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APPARATUS AND METHOD FOR
DETECTING NIR FLUORESCENCE AT
SENTINEL LYMPH NODE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 14/327,797 filed Jul. 10, 2014,
which claims under 35 U.S.C. §119(a) the priority benefit of
Korean Patent Application No. 10-2013-0081980 filed Jul.
12, 2013, the disclosures of all applications of which are
incorporated herein by reference.

BACKGROUND

(a) Technical Field

[0002] The present invention relates to a device for
observing a sentinel lymph node (SLN) in a human body.
More particularly, the present invention relates to a device
for observing an SLN by detecting near-infrared (NIR)
fluorescence caused by a fluorescent material such as indo-
cyanine green (ICG) at the SLN and a method for detecting
NIR fluorescence at an SLN.

(b) Background Art

[0003] Sentinel lymph node (SLN) is a lymph node that
cancer cells firstly reach when the tumor is directly metas-
tasized via lymph nodes. SLN biopsy is a method for
identifying metastasis by finding an SLN through injection
of a color pigment into cancer tissue, excising the SLN and
then performing a histopathologic examination on the
excised SLN. If a cancer is detected in the SN, all lymph
nodes around the cancer are excised. However, if the cancer
is not detected in the SLN, it is determined that the cancer
is not metastasized to the SLN, and the excision of the SLN
can be minimized.

[0004] As such, the SLN biopsy can minimize, through
minimum excision of lymph nodes, side effects and com-
plications, which may be generated by completely excising
peripheral lymph nodes together with cancer tissues in the
existing operations. The SLN biopsy has been already
performed as a standard surgical technique in breast cancer,
melanoma, etc. In addition, the SLN biopsy is being
extended to surgical operations in the fields of all cancers
including lung cancer, esophageal cancer, stomach cancer,
thyroid cancer, gynecological cancer, urologic cancer, laryn-
geal cancer, etc.

[0005] In the SLN biopsy, the position of the SLN cannot
be exactly detected with the naked eye. Hence, a nuclear
medicine imaging method using a radioactive isotope as a
tracer, an imaging method using a magnetic fluid having
magnetism, an optical imaging method using a vital dye, or
a method simultaneously using a radioactive isotope and a
vital dye is used in the SLN biopsy.

[0006] An optical imaging method and various fluorescent
materials as vital dyes have been studied to minimize
radiation exposure to a patient and to detect the SLN. For
example, studies on an optical imaging probe for SLN
detection including a poly-gamma-glutamic acid and an
optical imaging dye complex have been conducted. Among
fluorescent dyes, the use of indocyanine green (ICG) is
permitted in many countries including FDA in USA. The
ICG allows light to be excited in a near-infrared (NIR)
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region, and generates fluorescent light. In addition, the
internal structure of human tissue distributed up to a depth
of 10 to 20 mm can be observed using the ICG, and NIR
fluorescent light can be observed even at a place where white
visible light is thrown, such as an operating room.

[0007] However, such an NIR fluorescent dye cannot be
seen with the naked eyes, and thus devices capable of
observing NIR fluorescent light have been developed. As a
result, a device called hyper eye medical system (HEMS)
was recently developed for observing NIR during surgery.
[0008] The HEMS device is an imaging device for observ-
ing ICG fluorescent light. The HEMS device simultaneously
measures visible light and NIR using a single camera 3
installed therein, and NIR fluorescent light can be observed
even in an environment with bright external illumination.
The HEMS device is shown in FIG. 1.

[0009] The HEMS device employs, together with a white
light source 1, a light source (NIR LED) having a wave-
length of 760 nm as an excitation light source 2. However,
through the device having the structure described above, the
external appearance of an opened organ can be seen only
during an abdominal surgery, and there often occurs a
confusion among the color of visible light, an ICG fluores-
cent image in an NIR combined image and an image caused
by glare of white light reflected on the surface of a human
body.

[0010] Meanwhile, Japanese Patent Application Publica-
tion No. 2006-340796 has disclosed a system for detecting
an SLN from a fluorescent image. Particularly, in Japanese
Patent Application Publication No. 2006-340796, white
light including excitation light is emitted by a xenon lamp,
and an excitation light filter is set to allow light of a
wavelength band of 385 to 435 nm to be transmitted
therethrough. In the case of fluorescent light and background
light, obtained from an object to be measured, a light-
shielding filter is inserted between an object to be observed
and a single CCD chip to allow the fluorescent light and the
background light to be transmitted therethrough. Thus, an
image 1s picked up in the CCD chip. In addition, the image
is processed by a TV camera to be shown as a fluorescent
image through a monitor. However, the system is a device
for a contrast medium which emits fluorescent light in
visible light such as 5-ALA. The device is not suitable for
observing fluorescent light in NIR, such as ICG.

[0011] In relation to this, U.S. Patent Application Publi-
cation No. 2011/0063427 discloses an imaging system for
providing full-color reflection light and NIR image. The
imaging system for obtaining the NIR and full-color image
includes a light source which supplies visible light and NIR
light to an object to be observed, and a camera having a
plurality of image sensors which independently detect blue
reflection light and green reflection light from the object to
be observed, and alternately detect red reflection light and
NIR light generated from the object to be observed.
[0012] A controller for transmitting a signal to the light
source and the camera controls consecutive blue and green
lights to be irradiated onto the object to be observed, and red
light and NIR excitation light are synchronized by periodi-
cally switching on-off the light source and the camera so that
red and NIR fluorescent images are alternately obtained
from the camera.

[0013] A red reflection light spectrum and an NIR light
spectrum are alternately obtained from the same image
sensor through the switching synchronization between the
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light source and the camera. Thus, the red reflection light
spectrum provides, together with the blue and green reflec-
tion lights, a full-color image, or the NIR light spectrum
provides an NIR fluorescent image. However, the synchro-
nization between the light source and the camera makes the
device complicated.

[0014] Meanwhile, in an imaging system for simultane-
ously observing a wide range of spectra from visible light
(400 to 700 nm) to NIR light (700 to 900 nm), a chromatic
aberration correction is required to adjust the focus on the
focal plane of an image obtaining chip such as a CCD sensor.
U.S. Patent Application Publication No. US2011/0249323
Al discloses a special optical coupler for correcting a
chromatic aberration in an endoscope device. The disclosed
optical coupler is configured with an afocal prism assembly
and an imaging optics. The afocal prism assembly is con-
figured with prisms having different refractive indices, and
dichroic coating is performed at the boundary between the
prisms, so that an incident wavelength is incident onto an
appropriate prism. The chromatic aberration between visible
light and NIR light, which pass through prisms having
different refractive indices, is corrected by correcting the
difference in light path length between the visible light and
the NIR light. However, a specific optical system is required
to remove the chromatic aberration in such a manner, and the
existing optical couplers cannot be used.

[0015] In addition, when a visible light image and an NIR
image are respectively displayed in two different screen
windows of the same monitor or when the two images are
displayed to overlap with each other, it is difficult to distin-
guish the visible light image from the NIR image.

[0016] Basically, the distinguishment of the SLN from a
non-SLN depends on the intensity of a fluorescent signal.
Even when the same device is used, the intensity of the
fluorescent signal is considerably changed depending on a
distance to an object to be observed, parameters (gain,
shutter and frame) set in the detection sensitivity of a TV
system, the intensity of excitation light, etc. Therefore, a
standard measuring method is essentially required to ensure
the reliability of a detection result.

SUMMARY OF THE DISCLOSURE

[0017] The present invention provides a device and a
method for detecting near-infrared (NIR) fluorescence at a
sentinel lymph node (SLN), which can detect NIR fluores-
cence and an SLN with high accuracy in the implementation
of a composite image obtained by reproducing NIR fluo-
rescence emitted by excitation light from a fluorescent
material such as indocyanine green (ICG) together with a
visible light image.

[0018] In accordance with one aspect of the present inven-
tion, a device for detecting near-infrared (NIR) fluorescence
at a sentinel lymph node (SLN), the device comprises a
white light source configured to irradiate white light onto an
object, a near-infrared (NIR) excitation light source config-
ured to irradiate near-infrared (NIR) excitation light onto the
object, an optical analyzing assembly configured to transmit
white reflection light reflected off the object when the white
light is irradiated on the object and near-infrared (NIR)
fluorescence reflected off the object when the near-infrared
(NIR) excitation light is irradiated on the object, a multi-
spectral image processing unit configured to detect the white
reflection light and the near-infrared (NIR) fluorescence,
transmitted from the optical analyzing assembly, and pro-
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cess the white reflection light and the near-infrared (NIR)
fluorescence as a visible (VIS) reflection light image signal
and a near-infrared (NIR) fluorescence image signal, respec-
tively; and a display unit configured to output a composite
image obtained by combining the visible (VIS) reflection
light image signal and the near-infrared (NIR) fluorescence
image signal, processed by the multispectral image process-
ing unit, wherein the multispectral image processing umt
splits the visible (VIS) reflection light image signal into red
(R), green (G) and blue (B) image signals, and performs
image processing so that the visible (VIS) reflection light
image signal is expressed by a first color composed of red
(R), green (G) and blue (B) in a pixel from which an NIR
where the near-infrared (NIR) fluorescence image signal is
not detected, and the NIR near-infrared (NIR) fluorescent
image signal is expressed by a second color, which is
different from the first color, in a pixel where the near-
infrared (NIR) fluorescent image signal is detected

[0019] In an exemplary embodiment, the multispectral
image processing unit extracts a color histogram for the
visible reflection light image signal and sets a color having
a little or no frequency in the color histogram to the second
color.

[0020] In accordance with another aspect of the present
invention, a device for detecting near-infrared (NIR) fluo-
rescence at a sentinel lymph node (SLN), the device com-
prises a white light source configured to irradiate white light
onto an object, a near-infrared (NIR) excitation light source
configured to irradiate near-infrared (NIR) excitation light
onto the object, an optical analyzing assembly configured to
transmit white reflection light reflected off the object when
the white light is irradiated on the object and near-infrared
(NIR) fluorescence reflected off the object when the near-
infrared (NIR) excitation light is irradiated on the object, a
multispectral image processing unit configured to detect the
white reflection light and the near-infrared (NIR) fluores-
cence, transmitted from the optical analyzing assembly, and
process the white reflection light and the near-infrared (NIR)
fluorescence as a visible (VIS) reflection light image signal
and a near-infrared (NIR) fluorescence image signal, respec-
tively; and a display unit configured to output a composite
image obtained by combining the visible (VIS) reflection
light image signal and the near-infrared (NIR) fluorescence
image signal, processed by the multispectral image process-
ing unit, wherein the multispectral image processing unit
splits the visible (VIS) reflection light image signal into red
(R), green (G) and blue (B) image signals, and performs
image processing so that the visible (VIS) reflection light
image signal is expressed by a first color composed of red
(R), green (G) and blue (B) in a pixel from which an NIR
where the near-infrared (NIR) fluorescence image signal is
not detected, and the NIR near-infrared (NIR) fluorescent
image signal is expressed by a second color, which is at least
one of red (R), green (G) and blue (B), in a pixel where the
near-infrared (NIR) fluorescent image signal is detected,
wherein if the second color is same with the first color, the
multispectral image processing unit controls a grayscale of
at least one of the first color and the second color to be
adjusted or controls a timing pulse of the near-infrared (NIR)
fluorescent image signal so that the second color is discon-
tinuously implemented.

[0021] In an exemplary embodiment, the multispectral
image processing unit may extract a color histogram for the
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visible reflection light image signal and sets a color having
a little or no frequency in the color histogram to the second
color.

[0022] Inanother exemplary embodiment, the grayscale of
the first color and the grayscale of the second color may be
adjusted so that a difference between the grayscale of the
first color and the grayscale of the second color is equal to
or greater than a specific threshold value.

[0023] In still another exemplary embodiment, the gray-
scale of the first color and the grayscale of the second color
may be relatively adjusted.

[0024] In still another exemplary embodiment, the timing
pulse of the near-infrared fluorescence image signal may be
adjusted periodically or non-periodically with a time inter-
val.

[0025] In accordance with one aspect of the present inven-
tion, a method for detecting near-infrared (NIR) fluores-
cence at a sentinel lymph node (SLN), the method comprises
irradiating white light and NIR near-infrared (NIR) excita-
tion light onto an object; collecting white reflection light
reflected off the object when the white light is irradiated onto
the object and near-infrared (NIR) fluorescence reflected off
the object when the near-infrared (NIR) excitation light is
irradiated onto the object; performing image processing so
that the white reflection light is expressed by a first color
which is composed of red (R), green (G), blue (B) and the
near-infrared (NIR) fluorescence is expressed by a second
color which is different from the first color; and generating
a composite image by combining the white reflection light
having the first color and the near-infrared (NIR) fluores-
cence having the second color.

[0026] In accordance with another aspect of the present
invention, a method for detecting near-infrared (NIR) fluo-
rescence at a sentinel lymph node (SLN), the method
comprises irradiating white light and NIR near-infrared
(NIR) excitation light onto an object; collecting white reflec-
tion light reflected off the object when the white light is
irradiated onto the object and near-infrared (NIR) fluores-
cence reflected off the object when the near-infrared (NIR)
excitation light is irradiated onto the object; performing
image processing so that the white reflection light is
expressed by a first color which is composed of red (R),
green (G), blue (B) and the near-infrared (NIR) fluorescence
is expressed by a second color; and generating a composite
image by combining the white reflection light having the
first color and the near-infrared (NIR) fluorescence having
the second color, wherein if the second color is same with
the first color, an image processing is performed so that a
grayscale of at least one of the first color and the second
color is adjusted or a timing pulse of a near-infrared (NIR)
fluorescence image signal is adjusted so that the second
color is discontinuously implemented.

[0027] In an exemplary embodiment, the grayscale of the
first color and the grayscale of the second color are adjusted
so that a difference between the grayscale of the first color
and the grayscale of the second color is equal to or greater
than a specific threshold value.

[0028] In an another exemplary embodiment, the gray-
scale of the first color and the grayscale of the second color
is relatively adjusted.

[0029] Other aspects and exemplary embodiments of the
invention are discussed infra.
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[0030] As described above, the device and the method for
detecting the NIR fluorescence at the SLN according to the
present invention have advantages as follows.

[0031] First, although the existing imaging system is used,
it is possible to detect an SLN with high accuracy for a short
period of time. Accordingly, it is possible to improve the
accuracy in deciding the presence of cancer metastasis and
to minimize the excision of an SLN.

[0032] Second, since it is unnecessary that the positions of
focal surfaces of the NIR and VIS sensors should correspond
to each other, it is unnecessary to correct a chromatic
aberration in the laparoscope having an optical system,
particularly an optical coupler.

[0033] Third, since the device and the method can be
easily apply to existing laparoscopes, etc., it is possible to
minimize additional cost consumption for device improve-
ment.

[0034] The above and other features of the invention are
discussed infra.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The patent or application file contains at least, one
drawing executed in color. Copies of this patent or patent
application publication with color drawing (s) will be pro-
vided by the Office upon request and payment of the
necessary fee.

[0036] The above and other features of the present inven-
tion will now be described in detail with reference to certain
exemplary embodiments thereof illustrated the accompany-
ing drawings which are given hereinbelow by way of
illustration only, and thus are not limitative of the present
invention, and wherein:

[0037] FIG. 1 schematically illustrates a conventional
hyper eye medical system (HEMS) device for observing
indocyanine green (ICG) fluorescent light;

[0038] FIG. 2 illustrates a schematic configuration of a
device for detecting near-infrared (NIR) fluorescence at a
sentinel lymph node (SLN) according to the present inven-
tion;

[0039] FIG. 3 illustrates wavelength ranges of visible
(VIS) reflection light, laser excitation light and NIR fluo-
rescence;

[0040] FIGS. 4A and 4B illustrate a preferred embodiment
of the device according to the present invention, in which
FIG. 4A shows an example applied to an ICG laparoscope,
and FIG. 4B shows an example applied to an ICG video-
scope;

[0041] FIG. 5A conceptually illustrates a state in which a
chromatic aberration occurs between VIS and NIR images,
and FIG. 5B schematically illustrates a structure in which
two image sensors are disposed to correct an axial chromatic
aberration according to the preferred embodiment of the
present invention;

[0042] FIG. 6 illustrates images extracted with respect to
the same part of a tissue, using the ICG laparoscope;
[0043] FIG. 7 is a block diagram sequentially illustrating
a process of forming a composite image in which an NIR
fluorescence image is overlapped with a white reflection
light image background by using an NIR fluorescence signal
other than blue (B) in white reflection light according to an
embodiment of the present invention;

[0044] FIG. 81sa block diagram illustrating an example in
which the blue (B) is selectively output by comparing the
intensity of the blue (B) of the white reflection light and the
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intensity of the NIR fluorescence according to an embodi-
ment of the present invention;

[0045] FIG. 9 illustrates a composite image obtained from
the device according to the embodiment of FIG. 8;

[0046] FIG. 10 illustrates a composite image obtained in a
state in which a standard sample is disposed at a side of an
SLN that is an object to be observed;

[0047] FIG. 11 is a block diagram illustrating a method of
identifying an SLN when the standard sample is positioned
near the object to be observed;

[0048] FIG. 12 is a graph illustrating changes in fluores-
cence and reflection light signals according to a change in
measurement distance from the object to be observed,
[0049] FIG. 13 is a block diagram illustrating a method of
identifying an SLN when the standard sample is not dis-
posed at the side of the object to be observed; and

[0050] FIG. 14 illustrates a continuous white reflection
light signal, a frame rate of a light detection sensor and a
periodical pulse signal of asynchronous NIR fluorescence
excitation light.

[0051] FIGS. 15A to 15C are images obtained by imaging
a biological tissue (a tissue inside a human body) using an
apparatus for detecting near-infrared fluorescence according
to an embodiment of the present invention.

[0052] FIGS. 16Ato 16C are images obtained by imaging
the biological tissue (a tissue inside the human body) and a
sentinel lymph node in the tissue using the apparatus for
detecting near-infrared fluorescence according to an
embodiment of the present invention.

[0053] FIG. 17 is an image obtained by imaging a bio-
logical tissue (a tissue inside a human body) using an
apparatus for detecting near-infrared fluorescence according
to an another embodiment of the present invention.

[0054] FIG. 18A to 18C are images obtained by imaging
the biological tissue (a tissue inside the human body) and a
sentinel lymph node in the tissue using the apparatus for
detecting near-infrared fluorescence according to an another
embodiment of the present invention.

[0055] FIG. 19 is a schematic diagram of a multispectral
image processor for implementing colors of a white reflec-
tion light image and a near-infrared fluorescence image
according to an embodiment of the present invention.
[0056] FIG. 20 is a block diagram sequentially illustrating
a process of forming a composite image by superimposing
a white reflection light image and a near-infrared fluores-
cence image according to an embodiment of the present
invention.

[0057] FIG. 21 is a schematic diagram of a multispectral
image processor for implementing colors of a white reflec-
tion light image and a near-infrared fluorescence image
according to an another embodiment of the present inven-
tion.

[0058] FIG. 22 is a block diagram sequentially illustrating
a process of forming a composite image by superimposing
a white reflection light image and a near-infrared fluores-
cence image according to an another embodiment of the
present invention.

[0059] FIG. 23 is a schematic diagram of a multispectral
image processor for implementing colors of a white reflec-
tion light image and a near-infrared fluorescence image
according to a further another embodiment of the present
invention.

[0060] It should be understood that the appended drawings
are not necessarily to scale, presenting a somewhat simpli-
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fied representation of various preferred features illustrative
of the basic principles of the invention. The specific design
features of the present invention as disclosed herein, includ-
ing, for example, specific dimensions, orientations, loca-
tions, and shapes will be determined in part by the particular
intended application and use environment.

[0061] In the figures, reference numbers refer to the same
or equivalent parts of the present invention throughout the
several figures of the drawing.

DETAILED DESCRIPTION

[0062] Hereinafter reference will now be made in detail to
various embodiments of the present invention, examples of
which are illustrated in the accompanying drawings and
described below. While the invention will be described in
conjunction with exemplary embodiments, it will be under-
stood that present description is not intended to limit the
invention to those exemplary embodiments. On the contrary,
the invention is intended to cover not only the exemplary
embodiments, but also various alternatives, modifications,
equivalents and other embodiments, which may be included
within the spirit and scope of the invention as defined by the
appended claims.

[0063] Hereinafter, a device for detecting near-infrared
(NIR) fluorescence at a sentinel lymph node (SLN) accord-
ing to an embodiment of the present invention will be
described in detail with reference to the accompanying
drawings.

[0064] FIG. 2 illustrates a schematic configuration of a
device for detecting NIR fluorescence at an SLN according
to the present invention. The device according to the present
invention is provided with an optical analyzing assembly
that faces an object to be observed at a part to be measured,
and the optical analyzing assembly is configured according
to the kind of imaging system.

[0065] Although it has been illustrated in FIG. 2 that a
laparoscope is used as the imaging system, another imaging
system such as a hard or soft endoscope, a camera or an
operating microscope may be used as the imaging system.
[0066] Hereinafter, the case where the laparoscope is
implemented as the optical analyzing assembly will be
illustrated with reference to FIG. 2, and the device according
to the present invention will be described in detail.

[0067] As shown in FIG. 2, the device according to the
embodiment of the present invention is configured to include
a combined white-NIR illuminator 10, a laparoscope 30, a
multispectral image processing system 50, a computer 70
and a display unit 80.

[0068] In the device configured as described above, exci-
tation light in an NIR wavelength band and white light,
which are emitted from the combined white-NIR illuminator
10, is transmitted to an object A to be observed through an
optical transmission module 31 included in the laparoscope
30 as the optical analyzing assembly by passing through an
optical guide 20. Various biological objects to be observed
may be considered as the object A to be observed, and a
standard sample is used to be compared and observed with
these objects. The combined white-NIR illuminator 10 pro-
vided with a lamp for emitting white light and a laser for
emitting NIR light is used to obtain the combined white-NIR
light.

[0069] Preferably, a white light source of the combined
white-NIR illuminator 10 may be configured with a metal
halide lamp or xenon lamp, and an NIR excitation light
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source of the combined white-NIR illuminator 10 may be
configured with an NIR laser light source that emits light of
800+20 nm.

[0070] In this embodiment, the combined white-NIR illu-
minator integrally provided with the white light source and
the NIR excitation light source has been described as an
example, but the present invention is not limited to the form
of the combined white-NIR illuminator. That s, any form of
the may be used as long as the combined white-NIR illu-
minator provides the white light and the NIR excitation light
to the object to be observed.

[0071] As such, the white light and the NIR excitation
light from the combined white-NIR illuminator 10 are
irradiated onto the object to be observed through the optical
transmission module 31 of the laparoscope 30, and visible
(VIS) reflection light, laser excitation light and NIR fluo-
rescence are emitted from the object to be observed.
[0072] In relation to this, FIG. 3 schematically illustrates
wavelength ranges of the VIS reflection light, the laser
excitation light and the NIR fluorescence.

[0073] Inthis embodiment, the device is configured so that
the light (the VIS reflection light+the NIR laser excitation
light and fluorescence) emitted from the object to be
observed can be transmitted to the multispectral image
processing system 50. Hence, the device may be configured
to include the laparoscope 30 and an optical adaptor 40 as
shown in FIG. 2.

[0074] Thus, the light (the VIS reflection light+the NIR
laser excitation light and fluorescence) emitted from the
object to be observed is transmitted to the multispectral
image processing system 50 through an optical imaging
module 32 included in the laparoscope 30 and an optical
coupler 41 included in the optical adaptor 40.

[0075] Meanwhile, in this embodiment, two image sensors
for respectively processing an image in VIS and NIR regions
are included as shown in FIG. 2. Hence, the multispectral
image processing system 50 may be configured with a
multispectral 2-chip TV system capable of simultaneously
processing two images.

[0076] Here, a light-shielding filter 42 may be installed to
prevent the laser excitation light in the NIR wavelength band
from being penetrated into the multispectral image process-
ing system 50 through the path of secondary lights reflected
from the object to be observed and to allow light in the other
wavelength bands to be transmitted therethrough.

[0077] Since the white reflection light for a background of
the object to be observed and the fluorescence to be detected
are required to be processed in the multispectral image
processing system, the light-shielding filter 42 is used to
shield a large amount of reflection excitation light to be
detected.

[0078] Meanwhile, a beam splitter 51 may be installed in
the multispectral image processing system 50. The beam
splitter 51 splits the secondary light from the object to be
observed into two lights, i.e., VIS and NIR. In addition,
optical filters 52 and 53 are used to select one of spectra of
the lights divided into two channels.

[0079] Here, a beam splitting prism using a prism may be
used as the beam splitter. More preferably, a dichroic prism
may be used as the beam splitter.

[0080] In the device according to this embodiment, an
image sensor capable of sensing the wavelength of the split
light is installed in each channel. That is, a color image
sensor 54 and the optical filter 52 are installed in the VIS
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channel where the VIS is split from the beam splitter 51, and
a monochrome image sensor 55 and an optical filter 53 are
installed in the NIR channel where the NIR is split from the
beam splitter 51.

[0081] The two sensors are controlled by the same video
processing and control unit 60 including a common timing
generator 61. A first gain amplifier 62 and a first analog/
digital (A/D) converter 64 for the color image sensor 54 and
a second gain amplifier 63 and a second A/D converter 65
for the monochrome image sensor 55 are installed in the
video processing and control unit 60. As a result, a digital
image including a white light image and an NIR fluores-
cence image is formed from these components of the video
processing and control unit 60.

[0082] In relation to this, the device in this embodiment is
configured to include a digital image processor 66 for
analyzing and processing image signals collected in the
multispectral image processing system and generating a VIS
reflection light image signal and an NIR fluorescence image
signal.

[0083] That is, the two-channel digital image processor 66
included in the video processing and control unit 60 genet-
ates a control signal for independently controlling amplifi-
cation coefficients in the first and second gain amplifiers 62
and 63, and the control signal is required to perform an
automatic gain control (AGC) condition. Here, if the AGC
condition is set, the gain can be controlled so that the
intensity of a predetermined reference light such as reflec-
tion excitation light or white reflection light.

[0084] The digital image processor 66 performs an opera-
tion in synchronization with the timing generator 61. The
digital image processor 66 performs processing on a video
signal and then transmits the video signal to computer 70
through a receiver/transmitter 67. The computer 70 performs
image-processing on a VIS reflection light image and an
NIR fluorescence image and makes the two images as a
composite image to be displayed on a screen of the display
unit 80.

[0085] FIGS. 4A and 4B illustrate a specific embodiment
of the device according to the present invention, in which
FIG. 4A shows an indocyanine green (ICG) laparoscope,
and FIG. 4B shows an ICG videoscope.

[0086] As shown in FIG. 4A, the device according to the
present invention may be used in the form of an ICG
laparoscope manufactured to detect an SLN in a human
body. As shown in FIG. 4B, the device according to the
present invention may be used in the form of an ICG
videoscope manufactured to detect an SLN in an abdominal
operation.

[0087] In each apparatus, a multispectral 2-chip TV sys-
tem may be used as the multispectral image processing
system as shown in FIG. 2, and an NIR laser 11 may be used
as the NIR excitation light source. In addition, the device 12
includes a light source 12 for irradiating white light.

[0088] Particularly, in the ICG laparoscope, a combined
VIS-NIR light source 10 including a VIS light source 12 as
the white light source and a laser 11 as the NIR light source
is used as the white light source in order to irradiate NIR
excitation light and the white light at the same time.
[0089] In the ICG videoscope, a separated surgical lamp
12 and an NIR laser 11 are used rather than the combined
VIS-NIR light source, and a camera lens 33 is used as the
imaging system rather than the laparoscope.
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[0090] Meanwhile, when image spectra in two wavelength
bands of the VIS and the NIR are detected and recorded at
the same time, a problem of chromatic aberration occurs in
the imaging system designed and manufactured suitable for
a VIS spectrum region. The chromatic aberration may be
divided into an axial (longitudinal) chromatic aberration and
a transverse (lateral) chromatic aberration, and a problem of
the axial chromatic aberration is particularly important.
[0091] Referring to FIG. 5A, the focus of a VIS spectrum
image is relatively different by a value of A on an axis, as
compared with that of an NIR spectrum image, which is
referred to as the axial chromatic aberration.

[0092] In an embodiment of the present invention, an
image sensor is installed in each of the VIS and NIR
channels so as to correct such a chromatic aberration.
[0093] Particularly, as shown in FIG. 5B, a beam splitter
for controlling an optical path according to wavelengths is
mounted at a rear end of the imaging system. Preferably, the
beam splitter uses a beam splitting prism that can split light
by selectively transmitting or reflecting the light.

[0094] Thus, the beam splitter splits the light into VIS and
NIR, and the split VIS and NIR are respectively incident
onto the color image sensor and the NIR image sensor.
[0095] According to this embodiment, in order to correct
the axial chromatic aberration, the position of the NIR image
sensor is controlled to be relatively moved by a value of A,
as compared with that of the color image sensor.

[0096] As a result, the axial chromatic aberration of each
of the color and NIR image sensors having the controlled
distance is corrected according to the moved position.
[0097] Thus, in the device according to this embodiment,
the axial chromatic aberration is corrected without any
increase in cost, caused as the separate VIS and NIR imaging
system is used, and installation of a complicated optical
module, so that it is possible to precisely control the focuses
of the two images at the same time.

[0098] Meanwhile, the present invention provides a new
method for simultaneously implementing NIR and VIS
images and a device for detecting NIR fluorescence at an
SLN, which is manufactured by the method.

[0099] In order to implement two images overlapped with
each other using a general monitor, there occurs a problem
how to distinguish an NIR fluorescence image belonging to
a VIS reflection light image. In the present invention, a new
method according to color contrast is used to easily distin-
guish the NIR fluorescence image.

[0100] In the color contrast, characteristics of a biological
tissue having a yellow-red color tone in white reflection light
are used.

[0101] FIG. 6 shows images of a tissue obtained during
observation using the ICG laparoscope. Here, red (R), green
(G) and blue (B) signals of white reflection light are obtained
after a white light image is separated in the channels R, G
and B. In addition, an NIR fluorescence single image
obtained in an NIR channel is shown in FIG. 6.

[0102] That is, FIG. 6 illustrates images with respect to the
same part of the tissue, using the ICG laparoscope. In FIG.
6, the original image [White Reflection (RGB)] is shown in
the RGB image, and the images obtained after the white
reflection light image is separated in the R, G and B channels
are respectively shown as R, B and B.

[0103] An image (NIR Fluorescence) obtained from the
NIR fluorescence is also shown in FIG. 6, and a composite
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image of the VIS reflection light image and fluorescence
image (VIS Reflection image+ICG Fluorescence Image) is
finally shown in FIG. 6.

[0104] When comparing the images of FIG. 6, it can be
seen that the unique shape of the biological tissue is hardly
identified in the channel B. Here, a bright part of the object
to be observed corresponds to a hot spot of intense light.
That is, tissues in an actual human body can be mostly
expressed with colors R and G, and it can be seen that the
color B is not useful to distinguish the tissues.

[0105] Thus, in an embodiment of the present invention,
an image of blue (B) is substituted as the NIR fluorescence
image in the white reflection light, so that it is possible to
implement the NIR fluorescence image together with the
white reflection light.

Embodiment 1

[0106] Inthe configuration of a composite image under the
condition of a mode in which white reflection light and ICG
fluorescence are combined (Reflected White Image+ICG
Fluorescence Image), the NIR image fluorescence image is
selected other than the image of blue (B) image in a
reflection light image background of red (R) and green (G).
[0107] The blue obtained from the white reflection light is
not a characteristic element for the image of a tissue, and
thus the SLN displayed by the NIR fluorescence is easily
distinguished from other tissues. In addition, the SLN is
distinguished from hot spots shown in the white reflection
light. The white reflection light image forming the image
background in the composite image is expressed by only the
channels of red (R) and green (G). Since the hot spot has no
blue, the hot spot is shown as yellow. Meanwhile, the NIR
fluorescence image is shown as blue (B).

[0108] That is, a composite image output using the white
reflection light (RG) and the NIR fluorescence (B) is shown
at the right lower end of FIG. 6. In the composite image, the
tissue is expressed as an image background by the channel
of red (R) and green (G}, and the hot spot is expressed as
yellow (R+G). The NIR fluorescence image is expressed as
blue (blue portions) through the channel of B.

[0109] Accordingly, it is possible to easily observe an SLN
related to the NIR fluorescence together with the exact
structure of a tissue.

[0110] A method for detecting NIR fluorescence at an SLN
according to this embodiment will be described in connec-
tion with the device shown in FIG. 2. First, if a color image
(white reflection light) and a monochrome image (fluores-
cence) are collected through a device such as a laparoscope,
the color and monochrome images are transmitted to the
multispectral image processing system through the optical
coupler, etc. Information on the transmitted color and mono-
chrome images is divided into VIS and NIR regions through
the beam splitter, and then converted into electrical signals
through the two image sensors.

[0111] Each of the signals respectively converted through
the image sensors passes through the gain amplifier and the
A/D converter. Then, the signals are respectively processed
as a VIS reflection light image signal and an NIR fluores-
cence image signal in the digital image processor. In this
embodiment, the white reflection light and the NIR fluores-
cence are respectively formed with an image of RG and an
image of B through the digital image processor. In this case,
the synchronization is performed by the timing generator 61
in the process of forming the images, and thus the fluores-
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cence image signal is simultaneously obtained together with
a background caused by white light so that it is possible to
obtain VIS reflection light and NIR fluorescence image
signals for implementing a composite image.

[0112] The obtained are transmitted to the computer
through the transmitter/receiver, and the computer combines
the transmitted VIS reflection light and NIR fluorescence
image signals, thereby implementing a composite image
through the display unit.

[0113] In relation to this, FIG. 7 is a block diagram
sequentially illustrating a process of forming a composite
image in which an NIR fluorescence image is overlapped
with a white reflection light image background by using an
NIR fluorescence signal other than blue (B) in white reflec-
tion light.

[0114] As shown in FIG. 7, the color image (white reflec-
tion light) and the monochrome image (fluorescence) are
collected, and the collected white light image is split on the
RGB channels, thereby obtaining signals of R (White
Reflection Imageli, jIR), G (White reflection imagel[i, j]G)
and B (White reflection imagel[i, j]B) with respect to white
light.

[0115] Next, the signal of the fluorescence image is gen-
erated as a signal of B (Fluorescence Imageli, j|B), and a
composite image is generated using the signal of B together
with signals of R and G, thereby outputting the composite
image.

[0116] That is, in this embodiment, when the composite
image is generated, the blue (B) of the NIR fluorescence is
displayed in the pixel where the NIR fluorescence is
detected, and the red (R) and green (G) of the white
reflection light are displayed in the pixel where the NIR
fluorescence is not detected.

[0117] Meanwhile, unlike Embodiment 1, in another pre-
ferred embodiment, the amplitudes of the blue (B) of the
white reflection light and the NIR fluorescence are relatively
compared. Thus, one of both, of which intensity is relatively
strong, is selected for each pixel, thereby implementing a
composite image.

[0118] Basically, since the intensity of the blue (B) of the
white reflection light is different from that of the NIR
fluorescence, the comparison between the absolute ampli-
tudes of the blue (B) of the white reflection light and the NIR
fluorescence is not appropriate in detecting the position of an
SLN. Therefore, the method of relatively comparing the
amplitudes of the blue (B) of the white reflection light and
the NIR fluorescence may be used in the preferred embodi-
ment of the present invention.

[0119] For example, since the intensity of the NIR fluo-
rescence signal is much smaller than that of the white
reflection light, the NIR fluorescence signal may be ampli-
fied by multiplying the NIR fluorescence signal by a pre-
determined gain, and the amplitude of the amplified NIR
fluorescence signal may be then relatively compared with
that of the white reflection light.

Embodiment 2

[0120] In this embodiment, the intensities of the blue (B)
of the white reflection light and the NIR fluorescence are
relatively compared for each pixel, so that one of both the
blue (B) of the white reflection light and the NIR fluores-
cence, of which intensity is strong, is selected and output as
the blue (B).
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[0121] Thus, when the intensity of the blue (B) of the
white reflection light is stronger than that of the NIR
fluorescence, the blue (B) of the white reflection light is
selected. thereby implementing RGB colors of the white
reflection light together with the red (R) and the green (G).
When the intensity of the NIR fluorescence is stronger than
that of the blue (B) of the white reflection light, the NIR
fluorescence is selected as the blue (B). Hence, the NIR
fluorescence is output as a composite image together with
the red (R) and the green (G) of the white reflection light.
[0122] FIG. 81is a block diagram illustrating an example in
which the blue (B) is selectively output by comparing the
intensity of the blue (B) of the white reflection light and the
intensity of the NIR fluorescence.

[0123] As shown in FIG. 8, when the signal intensity of
the NIR is stronger than that of the VIS in an image pixel
expressing a color, the pixel emitting the blue of the white
reflection light is replaced with the pixel emitting the NIR
fluorescence, and thus only the NIR fluorescence image
signal is displayed as the blue (B). On the contrary, the blue
(B) image signal of the white reflection light is displayed,
together with the red (R) and green (G) signals of the white
reflection light, as a composite color in a corresponding
pixel. Thus, the corresponding pixel is displayed as the blue
B).

[0124] The composite image obtained according to this
embodiment is shown in FIG. 9. That is, in FIG. 9, each
pixel corresponding to the condition when the intensity of an
NIR signal exceeds that of a blue light signal displays a
signal obtained in the channel of the NIR fluorescence image
other than the channel of blue (B) in the white reflection
light image. Thus, it can be seen that the signal obtained in
the channel of the NIR fluorescence image is displayed as
blue (blue portions) at the left and right sides of FIG. 9.
[0125] In this case, the hot spot shown in the white
reflection light is shown as white as the original color at the
early stage, and the color tone of the tissue is not changed
at a part where the intensity of the NIR signal is weaker than
that of the blue signal in the white reflection light.

[0126] Meanwhile, in the device and the method accord-
ing to the present invention, the SLN is more exactly
identified through an additional process of analyzing a
composite image provided to the display unit.

[0127] Particularly, in the present invention, a standard
sample may be used to more exactly identify the SLN.
[0128] Specifically, in the present invention, the ICG is
basically used as a contrast medium to distinguish the SLN
from non-SLNs, and the SLN is distinguished from the
non-SLNs through a difference in intensity between fluo-
rescence signals generated from the ICG when laser exci-
tation light is irradiated. The intensity of the fluorescence
signal depends on several elements. That is, the intensity of
the fluorescence signal depends on the intensity of light
irradiated onto the object to be observed, the sensitivities of
VIS and NIR detection sensors, parameters (gain and shut-
ter) of the video processing and control unit, the measure-
ment distance between the device and the object to be
observed, and the like. Among these elements, it is difficult
to control the measurement distance. This is because the
measurement distance is frequently changed due to histo-
logical characteristics of the object to be observed, close
observation of a required part to be observed, or the like.
[0129] Therefore, a fluorescence standard sample having a
fluorescence intensity similar to that of the SLN is required
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to exactly identify the SIN. The fluorescence standard
sample may be prepared by basically using an ICG solution
in which serum of blood or albumin is added. The ICG
solution is generally used as a fluorescence activator for
increasing fluorescence intensity. As the activator, other
materials other than an organic material which can increase
fluorescent intensity and more stably maintain fluorescence
may be used. When a beauty shampoo is used as a candidate
of the activator in an experiment performed by this research,
it can be seen that the fluorescence intensity of the ICG
solution in a sealed plastic container is maintained without
any change for at least one month. When the ICG solution
with a predetermined concentration is used, the fluorescence
intensity of the standard sample may be controlled similarly
to that of the SLN.

[0130] The method of identifying the SLN may be divided
into two different methods depending on whether the stan-
dard sample is disposed at a side of the object to be observed
or not.

[0131] First, when considering that the standard sample is
disposed at a side of the object to be observed, the standard
sample may be disposed at a side of an SLN to be observed
in order to compare the fluorescence intensity of the stan-
dard sample with that of a part to be operated. The example
in which the standard sample is disposed at a side of the SLN
that is an object to be observed is shown in FIG. 10.
[0132] In this case, the comparison between the intensity
of a fluorescence signal of the object to be observed (Ilymph
node) and the intensity of a fluorescence signal of the
standard sample may be performed with the naked eyes
through a monitor or by quantitative estimation. If the
fluorescence intensity of the lymph node (FI Lymph Node)
is greater than that of the standard sample (FI Standard
Sample), the lymph node that is the object to be observed is
an SLN. If the fluorescence intensity of the lymph node (FI
Lymph Node) is smaller than that of the standard sample (FI
Standard Sample), the lymph node is a non-SLN. Here, the
fluorescence intensity of the lymph node means a fluores-
cence signal of the object to be observed.

[0133] In relation to this, FIG. 11 is a block diagram
illustrating a method of detecting an SLN when the standard
sample is positioned near the object to be observed.
[0134] That is, referring to the block diagram of FIG. 11,
the laparoscope is approached to the object to be observed,
and the standard sample is then positioned near the object to
be observed. Subsequently, the intensity of the fluorescence
signal of the lymph node that is the object to be observed is
compared with that of the fluorescence signal of the standard
sample, and it is Determined whether the lymph node is an
SLN, based on the compared result.

[0135] Meanwhile, it is considered when the standard
sample is not disposed at a side of the object to be observed.
[0136] The comparison between the intensity of the fluo-
rescence signal of the lymph node and the intensity of the
fluorescence signal of the standard sample is a direct
method. However, when the standard sample is not used, a
change in measurement distance from the object to be
observed may be automatically calculated using a white
reflection light signal.

[0137] FIG. 12 is a graph illustrating changes in fluores-
cence and reflection light signals according to a change in
measurement distance from the object to be observed. Refer-
ring to FIG. 12, it can be seen that the intensities of the
reflection excitation light and the fluorescence are decreased
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at the almost same rate according to the measurement
distance of the object to be observed.

[0138] Therefore, if the parameters (gain and shutter) are
automatically controlled so that reference light is always
constant, using the reflection excitation light or white reflec-
tion light as the reference light, it is possible to obtain the
same intensity of the fluorescence, regardless of the dis-
tance.

[0139] That is, when considering the device of F1G. 2, the
parameters in the first and second gain amplifiers are auto-
matically controlled so that the reference light signal is
constant in the digital image processor, so that it is possible
to continuously obtain a fluorescence signal with the same
intensity, regardless of the distance.

[0140] Inrelation to this, in this embodiment, white reflec-
tion light is used rather than reflection excitation light so as
to correct the measurement distance. In this case, a signal
generated from light of red (R), green (G) or blue (B) may
be used as the reference light. Preferably, an optical signal
generated from the channel R that receives less influence
from structural characteristics of the tissue to be observed
may be used as the reference light.

[0141] When the standard sample is not disposed at the
side of the object to be observed, a process of identifying an
SLN is shown in FIG. 13.

[0142] First, a standard sample is disposed, and a correct-
ing operation of the system is performed based on measure-
ment values of VIS and NIR signals with respect to the
standard sample. The proportional expression according to
the distance between white and NIR standard samples is
performed by measuring a light intensity of each standard
sample, and a diffused reflection value is measured.

[0143] After the laparoscope is inserted into a human
body, the parameters (gain and shutter) are changed suitable
for the intensity of white light, and accordingly, the signal of
the white light channel (VIS light channel) is automatically
amplified and controlled. In this case, the parameters are
equally changed in not only the white light channel but also
an NIR channel, thereby removing an error of the measure-
ment distance.

[0144] If an increase in fluorescence at a lymph node is
observed, the fluorescence intensity of the lymph node is
measured.

[0145] If the fluorescence intensity of the lymph node to
be observed is higher than that of the standard sample, it is
determined that the lymph node is an SLN. If the fluores-
cence intensity of the lymph node to be observed is lower
than that of the standard sample, it is determined that the
lymph node is a non-SLN.

[0146] Meanwhile, the detection of the fluorescence signal
at the SLN may be considered through a temporal modula-
tion method together with the color contrast method.
[0147] FIG. 14 illustrates a continuous white reflection
light signal, a frame rate of a light detection sensor and a
periodical pulse signal of asynchronous NIR fluorescence
excitation light.

[0148] Referring to FIG. 14, in the temporal modulation
method, the light irradiation of the white light source is
continuously performed, and thus the white reflection light
is continuously output. Meanwhile, the NIR fluorescence is
configured to be changed into a pulse mode having a
frequency much smaller than the frame rate of the TV
system. Thus, the NIR excitation light has a discontinuous
light irradiation output. In this case, it is unnecessary to
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allow the modulation rate of laser irradiation to be synchro-
nized with the frame rate of the TV system.

[0149] Thus, the NIR fluorescence image is periodically
glittered in the VIS background image caused by the con-
tinuously output white reflection light, so that it is possible
to easily identify the NIR fluorescence image.

[0150] The temporal modulation method may be indepen-
dently used. Preferably, the temporal modulation method is
used together with the color contrast method of Embodiment
1 or 2, so that it is possible to easily detect a fluorescence
signal from the SLN.

Embodiment 3

[0151] Through the temporal modulation method, the out-
put mode of continuous laser is changed into a pulse mode
having a repetition rate of 1 to 2 Hz that is much smaller than
15 Hz that is the frame rate of the light detection sensor of
the TV system used in the endoscope.

[0152] Thus, the NIR image in the continuous VIS image
background is periodically glittered due to the pulse mode.

[0153] In this embodiment, the temporal modulation
method is performed separately from the color contrast
method, and thus the VIS image maintains perfect colors
(RGB). On the other hand, when the temporal modulation
method is used together with the color contrast method of
Embodiments 1 and 2, the blue (B) can be replaced in the
NIR fluorescence image. and thus the VIS image may be
formed with the red (R), the green (G), and the NIR
fluorescence image. Alternatively, when the intensity of a
blue (B) light signal is greater than that of the NIR fluores-
cence image, the VIS image may be perfectly formed with
the red (R), the green (G) and the blue (B).

[0154] FIGS. 15Ato 15C are images obtained by imaging
a biological tissue (a tissue inside a human body) using an
apparatus for detecting near-infrared fluorescence according
to an embodiment of the present invention, FIGS. 16A to
16C are images obtained by imaging the biological tissue (a
tissue inside the human body) and a sentinel lymph node in
the tissue using the apparatus for detecting near-infrared
fluorescence according to an embodiment of the present
invention.

[0155] More specifically, FIG. 15A shows an image
obtained by performing image processing in the multispec-
tral image processor 50 so that the white reflection light
(Visible) obtained from a living tissue is expressed by only
red color (R) and green color (G), FIG. 15Bb shows an
image obtained by performing image processing in the
multispectral image processor 50 so that the white reflection
light (Visible) obtained from a living tissue is expressed by
only green color (G) and blue color (B), FIG. 15C shows an
image obtained by performing image processing in the
multispectral image processor 50 so that the white reflection
light (Visible) obtained from a living tissue is expressed by
only red color (R) and blue color (B).

[0156] Also, FIG. 16A shows an image obtained by per-
forming image processing so that a sentinel lymph node of
the living tissue shown in FIG. 15A is seen by blue color (B),
using near-infrared fluorescence, FIG. 16B shows an image
obtained by performing image processing so that a sentinel
lymph node of the living tissue shown in FIG. 15B is seen
by blue color (B), using near-infrared fluorescence, FIG.
16C shows an image obtained by performing image pro-
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cessing so that a sentinel lymph node of the living tissue
shown in FIG. 15C is seen by blue color (B), using near-
infrared fluorescence.

[0157] Referring to FIG. 15A to 15C, in the case of
expressing the living body tissue by combining just only two
colors among red color (R), blue color (B) and green color
(G), it is seen as a distorted color not an inherent color
thereof. In this case, even though the living body tissue is
shown by a distorted combination of red color (R) and green
color (G) or blue color (B) and green color (G) to blue color
(B), if the sentinel lymph node is shown by blue color (B)
using near-infrared fluorescence, this expression method is
suitable because the living body tissue and the sentinel
lymph node can be easily distinguished from each other as
shown in FIG. 16A and FIG. 16.

[0158] However, referring to FIG. 16C, if the living body
tissue is shown by a distorted combination of red color (R)
and blue color (B) and the sentinel lymph node is shown by
blue color (B) using near-infrared fluorescence, the living
body tissue and the sentinel lymph node cannot be easily
distinguished from each other. In such a case, a position of
the sentinel lymph node cannot be accurately grasped so that
it may be difficult to confirm a cancer metastasis using the
sentinel lymph node.

[0159] As shown in FIG. 16C, it is difficult to distinct the
living body tissue and the sentinel lymph node according to
an expressed color of the living body tissue when the
sentinel lymph node is expressed by only blue color (B)
using near-infrared fluorescence, as well as expressing by
only red color (R) or only green color (G).

[0160] In order to solve the above problems, an apparatus
for detecting the infrared fluorescence according to another
embodiment of the present invention implements images by
performing image processing a biological tissue or a sentinel
lymph node in the tissue in the same manner as in the
following FIG. 17 and FIG. 18A to FIG. 18C.

[0161] FIG. 17 is an image obtained by imaging a bio-
logical tissue (a tissue inside a human body) using an
apparatus for detecting near-infrared fluorescence according
to an another embodiment of the present invention, FIG.
18A to 18C are images obtained by imaging the biological
tissue (a tissue inside the human body) and a sentinel lymph
node in the tissue using the apparatus for detecting near-
infrared fluorescence according to an another embodiment
of the present invention.

[0162] More specifically, FIG. 17 shows an image
obtained by performing image processing in the multispec-
tral image processor 50 so that the white reflection light
(Visible) obtained from the living tissue is expressed by a
combination of red color (R), green color (G) and blue color
(B). Also, FIG. 18A shows an image obtained by performing
image processing so that a sentinel lymph node of the living
tissue shown in FIG. 17 is seen by blue color (B), using
near-infrared fluorescence. FIG. 18B shows an image
obtained by performing image processing so that a sentinel
lymph node of the living tissue shown in FIG. 17 is seen by
green color (G), using near-infrared fluorescence. FIG. 18C
shows an image obtained by performing image processing
so that a sentinel lymph node of the living tissue shown in
FIG. 17 is seen by red color (R), using near-infrared fluo-
rescence.

[0163] As shown in FIG. 17, if the living tissue is
expressed by a first color using all of red color (R), blue
color (B) and green color (G), the living tissue can be



US 2018/0000401 A1

expressed by the inherent color without distorting color
thereof. In such a case, the sentinel lymph node may be
expressed by a second color which is different from the first
color, using near-infrared fluorescence. The second color
may be mainly expressed by one of red color, blue color and
green color. Thus, FIG. 18A to FIG. 18C show that the living
tissue and the sentinel lymph node can be clearly distin-
guished from each other. In an embodiment of the present
invention, the second color is expressed by one of red color,
blue color and green color, but it is not limited thereto and
any color which can be distinguished from the first color is
available.

[0164] FIG. 19 is a schematic diagram of a multispectral
image processor for implementing colors of a white reflec-
tion light image and a near-infrared fluorescence image
according to an embodiment of the present invention.
[0165] Referring to FIG. 19, a multispectral image pro-
cessor 50 may comprise image sensors 54, 55, a digital
image processor 66, an image extracting unit 210, a color
extracting unit 230, a color processor 250.

[0166] The image sensors 54, 55 may perform image
processing for images of a visible light region and a near-
infrared region. The image extracting unit 210 may extract
an image of the visible light region of images of the visible
light region and the near-infrared region processed by the
image sensors 54, 55 as a main image. In this case, the main
image may be expressed by the first color.

[0167] The color extracting unit 230 may extract a color
histogram by analyzing data of the first color for the main
image extracted by the image extracting unit 210. At this
time, the color extracting unit 230 may analyze a frequency
distribution of data of the first color which is constituting the
main image and may generate the color histogram that
sequentially displays data of the first color having a high
frequency according to the frequency distribution.

[0168] The color processing unit 250 may set a color
having a little or no frequency in the color histogram
extracted by the color extracting unit 230 and set the color
to the second color which is different from the first color.
[0169] The digital image processor 66 may process the
image of the visible light region to be implemented in the
first color and the image of the near-infrared region to be
implemented in the second color set by the color processing
unit 250.

[0170] The digital image processor 66 may select the
second color as the representative color and perform image
processing for the image of the visible light region according
to a state of an executed application. For example, the image
extracting unit 210 may extract an image of the near-infrared
region of images of the visible light region and the near-
infrared region processed by the image sensors 54, 55 as a
main image.

[0171] In this case, the main image, namely, the image of
the near-infrared region may be expressed by the first color.
The color extracting unit 230 may extract a color histogram
by analyzing data of the first color for the image of the
near-infrared region extracted by the image extracting unit
210.

[0172] The color processing unit 250 may set a color
having a little or no frequency in the color histogram
extracted by the color extracting unit 230 and set the color
to the second color which is different from the first color.
[0173] The digital image processor 66 may process the
image of the near-infrared region to be implemented in the
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first color and the image of the visible light region to be
implemented in the second color set by the color processing
unit 250.

[0174] FIG. 20 is a block diagram sequentially illustrating
a process of forming a composite image by superimposing
a white reflection light image and a near-infrared fluores-
cence image according to an embodiment of the present
invention.

[0175] As shown in FIG. 20, first, a white reflection light
image and a near-infrared fluorescence image are collected.
(Step 10) Then, a color which is composed of a combination
of red (R), green (G) and blue (B) is set to the first color for
the collected white reflection light image. (Step 20) Then, a
color distribution is analyzed through a color histogram for
the first color. (Step 30) A color which is not expressed in the
white reflection light image is set to the second color for the
near-infrared fluorescence image, based on the analysis of
the color distribution after analyzing the color distribution of
the first color (Step 40). After that, the white reflection light
image set to the first color and the near-infrared fluorescence
image set to the second color are superimposed onto each
other and generated as a single composite image, the single
composite image is displayed. (Step 50)

[0176] That is, on generating the composite image, an
image processing is performed so that the white reflection
light image signal is implemented with a color composed of
red (R), green (G), and blue (B) in a pixel in which a
near-infrared fluorescence image signal is not detected, and
is performed so that the near-infrared fluorescence image
signal is implemented with a color which is not expressed in
the white reflection light image in a pixel in which the
near-infrared fluorescence image signal is detected.

[0177] Meanwhile, if a color of the living tissue includes
all colors, a color of the sentinel lymph node to be imple-
mented is at least same to the color of any part of the living
tissue. In this case, it is substantially difficult to distinguish
the living tissue and the sentinel lymph node as described
with reference to FIG. 3.

[0178] In this regard, it is possible to distinguish the living
tissue from the sentinel lymph node by the following method
in another embodiment of the present invention.

[0179] FIG. 21 is a schematic diagram of a multispectral
image processor for implementing colors of a white reflec-
tion light image and a near-infrared fluorescence image
according to an another embodiment of the present inven-
tion.

[0180] As shown in FIG. 21, a multispectral image pro-
cessor 50 to calibrate a color may comprise image sensors
54, 55, a digital image processor 66, an image extracting umt
310, a color extracting unit 330 and a color processor 350.

[0181] The image sensors 54, 55 may perform image
processing for images of a visible light region and a near-
infrared region. The image extracting unit 310 may extract
an image of the visible light region of images of the visible
light region and the near-infrared region processed by the
image sensors 54, 55 as a main image. In this case, the main
image may be expressed by the first color.

[0182] The color extracting unit 330 may extract a color
histogram by analyzing data of the first color for the main
image extracted by the image extracting unit 310. At this
time, the color extracting unit 330 may analyze a frequency
distribution of data of the first color which is constituting the
main image and may generate the color histogram that
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sequentially displays data of the first color having a high
frequency according to the frequency distribution.

[0183] The color processing unit 350 may set a color
having a little or no frequency in the color histogram
extracted by the color extracting unit 330 and set the color
to the second color which is different from the first color.
[0184] At this time, if there is a frequency of all the colors
in the color histogram extracted by the color extracting unit
330, the color processing unit 350 may set an arbitrary color
to the second color because it cannot set the second color
which is different from the first color.

[0185] The arbitrary color may be any one of red color
(R), green color (G), and blue color (B), but may be a color
that can be more easily distinguished from the first color.
That is, it is preferable to select a color having a small
frequency in the color histogram.

[0186] The digital image processor 66 may include a color
adjustment unit 370. Also the digital image processor 66
may process the image of the visible light region to be
implemented in the first color and the image of the near-
infrared region to be implemented in the second color set by
the color processing unit 350.

[0187] The color adjusting unit 370 compares the first
color, which is the image of the visible light region, with the
second color, which is the image of the near-infrared region,
and if the first color and the second color are the same, the
color adjusting unit 30 may adjust at least one of a grayscale
of the first color and a grayscale of the second color.
[0188] At this time, after setting a difference between the
grayscale of the first color and the grayscale of the second
color to be equal to or greater than a specific threshold value,
the grayscale of the first color and the grayscale of the
second color may be relatively adjusted so that the first color
and the second color can be visually distinguished.

[0189] For example, as a first method, a grayscale value of
the first color is fixed, a grayscale value of the second color
may be adjusted so that the difference between the grayscale
value of the first color and the grayscale value of the second
color is above the threshold value. As a second method, a
grayscale value of the second color is fixed, the grayscale
value of the first color may be adjusted so that the difference
between the grayscale value of the first color and the
grayscale value of the second color is above the threshold
value. As a third method, both of the grayscale value of the
first color and the grayscale value of the second value may
be adjusted so that the difference between the grayscale
value of the first color and the grayscale value of the second
color is equal to or greater than the threshold value.
[0190] The digital image processor 66 may select the
second color as the representative color and perform image
processing for the image of the visible light region according
to a state of an executed application. For example, the image
extracting unit 310 may extract an image of the near-infrared
region of images of the visible light region and the near-
infrared region processed by the image sensors 54, 55 as a
main image.

[0191] In this case, the main image, namely, the image of
the near-infrared region may be expressed by the first color.
The color extracting unit 330 may extract a color histogram
by analyzing data of the first color for the image of the
near-infrared region extracted by the image extracting unit
310.

[0192] The color processing unit 350 may set a color
having a little or no frequency in the color histogram
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extracted by the color extracting unit 330 and set the color
to the second color which is different from the first color.
[0193] At this time, if there is a frequency of all the colors
in the color histogram extracted by the color extracting umt
330, the color processing unit 350 may set an arbitrary color
to the second color because it cannot set the second color
which is different from the first color.

[0194] The arbitrary color may be any one of red color
(R), green color (G), and blue color (B), but may be a color
that can be more easily distinguished from the first color.
That is, it is preferable to select a color having a small
frequency in the color histogram.

[0195] The digital image processor 66 may include a color
adjustment unit 370. Also the digital image processor 66
may process the image of the visible light region to be
implemented in the first color and the image of the near-
infrared region to be implemented in the second color set by
the color processing unit 350

[0196] If the first color, which is the image of the visible
light region is same with the second color, which is the
image of the near-infrared region, the color adjustment unit
370 may adjust in a same way as described above. A
description thereof will be omitted because it has already
been explained.

[0197] FIG. 22 is a block diagram sequentially illustrating
a process of forming a composite image by superimposing
a white reflection light image and a near-infrared fluores-
cence image according to an another embodiment of the
present invention.

[0198] As shown in FIG. 22, first, a white reflection light
image and a near-infrared fluorescence image are collected.
(Step 100) Then, a color which is composed of a combina-
tion of red (R), green (G) and blue (B) is set to the first color
for the collected white reflection light image and a color,
which is at least one of red (R), green (G) and blue (B) is to
the second color for the collected near-infrared fluorescence
image. (Step 200) Then, a color distribution is analyzed and
compared for the first color and the second color. (Step 300)
[0199] Then, it is determined whether the first color and
the second color are the same based on a comparative
analysis of the color distribution. (Step 400) If the first color
and the second color are not same with each other, a white
light image set to the first color and a near-infrared fluores-
cent image set to the second color are generated as a single
composite image and then the composite image is displayed.
(Step 500) If the first color and the second color are the
same, at least one of the first color and the second color is
adjusted. (Step 600) At this time, a grayscale of the two
colors is relatively adjusted so that the first color and the
second color can be distinguished from each other. There-
after, the white light image of the first color and the
near-infrared fluorescence image of the second color, which
are grayscale-adjusted, are generated as single composite
image and the composite image is displayed. (Step 700)
[0200] That is, on generating the composite image, an
image processing is performed so that the white reflection
light image signal is implemented with a color composed of
red (R), green (G), and blue (B) in a pixel in which a
near-infrared fluorescence image signal is not detected, and
is performed so that the near-infrared fluorescence image
signal is implemented with at least one of red (R), green (G),
and blue (B) in a pixel in which the near-infrared fluores-
cence image signal is detected. At this time, if the color of
the white reflection light image and the color of the near-
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infrared fluorescence image are the same, the image pro-
cessing is performed so that at least one of the grayscales of
the two colors is adjusted.
[0201] FIG. 23 is a schematic diagram of a multispectral
image processing unit for implementing colors of a white
reflection light image and a near-infrared fluorescence image
according to a further another embodiment of the present
invention.
[0202] Referring to FIG. 23, A multispectral image pro-
cessing unit 50 to calibrate a color may comprise image
sensors 54, 55, a digital image processor 66, an image
extracting unit 410, a color extracting unit 430, a color
processor 450 and a timing generator 61.
[0203] The function of each component included in the
multispectral image processing unit 50 is the same as that of
components shown in FIG. 19, and a description thereof will
be omitted.
[0204] If the first color, which is the image of the visible
light region, and the second color, which is the image of the
near infrared region, are same with each other, the timing
generator 61 controls the timing pulse of the near-infrared
fluorescence image signal so that the implemented second
color is discontinuously expressed.
[0205] For example, the timing pulse of the near-infrared
fluorescence image signal for displaying the near-infrared
fluorescence is adjusted periodically or non-periodically
with a time interval. Accordingly, the first color representing
the living tissue is continuously displayed and the second
color representing the sentinel lymph node in the living node
1s displayed by blinking in an image displayed on the display
unit 80.
[0206] The multispectral image processing unit 50 accord-
ing to an embodiment of the present invention may adjust
the grayscale of the first color and the grayscale of the
second color in a first manner or adjust the timing pulse of
the near-infrared fluorescence image signal so that the
second color is discontinuously implemented in a second
manner if the first color is same with the second color. That
is, the multispectral image processing unit 50 may individu-
ally perform image processing in the first manner and the
second manner or perform image processing by combining
the first manner and the second manner.
[0207] The invention has been described in detail with
reference to exemplary embodiments thereof. However, it
will be appreciated by those skilled in the art that changes
may be made in these embodiments without departing from
the principles and spirit of the invention, the scope of which
is defined in the appended claims and their equivalents.
What is claimed is:
1. A device for detecting near-infrared (NIR) fluorescence
at a sentinel lymph node (SLN), the device comprising:
a white light source for emitting white light onto an
object;
a near-infrared (NIR) excitation light source for emitting
near-infrared (NIR) excitation light onto the object;
an optical analyzing assembly for transmitting white
reflection light reflected off the object when the white
light is incident on the object and near-infrared (NIR)
fluorescence reflected off the object when the near-
infrared (NIR) excitation light is incident on the object;
a multispectral image processing unit for detecting the
white reflection light and the near-infrared (NIR) fluo-
rescence, transmitted from the optical analyzing assem-
bly, and process the white reflection light and the
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near-infrared (NIR) fluorescence as a visible (VIS)
reflection light image signal and a near-infrared (NIR)
fluorescence image signal, respectively; and

a display unit for outputting a composite image obtained

by combining the visible (VIS) reflection light image
signal and the near-infrared (NIR) fluorescence image
signal, processed by the multispectral image processing
unit,

wherein the multispectral image processing unit splits the

visible (VIS) reflection light image signal into red (R),
green (G) and blue (B) image signals, and performs
image processing so that the visible (VIS) reflection
light image signal is expressed by a first color com-
posed of red (R), green (G) and blue (B) in a pixel from
which an NIR where the near-infrared (NIR) fluores-
cence image signal is not detected, and the NIR near-
infrared (NIR) fluorescent image signal is expressed by
a second color, which is different from the first color, in
a pixel where the near-infrared (NIR) fluorescent image
signal is detected.

2. The device of claim 1, wherein the multispectral image
processing unit extracts a color histogram for the visible
reflection light image signal and sets a color having a little
or no frequency in the color histogram to the second color.

3. A device for detecting near-infrared (NIR) fluorescence
at a sentinel lymph node (SLN), the device comprising:

a white light source for emitting white light onto an

object;
a near-infrared (NIR) excitation light source for emitting
near-infrared (NIR) excitation light onto the object;
an optical analyzing assembly for transmitting white
reflection light reflected off the object when the white
light is irradiated on the object and near-infrared (NIR)
fluorescence reflected off the object when the near-
infrared (NIR) excitation light is incident on the object;
a multispectral image processing unit for detecting the
white reflection light and the near-infrared (NIR) fluo-
rescence, transmitted from the optical analyzing assem-
bly. and process the white reflection light and the
near-infrared (NIR) fluorescence as a visible (VIS)
reflection light image signal and a near-infrared (NIR)
fluorescence image signal, respectively; and
a display unit for outputting a composite image obtained
by combining the visible (VIS) reflection light image
signal and the near-infrared (NIR) fluorescence image
signal, processed by the multispectral image processing
unit,
wherein the multispectral image processing unit splits the
visible (VIS) reflection light image signal into red (R),
green (G) and blue (B) image signals, and performs
image processing so that the visible (VIS) reflection
light image signal is expressed by a first color com-
posed of red (R), green (G) and blue (B) in a pixel from
which an NIR where the near-infrared (NIR) fluores-
cence image signal is not detected, and the NIR near-
infrared (NIR) fluorescent image signal is expressed by
a second color, which is at least one of red (R), green
(G) and blue (B), in a pixel where the near-infrared
(NIR) fluorescent image signal is detected,

wherein if the second color is same with the first color, the
multispectral image processing unit controls a gray-
scale of at least one of the first color and the second
color to be adjusted or controls a timing pulse of the
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near-infrared (NIR) fluorescent image signal so that the
second color is discontinuously implemented.

4. The device of claim 3, wherein the multispectral image
processing unit extracts a color histogram for the visible
reflection light image signal and sets a color having a little
or no frequency in the color histogram to the second color.

5. The device of claim 3, wherein the grayscale of the first
color and the grayscale of the second color are adjusted so
that a difference between the grayscale of the first color and
the grayscale of the second color is equal to or greater than
a specific threshold value.

6. The device of claim 3, wherein the grayscale of the first
color and the grayscale of the second color is relatively
adjusted.

7. The device of claim 3, wherein the timing pulse of the
near-infrared fluorescence image signal is adjusted periodi-
cally or non-periodically with a time interval.

8. A method for detecting near-infrared (NIR) fluores-
cence at a sentinel lymph node (SLN), the method compris-
ing:

irradiating white light and NIR near-infrared (NIR) exci-

tation light onto an object;

collecting white reflection light reflected off the object

when the white light is incident onto the object and
near-infrared (NIR) fluorescence reflected off the object
when the near-infrared (NIR) excitation light is inci-
dent onto the object;

performing image processing so that the white reflection

light is expressed by a first color which is composed of
red (R), green (G), blue (B) and the near-infrared (NIR)
fluorescence is expressed by a second color which is
different from the first color; and

generating a composite image by combining the white

reflection light having the first color and the near-
infrared (NIR) fluorescence having the second color.
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9. A method for detecting near-infrared (NIR) fluores-
cence at a sentinel lymph node (SLN), the method compris-
ing:

irradiating white light and NIR near-infrared (NIR) exci-

tation light onto an object;

collecting white reflection light reflected off the object
when the white light is incident onto the object and
near-infrared (NIR) fluorescence reflected off the object
when the near-infrared (NIR) excitation light is inci-
dent onto the object;

performing image processing so that the white reflection
light is expressed by a first color which is composed of
red (R), green (G), blue (B) and the near-infrared (NIR)
fluorescence is expressed by a second color; and

generating a composite image by combining the white
reflection light having the first color and the near-
infrared (NIR) fluorescence having the second color,

wherein if the second color is same with the first color, an
image processing is performed so that a grayscale of at
least one of the first color and the second color is
adjusted or a timing pulse of a near-infrared (NIR)
fluorescence image signal is adjusted so that the second
color is discontinuously implemented.

10. The method of claim 9, wherein the grayscale of the
first color and the grayscale of the second color are adjusted
so that a difference between the grayscale of the first color
and the grayscale of the second color is equal to or greater
than a specific threshold value.

11. The method of claim 9, wherein the grayscale of the
first color and the grayscale of the second color is relatively
adjusted.
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