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(57) ABSTRACT

The present invention relates to an apparatus for measuring
the perfusion rate of legs. The measurement apparatus of the
present invention includes a light leakage prevention unit
including a light emitting device for radiating light having a
certain wavelength onto a living body injected with Indocya-
nine Green (ICG), and a light leakage prevention housing
formed to prevent transmission of external light. A data acqui-
sition unit includes a band pass filter for passing therethrough
only light, having a near infrared wavelength, in a fluores-
cence image emitted by the ICG and the light emitting device,
and a Charge Coupled Device (CCD) camera for photograph-
ing a near infrared wavelength region. A data processing unit
calculates a perfusion rate ofthe living body on a basis of data
about the near infrared wavelength region through a data
cable connected to the data acquisitionunit. A data output unit
outputs the perfusion rate calculated by the data processing
unit.
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APPARATUS FOR MEASURING PERFUSION
RATE OF LEGS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates, in general, to an appa-
ratus for measuring the perfusion rate of legs, and, more
particularly, to an apparatus for measuring the perfusion rate
of legs, which includes a leg support unit capable of desig-
nating the legs of a living body as a fluorescence imaging
region using Indocyanine Green (ICG) and then supporting
the legs, so that the probability of erroneous measurement,
attributable to the movement of the living body, can be mini-
mized at the time of continuously capturing images for a
predetermined period of time, and which includes a light
leakage prevention unit indicating a darkroom structure for
intercepting light other than light emitted from a light source
required for measurement, so that obstructions to the mea-
surement of fluorescence images can be eliminated, the func-
tional characteristics of the perfusion rate can be measured
with high spatial sensitivity, and the functional measurement
of the perfusion rate in a specific region can be performed.
[0003] 2. Description of the Related Art

[0004] Generally, angiography is technology for measuring
vascular structure by acquiring the dispersion and emission of
light, caused by the intrinsic optical property of the blood or
the administrated contrast medium in intravascular space,
using a light source capable of imaging the contrast medium,
thus measuring the perfusion of tissue.

[0005] Such angiography includes laser Doppler imaging,
which measures the degree of dispersion of laser light using
the blood flow velocity at the skin, X-ray angiography, which
measures the inner opening of blood vessels by capturing
images through an X-ray using a contrast medium for blood
vessels, and ICG videoangiography, based on Indocyanine
Green (ICG), which measures sequential changes of the con-
centration of the ICG, which is a contrast medium, in the
blood, using the ICG at the near infrared ray.

[0006] However, laser Doppler imaging is problematic in
that, when the blood flow velocity is decreased, sensitivity is
decreased. X-ray angiography is problematic in that, since a
structural image indicating the structure of the inner opening
ofblood vessels, rather than actual blood flow, is obtained, the
perfusion rate of tissue cannot be measured. ICG videoan-
giography has several problems, in that there is a probability
that a fluorescence images, measured by radiating a near
infrared ray, will be erroneously measured due to an external
light source, and in that the functional characteristics of the
perfusion rate cannot be quantitatively calculated.

SUMMARY OF THE INVENTION

[0007] Accordingly, the present invention has been made
keeping in mind the above problems occurring in the priorart,
and an object of the present invention is to provide an appa-
ratus for measuring the perfusion rate of legs, which includes
a leg support unit capable of designating the legs of a living
body as a fluorescence imaging region using Indocyanine
Green (ICG), and then supporting the legs, so that the prob-
ability of erroneous measurement, attributable to the move-
ment of the living body, can be minimized at the time of
continuously capturing images for a predetermined period of
time, and which includes a light leakage prevention unit,
indicating a darkroom structure for intercepting light other
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than light emitted from a light source required for measure-
ment, so that obstructions to the measurement of fluorescence
images can be eliminated, the functional characteristics of the
perfusion rate can be measured with high spatial sensitivity,
and the functional measurement of the perfusion rate in a
specific region can be performed.

[0008] Inorderto accomplish the above object, the present
invention provides an apparatus for measuring a perfusion
rate of legs, comprising a light leakage prevention unit includ-
ing a light emitting device for radiating light having a certain
wavelength onto a living body injected with Indocyanine
Green (ICG), and a light leakage prevention housing formed
to prevent transmission of external light; a data acquisition
unit including a band pass filter for passing therethrough only
light, having a near infrared wavelength, in a fluorescence
image emitted by the ICG and the light emitting device, and a
Charge Coupled Device (CCD) camera for photographing a
near infrared wavelength region; a data processing unit for
calculating a perfusion rate of the living body on a basis of
data about the near infrared wavelength region through a data
cable connected to the data acquisition unit; and a data output
unit for outputting the perfusion rate calculated by the data
processing unit.

[0009] Preferably, the light leakage prevention housing
may include a leg support unit, which is a structure capable of
supporting legs of the living body.

[0010] Preferably, the leg support unit may include a leg
support having a certain width and a certain height, required
to support both legs of the living body; and a footrest imple-
mented to allow feet of the living body to be placed thereon.
[0011] Preferably, the light emitting device may be imple-
mented using any one of alaser having a wavelength from 750
to 780 nm, a white light source, and a light emitting diode,
each having a band pass filter corresponding to a region of the
wavelength.

[0012] Preferably, the light emitting device may be imple-
mented using one or more light emitting devices, and be
constructed to be capable of adjusting an intensity of light
emitted therefrom.

[0013] Preferably, the data processing unit may include
digitization means for processing data input through the data
cable to have fluorescence intensities for respective regions
over time in a region of interest; determination means for
recognizing ischemic patterns of respective regions on a basis
of the fluorescence intensities over time, and calculating cor-
relation coefficients between the ischemic patterns and adja-
cent regions; and perfusion rate calculation means for calcu-
lating the perfusion rate using data input from the
determination means.

[0014] Preferably, the data output unit may assign pre-
defined colors depending on the perfusion rate and may color
respective regions in the assigned colors, thus visually out-
putting the perfusion rate in a form of an image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other objects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0016] FIG. 1is a block diagram schematically showing an
apparatus for measuring the perfusion rate of legs according
to the present invention;
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[0017] FIG. 2 is a perspective view schematically showing
an application example of an apparatus for measuring the
perfusion rate of legs according to an embodiment of the
present invention;

[0018] FIG. 3 is a perspective view schematically showing
another application example of the apparatus for measuring
the perfusion rate of legs according to the embodiment of the
present invention;

[0019] FIGS. 4A and 4B are perspective views schemati-
cally showing a further application example of the apparatus
for measuring the perfusion rate of legs according to the
embodiment of the present invention; and

[0020] FIG. 5 is a flowchart schematically showing a
method of measuring the perfusion rate of legs according to
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] Hereinafter, embodiments of the present invention
will be described in detail with reference to the attached
drawings.

[0022] FIG.1isablock diagram schematically showing an
apparatus for measuring the perfusion rate of legs according
to an embodiment of the present invention. As shown in the
drawing, an apparatus 1 for measuring the perfusion rate of
legs according to the present invention includes a light leak-
age prevention unit 10, a data acquisition unit 30, a data cable
40, a data processing unit 50, and a data output unit 70.
[0023] In this case, the light leakage prevention unit 10
includes a light emitting device 11, a leg support unit 13, and
a light leakage prevention housing 15.

[0024] Thelightemitting device 11 is provided to emit light
having a certain wavelength to a living body injected with
Indocyanine Green (ICG), and is operated such that light
from the light emitting device 11 is radiated onto the living
body, so that the ICG in the tissue of the living body, injected
with the ICG, is activated, and thus a fluorescence signal
obtained from the tissue can be observed.

[0025] Here, the light emitted from the light emitting
device 11 has a wavelength from 750 to 780 nm, and is
radiated onto the legs of the living body. The near infrared ray
having that wavelength is radiated to observe fluorescence
caused by the injection of the ICG. A light emitting diode or
a laser having the above wavelength can be used as a Light
source for emitting light. In order to allow white light having
that wavelength to be radiated as the near infrared ray, a Band
Pass Filter (BPF) can be used as a filter. In this case, one or
more BPFs can be used, the locations thereof can be adjusted,
and the intensity of the near infrared ray having the wave-
length can be adjusted.

[0026] Further, the leg support unit 13 is formed to allow
both legs of the living body to be held so that images can be
continuously acquired as the concentration of the ICG
decreases. The leg support unit 13 is modified to make it
possible to photograph the legs in all cases where the living
body sits, lies on his or her back, or lies on his or her side.
[0027] The leg support unit 13 includes a leg support 134
having a certain width and a certain height to support both
legs of the living body, and a footrest 135 on which the feet of
the living body are placed.

[0028] The leg support 13a can be formed to have a certain
height, required to support a portion of each leg below the
joint of aknee, and the footrest 135 can be formed in the shape
of acurve to correspond to the curve of the bottom surfaces of
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the feet. The legs of the living body can be held while forming
a certain angle with respect to the bottom surface of the leg
support 13a.

[0029] Moreover, the shape of the leg support 13a can be
changed to variously support the portions of the legs below
the knees in the state in which the living body lies on his orher
back, or lies on his or her side.

[0030] Further, the light leakage prevention housing 15 is
formed to prevent the transmission of external light, and thus
functions as akind of darkroom. The light leakage prevention
housing 15 is provided to enclose the light emitting device 11
for radiating light onto the legs of the living body, the leg
support unit 13, and the legs of the living body, and is formed
to enclose the components, such as the light emitting device
11 and the leg support unit 13, while limiting the transmission
of light, regardless of whether the living body sits, lies on his
or her back, or lies on his or her side. The structure of the light
leakage prevention housing 15 can be modified.

[0031] Further, the data acquisition unit 30 includes a band
pass filter 31 and a Charge Coupled Device (CCD) camera 33.
[0032] The band pass filter 31 is configured to pass only
light having a specific wavelength therethrough so as to
receive a fluorescence signal generated from the living body
due to the light emitted from the light emitting device 11, and
is provided, in detail, to pass therethrough only a near infrared
ray, having a wavelength from 800 to 850 nm, in the fluores-
cence signal output from the living body due to the light.
[0033] Further, the CCD camera 33 senses the light passing
through the band pass filter 31, and converts the light into a
digital signal. The CCD camera, which is one kind of digital
camera, converts an image into an electrical signal using a
CCD, and thus stores an analog image in a storage medium as
digital data.

[0034] In this case, the CCD camera 33 captures the fluo-
rescence signal, which has been input to the data acquisition
unit 30 and has passed through the band pass filter 31, and
transmits the captured signal through the data cable 40 to
perform image processing in the form of digital data.

[0035] Furthermore, the data acquisition unit 30 and the
light emitting device 11 can be placed adjacent to each other.
The data acquisition unit 30 is located within the light leakage
prevention housing 15 of the light leakage prevention unit 10
to photograph the legs of the living body in the housing.
[0036] The data processing unit 50 includes a digitization
means 51, a determination means 53, and a perfusion rate
calculation means 55, and preferably further includes an input
means (not shown) for receiving digital data from the data
acquisition unit 30, and an output means (not shown) for
outputting the digital data to the data output unit 70.

[0037] Here, the digital data output from the data acquisi-
tion unit 30 is transmitted to the data processing unit 50
through the data cable 40. Preferably, the data cable 40 can be
implemented using an RS-232C cable, a parallel port, an
IEEE 1934 cable, a Universal Serial Bus (USB), etc.

[0038] The digitization means 51 is provided to process an
input signal to have fluorescence intensities over time in a
region of interest. The determination means 53 calculates
correlation coefficients between perfusion patterns for
respective regions and surrounding signals on the basis of the
processed fluorescence intensity over time. The calculation
means 55 calculates a perfusion rate using the data input from
the determination means 53.

[0039] The above-described data processing unit 50 mea-
sures the fluorescence intensities of the ICG for respective
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regions as time elapses after the ICG is injected into the living
body, analyses patterns for respective regions, and also ana-
lyzes correlation coefficients between the patterns and the
surrounding signals.

[0040] The analysis of the patterns for respective regions is
represented by the following Equation.

[0041] The degree of variation in the fluorescence intensity
of the ICG relative to time in ischemic tissue, the perfusion
rate of which is lower than that of normal tissue, can be
represented by the following Equation [1] on the assumption
that ICG fluorescent particles (FLnor) flow into normal tissue
at the perfusion rate at which ischemic tissue is perfused and
ICG fluorescent particles (ELisc) flow from the ischemic
tissue at the same perfusion rate.

[0042] Inthiscase, Tmax is used as a value for the efficient
recognition of an ischemic pattern.

[0043] Further, Tmax at which the fluorescence intensity of
the ICG in the ischemic tissue is maximized is the position at
which the value differentiated with respect to time becomes 0,
and thus the following Equation can be calculated.

T,
—lnr— —Iiax =1n0P — PTmax

[0044] Theabove method of analyzing the correlation coef-
ficient derives a correlation coefficient between each region
and a region adjacent thereto versus time using the following
Equation.

_cov(X,Y)  E(X - px)Y - uy)) [3]
T oxoy oxoy

Pry

[0045] The perfusion rate of tissue can be finally derived
from the values obtained through the above two equations.
[0046] The perfusion rate calculated in this way is trans-
mitted to the data output unit 70, so that predefined colors are
assigned depending on the perfusion rate, and respective
regions are colored, and thus the perfusion rate can be visually
displayed in the form of an image.

[0047] Further, when a Region of Interest (ROI), the perfu-
sion rate of which is desired to be measured, is designated in
the living body, the fluorescence intensities of the ICG over
time are automatically digitized from continuous ICG image
data, and the digitized results are processed as temporal or
spatial information.

[0048] As described above, in order to measure ICG
dynamics in aliving body using the apparatus 1 for measuring
the perfusion rate of legs according to the present invention,
the ICG is injected using intravenous injection, and variation
in the concentration of the ICG over time in tissue is measured
using the above method. At this time, the variation in the
concentration of the ICG in the tissue can be measured by
directly obtaining a near infrared image of the tissue, or using
a spectroscopic technique.

[0049] FIG. 2 is a perspective view schematically showing
an application example of the apparatus for measuring the
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perfusion rate of legs according to the embodiment of the
presentinvention. As shown in FIG. 2, in order to measure the
perfusion rate of a region of interest when a living body sits,
portions of both legs ranging up to predetermined locations of
knees are inserted into the light leakage prevention housing
15, and the location of the horizontal portion of the leg sup-
port 13a is vertically changed along upward and downward
directions to adjust the height h thereof, and thus a portion of
animage sensed by the CCD camera 33 of the data acquisition
unit 30 can be adjusted.

[0050] Through the above method, the location of the hori-
zontal portion of the leg support 134 is horizontally changed
along forward and backward directions to adjust an angle 0,
and thus a portion of an image sensed by the CCD camera 33
of the data acquisition unit 30 can be adjusted. The location of
the leg support 13a can be preferably adjusted along forward
and backward directions.

[0051] The CCD camera 33 of the data acquisition unit 30
is moved and placed upwards and downwards, left and right,
or forwards and backwards, so that the region of an image
desired to be acquired can be adjusted depending on the
region of interest.

[0052] Moreover, the footrest 135 is preferably constructed
to move forwards and backwards, or left and right.

[0053] Further, analog data about the fluorescence intensi-
ties input from the data acquisition unit 30 is transmitted to
the data processing unit 50 as digital data through the data
cable 40. A perfusion rate is calculated on the basis of the
digital data using a preprogrammed operation, and respective
regions are colored in the colors based on the perfusion rate,
and thus a fluorescent image is output to the data output unit
70, including a monitor, a printer, etc.

[0054] FIG. 3 is a perspective view schematically showing
another application example of the apparatus for measuring
the perfusion rate of legs according to the embodiment of the
presentinvention. As shown in FIG. 3, in order to measure the
perfusion rate of a region of interest when the living body lies
on his or her back, portions of both legs ranging up to prede-
termined locations of knees or predetermined locations of
thighs are inserted into the light leakage prevention housing
15 to measure the fluorescence intensities of the region of
interest, and the location of the horizontal portion of the leg
support 13a is vertically changed along upward and down-
ward directions to adjust the height h thereof, and thus a
portion of an image sensed by the CCD camera 33 of the data
acquisition unit 30 can be adjusted.

[0055] Through the above method, the location of the hori-
zontal portion of the leg support 134 is horizontally changed
along forward and backward directions to adjust an angle 6,
and thus a portion of an image sensed by the CCD camera 33
of the data acquisition unit 30 can be adjusted. The location of
the leg support 13a can be preferably adjusted along forward
and backward directions.

[0056] The CCD camera 33 of the data acquisition unit 30
is moved and placed upwards and downwards, left and right,
or forwards and backwards, so that the region of an image
desired to be acquired can be adjusted depending on a region
of interest.

[0057] Moreover, the footrest 135 is preferably constructed
to move forwards and backwards, or left and right.

[0058] Further, analog data about the fluorescence intensi-
ties input from the data acquisition unit 30 is transmitted to
the data processing unit 50 as digital data through the data
cable 40. A perfusion rate is calculated on the basis of the
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digital data using a preprogrammed operation, and respective
regions are colored in the colors based on the perfusion rate,
and thus a fluorescent image is output to the data output unit
70, including a monitor, a printer, etc.

[0059] FIGS. 4A and 4B are perspective views schemati-
cally showing a further application example of the apparatus
for measuring the perfusion rate of legs according to the
embodiment of the present invention. As shown in the draw-
ings, FIGS. 4A and 4B show that, in order to measure the
perfusion rate of aregion of interest when the living body lies
on his or her left and right sides, respectively, portions of both
legs ranging up to predetermined locations of knees or pre-
determined locations of thighs are inserted into the light leak-
age prevention housing 15 to measure the fluorescence inten-
sities of the region of interest, and the location of the
horizontal portion of the leg support 134 is vertically changed
along upward and downward directions to adjust the height h
thereof, and thus a portion of an image sensed by the CCD
camera 33 of the data acquisition unit 30 can be adjusted.
[0060] Through the above method, the location of the hori-
zontal portion of the leg support 134 is horizontally changed
along forward and backward directions to adjust an angle 6,
and thus a portion of an image sensed by the CCD camera 33
ofthe data acquisition unit 30 can be adjusted. Thelocation of
the leg support 13a can be preferably adjusted along forward
and backward directions.

[0061] The CCD camera 33 of the data acquisition unit 30
is moved and placed upwards and downwards, left and right,
or forwards and backwards, so that the region of an image to
be acquired can be adjusted depending on aregion of interest.
[0062] Moreover, the footrest 134 is preferably constructed
to move forwards and backwards or left and right.

[0063] Further, analog data about the fluorescence intensi-
ties input from the data acquisition unit 30 is transmitted to
the data processing unit 50 as digital data through the data
cable 40. A perfusion rate is calculated on the basis of the
digital data using a preprogrammed operation, and respective
regions are colored in the colors based on the perfusion rate,
and thus a fluorescent image is output to the data output unit
70, including a monitor, a printer, etc.

[0064] FIG.5 is a flowchart schematically showing a mea-
surement method using the apparatus for measuring the per-
fusion rate of legs according to the present invention. As
shown in the drawing, the measurement method using the
apparatus for measuring the perfusion rate of legs according
to the present invention is performed to inject ICG into a
living body and to continuously measure the concentration of
the ICG through the data acquisition unit until the concentra-
tion of the ICG decreases at step S10.

[0065] Further, variation in the concentration of the ICG is
transmitted to the data processing unit through the data cable,
and is analyzed and digitized, and the dynamics of the ICG
over time are displayed in the form of a graph at step S20.
[0066] Furthermore, an ischemic pattern, obtained at the
time at which the concentration of the ICG is maximized, is
recognized from the digitized data, and a correlation coeffi-
cient between the ischemic pattern and an adjacent region is
calculated at step S30. A perfusion rate is calculated through
a preprogrammed operation at step S40, and respective
regions are colored in predefined colors corresponding to the
perfusion rate, and thus a fluorescence image is output at step
S50.

[0067] Although the preferred embodiments of the present
invention have been disclosed for illustrative purposes, those
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skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims. In detail, the present invention pro-
poses an apparatus that includes a leg support unit capable of
designating the legs of a living body as a fluorescence imag-
ing region using Indocyanine Green (ICG) and then support-
ing the legs, so that the probability of erroneous measure-
ment, attributable to the movement of the living body, can be
minimized at the time of continuously capturing images fora
predetermined period of time, and that includes a light leak-
age prevention unit, which is a darkroom structure for inter-
cepting light other than light emitted from a light source
required for measurement, so that obstructions to the mea-
surement of fluorescence images can be eliminated, the func-
tional characteristics of the perfusion rate can be measured
with high spatial sensitivity, and the functional measurement
of the perfusion rate in a specific region can be performed.
[0068] As described above, the present invention having
the above construction can realize several advantages in that
a leg support unit, capable of designating the legs of a living
body as a fluorescence imaging region using Indocyanine
Green (ICG) and then supporting the legs, is provided, so that
the probability of erroneous measurement, attributable to the
movement of the living body, can be minimized at the time of
continuously capturing images for a predetermined period of
time, and in that a light leakage prevention unit, which is a
darkroom structure for intercepting light other than light
emitted from a light source required for measurement, is
provided, so that obstructions to the measurement of fluores-
cence images can be eliminated, the functional characteristics
of the perfusion rate can be measured with high spatial sen-
sitivity, and the functional measurement of the perfusion rate
in a specific region can be performed.

What is claimed is:

1. An apparatus for measuring a perfusion rate of legs,
comprising:

a light leakage prevention unit including a light emitting
device for radiating light having a certain wavelength
onto a living body injected with Indocyanine Green
(ICG), and a light leakage prevention housing formed to
prevent transmission of external light;

a data acquisition unit including a band pass filter for
passing therethrough only light, having a near infrared
wavelength, in a fluorescence image emitted by the ICG
and the light emitting device, and a Charge Coupled
Device (CCD) camera for photographing a near infrared
wavelength region;

adata processing unit for calculating a perfusion rate of the
living body on a basis of data about the near infrared
wavelength region through a data cable connected to the
data acquisition unit; and

a data output unit for outputting the perfusion rate calcu-
lated by the data processing unit.

2. The apparatus according to claim 1, wherein the light
leakage prevention housing includes aleg support unit, which
is a structure capable of supporting legs of the living body.

3. The apparatus according to claim 1, wherein the leg
support unit includes:

a leg support having a certain width and a certain height,

required to support both legs of the living body; and

a footrest implemented to allow feet of the living body to be
placed thereon.

4. The apparatus according to claim 1, wherein the light

emitting device is implemented using any one of a laser
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having a wavelength from 750 to 780 nm, a white light
source, and a light emitting diode, each having a band
pass filter corresponding to a region of the wavelength.

5. The apparatus according to claim 1, wherein the light
emitting device is implemented using one or more light emit-
ting devices, and is constructed to be capable of adjusting an
intensity of light emitted therefrom.

6. The apparatus according to claim 1, wherein the data
processing unit includes:

digitization means for processing data input through the

data cable to have fluorescence intensities for respective
regions over time in a region of interest;
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determination means for recognizing ischemic patterns of
respective regions on a basis of the fluorescence inten-
sities over time, and calculating correlation coefficients
between the ischemic patterns and adjacent regions; and
perfusion rate calculation means for calculating the perfu-
sion rate using data input from the determination means.
7. The apparatus according to claim 6, wherein the data
output unit assigns predefined colors depending on the per-
fusion rate and colors respective regions in the assigned col-
ors, thus visually outputting the perfusion rate in a form of an
image.
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