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BIOLOGICAL TISSUE DIAGNOSIS
APPARATUS AND METHOD

TECHNICAL FIELD

[0001] The present invention relates to a biological tissue
diagnostic apparatus and method, and more particularly, to a
biological tissue diagnostic apparatus and method which ana-
lyze image data obtained by detecting energy emitted from
tissues of interest in-vivo with a contrast agent administered
thereto, thereby accurately diagnosing whether vessels or
perfusion of the tissues of interest is abnormal.

BACKGROUND ART

[0002] As amethod of quantitatively measuring blood per-
fusion oftissues, SPECT, PET, MR1angiography, and the like
are used in clinics. However, since such methods require
expensive equipment and troublesome processes and are
costly, they are only used in measurement of blood perfusion
of tissues directly relating to life, such as the heart and the
brain.

[0003] Accordingly, although diseases such as hyperten-
sion, diabetes, and adult diseases are increasing in an aging
society and have a huge effect on quality of life, there is no
technology capable of functionally and quantitatively mea-
suring blood flow of biological tissues.

[0004] As a method for measuring peripheral arterial dis-
ease of lower limbs, CT-angiography estimates petfusion ofa
tissue based on information on an anatomical vascular struc-
ture obtained through an image and thus cannot provide accu-
rate information on blood flow. In addition, an ankle-brachial
index (ABI) technique is developed to determine abnormality
of the leg artery based on the ratio of blood pressures of arms
and legs and is applied to a patient suspected to have periph-
eral arterial disease. However, when the artery has been cal-
cified or the collateral artery has developed a lot, this tech-
nique is likely to make a mistake of diagnosing a tissue
perfusion rate lower than an actual value <Kashyap VS, 2008;
Luetkemeier MJ, 2001>. Further, there is no technique pro-
posing a quantitative blood flow measurement method for
research on functions of blood vessels/lymphatic vessel sys-
tem through animal testing and research on development of
treatment drugs for blood vessel/lymphatic vessel diseases.
[0005] Typical angiography using indocyanine green
(ICG) (ICG angiography) has been proven safe and is clini-
cally used in measurement of angiogenesis of a transplanted
skin or a degree of ocular neovascularization of a diabetic
patient.

[0006] When irradiated with near-infrared light at 730 nm
to 790 nm, ICG emits fluorescent light in a longer wavelength
range of 800 nm to 860 nm, which can be measured using a
camera or spectrometer. Near-infrared light has penetrability
and is less scattered and thus has been actively studied as
technology for photographing the human body.
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DISCLOSURE

Technical Problem

[0009] Itis one aspect of the present invention to provide a
biological tissue diagnostic apparatus and method which can
continuously photograph tissues of interest in-vivo, particu-
larly, peripheral tissues, blood vessels of which are distrib-
uted near the skin, thereby allowing easy detecting with near-
infrared light, and carotid territories for a certain period of
time, thereby accurately diagnosing abnormality of vessels or
perfusion of the tissues of interest.

[0010] It is another aspect of the present invention to pro-
vide a biological tissue diagnostic apparatus and method
which can simultaneously or selectively photograph one or
more tissues in-vivo, specifically both hands and both feet, to
diagnose abnormality of blood vessels or lymphatic vessels,
thereby performing accurate diagnosis through complex
diagnosis while reducing diagnostic time.

Technical Solution

[0011] In accordance with one aspect of the present inven-
tion, a biological tissue diagnostic apparatus includes: at least
one lighting unit irradiating at least one tissue of interest
in-vivo with a contrast agent administered thereto with con-
trast agent excitation energy: at least one inspection unit
detecting energy emitted from the at least one tissue of inter-
est; and a determination unit determining abnormality of
vessels or perfusion of the at least one tissue of interest based
on image data detected by the at least one inspection unit.
[0012] The determination unit may include: a pattern pro-
cessor patterning a change of the image data over time; a
characteristic value calculator calculating at least one char-
acteristic value based on patterned data; and a diagnostic umt
diagnosing abnormality of vessels or perfusion of the at least
one tissue of interest based on the at least one characteristic
value or combinations thereof.

[0013] The tissue of interest may include a plurality of
tissues of interest, and the diagnostic unit may further diag-
nose an abnormal tissue of interest through comparison of
characteristic values of the tissues of interest.

[0014] In diagnosis of an abnormal tissue of interest, the
determination unit may diagnose a tissue of interest corre-
sponding to a characteristic value departing from a preset
normal distribution range of the characteristic values of the
tissues of interest as an abnormal tissue of interest.

[0015] When characteristic values for each tissue of inter-
est are acquired from normal groups or abnormal groups of
vessels or perfusion, a combination value of one or more
characteristic values included in the normal groups or the
abnormal groups may allow the groups to be classified with a
sensitivity and specificity of 80% or higher.

[0016] Theatleastone characteristic value may be obtained
from a change of a specific physical value for a first time
period in the tissue of interest obtained from the image data,
and the at least one characteristic value obtained for the first
time period may include at least one selected from among a
period of time from a time point that the physical value is
initially detected to a time point that the physical value
reaches a maximum value; a slope with which the physical
value increases or decreases for a specific period of time; a
period of time for which the physical value is maintained at a
reference value or more; a period of time from the time point
that the physical value is initially detected to a time point
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before the physical value increases with a slope greater than
or equal to a reference slope; and a period of time from a time
point that the physical value starts to decrease below the
reference value to a time point that the physical value is last
detected.

[0017] The contrast agent may be an indocyanine green
(ICG) pigment.
[0018] The inspection unit may include: a filter member

transmitting energy in the near-infrared region among energy
emitted from the contrast agent; and a detecting member
detecting energy in the near-infrared region having passed
through the filter member.

[0019] The inspection unit may include a plurality of
inspection units to independently inspect one or more bio-
logical tissues, and the detecting member included in each of
the inspection units may be controlled in operation time by a
controller.

[0020] Operation time of the detecting member may be
within a period of time from a time point that detecting is
started to a time point that emission of near-infrared rays from
the contrast agent is no longer detected, and the detecting
member may be controlled to perform detecting at preset time
intervals.

[0021] The determination unit determining abnormality of
vessels or perfusion of the at least one tissue of interest may
represent determination results as to abnormality of the ves-
sels or perfusion by one or more numerical values or a per-
fusion map.

[0022] The apparatus may further include: a dark chamber
blocking external light to increase contrast of an image,
wherein the lighting unit may include an illumination mem-
ber emitting the contrast agent excitation energy, and the dark
chamber may accommodate the illumination member and the
inspection unit.

[0023] In accordance with another aspect of the present
invention, a biological tissue diagnostic method includes:
irradiating, by at least one lighting unit, at least one tissue of
interest in-vivo with a contrast agent administered thereto
with contrast agent excitation energy; detecting, by at least
oneinspection unit, energy emitted from the at least one tissue
of interest; and determining, by a determination unit, abnor-
mality of vessels or perfusion of the at least one tissue of
interest based on image data detected by the at least one
inspection unit.

[0024] Determining abnormality of vessels or perfusion of
the at least one tissue of interest may include: patterning a
change of the image data over time; calculating at least one
characteristic value based on the patterned data; and diagnos-
ing abnormality of vessels or perfusion of the at least one
tissue of interest based on the at least one characteristic value
or combinations of the characteristic values.

[0025] The tissue of interest may include a plurality of
tissues of interest, and determining abnormality of vessels or
perfusion of the at least one tissue of interest may further
include: diagnosing an abnormal tissue of interest through
comparison of the characteristic values of the tissues of inter-
est.

[0026] In diagnosing an abnormal tissue of interest, the
determination unit may diagnose a tissue of interest corre-
sponding to characteristic values departing from a preset
normal distribution range as an abnormal tissue of interest.
[0027] Theatleastone characteristic value may be obtained
from a change of a specific physical value for a first time
period in the tissue of interest obtained from the image data,
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and the at least one characteristic value obtained for the first
time period may include at least one selected from among a
period of time from a time point that the physical value is
initially detected to a time point that the physical value
reaches a maximum value; a slope with which the physical
value increases or decreases for a specific period of time; a
period of time for which the physical value is maintained at a
reference value or more; a period of time from the time point
that the physical value is initially detected to a time point
before the physical value increases with a slope greater than
or equal to a reference slope; and a period of time from a time
point that the physical value starts to decrease below the
reference value to a time point that the physical value is last
detected.

Advantageous Effects

[0028] According to the present invention, it is possible to
provide a biological tissue diagnostic apparatus and method
which can continuously photograph tissues of interest in-vivo
for a certain period of time, particularly blood vessels/ lym-
phatic vessels which are distributed near the skin, such as
peripheral tissues and carotid territories allowing easy pho-
tographing with near-infrared light, thereby accurately diag-
nosing whether vessels or perfusion of the tissues of interest
is abnormal.

[0029] According to the present invention, it is possible to
provide a biological tissue diagnostic apparatus and method
which can simultaneously or selectively photograph one or
more tissues in-vivo, specifically both hands and both feet to
diagnose abnormality of blood vessels or lymphatic vessels,
thereby performing accurate diagnosis through complex
diagnosis while reducing diagnostic time.

DESCRIPTION OF DRAWINGS

[0030] FIG. 1 is a perspective view of a biological tissue
diagnostic apparatus according to one embodiment of the
present invention.

[0031] FIG. 2 is a sectional view of the biological tissue
diagnostic apparatus according to the embodiment of the
present invention.

[0032] FIG. 3 is a block diagram of the biological tissue
diagnostic apparatus according to the embodiment of the
present invention.

[0033] FIG. 4 is a flowchart illustrating a biological tissue
diagnostic method according to one embodiment of the
present invention.

[0034] FIG. 5 and FIG. 6 are schematic views showing
inspection of blood flow of a foot using the biological tissue
diagnostic apparatus according to the embodiment of the
present invention.

[0035] FIG. 7is a graph obtained by patterning a change of
fluorescence intensity from a contrast agent over time after
administration of the contrast agent to legs of a person with
normal blood flow using the biological tissue diagnostic
apparatus according to the embodiment of the present inven-
tion.

[0036] FIG. 8 is a schematic diagram of a method of defin-
ing Onset, T, , Plateau T, ., and Slope among characteris-
tic values by which a pattern is characterized for comparison
of patterned data.

[0037] FIG. 9 is a graph obtained by patterning blood flow
ofhands and legs of a person with normal blood flow using the
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biological tissue diagnostic apparatus according to the
embodiment of the present invention.

[0038] FIG.101is a graph obtained by patterning blood flow
ofhands and legs of a person with abnormal blood flow using
the biological tissue diagnostic apparatus according to the
embodiment of the present invention.

[0039] FIG. 11 is areference view for illustrating a method
for diagnosing an abnormal tissue of interest in-vivo based on
graphs obtained by patterning fluorescence intensity in a plu-
rality of tissues of interest.

BEST MODEL

[0040] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompanying
drawings. It should be understood that the present invention
may be embodied in different ways and is not limited to the
following embodiments. In the drawings, portions irrelevant
to the description will be omitted for clarity. Like components
will be denoted by like reference numerals throughout the
specification.

[0041] In addition, as used herein, the terms “includes”,
“comprises”, “including” and/or “comprising” specify the
presence of stated features, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, steps, operations, elements,
components, and/or groups.

[0042] FIG. 1 is a perspective view of a biological tissue
diagnostic apparatus according to one embodiment of the
present invention; FIG. 2 is a sectional view of the biological
tissue diagnostic apparatus according to the embodiment of
the present invention; and FIG. 3 is a block diagram of the
biological tissue diagnostic apparatus according to the
embodiment of the present invention.

[0043] FIG. 4 is a flowchart illustrating a biological tissue
diagnostic method according to one embodiment of the
present invention; and FIG. 5 and FIG. 6 are schematic views
showing inspection of blood flow of legs using the biological
tissue diagnostic apparatus according to the embodiment of
the present invention.

[0044] FIG.7is a graph obtained by patterning a change of
fluorescence intensity from a contrast agent over time after
administration of the contrast agent to legs of a person with
normal blood flow using the biological tissue diagnostic
apparatus according to the embodiment of the present inven-
tion.

[0045] FIG. 8 is a schematic diagram of a method of defin-
ing Onset, T,, ., Plateau T,, ., and Slope among characteris-
tic values by which a pattern is characterized for comparison
of patterned data.

[0046] FIG.9 is a graph obtained by patterning blood flow
ofhands and legs of a person with normal blood flow using the
biological tissue diagnostic apparatus according to the
embodiment of the present invention; FIG. 10 is a graph
obtained by patterning blood flow of hands and legs of a
person with abnormal blood flow using the biological tissue
diagnostic apparatus according to the embodiment of the
present invention; and FIG. 11 is a reference view for illus-
trating a method for diagnosing an abnormal tissue of interest
in-vivo based on graphs obtained by patterning fluorescence
intensity of a plurality of tissues of interest.

[0047] Referring to FIGS. 1 to 3, a biological tissue diag-
nostic apparatus according to one embodiment of the present
invention diagnoses abnormality of vessels or perfusion
including blood flow and blood vessels by administering a
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contrast agent to a biological tissue. The biological tissue
diagnostic apparatus according to this embodiment includes:
at least one lighting unit 110 irradiating at least one tissue of
interest in-vivo within a living body with a contrast agent
administered thereto with contrast agent excitation energy; at
least one inspection unit 120 detecting energy emitted from
the contrast agent in the living body; and a determination unit
130 determining abnormality of vessels or perfusion of the at
least one tissue of interest based on image data detected by the
at least one inspection unit 120.

[0048] Here, the determination unit 130 includes: a pattern
processor 132 patterning a change of the image data over
time; a characteristic value calculator 134 calculating at least
one characteristic value based on the patterned data; and a
diagnostic unit 136 diagnosing abnormality of vessels or
perfusion of the at least one tissue of interest based on the at
least one characteristic value or combinations thereof.
[0049] As used herein, the term “living body” refers to an
animal or human and, for convenience, is shown as being a
part of the human body.

[0050] In addition, the term “tissue of interest (biological
tissue)” may refer to, for example, microvessels of fingertips
and toe tips.

[0051] Thus, the biological tissue diagnostic apparatus 100
according to this embodiment may examine or diagnose
microvessels of fingers of both hands at the same time or may
examine or diagnose microvessels of fingers of one hand. In
addition, the biological tissue diagnostic apparatus 100
according to this embodiment may examine or diagnose
microvessels of toes of both feet at the same time or may
examine or diagnose microvessels of toes of one foot.
[0052] Further, the biological tissue diagnostic apparatus
100 according to this embodiment may examine or diagnose
microvessels of both fingers and toes at the same time or may
examine or diagnose microvessels of any one of fingers and
toes.

[0053] In other words, the biological tissue diagnostic
apparatus 100 according to this embodiment may simulta-
neously or separately examine and/or diagnose perfusion
(blood flow, lymphatic flow) or vessels (blood vessels, lym-
phatic vessels) of a plurality of tissues of interest.

[0054] The lighting unit 110 serves to irradiate tissues of
interest in-vivo with a contrast agent administered thereto.
Here, the contrast agent (molecular detecting contrast agent)
1s a near-infrared fluorescent contrast agent, and is preferably
a polymethine pigment, which is a fluorescent pigment, par-
ticularly a near-infrared pigment. Particularly, the contrast
agent may be an indocyanine green (ICG) pigment.

[0055] The contrast agent is administered to a living body
orally or non-orally.

[0056] As shown in FIGS. 1 to 3, the lighting unit 110
includes a casing 112 and an illumination member 114. The
casing 112 is provided with a dark chamber 116 which blocks
external light to increase contrast of an image. The dark
chamber 116 serves to accommodate a living body.

[0057] Here, the casing 112 may be provided with a plural-
ity of dark chambers 116 to accommodate a plurality of living
bodies at the same time. The plurality of dark chambers 116
may be provided to a single casing 112 or may be provided to
the casings 112 in one-to-one correspondence.

[0058] For convenience, in this embodiment, the lighting
unit is shown as including two casings 112, and each of the
casings 112 is shown as including a pair of dark chambers
116. This structure allows the dark chambers 116 to receive
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both hands and both feet, which are parts of a living body. Tt
should be understood that each of the casings 112 may be
formed in various shapes and formed of various materials.
[0059] Here, it is desirable that two casings 112 be sup-
ported by a frame 119 and integrally connected with each
other. It should be understood that the frame 119 may be
formed in various shapes and formed of various materials.
[0060] The illumination member 114 is provided at a por-
tion of the casing 112 corresponding to the inside of the dark
chamber 116 and serves to illuminate biological tissues
received by the dark chamber 116.

[0061] The illumination member 114 is configured to emit
excitation energy (light) at a specific wavelength to a living
body (or living bodies) with a contrast agent, particularly
indocyanine green (ICG) injected therein, and serves to acti-
vate ICG within a tissue of interest of the living body (or
living bodies) with ICG injected therein such that fluorescent
signals from the tissue of interest (biological tissue) can be
observed.

[0062] Here, the excitation energy (light) emitted from the
illumination member 114 has a center wavelength of 750 nm
to 780nm, which corresponds to a near-infrared region. Near-
infrared rays in this wavelength range are used to observe
fluorescent light through ICG administration. As the illumi-
nation member 114, a light emitting diode or laser emitting
energy in the wavelength range set forth above may be used.
[0063] The illumination member 114 may include a white
light illumination member which allows monitoring whether
aliving body is properly supported by a holding member 118
in the dark chamber 116, in addition to the near-infrared
illumination member allowing the contrast agent to emit
light.

[0064] Particularly, the illumination member 114 may be
provided to the dark chamber 116 in a one-to-one correspon-
dence and may be adjusted in illumination time by a control-
ler 140. In other words, the controller 140 may control the
illumination members 114 provided to the dark chambers 116
to irradiate a tissue of interest (biological tissue) with excita-
tion energy for different periods of time. It should be under-
stood that the controller 140 may control all of the illumina-
tion members 114 to be turned on/off at the same time.
[0065] Each of the dark chambers 116 is provided therein
with a holding member 118. The holding member 118 serves
to hold a corresponding part of a living body and may be
deformed to allow detecting in a sitting position, a lying
position, or a lying on the side position. Particularly, the
holding member 118 may be formed in various shapes and
formed of various materials to support a corresponding part of
a living body, i.e. a hand or foot.

[0066] The inspection unit 120 serves to detect energy
(fluorescent signals) in the near-infrared range emitted from a
tissue of interest (or tissues of interest) in-vivo (contrast
agent) by light irradiated to the tissue of interest in-vivo.
Particularly, the inspection unit 120 may include a filter mem-
ber 122 and a detecting member 124.

[0067] The filter member 122 is disposed in the casing 112
to correspond to each of the dark chambers 116 and serves to
mainly transmit energy in the near-infrared range among
energy (fluorescent signals) emitted from the tissue of interest
in-vivo (contrast agent). Here, the range of energy in the
near-infrared region allowed to pass through the filter mem-
ber may vary depending upon specifications of the filter mem-
ber 122 or system requirements. In other words, the filter
member 122 transmits light in a specific wavelength range
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among fluorescent signals generated from a corresponding
tissue of interest (biological tissue) due to light emitted from
the illumination member 114. Specifically, the filter member
122 only transmits light having a near-infrared wavelength of
800 nm to 850 nm among fluorescent signals coming out of a
living body by the illumination member 114.

[0068] As the filter member 122, a band pass filter (BPF)
may be provided to each of the dark chambers 116 and can be
adjusted in position and can adjust intensity of energy (fluo-
rescent signals) having a near-infrared wavelength.

[0069] The detecting member 124 is disposed in each of the
dark chambers 116 and serves to detect energy (fluorescent
signals) in the near-infrared region passing through the filter
member 122. Particularly, the detecting member 124 senses
light having passed through the filter member 122 and con-
verts the light into a digital signal. Specifically, the detecting
member converts an analog image into digital data by chang-
ing the image into electrical signals and stores the digital data
in a storage medium. For example, the detecting member 124
may be acharge-coupled device (CCD) camera among digital
cameras. The detecting member 124 detects fluorescent sig-
nals that have been input to the inspection unit 120 and then
passed through the filter member 122, converts the image into
digital data and outputs the digital data.

[0070] The inspection unit 120 and the illumination mem-
ber 114 may be disposed close to each other and the inspec-
tion unit 120 is disposed to photograph a corresponding tissue
of interest (biological tissue) within the casing 112 of the
lighting unit 110.

[0071] Particularly, a plurality of filter members 122 and a
plurality of detecting members 124 may be provided equal in
number to independently examine one or more tissues of
interest and are placed within a corresponding dark chamber
116.

[0072] Theplurality of filter members 122 and the plurality
of detecting members 124 are connected to the controller 140
which controls operation time. The controller 140 controls
operation time of all of the inspection units 120 disposed
within the respective dark chambers 116. In other words, the
controller 140 may control the detecting members 124 to
operate for the same period of time or to operate for different
periods of time.

[0073] Operation time of the detecting member 124 may be
set from a time point that detecting is started to a time point
that emission of near-infrared rays from the contrast agent is
no longer detected, and the detecting member 124 may be
controlled to perform detecting at preset time intervals. Par-
ticularly, it is desirable that the detecting member 124 be
controlled to perform detecting at time intervals of several
milliseconds to 10 seconds. Here, operation time of the
detecting member 124 may vary depending upon the kind or
dosage of the contrast agent, external temperature, and the
like. The interval in which the detecting member 124 operates
may be adjusted within 10 seconds.

[0074] The determination unit 130 serves to determine
abnormality of perfusion and/or vessels of a tissue of interest
(or tissue of interest) in-vivo based on the image data detected
by the inspection unit 120 (resulting data for the near-infrared
region).

[0075] The determination unit 130 may be further provided
with an input device (not shown) for receiving the digital data
from the inspection unit 120, and an output device 130 for
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outputting data may be connected to the determination unit
130 or the determination unit 130, as shown in FIG. 5 and
FIG. 6.

[0076] Here, the digital data output from the inspection unit
120 are transmitted to the determination unit 130 through
wireless or wired communication, for which RSC 232, a
parallel port, IEEE 1934, or a USB is preferably used.
[0077] Thedetermination unit 130 includes the pattern pro-
cessor 132, the characteristic value calculator 134, and the
diagnostic unit 136.

[0078] The pattern processor 132 serves to pattern image
data obtained by detecting a tissue of interest or a region of
interest (ROI) for each inspection area of a living body.
[0079] The characteristic value calculator 134 serves to
calculate various characteristic values reflecting perfusion
conditions (for example, blood flow conditions) from the
resulting patterned data, and the diagnostic unit 136 serves to
diagnose abnormality (for example, vascular disease) of ves-
sels or perfusion of the tissue of interest in-vivo based on the
calculated characteristic values or combinations thereof.
[0080] In other words, the pattern processor 132 processes
input signals into fluorescence intensity of a tissue of interest
over time in order to pattern the input signals; the character-
istic value calculator 134 calculates partial characteristic val-
ues from the processed pattern of fluorescence intensity over
time; and the diagnostic unit 136 diagnoses abnormality of
vessels or perfusion of the tissue of interest or calculates the
perfusion rate using each of the characteristic values calcu-
lated by the characteristic value calculator 134 or combina-
tions of the characteristic values.

[0081] As such, the determination unit 130 measures par-
tial ICG fluorescence intensity over time of ICG administered
to a living body, and performs pattern analysis for each part
and diagnosis of abnormality of vessels (perfusion).

[0082] The determinationunit 130 may be provided to cor-
respond to the inspection unit 120 provided to each of the dark
chambers 116 in one-to-one correspondence. Alternatively,
only one determination unit may be provided to be connected
to a plurality of the inspection units 120. In addition, the
inspection unit 120 is connected to the controller 140.
[0083] The controller 140 controls the lighting unit 110 and
inspection unit 120 provided for each of different tissues of
interest in-vivo as well as the determination unit 130, and
adjusts operation time of each component of the lighting unit
110 and components of the inspection unit 120.

[0084] As used herein, the characteristic value (values)
refers to a factor converted into a real number that can char-
acterize a pattern of resulting data over time in a tissue of
interest or a region of interest (ROI), and the determination
unit 130 may calculate blood flow in the region of interest
through comparison of the characteristic values. The charac-
teristic value (values) may be obtained from changes over
time of specific physical values (for example, ICG fluores-
cence intensity) in a tissue of interest, acquired from the data
detected by the inspection unit 120.

[0085] When characteristic values for each tissue of inter-
est are acquired from normal groups or abnormal groups of
vessels or perfusion, a combination value of one or more
characteristic values included in the normal groups or the
abnormal groups allows the corresponding groups to be clas-
sified with a sensitivity and specificity of 80% or higher.
[0086] A plurality of different tissues of interest (biological
tissues) are simultaneously photographed in the plurality of
dark chambers 116 accommodating the illumination member
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114, the filter member 122, and the detecting member 124,
and the determination unit 130 compares and analyzes chat-
acteristic values calculated with respect to the plurality of
tissues of interest to determine whether vessels or perfusion
(blood vessels, blood flow) is normal.

[0087] FIG.5 and FIG. 6 are views illustrating inspection of
blood flow of a foot, which is one of in-vivo regions. In FIG.
5 and FIG. 6, unexplained reference numerals are as defined
above.

[0088] The determination unit 130 determining abnormal-
ity of blood flow and blood vessels of a living body can
diagnose development of vascular complication in a diabetic
patient or lymphatic disease depending upon results of deter-
mination of whether blood flow and blood vessels is abnor-
mal. In addition, the determination unit 130 can diagnose
arteriosclerosis and arteriostenosis, particularly arterioscle-
rosis and arteriostenosis in the coronary arteries, the carotid,
the femoral artery. the anterior tibial artery, and the posterior
tibial artery depending upon results of determination of
whether blood flow and blood vessels is abnormal. Further,
the determination unit 130 can diagnose cold hands and feet,
Raynaud disease, and Raynaud syndrome depending upon
results of determination of whether blood flow and blood
vessels 1s abnormal. Here, the determination unit 130 prefer-
ably represents results of determination as to whether blood
flow and blood vessels are abnormal by one or more numeri-
cal values or a perfusion map.

[0089] As such, the determination unit 130 may determine
occurrence of vascular complication in a diabetic patient or
lymphatic diseases; may determine occurrence of arterioscle-
rosis and arteriostenosis, particularly, arteriosclerosis and
arteriostenosis in the coronary arteries, the carotid, the femo-
ral artery, the anterior tibial artery, and the posterior tibial
artery; and may diagnose cold hands and feet, Raynaud dis-
ease, and Raynaud syndrome through the pattern processor
132, the characteristic value calculator 134, and the diagnos-
tic unit 136.

[0090] In addition, determination or diagnosis results by
the determination unit 130 are represented by one or more
numerical values or a perfusion map, whereby a user or
patient can easily interpret or understand the results.

[0091] In this embodiment, characteristic values, based on
which abnormality of vessels or perfusion (for example,
blood vessel, lymphatic vessel, blood flow, lymphatic flow,
and the like) is determined, are converted into a numerical
formula according to the following procedure.

[0092] Insome embodiments, a graph is plotted by detect-
ing changes in ICG fluorescence intensity in the top of a foot
at 15 Hz for 10 minutes after in vivo injection of ICG and
patterning the changes with the highest fluorescence intensity
assumed as 1 (see FIG. 7).

[0093] FIG. 8 is a graph for illustrating changes in fluores-
cence intensity over time of a person with a normal blood flow
and shows T, ., Plateau T, ., Onset, and Slope, each of
which is a characteristic value.

[0094] As shown in FIG. 8, the biological tissue diagnostic
apparatus 100 according to this embodiment allows blood
flow of atissue of interest (biological tissue) corresponding to
hands or feet in a normal state to be represented by a change
in fluorescence intensity over time.

[0095] Here, characteristic values are defined as combina-
tions of at least one of T, , . Plateau T, Onset, and Slope.
[0096] T, . referstoa period of time to reach a point where

fluorescence intensity reaches a maximum value in a pat-
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terned near-infrared emission region, and Plateau T, ,, refers
to a section in which fluorescence intensity is greater than a
specific value in the patterned near-infrared emission region.
[0097] Particularly, when fluorescent materials accumulate
in lots of blood vessels due to poor blood flow or blood flow
is delayed, a flat section in which fluorescence intensity is
maintained at a high level overa certain range is observed and
indicated by Plateau T,, ..

[0098] Onset refers to a region from a time point that pat-
tering is started (initial detection point) to a time point that a
sharp inflection occurs in the curve, causing the slope of the
curve to become greater than a reference slope; and Slope
refers to a pattern in a downward region after Plateau T ., in
a patterned near-infrared emission region (a period of time
from a time point that fluorescence intensity starts to decrease
below a reference value to a time point that fluorescence
intensity is last detected).

[0099] If the Plateau section (Plateau T,,,,,) in which fluo-
rescence intensity is greater than or equal to a predetermined
reference value (FI_) or a section with a gradual inclination is
observed, it can be said that blood flow is abnormal.

[0100] Thus, in this embodiment, after a point where fluo-
rescence intensity is greater than or equal to a certain value is
set, the period of time (T,,,,.) that it takes to reach the point
where ICG fluorescence intensity of ischemic tissue reaches
amaximum value in the corresponding section (Plateau T, )
is considered to determine whether blood vessel or blood flow
is abnormal. Here, as the point where fluorescence intensity is
greater than or equal to a certain value, any value between
70% and 95% of the maximum fluorescence intensity may be
defined.

[0101] As shown in FIG. 8, FIG. 9, and FIG. 10, when one
tissue of interest (biological tissue) and another tissue of
interest are simultaneously subjected to blood flow diagnosis,
if difference in T, ,, value between the one tissue of interest
and the other tissue of interest is greater than a first preset
value, it can be determined that the blood flow is abnormal.
[0102] Inaddition,ifa PlateauT,,,, value ratio of the other
tissue of interest to the one tissue of interest is greater than a
second preset value, it can be determined that the blood flow
1s abnormal.

[0103] Further, if an Onset value ratio of the other tissue of
interest to the one tissue of interest is greater than a third
preset value, it can be determined that the blood flow is
abnormal.

[0104] Here, the one tissue of interest may be a toe and the
other tissue of interest may be a finger. Each of the first preset
value, the second preset value, and the third preset value is an
average value (normal value) for normal persons.

[0105] If the blood flow is slow, this is simply represented
by a pattern in which the absolute value of FI becomes
smaller; Onset, T, .., and plateau T,, . become longer; and
Slope becomes lower. By comparing these characteristic val-
ues, blood flow of a tissue to be examined can be diagnosed
and a numerical formula numerically expressing the blood
flow rate can be made using the characteristic values.

[0106] In addition, characteristic values of the other tissue
of interest, i.e. both hands, may be averaged or separately
used. When one tissue of interest has different ICG patterns,
that is, when the ICG patterns of both feet are different from
each other, whether one or both legs have arteriostenosis may
be diagnosed by finding characteristic values of both feet.
[0107] By way of example, there is not much difference in
T, ... and Onset between both hands and both feet in normal
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groups of FIG. 9, whereas, in the case of a patient with
abnormal blood flow 0fF1G.10, T, ., and Onset of both hands
are considerably small as compared with those of both feet
and there is significant difference in Onset value between
both feet.

[0108] InFIG. 10, arteriostenosis is diagnosed in both legs
and it is diagnosed that the left leg has a relatively severe
degree of stenosis.

[0109] FIG. 11 is a reference view illustrating a method for
diagnosing an abnormal tissue of interest based on graphs
obtained by patterning fluorescence intensity in a plurality of
tissues of interest. As shown in FIG. 11, in trend graphs
obtained by patterning fluorescence intensity in four tissues
of interest, trend graphs on three tissues of interest (upper left,
lower right, lower left) are synchronized in terms of shape in
a certain distribution range, whereas the trend graph on the
other tissue of interest (upper right), i.e. a tissue of interest of
the right hand, shows a different trend therefrom. In this case,
the three synchronized tissues of interest may be considered
to exhibit normal blood flow or blood vessel characteristics,
whereas blood flow or blood vessel conditions of the other
tissue of interest may be considered abnormal. Thus, based on
these characteristics, the determination unit 130 may diag-
nose atissue of interest corresponding to characteristic values
departing from a preset normal distribution range as an abnor-
mal tissue of interest.

[0110] The determination unit 130 outputs diagnostic
results based on the data detected by the inspection unit 120
through the output device 138. As the output device 138, a
CRT monitor, an LCD, a plasma display, and the like may be
used.

[0111] FIG. 4 is a flowchart illustrating a biological tissue
diagnostic method according to one embodiment of the
present invention. Next, a biological tissue diagnostic method
according to one embodiment will be described with refer-
ence to FIG. 4. In this embodiment, one or more lighting units
110 and one or more inspection units 120 may be provided
depending upon the number of tissues of interest.

[0112] First, an illumination member 114 irradiates at least
one tissue of interest in-vivo with a contrast agent adminis-
tered thereto with contrast agent excitation energy (S410),
and an inspection unit 120 detects energy (energy in the
near-infrared region) emitted from the tissue of interest in-
vivo (contrast agent) (S420).

[0113] Then, a determination unit 130 determines abnor-
mality of vessels or perfusion of the at least one tissue of
interest based on image data detected by the inspection umt
120 (S430). A more detailed description of step S430 is as
follows.

[0114] First, a pattern processor 132 patterns a change of
the image data over time (S431). In other words, the pattern
processor 132 receives electrical signals, which are detected
by a detecting member 124 of the inspection unit 120 and then
digitized, and process the signals, thereby patterning a trend
of a specific physical value (for example, fluorescence inten-
sity) over time.

[0115] Then, a characteristic value calculator 134 calcu-
lates at least one characteristic value based on the patterned
data (S432). In other words, the characteristic value calcula-
tor 134 calculates one or more characteristic values from the
patterned data or patterned graph. Here, the characteristic
value (values) is obtained from a change of a specific physical
value over time in a tissue of interest. The at least one char-
acteristic value may include at least one selected from among
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a period of time from a time point that a physical value (for
example, fluorescence intensity) is initially detected to a time
point that the physical value reaches a maximum value
(T,,..); a slope with which the physical value increases or
decreases for a specific period of time; a period of time for
which the physical value is maintained at a reference value or
more (Plateau T,,,.); a period of time from the time point that
the physical value is initially detected to a time point before
the physical value increases with a slope greater than or equal
to areference slope (Onset); and a period of time from a time
point that the physical value starts to decrease below the
reference value to a time point that the physical value is
detected last (Slope).

[0116] Next, a diagnostic unit 136 diagnoses, based on the
at least one characteristic value or combinations of at least
two characteristic values, whether vessels or perfusion of the
at least one tissue of interest in-vivo is abnormal. For
example, in the case that one tissue of interest (biological
tissue) and another tissue of interest are simultaneously sub-
jected to blood flow diagnosis, if difference in T, value
between the one tissue of interest and the other tissue of
interest is greater than a first preset value, it is determined that
the blood flow is abnormal, andifa Plateau T, value ratio of
the other tissue of interest to the one tissue of interest is
greater than a second preset value, it is also determined that
the blood flow is abnormal. In addition, if an Onset value ratio
of the other tissue of interest to the one tissue of interest is
greater than athird preset value, it is determined that the blood
flow is abnormal. Here, each of the first preset value, the
second preset value, and the third preset value is an average
value (normal value) for normal persons.

[0117] In addition, the tissue of interest may include a
plurality of tissues of interest, and the determination unit 130
may diagnose an abnormal tissue of interest by comparing the
characteristic values of the tissues of interest. Here, the deter-
mination unit 130 may diagnose a tissue of interest corre-
sponding to a characteristic value departing from a preset
normal distribution range as an abnormal tissue of interest.
More specifically, as shown in FIG. 11, in trend graphs
obtained by pattering fluorescence intensity of four tissues of
interest, the trend graphs of fluorescence intensity on three
tissues of interest are synchronized in shape in a certain
distribution range, whereas the trend graph on the other tissue
of interest shows a different trend therefrom. In this case, the
three synchronized tissues of interest may be considered to
exhibit normal blood flow or blood vessel characteristics,
whereas blood flow or blood vessel conditions of the other
tissue of interest may be considered abnormal. Thus, based on
these characteristics, the determination unit 130 may diag-
nose a tissue of interest corresponding to a characteristic
value departing from a preset normal distribution range as an
abnormal tissue of interest.

[0118] As described above, the biological tissue diagnostic
apparatus and method according to the present invention can
continuously photograph tissues of interest in-vivo for a cer-
tain period of time, particularly blood vessels/lymphatic ves-
sels which are distributed near the skin, such as peripheral
tissues and carotid territories, allowing easy photographing
with near-infrared light, thereby accurately diagnosing
whether vessels or perfusion of the tissues of interest is abnor-
mal.

[0119] In addition, the biological tissue diagnostic appara-
tus and method according to the present invention can simul-
taneously or selectively photograph one or more tissues in-
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vivo, specifically both hands and both feet to diagnose
abnormality of blood vessels or lymphatic vessels, thereby
performing accurate diagnosis through complex diagnosis
while reducing diagnostic time.

[0120] Although some embodiments have been described
above, it should be understood that the foregoing embodi-
ments are provided for illustration only and should not be
construed in any way as limiting the scope of the present
invention, and that various modifications, changes, and alter-
ations can be made by those skilled in the art without depart-
ing from the spirit and scope of the present invention defined
by the accompanying claims and equivalents thereof.

1. A biological tissue diagnostic apparatus, comprising:

at least one lighting unit irradiating at least one tissue of

interest in-vivo with a contrast agent administered
thereto with contrast agent excitation energy;

at least one inspection unit detecting energy emitted from

the at least one tissue of interest; and

a determination unit determining abnormality of vessels or

perfusion of the at least one tissue of interest based on
image data detected by the at least one inspection unit.

2. The biological tissue diagnostic apparatus according to
claim 1, wherein the determination unit comptrises:

a pattern processor patterning a change of the image data

over time;

a characteristic value calculator calculating at least one

characteristic value based on patterned data; and

a diagnostic unit diagnosing abnormality of vessels or per-

fusion of the at least one tissue of interest based on the at
least one characteristic value or combinations thereof.

3. The biological tissue diagnostic apparatus according to
claim 2, wherein the tissue of interest in-vivo comprises a
plurality of tissues of interest, and the diagnostic unit further
diagnoses an abnormal tissue of interest through comparison
of characteristic values of the tissues of interest.

4. The biological tissue diagnostic apparatus according to
claim 3, wherein, in diagnosis of an abnormal tissue of inter-
est, the determination unit diagnoses a tissue of interest cor-
responding to a characteristic value departing from a preset
normal distribution range of the characteristic values of the
tissues of interest as an abnormal tissue of interest.

5. The biological tissue diagnostic apparatus according to
claim 3, wherein when characteristic values for each tissue of
interest are acquired from normal groups or abnormal groups
of vessels or perfusion, a combination value of one or more
characteristic values included in the normal groups or the
abnormal groups allows the corresponding groups to be clas-
sified with a sensitivity and specificity of 80% or higher.

6. The biological tissue diagnostic apparatus according to
claim 2, wherein the at least one characteristic value is
obtained from a change of a specific physical value for a first
time period in the tissue of interest obtained from the image
data, and

wherein the at least one characteristic value obtained for

the first time period comprises at least one selected from
among a period of time from a time point that the physi-
cal value is initially detected to a time point that the
physical value reaches a maximum value; a slope with
which the physical value increases or decreases for a
specific period of time; a period of time for which the
physical value is maintained at a reference value or
more; a period of time from the time point that the
physical value is initially detected to a time point before
the physical value increases with a slope greater than or
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equal to a reference slope; and a period of time from a
time point that the physical value starts to decrease
below the reference value to a time point that the physi-
cal value is last detected.

7. The biological tissue diagnostic apparatus according to
claim 1, wherein the contrast agent is an indocyanine green
(ICG) pigment.

8. The biological tissue diagnostic apparatus according to
claim 1, wherein the inspection unit comprises:

a filter member transmitting energy in the near-infrared
region among energy emitted from the contrast agent;
and

a detecting member detecting energy in the near-infrared
region having passed through the filter member.

9. The biological tissue diagnostic apparatus according to
claim 8, wherein the biological tissue diagnostic apparatus
comprises a plurality of the inspection units to independently
inspect one or more biological tissues, and

the detecting member included in each of the inspection
units is controlled in operation time by a controller.

10. The biological tissue diagnostic apparatus according to
claim 8, wherein operation time of the detecting member is
within a period of time from a time point that detecting is
started to a time point that emission of near-infrared rays from
the contrast agent is no longer detected, and

the detecting member is controlled to perform detecting at
preset time intervals.

11. The biological tissue diagnostic apparatus according to
claim 1, wherein the determination unit determining abnor-
mality of vessels or perfusion of the at least one tissue of
interest represents determination results as to abnormality of
the vessels or perfusion by one or more numerical values or a
perfusion map.

12. The biological tissue diagnostic apparatus according to
claim 1, further comprising:

a dark chamber blocking external light to increase contrast

of an image,

wherein the lighting unit comprises an illumination mem-
ber emitting the contrast agent excitation energy, and the
dark chamber accommodates the illumination member
and the inspection unit.

13. A biological tissue diagnostic method, comprising:

irradiating, by at least one lighting unit, at least one tissue
of interest in-vivo with a contrast agent administered
thereto with contrast agent excitation energy;

detecting, by at least one inspection unit, energy emitted
from the at least one tissue of interest; and
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determining, by a determination unit, abnormality of ves-
sels or perfusion of the at least one tissue of interest
based on image data detected by the at least one inspec-
tion unit.

14. The biological tissue diagnostic method according to
claim 13, wherein determining abnormality of vessels or pet-
fusion of the at least one tissue of interest comprises:

patterning a change of the image data over time;

calculating at least one characteristic value based on the
patterned data; and

diagnosing abnormality of vessels or perfusion of the at

least one tissue of interest based on the at least one
characteristic value or combinations of the characteristic
values.

15. The biological tissue diagnostic method according to
claim 14, wherein the tissue of interest in-vivo comprises a
plurality of tissues of interest, and

wherein determining abnormality of vessels or perfusion

of the at least one tissue of interest further comprises:
diagnosing an abnormal tissue of interest through compari-
son of the characteristic values of the tissues of interest.

16. The biological tissue diagnostic method according to
claim 15, wherein, in diagnosing an abnormal tissue of inter-
est, the determination unit diagnoses a tissue of interest cor-
responding to characteristic values departing from a preset
normal distribution range as an abnormal tissue of interest.

17. The biological tissue diagnostic method according to
claim 14, wherein the at least one characteristic value is
obtained from a change of a specific physical value for a first
time period in the tissue of interest obtained from the image
data, and

wherein the at least one characteristic value obtained for
the first time period comprises at least one selected from
among a period of time from a time point that the physi-
cal value is initially detected to a time point that the
physical value reaches a maximum value; a period of
time for which the physical value is maintained at a
reference value or more; a period of time from the time
point that the physical value is initially detected to a time
point before the physical value increases with a slope
greater than or equal to a reference slope; and a period of
time from a time point that the physical value starts to
decrease below the reference value to a time point that
the physical value is last detected.
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