for sequential illumination and 
acquisition is an example of a low-cost configuration for applications when cost is a critical 

consideration.
[000126] Various methods, in additions to the methods set forth in the claims below, are 

intended. These include the following:
[000127] A method "A" of providing an indication that living tissue of a body may be 

abnormal comprising the steps of: positioning an illumination probe that illuminates the tissue with 

light, such as broadband light, wherein the illumination probe is disposed in a location that is at a 

surface of an organ; illuminating, at the location, tissue of the organ and microvasculature therein 
with light from the light source that is emitted from the illumination probe, wherein the tissue that is 
illuminated with the light does not contain the living tissue that may be abnormal; detecting interacted 
light that results from the step of illuminating the tissue as detected data, wherein the interacted light 

is obtained substantially from the light that interacted with blood in the microvasculature that is 
within the tissue of the organ, which tissue does not contain the living tissue that may be 
abnormal; estimating at least one of blood content and blood flow in the micro vasculature using the 

detected data; and obtaining the indication that the living tissue may be abnormal using the at least 
one of estimated blood content and blood flow, the step of obtaining including the step of determining 
whether there exists an increase in the at least one of estimated blood content and blood flow in the 

microvasculature.
[000128] The method "A" wherein the organ contains the living tissue for which the

indication is being obtained. The method "A" wherein another organ contains the living tissue for 
which the indication is being obtained, and the another organ is different from the organ containing 

the tissue that is illuminated in the step of illuminating. The method "A" wherein the interacted light 

in the step of detecting is obtained from the light that is scattered by the blood in the
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microvasculature. The method "A" wherein the interacted light in the step of detecting is obtained 
from the light that is scattered and absorbed by the blood in the microvasculature.

[000129] The method according A further including the step of using the indication to decide 

when to perform another test to re-determine whether the living tissue within the organ may be 
abnormal, and further wherein the step of using determines when to perform another test using 

periods of months; and still further wherein the step of using determines when to perform another test 

using periods of years.

[000130] The method “A” wherein measurement of the estimated blood supply characteristic 

of at least one of blood content and blood flow is displayed or otherwise communicated to the user for 
further positioning the probe for determining whether there exists an increase or decrease in the at 
least one of estimated blood content and blood flow in the tissue of an organ.

[00013)] The method "A” wherein the interacted light in the step of detecting is
obtained from the light that is absorbed by the blood in the microvasculature.

[000132] The method according to "A" wherein the living tissue is a precancerous living 

tissue that may be abnormal, and/or wherein the precancerous living tissue that may be abnormal is a 

predysplastic stage tissue. The predysplastic stage tissue above may be is at least one of histologically 
normal, macroscopically normal, and endoscopically normal.

[000133] The method "A" wherein the step of inserting the illumination probe inserts the 
probe into the organ, such that the surface of the organ is an inner surface of the organ. The organ 
may be the colon, the stomach, the duodenum, the bladder, the esophagus, the oral cavity,the lung, the 

uterus, the urethra and the prostate. The method "A" wherein the step of detecting detects at least 
one of the following components of the interacted light: co-polarized, cross-polarized, and 
unpolarized interacted light, and/or wherein the step of estimating in method "A" estimates at least 
one of the blood content and blood flow and at least one of the parameters of the component of the 

spectral and polarization signal unobstructed by hemoglobin absorption, and, more particularly, 
estimates a concentration of red blood cells, estimates a concentration of hemoglobin, estimates a 

concentration of de-oxygenated hemoglobin, estimates a concentration of oxygenated hemoglobin, 
estimates one of blood flow and a rate of blood flow or estimates oxygen saturation in the blood.

[000I34J hi the step of estimating one of the blood content and the blood flow above, it
is preferable to estimate a statistic of blood content or blood flow with an area of the living tissue, 

wherein the statistic is one of mean, average, median, standard deviation, maximal value, and
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minimal value. The method "A" wherein the step of detecting detects at least one of the following 

components of the interacted light: co-polarized, cross-polarized, and unpolarized interacted light, 

and/or wherein the step of estimating one of the blood content estimates at least one of the ratio of 

blood contents at one tissue depth to that of another tissue depth and the ratio of blood contents 

computed for one linear combination of the co-polarized, cross-polarized, and unpolarized light. The 
method above wherein the step of detecting detects interacted light preferably detects the interacted 
light from the surface to a submucosal layer, or from the surface to a mucosal layer.

[0001351 The method "A" wherein the steps of inserting, illuminating and detecting are
performed during a same period of time when a screening colonoscopy is performed.

[000136] The method "A" wherein the steps of inserting, illuminating and detecting are

performed during a same period of time when a sigmoidoscopy is performed. The method "A" 
wherein the steps of inserting, illuminating and detecting are performed using a stand-alone probe. 
The method "A” wherein the steps of inserting, illuminating and detecting are performed using a 

probe disposed at least partially within an endoscopic device. The method "A" wherein the step of 

inserting the probe inserts the probe adjacent to the organ, such that the surface of the organ is an 

outer surface of the organ. The method "A" wherein the step of inserting the probe inserts the probe 

into a small bowel, adjacent to a pancreas, to detect the abnormal living tissue in the pancreas. The 
method "A” wherein the step of obtaining the indication includes the step of comparing the estimated 
blood content with a baseline blood content, which may further include the step of establishing 
thebaseline blood content, which baseline blood content may be based upon measurements of blood 
content of a region surrounding the organ, of a plurality of bodies other than the body, or of the body.

[000137] The method "A" wherein the step of estimating estimates blood content, which 
blood content estimate can be a concentration of red blood cells, a concentration of hemoglobin, a 
concentration of de-oxygenated hemoglobin, a concentration of oxygenated hemoglobin, one of blood 

flow and a rate of blood flow, or oxygen saturation in the blood. The method "A" wherein the step of 
estimating one of the blood content and the blood flow estimates a statistic of blood content or blood 

flow with an area of the living tissue which statistic can be one of mean, average, median, standard 

deviation, maximal value, and minimal value. The method "A" wherein the indication from the step 
of obtaining indicates that the living tissue may be abnormal at a future point in time.

[000138] The method "A" and the steps recited in claim 35 below wherein the deviation is 

recognized by comparing a baseline scattering spectrum that shows the baseline blood content with a
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spectrum obtained from the detected data using a least squares analysis. The method "A" and the steps 

recited in claim 37 below wherein a model used in the step of modeling ignores an effect of blood 
absorption in the detected data, and wherein the detected data contains a spectrum of the interacted 

signal.
[000139] The method "A" wherein the step of estimating uses a polarization and spectral 

data analysis algorithm, and wherein the polarization and spectral data analysis algorithm is a 
superficial polarization and spectral data analysis algorithm that estimates blood content amd further 
it may be that the effect of red blood cells is modeled as additive to the rest of the scattering signal, 
and still further it may be that the spectrum of scattering signal without the effect of blood absorption 

is modeled as a monotonic function of wavelength including at least one of the following: first-order, 
second-order, high-order polynomial, and an inverse power-law functions.

[000140] The method "A" wherein the step of estimating uses a polarization and spectral 
data analysis algorithm, and wherein the polarization and spectral data analysis algorithm is a 
subsuperficial polarization and spectral data analysis algorithm that estimates blood content, which 

subsuperficial polarization and spectral data analysis algorithm may include a diffusion 

approximation. The method according to “A” wherein the illuminated tissue is at least one of 
histologically normal, maeroscopically normal, and endoscopically normal.

[000141] A method "B" of providing an indication that living tissue within an organ of a 

body may be abnormal comprising the steps of: identifying tissue of the organ that contains 
microvasulature therein, wherein the tissue does not contain the living tissue that may be abnormal; 

and determining from the blood content within the microvasculature whether an early increase in 

microvascular blood supply exists in the tissue to indicate whether the living tissue may be abnormal.
[000142] The method "B" wherein the step of identifying tissue includes the step of 

obtaining a biopsy of the tissue. The method "B" wherein the step of determining uses an optical 
detection to determine whether the early increase in microvascular blood supply exists.

[000143] The method "B" wherein the step of determining uses a non-optical detection to 
determine whether the early increase in microvascular blood supply exists.

[000144] The method ”B" wherein the living tissue that may be abnormal is precancerous 

living tissue, which precancerous living tissue that may be abnormal may be a predysplastic stage 

tissue, and which predysplastic stage tissue may be histologically normal and microscopically normal.
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[0001451 A method “C” comprising the steps of:A) positioning an illumination probe
which illuminates a target tissue with broadband light wherein the target tissue may be abnormal is 

precancerous living tissue, which precancerous living tissue may be a predysplastic stage tissue, and 

which predysplastic stage tissue may be histologically normal and microscopically normal; B) 

illuminating the tissue and microvasculature therein with light from the probe, wherein the tissue that 

is illuminated with the light does not contain abnormal tissue; C) detecting interacted light from the 
illuminated tissue; D) estimating a characteristic indicative of at least one of blood content and blood 

flow in the microvasculature based on the detected interacted light; E) determining whether said 
illuminated tissue is proximate living tissue that may be abnormal based on the estimated 
characteristic.

[000146] The method “C” wherein the characteristic is determined for a plurality of different 
locations along the surface of the target tissue.

[0001471 The method “C” further comprising: positioning a scope proximate said probe; and 

using the estimated characteristic in guiding the scope.

[000148] The method “C” wherein the tissue is an organ.
[000149] The method “C” wherein the organ is a colon.
[000150] The method “C” wherein the organ is in the gastrointestinal organ.
[000151] The method “C” wherein the probe projects a collimated beam of light at a location

on the tissue.

[000152] Various apparatus combinations of elements, in additions to the combinations set 
forth in the claims below, are intended. These combinations include the following:

[000153] An apparatus "A" that emits broadband light obtained from a light source onto 
microvasculature of tissue of a human body and receives interacted light that is obtained from 

interaction of the broadband light with the microvasculature for transmission to a receiver, the 
apparatus comprising: a probe having an end adapted for insertion into the human body and which 

illuminates the tissue with the broadband light and receives interacted light that interacts with blood 

in the microvasculature that is within the tissue, the probe including: a delivery optical fiber having a 

delivery numerical aperture for transmitting the broadband light obtained from the light source, the 
delivery optical fiber having a light delivery end adapted for emission of the broadband light and a 
light delivery source connection end adapted for connection to the light source; at least one collection 

optical fiber having a collection numerical aperture, the collection optical fiber having a light
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collection end that receives the interacted light and a receiver connection end adapted for connection 

to the receiver, wherein the light collection end is substantially aligned with and at a predetermined 
distance from the light delivery end of the delivery optical fiber; and a lens that is spaced substantially 

about one focal length of the lens from the light collection end of the collection optical fiber and from

. the light delivery end of the delivery optical fiber; wherein the delivery optical fiber and the collection 

optical fiber and the lens are adapted to collect the interacted light at a collection spot on a surface of 
the tissue that is within the focal plane of the lens, and wherein the interacted light collected results 
from interactions with the microvasculature that are substantially at a predetermined penetration depth 

below the collection spot, and wherein the predetermined penetration depth is obtained in part due to 
a selected plurality of characteristics, the selected plurality of characteristics including selection of the 

focal length of the lens and at least one further characteristic from one of the delivery optical fiber, 
the collection optical fiber, and the lens.

[000154] The apparatus "A" wherein the at least one further characteristic is a characteristic 
of one of the delivery optical fiber and the collection optical fiber, and is either (1) a type of the 

delivery optical fiber, (2) a type of the collection optical fiber, (3) the delivery and collection 

numerical apertures, (4) the substantial alignment of the light delivery end of the delivery optical fiber 

and the light collection end of the collection optical fiber, and (5) the predetermined distance between 
the light delivery end of the delivery optical fiber and the light collection end of the collection optical 
fiber.

[000155] The apparatus "A" wherein the at least one further characteristic is a lens 
characteristic and is at least one of (1) a type of lens and (2) a spacing between the lens and the tissue.

[000156] The above apparatus "A" along with either or both of the two above paragraphs, is 
also intended in combination with the subject matter set forth in below claims 81-119, as well as the 
apparatus of claim 120 below in combination with the claims that are dependent upon claim 101 
below.

[000157] The apparatus "A" , wherein the substantial alignment is on a same plane, 

and.wherein the substantially about one focal length is one focal length for each of the light collection 
ends of the collection optical fibers and the light delivery end of the delivery optical fiber.

[000158] The apparatus "A” wherein the substantial alignment is on a same plane., and 
wherein the substantially about one focal length is greater than one focal length for each of the light 
collection ends of the collection optical fibers and the light delivery end of the delivery optical fiber.
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[000159] The apparatus "A" wherein the substantial alignment is on a same plane., and 

wherein the substantially about one focal length is less than one focal length for each of the light 

collection ends of the collection optical fibers and the light delivery end of the delivery optical Fiber.

[000160] The apparatus "A”, along with the subject matter below of claim 85, wherein the 

substantial alignment provides for the delivery end of the delivery optical fiber to protrude farther 

than the light collection ends of the collection optical fibers.

[000161] The apparatus "A", along with the subject matter below of claim 85 wherein the 

substantial alignment provides for the light collection ends of the collection optical fibers to protrude 
farther than the delivery end of the delivery optical fiber.

[000162] The apparatus "A", along with the subject matter below of claim 85 wherein the 
first and second polarizers are at angles to each other that are different than 90 degrees and 45 
degrees.

[000163] The apparatus "A" along with the subject matter below of claims 85, 101 and 102 

where a further different characteristic is a distance between light collection end of each of the two 

collection optical fibers and the light delivery end of the delivery optical fiber, and, in certain 

embodiments, wherein the distance between the light collection end of each of the two collection 
optical fibers and the light delivery end of the delivery optical fiber is the same.

[000164] The apparatus "A" along with the subject matter below of claims 85 and 101 

wherein there are a plurality of fiber transmission elements, in which in certain embodiments the 
different characteristic of at least some of the fiber transmission elements is numerical aperture, and 
in certain particular embodiments each of the delivery and collection optical fibers of a particular 
fiber transmission element have the same numerical aperture.

[000165] The apparatus "A" along with the subject matter below of claims 85 and 101 
wherein there are a plurality of fiber transmission elements, in which in certain embodiments the 
different characteristic of at least some of the fiber transmission elements is spacing between the 

delivery optical fiber and each of the at least two collection fibers,, and in certain particular 
embodiments the spacing allows for an angular range detection difference of at least 4 degrees 
between at least two different ones of the fiber delivery elements.

[000166] The apparatus "A" along with the subject matter below of claims 85 and 101 
wherein there are a plurality of fiber transmission elements, in which in certain embodiments the
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different characteristic of at least some of the fiber transmission elements is a diameter of each of the 

delivery and collection optical fibers.

[000167] The apparatus "A" along with the subject matter below of claims 85 and 101 
wherein there is a plurality of probe tip assemblies and a plurality of fiber transmission elements.

[000168] The apparatus "A" wherein the at least one collection optical fiber is a plurality of 
collection optical fibers, the plurality of optical fibers including a plurality of paired collection optical 

fibers, each paired collection optical fiber having a distance between the light collection end of each 
of the two paired collection optical fibers and the light delivery end of the delivery optical fiber that is 
the same, and each of the plurality of paired collection optical fibers having a different distance. 
[000169] The apparatus “B” comprising: a probe having an end adapted for illuminating
tissue and microvasculature therein; and a receiver coupled to the probe, the receiver for processing 
interacted light from the microvasculature, said probe comprising: a delivery optical fiber having a 

delivery numerical aperture and an emitter end for emitting broadband light received by the delivery 
optical fiber from a light source; at least one collection optical fiber, said collection optical fiber 
having a collection numerical aperture and a light collection end for receiving the interacted light for 

conveying to the receiver, wherein the light collection end is substantially aligned with and at a 
predetermined distance from the emitter end of the delivery optical fiber; and a lens having a focal 
length, the lens located at distance from the collection optical fiber light collection end and from the 

delivery optical fiber emitter end of substantially about one focal length of the lens, said delivery and 
collection optical fibers and the lens being adapted to collect the interacted light from a predetermined 
penetration depth of an illuminated tissue location that is within the focal plane of the lens, wherein 

the predetermined penetration depth is based on the focal length of the lens and at least one 
furthercharacteristic from the delivery optical fiber, the collection optical fiber, or the lens.

[000170] The apparatus “B” further comprising an indicator of the amount estimated of a 
characteristic indicative of at least one of blood content and blood flow in the microvasculature based 
on the detected interacted light

[000171] A method ”D” of making a spectral data probe for a depth range detection 

selectivity for detection of blood within microvasculature of tissue, the spectral data probe receiving 

broadband light from a light source and providing interacted light to a receiver, the method 

comprising the steps of: determining the depth range that is desired for the detection of the interacted 
light; providing the spectral data probe, the spectral data probe including: a delivery optical fiber for
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transmitting the broadband light obtained from the light source, the delivery optical fiber having a 
delivery light output end adapted for connection to the light source and a delivery light source 

connection end; a collection fiber group, the collection fiber group including at least one collection 

optical fiber, each collection optical fiber having a light collection end that receives the interacted 

light that interacts with the blood in the microvasculature that is within the tissue and a receiver 
connection end, wherein each light collection end is substantially aligned with and substantially at a 

predetermined distance from the light delivery end of the delivery optical fiber; and a lens that is 

spaced substantially about one focal length of the lens from each light collection end of each 

collection optical fiber and from the delivery light output end of the delivery optical fiber; wherein the 
step of providing selects different characteristics for the delivery optical fiber, the collection fiber 
group and the lens to assist with allowing the spectral data probe to have the determined depth range.

[000172] Another set of intended combinations is the method of claim 13 combined with the 
various dependent claims that are dependent on claim 14.

[000173J The foregoing description of the exemplary embodiments of the invention has been 

presented only for the purposes of illustration and description and is not intended to be exhaustive or 
to limit the invention to the precise forms disclosed. Many modifications and variations are possible 
in light of the above teachings.
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1. A method comprising the steps of:

positioning a probe with an illumination emitting device proximate living tissue;

5 illuminating a first target region of said living tissue;

detecting interacted light from the illuminated tissue;

estimating a characteristic indicative of at least one of blood content and blood 

flow in the first target region of the living tissue based on the detected interacted light; 

and

10 repositioning said illumination emitting device to illuminate a second target

region of the living tissue, detect interacted light from said second target region and 

estimate a characteristic indicative of at least one of blood content and blood flow in the 

second target region; and

determining whether a corresponding change occurred between the estimated

15 characteristics of said first and second regions.

2. The method of claim 1 wherein the detecting, estimating, repositioning and 

determining steps are repeatedly performed to facilitate location of abnormal tissue.

20 3. The method of claim 1 further comprising the step of determining a direction of an

increase in at least one of estimated blood content and blood flow based on said estimated 

characteristics for said first and second target regions.

4. The method of claim 1 wherein said the living tissue is selected from the group

25 consisting of mucosal tissue, submucosal tissue or both.

5. The method of claim 1 wherein the estimating step is based on differential polarization 

spectrum.

30 6. The method according to claim 1 further comprising the step of disposing the

illumination probe within a surgical or diagnostic instrument and said positioning and 

repositioning steps are performed with said probe within said instrument.

7. The method according to claim 2 wherein the step of determining includes the step of

35 comparing the estimated characteristic with a predetermined reference characteristic.
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