lude near

mnc

different parts

in

600/301; 600/437

Oct. 7,2010
Data

logical conditions of

ion
10

t

ica
(2006.01)
(2006.01)
ble sleeve that may be worn on

US 2010/0256461 Al

tion Classification

S. Appl

ABSTRACT
luating phys

1 application No. 60/915,399, filed on May
ica

provisional application No. 61/033,737, filed

on Mar. 4, 2008.
finger or the like. The sensors

Publ

be
infrared spectroscopy sensors in some embodiments. The
structure may comprise a flexi

Related U.

Cl
’s prostate gland.

US 20100256461A1
isiona
.Cl

or placed over a rectal ultrasound probe for example.

In an embodiment, a controller processes data from sensors to

2007

bl
s

(43) Pub. Date

A6IB 5/00
A61B 8/00

1
Us

de information relevant to blood flow

provi

tissue are provided on a structure having an opening for
receiving a pro

the finger of a physician performing a rectal exam of the

(60) Prov

(51) Int

(52)

Sensors for use in eva
prostate,

of a subject

(7)

Luya LI, Coquitlam

BC (CA)

Z.¢id Mohamedali, Qualicum
12/398,420
May 1, 2008
PCT/CA08/00821
Oct. 30,2009

Beach (CA);
TECHNOLOGIES LTD.,

URODYNAMIX
Vancouver,

(CA)
OYEN, WIGGS, GREEN & MUTALA LLP

APPARATUS AND METHODS FOR
EVALUATING PHYSIOLOGICAL
CONDITIONS OF TISSUE

480 - THE STATION

601 WEST CORDOVA STREET
VANCOUVER, BC V6B 1G1 (CA)

Correspondence Address:

§371 (0)(1),

Mohamedali et al.
(2), (4) Date:

12y Patent Application Publication (o) Pub. No.

a9y United States

(75) Inventors:
(73) Assignee:
(21) Appl. No.:
(22) PCT Filed:
(86) PCT No.:

(54)

s alaletle e
05
RN

262505
otatelolatetetatelelelnie e lite,
X ».o’"’”bﬂ."bﬂ.ﬂQﬂ&ﬂvoo"b_

> Setetedatatel

LA
5055

RIS ATeoaterity edelaletatededs

K X e %
00o..n‘.&ono«onoo-w.u.uoo. erutetetetadeds ocno%&”&"ﬁouonvu&o..
Yeteteledetotelotototelett PRIIRK Tadelelotetetols
pPetetetetolstoleteted QO
essasatecasecels; XX

SIHHHRY oS

P CI57 9.0,
R R HH IR A LA AL
AAStTe et tetate et tatotatoleteltelels
PCACAH A ..0.""""‘0’.5’6".O'.’.
PO R AICICITIRR
LG LICHR MK I KA ILAIICHINS
oSO IR IHIRIAHH
Gttt tatetetelatetals
Jedotetalotetatale!
5050505
Selnsin
”000000

bt
P A K
b5

oSatele!
5500
Pately

<
Yot

oletetetelololerele Jeie o walstele!
S erescssses st erea e Ao
Q OQQQOQOQQQOOOQOQQQ CHOCECOOICHORAK XA I X K X N A
Stete st et teTetetotateletele et e eSS atateeceteses
totetetetatetelatolaleloselesele JeSetetetetels:
pane e retsideetatel )

otelelele!
RTINS

eletototeletelele!

eTeteleteSesete!

oteleletetotelole!
atoletetedeteteds:
et
SRHOACH AR
285055

bo!

9,
et 008,
S0 %S pese



Patent Application Publication Oct. 7,2010 Sheet1 of 10 US 2010/0256461 A1

\Okr

ConsTR O §

FIGURE 1



Patent Application Publication Oct. 7,2010 Sheet2 of 10 US 2010/0256461 A1

FIGURE 2



1
A
1
46
00236
1

20

S

U

10
f
30

t

Shee
10

20

7,

t.

Oc

n
tio
ica

bli

Pll

n

tio

a

lic

P

Ap

t

ten
Pa

|2

NS
atate
.030
000
\000."
33@.
‘wumm”nob
‘0.00‘
oy .0“"0“” g
a..uwunuu
‘r“mm ﬂmmnuo
0.'000 "
onmmm"mmmmmnn
{ )
\332.083
6Q .uunnnuusu
08330
..uuu"un.z
G
<5 et
303
0000
’0’
0.
0

433.
- 0’00.
counmm.unn Q2
.“.unnuv".uu
2 333.330
..m.mmmmmmn
-o. coooooo
ow. oycouNmm"o
o.. o o
2 ,ﬁyyv
svayﬂﬁv
O o
S 030 8.
.n“.“u"...
;@.Aw
.cmwa.
dawaﬁyy
o ,w;ﬁyﬂys
.Qou".gu & muvw,omwmmuuwo
300 3 2 of %5
,.....unus .u"uanumr
.n"n"u“".. .n“"uu"n%.
ouooouooo oonnn"nnon
& 20
0.00
o
08
oo. 320
0000. 0.00
ﬁn ,m“mm =
330_ 30
> 0000. 0000000 .0.
.”un"u, .n”uuu" ."..u""»
32.0380 3030330 83038.
0'8388 0333339 ,030»2.3
.xunu"z auuuuu"n“u ...u...... ..u""u.
0330003. 0000303300030003\3. ..0.000300
333088 0..33332.30803!2 0880333
03303380 80300303838 0330 333'38
3333308 33333033330 08' 330203
33003323 3383833333 o! ‘80330
030 <0 0330 0830303003303300»0 3033
5 3083 08333030333838 88038
330330388330333.039‘ 00389380
08833380 3'3803333\ 3803‘9333.
3.083808 8303033380 00833.3
e 3883 3.3830389. 3003233
$5 3333 383003.333 () 033‘3033
2 *, ol 0803.46309830 M 038030308
0300033033338 003030383
803 & 38333 033333.38
ovoov Mooo33303333803'30
333 d&3303333033873
0320 08033330330303'
0303 4030333'3330800
02 03000333330300.
0338333338.
0> 33338333.
..“uu. ...“nu“uu"....
30380 083 83380»
3388883&3033-
08803333.83333.
000330380303330040
030000 03303003330
ﬁ&ﬁwﬁn«n,sxp
ﬂunn!onoon‘vuoon.nvo“nuowo
£, ”."u &3 “nn.ua
u..un.. ot
»
.nun. s
5 %,
Q & ¢
.u“nn
.mun'

3
E
IGUR
F



Patent Application Publication Oct. 7,2010 Sheet4 of 10 US 2010/0256461 A1

FIGURE 3A



Patent Application Publication Oct. 7,2010 Sheet 5 of 10 US 2010/0256461 A1




Patent Application Publication Oct. 7,2010 Sheet 6 of 10 US 2010/0256461 A1

25 M’
FIGURE 5A FIGURE 5B
03 A T e e © o ~75
=y

FIGURE 5C



US 2010/0256461 A1

Oct.7,2010 Sheet7 of 10

K25 o
g& &e$5$ o .
m&%éﬁéﬁ&de, ”

0
fLWV Q%Q.JQWME% e

e ‘ v, ‘ﬁ.w

FIGURE 8

Patent Application Publication

o o
9

% el oo oo
2509050505090 o qf og& Ke5563
.m.m“m: 5 .."....»&..

LIGHT
SOURCE

B

[
\

LIGHT
SOURCE

LIGHT
SOURCE

\



Patent Application Publication Oct. 7,2010 Sheet 8 of 10 US 2010/0256461 A1

60 \
66 62 25
\ 85 ‘\ £4 14

ULTRASOUND
CONTROLLER

3

67 25
\ 14
DISPLAY 70

NIRS
CONTROLLER

B4 7 FIGURE 7

80

-G

o 0o 6 o § ¢ 0 0o 0 o o 82

82

FIGURE 8



Patent Application Publication Oct. 7,2010 Sheet9 of 10 US 2010/0256461 A1

FIGURE 9 /
S\

FIGURE 10



Patent Application Publication Oct. 7,2010 Sheet100f10  US 2010/0256461 Al

| | I { |
| | |
| { ] | |
} | | | |
| | | | |

| [ | |
| I '

S i 3 _
FIGURE 11A FIGURE 11B

[
|
I

| | | l l

| | |
| | | : |
l ! | 1 |
1 1 | | |
| ! | | 1
| | | | {
| | |

PARAMETER
VALUE

N

PARAMETER
VALUE

//

an

B B C
QUADRANT QUADRANT

\\

FIGURE 11C FIGURE 11D



US 2010/0256461 Al

APPARATUS AND METHODS FOR
EVALUATING PHYSIOLOGICAL
CONDITIONS OF TISSUE

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. patent
application No. 61/033,737 filed 4 Mar. 2008 entitled DIGI-
TALLY-SUPPORTED PHYSIOLOGICAL SENSORS and
U.S. patent application No. 60/915,399 filed 1 May 2007
entitled DIGITALLY-SUPPORTED PHYSIOLOGICAL
SENSORS. For purposes of the United States of America, this
application claims the benefit under 35 US.C. §119 of U.S.
patent application No. 61/033.737 filed 4 Mar. 2008 entitled
DIGITALLY-SUPPORTED PHYSIOLOGICAL SENSORS
and U.S. patent application No. 60/915,399 filed 1 May 2007
entitled DIGITALLY-SUPPORTED PHYSIOLOGICAL
SENSORS, both of which are hereby incorporated herein by
reference.

TECHNICAL FIELD

[0002] The invention relates to medical devices and, in
particular to devices for measuring physiological informa-
tion. Particular embodiments of the invention provide devices
for assessing conditions of the prostate gland and/or associ-
ated tissues.

BACKGROUND

[0003] Prostate cancer and other prostate pathologies affect
a large proportion of men. Current techniques for evaluating
the condition of the prostate include digital rectal examina-
tion and blood tests for prostate specific antigen (PSA). The
efficacy of digital rectal examination depends on the skill and
sensitivity of the physician performing the procedure.
[0004] Near Infrared Spectroscopy (“NIRS”)is a technique
which involves emitting near infrared (“NIR”) light and
receiving the NIR light after it has passed through a tissue or
other medium of interest. NIRS can be applied to study and
monitor biochemical compounds in the body. Emitted NIR
light penetrates skin and other tissues and some of it is
absorbed by biochemical compounds which have an absorp-
tion spectrum in the NIR region. NIR light which is not
absorbed is scattered. Each biochemical compound has a
different absorption spectrum. It is possible to estimate the
concentration of biochemical compounds in the tissues by
measuring characteristics of NIR light that has been detected
after it has passed through the tissues.

[0005] There is a need for practical and cost-effective sys-
tems that provide physicians and other medical practitioners
with additional information regarding conditions that may
affect the health of their patients. There is a need for practical
and cost-effective systems capable of providing physicians
with more information regarding the prostate and associated
tissues.

SUMMARY OF THE INVENTION

[0006] Aspects of the invention and features of specific
embodiments of the invention are described below

[0007] According to one aspect of the invention, an appa-
ratus for evaluating one or more physiological conditions ofa
subject’s tissue is provided. The apparatus has one or more
sensors. Support means support the one or more sensors
removably in place over a member insertable in a body cavity
of the subject. A control unit is operatively connected to the
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one or more sensors. When a user places the support means
supporting the one or more sensors over the member in the
body cavity in proximity to the subject’s tissue, the one or
more sensors can sense and transmit to the control unit infor-
mation relevant to the physiological condition of the subject’s
tissue.

[0008] According to another aspect of the invention, an
apparatus for evaluating one or more physiological condi-
tions of a subject’s prostate and/or associated tissue is pro-
vided. The apparatus has a sleeve dimensioned to be worn on
a finger of a user. The sleeve comprising a proximal end open
to receive the user’s finger. One or more sensors are supported
by the sleeve. A control unit is operatively connected to the
one or more sensors. When the user places the one or more
sensors supported by the sleeve on the user’s finger in prox-
imity to the subject’s prostate, the one or more sensors can
sense and transmit to the control unit information relevant to
the one or more physiological conditions of the subject’s
prostate and/or associated tissue.

[0009] According to a further aspect of the invention, an
apparatus for evaluating one or more physiological condi-
tions of a subject’s prostate and/or associated tissue is pro-
vided. The apparatus has a sleeve dimensioned to be fitted
over an anal ultrasound probe. The sleeve has a proximal end
open to receive the anal ultrasound probe. One or more sen-
sors are supported by the sleeve. A control unit is operatively
connected to the one or more sensors. When a user places the
one or more sensors supported by the sleeve fitted over the
anal ultrasound probe in proximity to the subject’s prostate,
the one or more sensors can sense and transmit to the control
unit information relevant to the one or more physiological
conditions of the subject’s prostate and/or associated tissue.

[0010] According to yet another aspect of the invention, an
apparatus for evaluating one or more physiological condi-
tions of a subject’s prostate and/or associated tissue. The
apparatus comprises an anal probe which supports a plurality
of ultrasonic transducers and a plurality of near infrared
(NIR) light sensors. An ultrasound control unit is operatively
connected to the ultrasonic transducers, and an NIR light
sensor control unit is operatively connected to the NIR light
sensors. When a user places the probe in proximity to the
subject’s prostate, the ultrasonic transducers can obtain and
transmit to the ultrasound control unit information for gener-
ating an ultrasound image of the subject’s prostate and/or
associated tissue, and the NIR light sensors can sense and
transmit to the NIR light sensor control unit information
relevant to the one or more physiological conditions of the
subject’s prostate and/or associated tissue corresponding to
the ultrasound image.

[0011] According to another aspect of the invention, a
method for evaluating one or more physiological conditions
of a subject’s tissue is provided. The method includes the
steps of:

[0012] (a) providing a support means for supporting one
or more sensors removably in place over a member
insertable in a body cavity of the subject;

[0013] (b)fitting the support means supporting the one or
more sensors over the member;

[0014] (c) inserting the member into the subject’s body
cavity;
[0015] (d) positioning the one or more sensors in prox-

imity to the subject’s tissue; and
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[0016] (e) detecting with the one or more sensors infor-
mation relevant to the physiological condition of the
subject’s tissue.

[0017] According to a further aspect of the invention, a
method for evaluating one or more physiological conditions
of a subject’s prostate and/or associated tissue is provided.
The method includes the steps of:

[0018] (a) providing a sleeve supporting one or more
sensors;

[0019] (b) wearing the sleeve on the user’s finger;

[0020] (c) inserting the user’s finger into the subject’s

anal cavity;
[0021] (d) positioning the one or more sensors in prox-
imity to the subject’s prostate; and
[0022] (e) detecting with the one or more sensors infor-
mation relevant to the one or more physiological condi-
tions of the subject’s prostate and/or associated tissue.
[0023] According to yet another aspect of the invention, a
method for evaluating one or more physiological conditions
of a subject’s prostate and/or associated tissue is provided.
The method includes the steps of?

[0024] (a) providing a sleeve supporting one or more
sensors;
[0025] (b)fitting the sleeve over an anal ultrasound probe

having ultrasonic transducers;
[0026] (c) inserting the anal ultrasound probe into the
subject’s anal cavity;

[0027] (d) positioning the one or more sensors and the
ultrasonic transducers in proximity to the subject’s pros-
tate;

[0028] (e) detecting with the ultrasonic transducers

information for generating an ultrasound image of the
subject’s prostate and/or associated tissue; and
[0029] () detecting with the one or more sensors infor-
mation relevant to the one or more physiological condi-
tions of the subject’s prostate and/or associated tissue
corresponding to the ultrasound image.
[0030] According to another aspect of the invention, a
method for evaluating one or more physiological conditions
of a subject’s prostate and/or associated tissue is provided.
The method includes the steps of:
[0031] (a)providing an anal probe supporting a plurality
of ultrasonic transducers and a plurality of near infrared
(NIR) light sensors;

[0032] (b) inserting the anal probe into the subject’s anal
cavity;
[0033] (c) positioning the ultrasonic transducers and the

NIR light sensors in proximity to the subject’s prostate;

[0034] (d) detecting with the ultrasonic transducers
information for generating an ultrasound image of the
subject’s prostate and/or associated tissue; and

[0035] (e) detecting with the NIR light sensors informa-
tion relevant to the one or more physiological conditions
of the subject’s prostate and/or associated tissue corre-
sponding to the ultrasound image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The accompanying drawings illustrate non-limiting
embodiments of the invention.

[0037] FIG. 1 is a schematic diagram of apparatus accord-
ing to an example embodiment of the invention.

[0038] FIG. 2 is a diagram schematically showing a finger-
mounted sensor assembly of the apparatus of FIG. 1 being
worn on a finger.
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[0039] FIG. 3 shows the apparatus of FIG. 1 being deployed
to obtain measurements of conditions in a subject’s prostate
gland.

[0040] FIG. 3A shows apparatus according to an embodi-

ment of the invention.

[0041] FIG. 4 is a schematic diagram illustrating an
embodiment of the invention that performs near infrared
spectroscopy.

[0042] FIGS. 5A through 5C are possible arrangements for
sensors and light sources in an array of sensors and light
sources.

[0043] FIG. 6 is a schematic diagram of apparatus accord-
ing to an alternative embodiment of the invention.

[0044] FIG. 7 is a schematic diagram of apparatus accord-
ing to a further alternative embodiment that comprises an
ultrasound imaging device having an anal probe.

[0045] FIG. 8 is a schematic illustration showing a com-
bined ultrasound and NIRS anal probe.

[0046] FIG. 9 is a sketch illustrating a general manner in
whicha depth of alocation to which a light-source-sensor pair
is most sensitive varies with separation of the light-source-
Sensor pair.

[0047] FIG. 10 illustrates schematically a display that may
be produced according to an example embodiment that com-
bines ultrasound and NIRS.

[0048] FIGS. 11A, 11B, 11C and 11D illustrate variations
in a parameter derived from NIRS data for different sections
of a subject’s prostate.

DESCRIPTION

[0049] Throughout the following description, specific
details are set forth in order to provide a more thorough
understanding of the invention. However, the invention may
be practiced without these particulars. Inother instances, well
known elements have not been shown or described in detail to
avoid unnecessarily obscuring the invention. Accordingly,
the specification and drawings are 1o be regarded in an illus-
trative, rather than a restrictive, sense.

[0050] This invention provides apparatus for evaluating
physiological conditions of individuals. The apparatus com-
prises one or more sensors that can be removably supported in
place by support means over a member insertable in a body
cavity of the subject. The support means may be a flexible
sleeve. The insertable member may be a probe or a physi-
cian’s finger. The sensors can then be placed in proximity to
tissues of a subject to permit the sensors to detect one or more
physiological characteristics of the tissues. Some embodi-
ments provide an array of sensors capable of measuring infor-
mation about the tissues of the subject that can be processed
to generate an image of the tissues or an image of the variation
of some characteristic of the tissues with position.

[0051] FIG. 1 is a schematic illustration of apparatus 10
according to one embodiment of the invention. Apparatus 10
comprises a finger-mounted sensor assembly 11. In the illus-
trated embodiment, assembly 11 comprises a sleeve 12 car-
rying one or more sensors 14. In the illustrated embodiment,
sensors 14 are arranged in a two-dimensional array 15. Sig-
nals from sensors 14 are carried to a control unit 16 by one or
more cables 17. Cables 17 may also carry power, control
signals, radiation, or other requirements of sensors 14 from
control unit 16 to sensor array 15.

[0052] Sleeve 12 is dimensioned to be worn on a physi-
cian’s finger. Sleeve 12 may comprise an elastic tube which
fits smoothly around a physician’s finger and supports sensor
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array 15. One end of sleeve 12 is open to receive the physi-
cian’s finger. The other end of sleeve 12 may be closed, like
the finger of a glove, or open. FIG. 2, shows apparatus 10 with
sleeve 12 on a physician’s finger F. FIG. 2 also shows a
disposable sheath 20, which may be the finger of a glove, for
example, worn over sleeve 12. The material of sheath 20 is
selected to not interfere excessively with the operation of
sensors 14. For example, where sensors 14 detect radiation of
some kind, the material of sheath 20 may be selected to be
transparent, or nearly transparent to the radiation.
[0053] FIG. 3 shows schematically apparatus 10 being used
to obtain information regarding a subject’s prostate gland P.
Finger F is inserted into the rectum R of a subject S. Array 15
extends over the ventral surface of at least the tip of finger F.
Prostate P is adjacent to array 15 through the wall of the
subject’s colon. In this configuration, array 15 can sense and
transmit to control unit 16 information relevant to the physi-
ological condition of prostate P and/or associated tissues. The
nature of the information delivered to control unit 16 will
depend upon the types of sensor 14 provided on sleeve 12.
Sensors 14 may be of one or more different types.
[0054] Sensors 14 may include one or more of the follow-
ing types of sensor, for example:
[0055] sensors that receive near infrared light emitted by
asource of infrared light (the source may be on sleeve 12
or a separate external source may be provided);

[0056] light sensors;
[0057] ultrasound sensors;
[0058] temperature sensors; and
[0059] force (pressure) sensors.
[0060] Sensors 14 may be arranged densely enough to pro-

vide data that can be processed to provide “images” of the
properties that they detect. For example, sensors 14 may be
arranged to have a spacing between adjacent sensors 14 of
about 1% mm or less. In some embodiments, sensors 14 have
a spacing between nearest-neighbors of about 34 mm or less,
or 2 mm or less.

[0061] In some embodiments, sensors 14 include sensors
that detect signals indicative of physiological conditions at a
plurality of different distances from sensors 14. Such embodi-
ments may permit the acquisition of data from which three-
dimensional images may be generated (or for which param-
eters somehow indicative of one or more physiological
conditions can be measured at points of a three-dimensional
point-cloud).

[0062] Preferably, sleeve 12 and array 15 are flexible and
adapt to the contours of Finger F such that the physician
retains some “feel” for the surrounding tissues even while
wearing sleeve 12. In some embodiments, as shown for
example in FIG. 3A, sleeve 12 comprises an aperture 13.
Sleeve 12 can first be pulled onto a physician’s finger so that
the sensitive part of the physician’s fingertip can feel tissues
of interest through aperture 13. When the physician’s finger is
in the desired position with respect to the tissues of interest,
the physician can pull sleeve 12 farther onto his or her finger
so that sensor array 15 is held against the tissues of interest by
the physician’s finger. One or more cords 13A or other elon-
gated members may extend from sleeve 12 to the vicinity of
the physician’s wrists to permit sleeve 12 to be pulled further
onto the physician’s finger while the finger is inserted into the
subject’s rectum or otherwise engaging tissues of interest.
[0063] FIG. 4 shows a block diagram of an example
embodiment in which sensors 14 comprise sensors of a type
useful for performing near-infrared spectroscopy (NIRS) on

Oct. 7,2010

tissues of a subject. Each sensor 14 comprises an infrared
light detector that receives infrared radiation from a light
source. In the illustrated embodiment, a plurality of light
sources 25 are disposed on sleeve 12.

[0064] Light sources 25 emit radiation of two or more
wavelengths (typically NIRS uses light in two or three narrow
wavelength bands). In the illustrated embodiment, light
sources comprise optical fibers 27 that carry light from laser
diodes or other suitable sources of light in controller 16. In the
illustrated embodiment there are three laser diodes 29A, 29B
and 29C. The multiple wavelengths may be combined and
carried in a single set of optical fibers 27, as illustrated or
separate sets of optical fibers may be provided for different
wavelengths.

[0065] Inthe illustrated embodiment, sensors 14 comprise
optical fibers 32 that receive light and carry the light to photo
diodes, phototransistors, or other light detectors 34 that gen-
erate electrical signals indicative of the intensity of light
incident at the distal ends of optical fibers 32. In this embodi-
ment, sensor assembly 11 does not need to include any active
electronic devices.

[0066] In other embodiments, sensors 14 comprise active
electronic devices mounted on or to sleeve 12 that generate
signals indicative of the intensity of light incident upon them.
[0067] Insomeembodiments, each sensor 14 is paired with
a light source 25. In some embodiments, a light source 25 is
associated with a plurality of sensors 14. In some such
embodiments, the plurality of sensors 14 are spaced apart
from the corresponding light source by a plurality of different
distances. FIGS. 5A, 5B and 5C show a number of possible
arrangements of light sources 25 and sensors 14 (comprising
light detectors).

[0068] Insome embodiments, there are two or more sets of
light sources 25 that are independently controllable or differ-
ently modulated (so that light from different sets of light
sources 25 can be distinguished). In such embodiments, mea-
surements at various depths in the subject’s tissues may be
achieved by detecting at a sensor 14 light originating from
different light sources 25 at different distances from the sen-
sor 14.

[0069] Itis desirable to prevent sensors 14 from picking up
signals relating to tissues in finger F. Where sensors 14 sense
light, this may be accomplished, for example, by one or more
of:

[0070] Making the portions of sleeve 12 underlying
array 15 opaque;

[0071] Providing an opaque layer between sensors 14
and finger F;

[0072] Making sensors 14 have a directional character-
istic such that they are not sensitive to radiation incident
from the direction of finger F; and,

[0073] Making light sources 25 directional such that the
tissues of Finger F are not illuminated.

[0074] It is not mandatory that light sources 25 be on
assembly 11. Instead, light sources 25 may be supported on an
element independent of assembly 11. FIG. 6 illustrates an
alternative embodiment wherein one or more light sources 25
is provided on a catheter 40 inserted through the subject’s
urethra U into prostate P. Light from light source 25 passes
through tissues of prostate P and is detected by sensors 14 of
assembly 11. In the illustrated embodiment, there are a plu-
rality of independently-controllable light sources 25 on cath-
eter 40.
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[0075] Control unit 16 may comprise a display 50 on which
operational information relating to system 10 and/or data
(including images in some embodiments) acquired by system
10 may be displayed. A data store 52 permits storage of data
acquired from a subject (and/or information derived from that
data). In the illustrated embodiment, control unit 16 com-
prises a microprocessor 55 executing stored instructions 56
that cause microprocessor 55 to control the operation of appa-
ratus 10 by way of suitable interfaces 58.

[0076] Where sensors 14 are applied to detect light from
suitable light sources to perform NIRS, the signals output by
sensors 14 may be processed to yield values indicative of the
concentrations of bio-compounds such as:

[0077] Total Haemoglobin (HbTot),

[0078] Oxygenated Haemoglobin (HbO,);
[0079] Non-oxygenated haemoglobin (Hb);
[0080] Cytochrome C Oxydase (Cyt);
[0081] Myoglobin (Mb); and,

[0082] other chromophores;

at points within the subject’s tissues. In some embodiments,
the signals output by sensors 14 may be processed to detect
the presence of and/or measure concentrations of exogenous
markers or other chemical agents that may be introduced into
the tissues of subject S for the purpose of imaging or the
detection of certain conditions. In some embodiments the
signals output by sensors 14 are processed to provide indica-
tions of blood flow or blood volume at locations within the
subject’s tissues. Such measures can be useful in the diagno-
sis of conditions which involve increased vascularization or
increased metabolic activity in the vicinity of tumors or other
lesions.

[0083] Apparatus and methods as described herein may be
applied to detect conditions such as cancers, tumors,
increased vascularity or the like and/or to differentiate tissues
affected by such conditions from normal tissues and/or to
locate tumors, areas of increased vascularity or the like.
[0084] Transrectal ultrasound imaging may also be applied
to study the prostate. An example system for transrectal ultra-
sound imaging is described in Fenster, A. et al., Three-dimen-
sional ultrasound imaging systems for prostate cancer diag-
nosis and treatment Instrumentation & Measurement
Magazine, IEEE Vol. 1, No. 4, December 1998, pp. 32-35. An
assembly 11 as described above may be carried on an anal
ultrasound probe to provide simultaneous ultrasound imaging
of the prostate and surrounding tissues and NIRS studies of
the prostate.

[0085] FIG. 7 shows apparatus 60 comprising an ultra-
sound system 62 and a NIRS system 64. Ultrasound system
62 comprises an anal probe 65 connected to an ultrasound
controller 66 which includes a display 67. Controller 66 pro-
vides the necessary circuits to drive ultrasound transducers
(not shown) of anal ultrasound probe 65 and to process acous-
tic signals reflected from structures with a subject’s body to
provide an ultrasound image on display 67. Such ultrasound
systems are commercially available.

[0086] NIRS system 64 comprises a sleeve 70 which sup-
ports light sources 25 and sensors 14 as described above.
Sleeve 70 slips over anal probe 65. Sleeve 70 is substantially
acoustically transparent so that it does not interfere with
ultrasound imaging. Water or a suitable acoustic gel 71 may
be provided between sleeve 70 and anal probe 65 to facilitate
clean transmission of acoustic signals between anal probe 65
and the subject’s tissues. Sleeve 70 may comprise a flexible
material or may be rigid or semi-rigid.
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[0087] A controller 16 as described above drives light
sources 25 to emit light of wavelengths suitable for detecting
one or more biochemical compounds of interest by NIRS and
processes signals received from sensors 14.

[0088] Sleeve 70 may be constructed to permit it to be
aligned in a known way with anal ultrasound probe 65. For
example:

[0089] sleeve 70 may bear indicia such as a mark 73 that
can be aligned with a feature or mark on anal probe 65
such that sensors 14 have known locations relative to
ultrasonic transducers of anal ultrasound probe 65.

[0090] sleeve 70 and anal ultrasound probe 65 may be
shaped such that they can fit together only in one (or only
in selected) relative orientations.

Where sensors 14 have known locations relative to ultrasonic
transducers of anal ultrasound probe 65 it is possible to cor-
relate the locations for which concentrations of bio-com-
pounds are determined from the outputs of sensors 14 to
locations shown in ultrasound images obtained using anal
ultrasound probe 65.

[0091] Synergies may be obtained by providing an ultra-
sound probe which includes sensors 14 or both sensors 14 and
light sources 25 for use in NIRS. FIG. 8 shows schematically
acombined ultrasound and NIRS anal probe 80. Probe 80 has
abody 81 that supports an array of ultrasound transducers 82.
Body 81 also supports a number of NIRS light sources 25 and
a number of sensors 14. In the illustrated embodiment, light
sources 25 and sensors 14 are arranged in rows between
blocks of ultrasound transducers 82. In alternative embodi-
ments:

[0092] light sources 25 and sensors 14 are interspersed
among ultrasound transducers 82.

[0093] light sources 25 and sensors 14 are acoustically
transparent and overlie ultrasound transducers 82.

[0094] vltrasound transducers 82 are substantially trans-
parent at the wavelengths detected by sensors 14 and
overlie sensors 14 and/or light sources 25.

[0095] light sources 25 and sensors 14 are arranged in
bands that partially or entirely encircle anal probe 80
(which may have a round or rounded cross-sectional
shape).

[0096] light sources 25 and sensors 14 are arranged in
bands that spiral around anal probe 80.

[0097] A pair made up of a NIRS light source and detector
is most sensitive to the presence of bio-compounds at a loca-
tion in the subject’s tissues that is between the light source and
detector and is at a depth depending on the spacing between
the light source and detector. The size, shape and precise
location of the location at which a light-source-sensor pair is
most sensitive is determined by a range of factors including
the light emission pattern of the light source 25 and any
variations in sensitivity with direction for sensor 14.

[0098] FIG. 9 shows schematically a number of pairs of
light sources 25 and sensors 14 and the location at which each
pair is most sensitive. In FIG. 9:

[0099] the pair of light source 25-1 and sensor 14-1 is
most sensitive at a location 85-1;

[0100] the pair of light source 25-2 and sensor 14-2 is
most sensitive at a location 85-2;

[0101] the pair of light source 25-3 and sensor 14-3 is
most sensitive at a location 85-3;

[0102] and so on.

Locations 85-1, 85-2, 85-3 are collectively locations 85.
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[0103] FIG. 9 also shows an image plane 86 for an ultra-
sound image in one imaging mode. It can be seen that each of
locations 85 corresponds to a location in image plane 86.
Some embodiments include a display that displays an ultra-
sound image and is also configured to mark on the ultrasound
image locations 85 or a line along which locations 85 are
situated. For example, FIG. 10 shows a display 90 displaying
an ultrasound image 92. A line 93 is displayed on display 90
and indicates the direction of locations 85 for one or more
light-source-sensor pairs. A graph 94 indicates the variation
in a parameter calculated by control unit 16 from outputs of
sensors 14 as a function of the position along line 93. The
parameter may, for example, comprise a concentration of a
bio-compound. In the illustrated embodiment, the parameter
comprises a measure of total haemoglobin (HbTot). It can be
seen from graph 94 that HbTot is increased in an area corre-
sponding to an anomaly 95 visible in ultrasound image 92.
[0104] Insome embodiments display 90 includes elements
of a graphical user interface GUI. In such embodiments, a
user may be able to identify a location of interest inultrasound
image 92, for example by positioning a cursor using a point-
ing device, touching on a touch-sensitive part of display 90 or
the like. In response to identification of a location of interest,
controller 16 may identify one or more light-source-sensor
pairs that yield information relevant to the identified location.
Control unit 16 then computes one or more parameter values
(such as estimated concentrations of one or more bio-com-
pounds) from outputs corresponding to the identified light-
source-sensor pairs. The parameter values corresponding to
the selected location may be displayed on display 90. In the
illustrated embodiment, a graph 96 illustrates variation in a
parameter (for example, [HbTot]) with time for the currently-
selected location.

[0105] As shown in FIG. 8, a combined ultrasound and
NIRS anal probe may have pairs of light sources 25 and
sensors 14 facing in different directions. Such light-source-
sensor pairs may be oriented to detect bio-compounds or
other materials in different sections of the prostate. In some
embodiments, a combined ultrasound and NIRS anal probe
has sufficient light-source-sensor pairs to perform NIRS on
quadrants of the prostate.

[0106] FIGS. 11A through 11D show schematically how
parameters measured for different prostate quadrants by
NIRS may vary. In FIG. 11A, a parameter value does not vary
widely among the quadrants. FIGS. 11B and 11C each illus-
trate a situation where one quadrant exhibits a parameter
value significantly higher than other quadrants. Where the
parameter is indicative of blood flow or blood volume, the
increase in the parameter for a quadrant may indicate
increased vascularization in that quadrant. FIG. 11D shows a
case where two quadrants show a higher parameter value and
two other quadrants show a lower parameter value.

[0107] Insomeembodiments, controller 16 is configured to
determine a parameter value for a plurality of different
regions within a subject’s tissues and to determine a degree of
variation in the resulting set of parameter values. Controller
16 may store and/or display a graph or a value indicative of
the degree of variation, non-uniformity or the like of values in
the set of parameter values.

[0108] Where a component (e.g. a sensor, cable, sleeve,
software module, processor, assembly, device, circuit, etc.) is
referred to above, unless otherwise indicated, reference to
that component (including a reference to a “means”™) should
be interpreted as including as equivalents of that component
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any component which performs the function of the described
component (i.e., that is functionally equivalent), including
components which are not structurally equivalent to the dis-
closed structure which performs the function in the illustrated
exemplary embodiments of the invention.

[0109] As will be apparent to those skilled in the art in the
light of the foregoing disclosure, many alterations and modi-
fications are possible in the practice of this invention without
departing from the spirit or scope thereof. For example:
[0110] Instead of a sleeve 12, other support means may be
provided for supporting one or more sensors on a user’s finger
or an anal probe. For example, sensors 14 may be disposed on
a self-adhesive patch that can be stuck onto the user’s finger;
sensors 14 may be held in place by one or more elastic rings
or bands; sensors 14 may be disposed on one or more fingers
of a glove; or the like.

[0111] apparatus as described herein may be applied to
trans-vaginal probing. Catheter 40 may be a vaginal catheter
in such an application.

1. An apparatus for evaluating one or more physiological
conditions of a subject’s tissue, the apparatus comprising:

ONe Of More SeNnsors;

support means for supporting the one or more sensors

removably in place over a member insertable in a body
cavity of the subject; and
a control unit operatively connected to the one or more
Sensors;

whereby when a user places the support means supporting
the one or more sensors over the member in the body
cavity in proximity to the subject’s tissue, the one or
more sensors can detect and transmit to the control unit
signals relevant to the physiological condition of the
subject’s tissue.

2. An apparatus according to claim 1, wherein the support
means comprise a sleeve.

3. An apparatus according to claim 2, wherein the sleeve is
flexible.

4. An apparatus according to claim 3 wherein the sleeve
comprises an elastic tube.

5. An apparatus according to claim 4 wherein a proximal
end of the sleeve comprises one or more cords for facilitating
placement of the support means over the member.

6. An apparatus according to claim 1 wherein the control
unit is configured to process the signals to generate an image.

7. An apparatus according to claim 6 comprising a display
operatively connected to the control unitto display the image.

8. An apparatus according to claim 2, wherein the member
comprises a finger of the user and the sleeve is dimensioned to
fit over the user’s finger.

9. An apparatus according to claim 8, wherein the one or
more sensors correspond in location on the sleeve to a ventral
surface of the user’s finger when the sleeve is worn by the
user.

10. An apparatus according to claim 8, wherein the sleeve
comprises an aperture corresponding in location on the sleeve
to a sensitive part of the user’s finger when the sleeve is worn
by the user.

11. An apparatus according to claim 8, further comprising
blocking means for preventing the one or more sensors from
detecting signals relating to tissues in the user’s finger.

12. An apparatus according to claim 11 wherein the block-
ing means comprises an opaque layer under the one or more
Sensors.
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13. An apparatus according to claim 8 wherein the one or
more sensors are directed away from the user’s fingerto avoid
detection of signals relating to tissues in the user’s finger.

14. An apparatus according to claim 2, wherein the mem-
ber comprises an anal ultrasound probe and the sleeve is
dimensioned to fit over the anal ultrasound probe.

15. An apparatus according to claim 14 wherein the sleeve
is substantially acoustically transparent.

16. An apparatus according to claim 14 wherein the sleeve
comprises one or more indicia alignable with one or more
features on the anal ultrasound probe to facilitate repeatable
positioning of the one or more sensors relative to ultrasonic
transducers of the anal ultrasound probe.

17. An apparatus according to claim 6 wherein the image is
superimposable on an ultrasound image generated by the anal
ultrasound probe.

18. (canceled)

19. An apparatus according to claim 17 wherein the image
comprises indicia representing one or more measurements
derived from the signals by the control unit, wherein the one
or more measurements relate to a parameter of the physiologi-
cal condition of the subject’s tissue, and wherein the indicia
correspond to one or more locations in an image plane of the
ultrasound image.

20. An apparatus according to claim 19 wherein the one or
more locations comprise a line corresponding to locations in
the subject’s tissue where the one or more sensors are sensi-
tive, and wherein the indicia comprises a graph indicating
variation in the parameter as a function of position along the
line.

21. An apparatus according to claim 1 wherein the one or
more sensors are arranged in a two-dimensional array.

22. An apparatus according to claim 1 wherein the one or
more sensors are configured such that the signals detected are
indicative of the physiological conditions of the subject’s
tissue at a plurality of different distances from the one or more
Sensors.

23. An apparatus according to claim 1 wherein the one or
more sensors are selected from the group consisting of: near
infrared (NIR) light sensors, visible light sensors, ultrasound
sensors, temperature sensors, pressure sensors, and combina-
tions of two or more thereof.

24. An apparatus according to any of claims claim 6
wherein the one or more sensors comprise NIR light sensors.

25. (canceled)

26. An apparatus according to claim 24 wherein the NIR
light sensors comprise optical fibres for carrying light
detected at the sleeve to one or more light sensors of the
control unit.

27. (canceled)

28. An apparatus according to claim 24 wherein the control
unit is configured to determine from the signals one or more
values indicative of concentrations of one or more biocom-
pounds in the subject’s tissue.

29. An apparatus according to claim 28 wherein the one or
more biocompounds comprise biocompounds selected from
the group consisting of: haemoglobin, oxygenated haemoglo-
bin, non-oxygenated haemoglobin, cytochrome C oxydase
and myoglobin.

30-33. (canceled)

34. An apparatus according to claim 24 wherein the control
unit is configured to determine from the signals one or more
values indicative of blood flow in at least one location in the
subject’s tissue.
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35. An apparatus according to claim 34 wherein the image
is indicative of the blood flow in the at least one location in the
subject’s tissue.

36. An apparatus according to claim 24 wherein the control
unit is configured to determine from the signals one or more
values indicative of blood flow at a plurality of locations in the
subject’s tissue.

37. (canceled)

38. An apparatus according to claim 24 wherein the NIR
light sensors are arranged to have a spacing between adjacent
sensors of about 1% mm or less.

39-40. (canceled)

41. An apparatus according to claim 24 further comprising
a plurality of NIR light sources operatively connected to the
contro] unit.

42. An apparatus according to claim 41 wherein the NIR
light sources emit radiation in multiple wavelength ranges.

43. An apparatus according to claim 41 wherein the NIR
light sources are supported by the sleeve.

44. An apparatus according to claim 41 wherein the NIR
light sources comprise optical fibres for carrying light from
the control unit to the sleeve.

45. An apparatus according to claim 41 wherein each NIR
light source is associated with an NIR light sensor and the
apparatus comprises pairs of NIR light sources and associated
NIR light sensors that are oriented in a plurality of directions.

46. (canceled)

47. An apparatus according to claim 41 wherein each NIR
light source is associated with a plurality of NIR light sensors
and the NIR light sources are spaced apart from associated
NIR light sensors by a plurality of different distances.

48. (canceled)

49. An apparatus according to claim 41 comprising an
element independent of the sleeve for supporting the NIR
light sources.

50. (canceled)

51. An apparatus according to claim 49 wherein the ele-
ment comprises a catheter.

52. An apparatus according to claim 41 wherein the NIR
light sources comprise two or more independently control-
lable sets of NIR light sources.

53. An apparatus according to claim 1 wherein the signals
are detected from different regions within the subject’s tissue
and wherein the control unit is configured to determine a
parameter value for the signals.

54. An apparatus according to claim 53 wherein the differ-
ent locations comprise quadrants of the subject’s tissue.

55. An apparatus according to claim 53 wherein the control
unit is configured to generate a value or plot indicative of the
non-uniformity of the parameter values.

56. An apparatus according to claim 55 wherein the control
unit is configured to store and/or display the value or the plot.

57. An apparatus according to claim 1 comprising a sheath
for wearing over the holding member, the sheath constructed
of a material that is substantially transparent to a form of
energy detectable by the one or more sensors.

58. An apparatus for evaluating one or more physiological
conditions of a subject’s prostate and/or associated tissue, the
apparatus comprising:

a sleeve dimensioned to be worn on a finger of a user, the
sleeve comprising a proximal end open to receive the
user’s finger;

one or more sensors supported by the sleeve; and
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a control unit operatively connectable to the one or more
sensors;

whereby when the user places the one or more sensors
supported by the sleeve on the user’s finger in proximity
to the subject’s prostate, the one or more sensors can
sense and transmit to the control unit information rel-
evant to the one or more physiological conditions of the
subject’s prostate and/or associated tissues.

59. An apparatus according to claim 58 wherein the sleeve

is flexible.

60. An apparatus according to claim 59 wherein the sleeve
comprises a tube comprising an elastic material.

61. An apparatus according to claim 58, wherein the sleeve
comprises an aperture corresponding in location on the sleeve
to a sensitive part of the user’s finger when the sleeve is worn
by the user.

62. Anapparatus according to claim 58, further comprising
blocking means for preventing the one or more sensors from
detecting signals relating to tissues in the user’s finger.

63. An apparatus according to claim 58 wherein the one or
more sensors are arranged in a two-dimensional array on the
sleeve.

64. An apparatus according to claim 58, wherein the one or
more sensors correspond in location on the sleeve to a ventral
surface of the user’s finger when the sleeve is worn by the
user.

65. An apparatus according to claim 58 wherein the one or
more sensors are selected from the group consisting of near
infrared (NIR) light sensors, visible light sensors, ultrasound
sensors, temperature sensors, pressure sensors, and any com-
bination thereof.

66. An apparatus according to claim 58 wherein the one or
more sensors comprise NIR light sensors.

67. An apparatus according to claim 66 further comprising
a plurality of NIR light sources operatively connected to the
control unit.

68. An apparatus according to claim 67 wherein the NIR
light sources are supported by the sleeve.

69. An apparatus according to claim 67 comprising a ure-
thral catheter wherein the NIR light sources are supported on
the urethral catheter.

70. An apparatus for evaluating one or more physiological
conditions ofa subject’s prostate and/or associated tissue, the
apparatus comprising:

a sleeve dimensioned to be fitted over an anal ultrasound
probe, the sleeve comprising a proximal end open to
receive the anal ultrasound probe;

one or more sensors supported by the sleeve; and

a control unit operatively connected to the one or more
sensors;

whereby when a user places the one or more sensors sup-
ported by the sleeve fitted over the anal ultrasound probe
in proximity to the subject’s prostate, the one or more
sensors can sense and transmit to the control unit infor-
mation relevant to the one or more physiological condi-
tions of the subject’s prostate and/or associated tissue.

71. An apparatus according to claim 70 wherein the sleeve
comprises a material that is substantially acoustically trans-
parent.

72. An apparatus according to claim 70 wherein the sleeve
comprises one or more indicia alignable with one or more
features on the anal ultrasound probe, whereby thelocation of
the one or more sensors relative to ultrasonic transducers of
the anal ultrasound probe is determinable.
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73. An apparatus according to claim 70 wherein the one or
more sensors are arranged in a two-dimensional array.

74. An apparatus according to claim 70 wherein the one or
more sensors are selected from the group consisting of near
infrared (NIR) light sensors, visible light sensors, tempera-
ture sensors, pressure sensors, and any combination thereof.

75. An apparatus according to claim 70 wherein the one or
more sensors are NIR light sensors.

76. An apparatus according to claim 75 further comprising
a plurality of NIR light sources operatively connected to the
control unit.

77. An apparatus according to claim 76 wherein the NIR
light sources are supported by the sleeve.

78. An apparatus according to claim 76 comprising a ure-
thral catheter supporting the NIR light sources.

79. An apparatus for evaluating one or more physiological
conditions of a subject’s prostate and/or associated tissue, the
apparatus comprising:

an anal probe,

a plurality of ultrasonic transducers supported by the anal

probe;

a plurality of near infrared (NIR) light sensors supported

by the anal probe;

an ultrasound control unit operatively connected to the

ultrasonic transducers; and

an NIR light sensor control unit operatively connected to

the NIR light sensors;

whereby when the probe is in proximity to the subject’s

prostate, the ultrasonic transducers are operable to
obtain and transmit to the ultrasound control unit infor-
mation for generating an ultrasound image of the sub-
ject’s prostate and/or associated tissue, and the NIR light
sensors are operable to sense and transmit to the NIR
light sensor control unit information relevant to the one
or more physiological conditions of the subject’s pros-
tate and/or associated tissue corresponding to the ultra-
sound image.

80. An apparatus according to claim 79 comprising a plu-
rality of NIR light sources supported by the anal probe.

81. An apparatus according to claim 80 wherein the NIR
light sensors and the NIR light sources are arranged in rows
between blocks of the ultrasonic transducers.

82. An apparatus according to claim 80 wherein the NIR
light sensors and the NIR light sources are interspersed
among the ultrasonic transducers.

83. An apparatus according to claim 80 wherein the NIR
light sensors and the NIR light sources are acoustically trans-
parent and at least some of the NIR light sensors and the NIR
light sources overlie the ultrasonic transducers.

84. (canceled)

85. An apparatus according to claim 80

wherein the ultrasonic transducers are substantially trans-

parent at wavelengths detected by the NIR light sensors
and at least some of the ultrasonic transducers overlie at
least some of the NIR light sensors and the NIR light
sources.

86. (canceled)

87. An apparatus according to claim 80 wherein each NIR
light source is associated with an NIR light sensor.

88. An apparatus according to claim 87 wherein each pair
of NIR light source and associated NIR light sensor are ori-
ented in a direction different from another pair of NIR light
source and associated NIR light sensor.
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89. An apparatus for evaluating one or more physiological
conditions ofa subject’s prostate and/or associated tissue, the
apparatus comprising:

one or more near infrared (NIR) light sources positionable

in the subject’s urethra in or near the prostate;

one or more NIR sensors positionable in the subject’s rec-

tum; and
acontrol unitoperatively connected to the one or more NIR
light source and the one or more NIR sensors;

whereby the one or more NIR sensors can sense and trans-
mit to the control unit information relevant to the one or
more physiological conditions of the subject’s prostate
and/or associated tissues.
90. An anal probe for evaluating one or more physiological
conditions of a subject’s prostate and/or associated tissue
comprising:
one or more near infrared (NIR) light sources;
one or more NIR sensors; and
acontrol unitoperatively connected to the one or more NIR
light source and the one or more NIR sensors;

whereby the one or more NIR sensors can sense and trans-
mit to the control unit information relevant to the one or
more physiological conditions of the subject’s prostate
and/or associated tissues.

91. An anal probe according to claim 90 further comprising
ultrasonic transducers.
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92. An anal probe according to claim 91 wherein the one or
more NIR light source and the one or more NIR sensors are
arranged in rows between blocks of the ultrasonic transduc-
ers.

93. An anal probe according to claim 91 wherein the one or
more NIR light source and the one or more NIR sensors are
interspersed among the ultrasound transducers.

94. An anal probe according to claim 91 wherein the one or
more NIR light source and the one or more NIR sensors are
acoustically transparent and overlie one or more of the ultra-
sound transducers.

95. An anal probe according to claim 91 wherein the ultra-
sound transducers are substantially transparent at wave-
lengths detected by the one or more NIR sensors.

96. An anal probe according to claim 90 wherein the one or
more NIR light source and the one or more NIR sensors are
arranged in bands that partially or entirely encircle the anal
probe.

97. An anal probe according to claim 90 wherein the one or
more NIR light source and the one or more NIR sensors are
spirally arranged around the anal probe.

98. An anal probe according to claim 90 wherein the one or
more NIR light source and the one or more NIR sensors are
arranged in pairs wherein the pairs face in a plurality of
different directions.

99-139. (canceled)
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