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Description
TECHNICAL FIELD

[0001] The present invention relates to an artery visu-
alization device and an artery imaging device.

BACKGROUND ART

[0002] In examination or treatment using a catheter,
for example, in cardiac catheterization examination, an
artery is punctured, a guide wire is inserted, and the cath-
eter is inserted. The to-be-punctured portion is a radial
artery, a brachial artery, a femoral artery, or the like. With
respect to the radial artery among these arteries, it is
easy to secure rest of hemostasis after examination, and
since actions of a patient do not need to be restrained,
the radial artery is suitable as a to-be-punctured portion.
[0003] On the other hand, a high technique is required
for the puncture of the radial artery. In general, the punc-
ture of the radial artery is performed while estimating run-
ning of the radial artery by palpation. In the case where
the puncture is difficult, the puncture may be sometimes
performed by using ultrasonic diagnostic equipment.
However, manipulation procedures accompanied with
scanning a probe are complicated, and the ultrasonic di-
agnostic equipment is relatively expensive. From such a
clinical background, a technique of visualizing various
arteries with a simple configuration and a relatively low
cost, particularly, a technique of visualizing a radial artery
has been eagerly waited for.

[0004] By the way, it is known that near-infrared light
has a high permeability with respect to a human tissue
such as skin, fat, and muscle. A blood vessel visualization
device utilizing a property in that hemoglobin in blood
absorbs near-infrared light has been proposed (refer to
Patent Literature 1). Patent Literature 1 discloses a tech-
nique of visualizing a blood vessel of a finger for the pur-
pose of performing biometric authentication.

[0005] As commercialized blood vessel visualization
devices using near-infrared light and a near-infrared
camera, ablood vessel visualization device "VeinViewer"
(registered trademark) produced by Christie Medical
Holdings Inc., a non-contact vein visualization device
"StatVein" (registered trademark) produced by Techno
Medica Co., Ltd., and the like are known.

Citation List
Patent Literatures

[0006] Patent Literature 1: JP-2005-191748 A

[0007] US2010177182 discloses an imaging device
designed with the intent of visualizing subcutaneous
structures within an organism. Fluid insertions into or ex-
tractions from an organism will be facilitated as the device
is adapted to be placed upon the organism in a manner
giving continued full mobility for the recipient and oper-
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ator of the device.

[0008] US2011/009751 discloses a subcutaneous ac-
cess device comprising a multi-layered structure capable
of use in a medical imaging procedure; a light source for
transillumination of abody portion of interest of a patient’s
body; and an attachment portion for attaching the device
to the patient’s body in a manner such that the body por-
tion of interest is outwardly exposed on a side of the pa-
tient’s body opposite the light source.

[0009] JP 2004 237051 discloses a blood vessel vis-
ualizing method andapparatus. A light containing wave-
length components of at least 600-1, 200 nm is applied
on the skin surface for obtaining am image of the blood
vessel right under the skin of the person and confirming
the puncture position of a blood collecting needle
[0010] US 2009/009595 discloses a scattering medi-
um internal observation apparatus including: a light
source; an illuminating apparatus that guides light from
the light source to an observation object that is a scat-
tering body; and an observation optical system for ob-
serving the observation object illuminated by the illumi-
nating apparatus, wherein the illuminating apparatus has
a light-guiding member that guides light from the light
source to a surface of the observation object, and a light-
shielding member that covers the surface of the obser-
vation object and which shields light reflected or scat-
tered in the vicinity of the light-guiding member of the
observation object is disposed in the vicinity of an end
portion of the light-guiding member on an observation
object-side.

SUMMARY OF INVENTION
Technical Problem

[0011] However, the blood vessel visualization device
disclosed in Patent Literature 1 is considered to have the
main object of biometric authentication, and thus, the de-
vice is not contrived for the purpose of arterial puncture.
There is no description of anatomical characteristics of
to-be-punctured blood vessels, and finger is mentioned
only as an objective living body (refer to Figs. 2 and 11
of Patent Literature 1). However, the artery of the finger
is thin, and the puncture for an examination and a treat-
ment using catheter is not performed. In addition, in com-
parison with a radial artery or a brachial artery, the artery
of the finger is running at the shallow sites beneath the
skin (at the sites in the depth of 2 to 3 mm beneath the
skin) . Since the artery of the finger is not surrounded by
bones, itis easy toirradiate transmission light. In addition,
although the near-infrared light emitted from a light
source propagates air to be irradiated on the living body,
light reflected on the surface of the skin is not considered.
[0012] The above-described commercialized blood
vessel visualization device ("VeinViewer" (registered
trademark), "StatVein" (registered trademark), and the
like) are merely devices capable of visualizing veins lo-
cated within a depth of 2 to 3 mm beneath the skin.
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[0013] Like this, devices for visualizing to-be-punc-
tured arteries located in the depth of 5 to 10 mm beneath
the skin, for example, devices for visualizing radial arter-
ies or the like surrounded by bones have not been pro-
posed.

[0014] Therefore, an object of the present invention is
to provide an artery visualization device capable of very
appropriately visualizing a to-be-punctured artery and an
artery imaging device used for the artery visualization
device.

Means for Solving Problem

[0015] In order to achieve the above object, according
to an aspect of the present invention, there is provided
an artery imaging device including:

an irradiation unit which includes a light source emit-
ting near-infrared light and irradiates the near-infra-
red light emitted from the light source toward a back-
side skin surface at a visualization site where a to-
be-punctured artery is running,

a light guiding part which encapsulates the light
source and is pressed against the back-side skin sur-
face and which is formed with a material of transmit-
ting the near-infrared light emitted from the light
source and suppressing reflection of the near-infra-
red light on a surface of the back-side skin surface,
an optical filter which blocks visible light and trans-
mits the near-infrared light passing through a front-
side skin surface at the visualization site,
animaging unit which receives the near-infrared light
passing through the optical filter to capture an image
of the visualization site, and

a pressure sensor (43) which is arranged to detect
the pressure of pressing the light guiding part (40)
against the opposite skin surface (22), the pressure
sensor (43) being arranged on a back side of the
pressing portion (42); and

a pressure regulating unit (100) which is capable of
regulating a pressure of pressing the light guiding-
part (40) against the opposite skin surface (22) in a
range of 20 to 40 mmHg.

[0016] In addition, in order to achieve the above object,
according to another aspect of the present invention,
there is provided an artery visualisation method as pro-
vided in claim 9 below.

Advantageous Effect of the Invention

[0017] In the artery imaging device according to the
present invention, the near-infrared light is incident from
the back-side skin surface at the visualization site where
the to-be-punctured artery is running, the absorption im-
age of the near-infrared light absorbed by the artery is
formed in the imaging unit which captures animage from
the side of the back-side skin surface at the visualization
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site. Since the near-infrared light is incident on the back-
side skin surface, the reflection of the near-infrared light
does not occur on the surface of the front-side skin sur-
face. Since the light guiding part which encapsulates the
light source and is pressed against the back-side skin
surface is formed with a material transmitting the near-
infrared light and suppressing the reflection of the near-
infrared light on the surface of the back-side skin surface,
itis possible to allow the near-infrared light to be efficient-
ly incident on the back-side skin surface at the visualiza-
tion site. By pressing the light guiding part against the
back-side skin surface, a capillary network of the skin is
collapsed, so thatthe absorption of the near-infrared light
in the skin portion on which the near-infrared light is in-
cident is suppressed. As a result, it is possible to very
appropriately visualize the to-be-punctured artery.

[0018] According to another aspect of the present in-
vention, there is provided an artery visualization device
capable of very appropriately visualizing the to-be-punc-
tured artery may be configured by connecting the artery
imaging device to an existing display unit, so that the
artery imaging device has advantages in terms of costs.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

Fig. 1 is a cross-sectional diagram illustrating an ar-
tery visualization device according to a first example.
Fig. 2 is a schematic cross-sectional diagram illus-
trating a manner of incidence of near-infrared light
into a living body.

Fig. 3(A) is a front diagram illustrating development
of a light shielding member illustrated in Fig. 1, and
Fig. 3(B) is a cross-sectional diagram taken along
line 3B-3B of Fig. 3(A).

Fig. 4 is a cross-sectional diagram illustrating an ar-
tery visualization device according to an embodi-
ment.

Fig. 5 is a diagram illustrating a transmission image
obtained by an experiment where a radial artery is
visualized by using the artery visualization device
according to the embodiment.

Fig. 6 is a cross-sectional diagram illustrating an ar-
tery visualization device according to Comparative
Example.

Fig. 7 is a diagram illustrating an image obtained by
an experiment where a radial artery is visualized by
using the artery visualization device according to
Comparative Example.

DESCRIPTION OF EMBODIMENTS

[0020] Near-infrared light having a high bio-permeabil-
ity and a wavelength which is absorbed by hemoglobin
is preferably used as irradiation light on a visualization
site where arteries are running. An absorption coefficient
of the oxygenated hemoglobin flowing in the arteries has
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a wavelength dependency. In the near-infrared wave-
length range having a high bio-permeability, the absorp-
tion coefficient has a maximum in a range of 850 nm to
930 nm (refer to http://www.frontech.fujitsu.com/servic-
es/products/palmsecure/ what/interview/).

[0021] Epidermis located in the outermost layer of the
skin reflects visible light and near-infrared light. Even in
the case of the near-infrared light having a high bio-per-
meability, 80% of the irradiation light is reflected by the
epidermis, and thus, about 10% of the light reaches a
site in the depth of 3 mm beneath the skin (refer to Yoshi-
hisa Aizu, "Skin Tissue Multilayer Structure Modeling,
Journal of Japan Society of Mechanical Engineers, 2011.
7, vol. 114, no. 1112, 541 pages).

[0022] In general, puncture which is performed for the
purpose of catheterization examination or invasive arte-
rial pressure measurementis performed on a radial artery
or abrachial artery. Therefore, in the visualization device
for artery puncture, anatomical characteristics of the ap-
plied artery need to be considered.

[0023] The radial artery or the brachial artery is sur-
rounded by bone tissues and is running in the depth of
5to 10 mm beneath the to-be-punctured skin surface. In
order to visualize the artery having such anatomical char-
acteristics, the near-infrared light needs to be efficiently
incident on the site where the artery is running, so that
the near-infrared light needs to be emitted from the to-
be-punctured skin surface.

[0024] In order to depict a near-infrared absorption im-
age of the artery running in the depth of 5 to 10 mm
beneath the skin, the near-infrared light needs not be
irradiated on the surface of the skin of the to-be-punc-
tured portion. This is because the reflected near-infrared
light invalidates the absorption image by the artery.
[0025] The inventors of the present application insen-
sitively studied based on the above-described findings,
and as a result, achieved the technique for visualizing
the radial artery and the brachial artery for the purpose
of the puncture thereof.

[0026] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the attached draw-
ings. In addition, in the description of the drawings, the
same components are denoted by the same reference
numerals, and the redundant description is omitted. Di-
mensional ratios in the drawings are exaggerated for the
convenience of explanation, and thus, the ratios are dif-
ferent from actual ratios.

(First Example)

[0027] Fig. 1 is a cross-sectional diagram illustrating
an artery visualization device 10 according to a first ex-
ample, and Fig. 2 is a schematic cross-sectional diagram
illustrating a manner of incidence of near-infrared light
into a living body. In addition, Fig. 3 (A) is front diagram
illustrating development of a light shielding member 90
illustrated in Fig. 1, and Fig. 3(B) is a cross-sectional
diagram taken along line 3B-3B of Fig. 3 (A) .
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[0028] As described in brief with reference to Fig. 1,
the artery visualization device 10 according to the first
example is configured to include an irradiation unit 30
which includes a light source 32 emitting near-infrared
light and irradiates the near-infrared light emitted from
the light source 32 toward a back-side skin surface 22 at
a visualization site 20 where a to-be-punctured artery 21
is running, a light guiding part 40 which encapsulates the
light source 32 and is pressed against the back-side skin
surface 22 and which is formed with a material of trans-
mitting the near-infrared light emitted from the light
source 32 and suppressing reflection of the near-infrared
light on the surface of the back-side skin surface 22, an
optical filter 50 which blocks visible light and transmits
the near-infrared light passing through a front-side skin
surface 23 at the visualization site 20, a camera 60 (cor-
responding to an imaging unit) which receives the near-
infrared light passing through the optical filter 50 to cap-
ture an image of the visualization site 20, and a monitor
70 (corresponding to a display unit) which displays the
image captured by the camera 60. In the artery visuali-
zation device 10, the front-side skin surface 23 and the
imaging unit 60 are arranged so as to be separated from
each other, and a work space 80 where the puncture is
performed is installed between the front-side skin surface
23 and the imaging unit 60. Hereinafter, the artery visu-
alization device 10 according to the first example will be
described in detail.

[0029] The illustrated visualization site 20 is, for exam-
ple, a wrist portion where a radial artery as the to-be-
punctured artery 21 is running. A hand is stretched to a
side of the body, and the palm is directed upwards. The
radial artery 21 is located in the depth of 5 to 10 mm
beneath the skin and is surrounded by a radius 24, a
carpal tunnel 25, a flexor tendon 26, and the like. In the
figure, reference numeral 27 denotes an ulnar artery, and
reference numeral 28 denotes an ulna.

[0030] The irradiation unit 30 is configured to include
a chassis 31 which is formed in a substantially hollow
box shape and a light source 32 which is arranged inside
the chassis 31 to emit the near-infrared light. The chassis
31 is formed with a metal material such as aluminum
which does not transmit the near-infrared light. The vis-
ualization site 20 is placed from the upper surface side
of the chassis 31. The near-infrared light emitted from
the light source 32 is irradiated toward the back-side skin
surface 22 at the visualization site 20. As the light source
32, for example, an LED or the like emitting the near-
infrared light may be used. The irradiated near-infrared
light is preferably in a wavelength range of 840 to 950
nm. This is because the near-infrared light in the wave-
length range of less than 840 nm is hard to transmit the
visualization site 20 and the near-infrared light having a
long wavelength exceeding the wavelength of 950 nm is
hard to transmit due to absorption by water inside the
living body.

[0031] The irradiated near-infrared light is more pref-
erably in a wavelength range of 850 to 930 nm. Since
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the absorption coefficient of the oxygenated hemoglobin
flowing in the artery has a maximum in the wavelength
range of 850 to 930 nm, transmission light of which signal
intensity is decreased due to the artery 21 may be ob-
tained. As a result, a difference in contrast between the
transmission light passing through the artery 21 and the
transmission light passing through peripheral tissues oc-
curs, and thus, it is easy to visually recognize the artery.
[0032] As illustrated in Fig. 2, as the manner of inci-
dence of the near-infrared light into the living body, a
transmission manner using pseudo-parallel light is pre-
ferred. On an imaging plane, a transmission light image
of the transmission light passing through the living body
and absorption image of the light absorbed by the artery
21 are formed. Therefore, preferably, the transmission
light is incident vertically on the imaging plane.

[0033] Even the near-infrared light having a high bio-
permeability is easily reflected by the epidermis located
in the outermost layer of the skin. In order to capture a
clear image of the visualization site 20 by using the near-
infrared light, it is necessary to suppress the reflection of
the near-infrared light on the surface of the back-side
skin surface 22. Therefore, the light guiding part 40 which
encapsulates the light source 32 and is pressed against
the back-side skin surface 22 is arranged between the
light source 32 and the visualization site 20. The light
guiding part 40 is formed with a material which transmits
the near-infrared light emitted from the light source 32
and suppresses the reflection of the near-infrared light
on the surface of the back-side skin surface 22. By the
light guiding part 40, the near-infrared light is guided from
the light source 32 to the back-side skin surface 22, and
the reflection of the near-infrared light on the surface of
the skin surface 22 is suppressed. As a result, the near-
infrared light may be efficiently incident on the back-side
skin surface 22 at the visualization site 20. In addition,
since the near-infrared light is incident on the back-side
skin surface 22, the reflection of the near-infrared light
does not occur on the surface of the front-side skin sur-
face 23.

[0034] As a material for forming the light guiding part
40, a material having a high transmittance with respect
to the near-infrared light is preferred, which is obvious in
terms of the transmission of the near-infrared light from
the light source 32 to the back-side skin surface 22. In
addition, in terms of the suppression of the reflection of
the near-infrared light on the surface of the skin surface
22, as a material for forming the light guiding part 40, a
material having a refractive index close to the refractive
index of the living body is preferred. Preferably, the re-
fractive index of the light guiding part 40 is in a range of
from the refractive index of water of 1.33, alarge amount
of which is contained in the living body, to the refractive
index of collagen of 1.44, a large amount of which is con-
tained in the living body.

[0035] As an example of the material for forming the
light guiding part 40, a silicon rubber having a high trans-
mittance with respect to the near-infrared light and a re-
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fractive index close to that of the living body may be ex-
emplified, and the refractive index is in a range of 1.33
to 1.44. Due to the light guiding part 40 formed with the
forming material, the near-infrared light may be efficiently
incident on the back-side skin surface 22 at the visuali-
zation site 20.

[0036] Preferably, ointment or cream having a high
transmittance with respect to the near-infrared light is
applied on the surface of the light guiding part 40 which
is pressed against the back-side skin surface 22. This is
because the reflection of the near-infrared light on the
surface of the back-side skin surface 22 may be further
suppressed.

[0037] By pressing the light guiding part 40 against the
back-side skin surface 22, the back-side skin surface 22
is pressed, so that a capillary network of the skin is col-
lapsed. Therefore, the absorption of the near-infrared
light at the skin portion on which the near-infrared light
is incident maybe suppressed. As a result, it is possible
to efficiently irradiate the near-infrared light on the artery
21 located ata position deeper than the capillary network,
so thatitis possible to more clearly visualize the artery 21.
[0038] Preferably, a pressing portion 42 which pro-
trudes toward the back-side skin surface 22 to press the
back-side skin surface 22 is formed in the light guiding
part 40. This is because the capillary network of the skin
is easily collapsed by locally pressing the back-side skin
surface 22 by using the pressing portion 42. Accordingly,
it is possible to further suppress the absorption of the
near-infrared light in the skin portion on which the near-
infrared light is incident, so that it is possible to more
clearly visualize the artery 21. Ifthe shape of the pressing
portion 42 is a shape of capable of easily collapsing the
capillary network of the skin by pressing the back-side
skin surface 22, the shape of the pressing portion 42 is
not particularly limited. As illustrated, for example, a hem-
ispherical shape may be exemplified. Inaddition, besides
a shape having one convex portion, the pressing portion
42 may have a shape having a plurality of convex por-
tions.

[0039] The pressure of pressing the light guiding part
40 against the back-side skin surface 22 is preferably in
arange of 20 to 40 mmHg. This is because, by pressing
the light guiding part 40 in a pressure range of 20 to 40
mmHg, the back-side skin surface 22 is pressed to col-
lapse the capillary network of the skin, so that the ab-
sorption of the near-infrared light in the skin portion on
which the near-infrared light is incident is suppressed.
[0040] A pressure sensor 43 is arranged between the
back surface side of the light source 32 and the chassis
31. A contact pressure of pressing the light guiding part
40 against the back-side skin surface 22 is detected by
the pressure sensor 43. A pressure detection method of
the pressure sensor 43 is not particularly limited. For ex-
ample, a pressure sensor using a method of detecting
the pressure by reading out, as a voltage signal, a change
in electrical resistance caused by deflection of a dia-
phragm due to the external pressure and distortion of a
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piezoresistive element formed on the diaphragm may be
applied. Since the deflection amount of the diaphragm is
directly recognized as a change in electrical resistance
of the piezoresistive element, there are a large number
of the pressure sensors using the method, which have a
simple element structure and are miniaturized. The con-
tact pressure detected by the pressure sensor is dis-
played on the monitor 70 by using numerical values, in-
dicator bars, or the like. By adjusting the force of pressing
the visualization site 20 against the light guiding part 40
while checking the display, it is possible to regulate the
contact pressure between the back-side skin surface 22
and the light guiding part 40 in a range of 20 to 40 mmHg.
[0041] The optical filter 50 may be inserted between
an imaging element and a lens in the camera 60 or ar-
ranged in front of the camera 60. In order to visualize the
artery 21 located at the position in the depth of 5 to 10
mm beneath the skin, it is preferable that components
having a wavelength shorter than 840 nm be blocked.
[0042] As the camera 60, a CCD camera, a CMOS
camera, or the like for the near-infrared light which im-
ages the near-infrared light passing through the visuali-
zation site 20 and the optical filter 50 is applied. The CCD
camera is a camera configured with a charge coupled
device (CCD) element, and the CMOS camera is a cam-
era using a complementary metal oxide semiconductor
(CMOS). Data acquired by the near-infrared light CCD
camera or the like are subject to image processes such
as a noise process, an edge process, and a contrast en-
hancement process and an image analysis to be con-
verted into data for an image which is to be displayed on
the monitor 70.

[0043] If the monitor 70 is able to display the image
captured by the camera 60, the monitor 70 is not partic-
ularly limited. A desk-top display may be used, and a
head-mounted display may also be used. The displayed
image may be any one of monochrome and colorimages.
Medical persons such as operators may accurately rec-
ognize the position and direction of the running artery 21
by viewing the image of the artery 21 displayed on the
monitor 70.

[0044] Since the artery visualization device 10 accord-
ing to the embodiment is contrived for the purpose of
easily performing the puncture of the artery 21, the skin
at the to-be-punctured portion needs to be opened so as
to perform the puncture. Therefore, the front-side skin
surface 23 and the camera 60 are arranged so as to be
separated from each other. As a result, the work space
80 where the puncture is performed is formed between
the front-side skin surface 23 and the camera 60. The
distance between the front-side skin surface 23 and the
camera 60 may be set to be an appropriate distance in
terms of securing the sufficient work space 80. As an
example, the front-side skin surface 23 and the camera
60 are preferably arranged so as to be separated from
each other by 20 centimeters or more.

[0045] The artery visualization device 10 is configured
to further include a light shielding member 90 which cov-
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ers the front-side skin surface 23. As illustrated in Figs.
3(A) and 3(B), a light shielding portion 91 formed with a
material of blocking the near-infrared light and an obser-
vation window 92 opened for imaging the visualization
site 20 are installed in the light shielding member 90. The
light shielding member 90 may be configured to cover
the front-side skin surface 23 in the state that the obser-
vation window 92 is allowed to be located just over the
radial artery 21. By covering with the light shielding mem-
ber 90, the near-infrared light may be transmitted from
only the to-be-punctured portion in the front-side skin sur-
face 23, so that the visualization of the to-be-punctured
artery 21 becomes reliable. As a material of blocking the
near-infrared light, for example, a light-shielding rubber
may be exemplified, but not limited thereto.

[0046] The light shielding member 90 is configured to
include a protruding portion 93 which is arranged around
the observation window 92 and protrudes from the light
shielding portion 91. By allowing the protruding portion
93 to be in contact with the front-side skin surface 23,
the near-infrared light passing through a site excluding
the site which faces the observation window 92 in the
front-side skin surface 23 is blocked from being mixed
into the observation window 92. The near-infrared light
may be transmitted from only the to-be-punctured portion
in the front-side skin surface 23, so that the visualization
of the to-be-punctured artery 21 becomes more reliable.
[0047] As fixtures 94 for fixing the visualization site 20
in the state of being pressed against the light guiding part
40, for example, surface fasteners 95a and 95b which
are generally called Magic Tape (registered trademark)
are installed at both ends of the light shielding member
90. The surface fastener 95a of the light shielding mem-
ber 90 is detachably adhered to the surface fastener 95b
of the chassis 31 side. By fixing the light shielding mem-
ber 90 by using the fixture 94, the visualization site 20 is
fixed in the state of being pressed against the light guiding
part 40, so that it is possible to prevent the position of
the light shielding member 90 from being shifted or de-
viated during the artery visualization. Accordingly, it is
possible to more reliably perform the visualization of the
to-be-punctured artery 21.

[0048] Asdescribed heretofore, the artery visualization
device 10 according to the first example has the following
features.

(1) The light guiding part 40 is formed with a material
which transmits the near-infrared light emitted from
the light source 32 and suppresses the reflection of
the near-infrared light on the surface of the back-side
skin surface 22, the light source 32 is encapsulated
by the light guiding part 40 and the light guiding part
40 is pressed against the back-side skin surface 22,
so that the reflection of the near-infrared light does
notoccuron the surface of the back-side skin surface
22 which is the incidence side of the near-infrared
light.

(2) The near-infrared light is incident on the artery
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running portion from the back-side skin surface 22,
and the absorption image of the near-infrared light
absorbed by the artery 21 is formed in the camera
60 which captures the image from the side of the
front-side skin surface 23. Since the near-infrared
light is incident on the back-side skin surface 22, the
reflection of the near-infrared light does not occur on
the surface of the front-side skin surface 23.

(3) By pressing the back-side skin surface 22 by us-
ing the light guiding part 40, the capillary network of
the skin is collapsed, so that the absorption of the
near-infrared light in the skin portion on which the
near-infrared light is incident is suppressed.

[0049] Due to the above features, itis possible to very
appropriately visualize the to-be-punctured artery 21.
[0050] Since the front-side skin surface 23 and the im-
aging unit 60 are arranged so as to be separated from
each other and the work space 80 where the puncture is
performed is installed between the front-side skin surface
23 and the imaging unit 60, it is possible to visualize the
to-be-punctured artery 21 without interfering with punc-
turing manipulation procedures.

[0051] Since the pressing portion 42 which protrudes
toward the back-side skin surface 22 to press the back-
side skin surface 22 is formed in the light guiding part 40,
the capillary network of the skin is easily collapsed by
locally pressing the back-side skin surface 22 by using
the pressing portion 42. Accordingly, it is possible to fur-
ther suppress the absorption of the near-infrared light in
the skin portion on which the near-infrared light is inci-
dent, so that it is possible to more clearly visualize the
artery 21.

[0052] Since the light shielding member 90 which is
configured to include the light shielding portion 91 and
the observation window 92 to cover the front-side skin
surface 23 is further installed, the near-infrared light may
be transmitted from only the to-be-punctured portion in
the front-side skin surface 23, so that the visualization of
the to-be-punctured artery 21 becomes reliable.

[0053] By allowing the protruding portion 93 of the light
shielding member 90 to be in contact with the front-side
skin surface 23, the near-infrared light may be transmit-
ted from only the to-be-punctured portion in the front-side
skin surface 23, so that the visualization of the to-be-
punctured artery 21 becomes more reliable.

[0054] Since the irradiated near-infrared light is set to
be in a wavelength range of 840 to 950 nm, it is possible
to very appropriately visualize the artery 21 located at
the position in the depth of 5 to 10 mm beneath the skin.
[0055] Since the material for forming the light guiding
part 40 is the silicon rubber having a high transmittance
with respect to the near-infrared light and a refractive
index close to that of the living body and the refractive
index is in a range of 1.33 to 1.44, itis possible to further
suppress the reflection of the near-infrared light on the
surface of the back-side skin surface 22.

[0056] By setting the pressure of pressing the light
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guiding part 40 against the back-side skin surface 22 to
be in a range of 20 to 40 mmHg, the capillary network of
the skin is collapsed by pressing the back-side skin sur-
face 22, so that it is possible to suppress the absorption
of the near-infrared light in the skin portion on which the
near-infrared light is incident.

[0057] In the case where the artery for visualization is
the radial artery 21 or the brachial artery, in the puncture
operation which is performed for the purpose of the cath-
eterization examination and the invasive arterial pres-
sure measurement, it is possible to reliably and easily
perform the puncture by visualizing the radial artery 21
or the brachial artery.

(Embodiment)

[0058] Fig. 4 is a cross-sectional diagram illustrating
an artery visualization device 11 according to an embod-
iment. The same members as those of the first example
are denoted by the same reference numerals, and some
of the description thereof is omitted.

[0059] Similarly to the first example, the artery visual-
ization device 11 according to the embodiment is config-
ured to include an irradiation unit 30 which irradiates
near-infrared light emitted from a light source 32 toward
a back-side skin surface 22 at a visualization site 20, a
light guiding part 40 which encapsulates the light source
32 and is pressed against the back-side skin surface 22,
an optical filter 50, a camera 60, a monitor 70, a work
space 80, and a light shielding member 90. However, the
embodiment is different from the first example in that a
pressure regulating unit 100 which is capable of regulat-
ing a pressure of pressing the light guiding part 40 against
the back-side skin surface 22 is further included. In ad-
dition, the embodiment is also different from the first ex-
ample in that the light shielding member 90 has a shape
which is attachable by being wound around the visuali-
zation site 20.

[0060] Alight-shielding portion 91 which is formed with
a material of blocking the near-infrared light and is capa-
ble of being wound around the visualization site 20 and
an observation window 92 opened for imaging the visu-
alization site 20 are installed in the light shielding member
90 according to the embodiment. The light shielding
member 90 may be configured to cover a front-side skin
surface 23 in the state that the observation window 92 is
allowed to be located just over a radial artery 21 and to
be further wound around the visualization site 20. By cov-
ering with the light shielding member 90, the near-infra-
red light may be transmitted from only the to-be-punc-
tured portion in the front-side skin surface 23, so that the
visualization of the to-be-punctured artery 21 becomes
reliable. As a material of blocking the near-infrared light,
for example, a light-shielding rubber may be exemplified,
but not limited thereto.

[0061] As fixtures 94 for fixing the visualization site 20
in the state of being pressed against the light guiding part
40, for example, surface fasteners 96a and 96b are in-
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stalled at both ends of the light shielding member 90. The
surface fasteners include the first surface fastener 96a
which is installed at the end portion of the back surface
side of the light-shielding portion 91 and the second sur-
face fastener 96b which is installed at the end portion of
the front surface side to be detachably adhered to the
first surface fastener 96a. By fixing the light shielding
member 90 to be being wound around the visualization
site 20 by using the fixtures 94, the visualization site 20
is fixed in the state of being pressed against the light
guiding part 40, so that it is possible to prevent the posi-
tion of the light shielding member 90 from being shifted
or deviated during the artery visualization.

[0062] The pressure regulating unit 100 is configured
to include a balloon 101 which is expanded by injecting
a fluid and an injection unit 102 which injects the fluid
into the balloon 101. Similarly to a cuff for blood pressure
measurement, the balloon 101 is formed with an inflata-
ble rubber material. The injection unit 102 is configured
to include a hollow tube 103 which is connected to the
balloon 101 and an air supply tool 104 which supplies air
as the fluid to the balloon 101 through the hollow tube
103. A manipulator 105 which operates a valve (not-
shown) for regulating an air pressure of the balloon 101
is installed in the air supply tool 104. The light source 32
is attached on the outer surface of the balloon 101 so as
to face the back-side skin surface 22. In the figure, ref-
erence numeral 106 denotes a hold plate 106 which is
attached to the balloon 101 to hold the balloon 101. By
pressing the hold plate 106 on a table or the like through
the light shielding portion 91, it is possible to stabilize a
posture of the visualization site 20 during the artery vis-
ualization.

[0063] In the case of regulating the pressure of press-
ing the light guiding part 40 against the back-side skin
surface 22, the air pressure of the balloon 101 is regu-
lated by the pressure regulating unit 100 while checking
the contact pressure detected by the pressure sensor 43
which is displayed on the monitor 70. By using the pres-
sure regulating unit 100, it is possible to simply and reli-
ably regulate the pressure of pressing the light guiding
part 40 against the back-side skin surface 22 in a range
of 20 to 40 mmHg. By pressing the light guiding part 40
in a range of 20 to 40 mmHg, the back-side skin surface
22 is pressed to collapse the capillary network of the skin,
so that so that the absorption of the near-infrared light in
the skin portion on which the near-infrared lightisincident
is suppressed.

[0064] Asdescribed heretofore, the artery visualization
device 11 according to the embodiment obtains the same
functions and effects as those of the artery visualization
device 10 according to the firstexample. In addition, since
the artery visualization device 11 according to the em-
bodiment is configured to include and the pressure reg-
ulating unit 100 which is capable of regulating the pres-
sure of pressing the light guiding part40 against the back-
side skin surface 22, it is possible to simply and reliably
regulate the pressure of pressing the light guiding part
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40 against the back-side skin surface 22.

[0065] Inthe example and embodiment, the artery vis-
ualization devices 10 and 11 where the display unit 70
is connected to the artery imaging devices 120 and 121
configured to include the irradiation unit 30, the light guid-
ing part 40, the optical filter 50, and the imaging unit 60
are illustrated. However, the artery imaging devices 120
and 121 may be connected to an existing display unit. In
this case, by preparing only the artery imaging devices
120 and 121, the artery visualization device capable of
very appropriately visualizing the to-be-punctured artery
21 may be configured, so that the artery imaging devices
have advantages in terms of costs.

(Experimental Example)

[0066] A resultofanexperimentofvisualizing the radial
artery 21 by using the artery visualization device 11 illus-
trated in Fig. 4 will be described.

[0067] As the light source 32 of the irradiation unit 30,
one LED (VSMY7850X1 produced by Vishay) having an
emission center wavelength of 850 nm was used. A cur-
rent of 1.75 volts and 720 mA was flowed into the LED.
As a material of the light guiding part 40, a liquid silicon
rubber (Shin-Etsu Silicone one-component RTV rubber
"KE-441" produced by Shin-Etsu Chemical Co., Ltd.)was
used. Therefractive index of the liquid silicon rubber used
is 1.4. The optical filter 50 which blocks components hav-
ing a wavelength shorter than 840 nm was inserted be-
tween the imaging element and the lens of the camera
60. By regulating the airpressure of the balloon by using
the pressure regulating unit 100, the pressure of pressing
the pressing portion 42 of the light guiding part 40 against
the back-side skin surface 22 was regulated to be 40
mmHg. The visualization target was the left radial artery
21 of a 50-year-old man.

[0068] The near-infrared light was transmitted from the
distal forearm dorsal side, and the distal radial palmar
surface side where the radial artery 21 was expected to
be running was observed by the near-infrared high-sen-
sitivity camera. The discrimination of the arteries 21 and
the veins was performed according to existence and non-
existence of vascular pulsation.

[0069] The position of the radial artery 21 was recog-
nized by ultrasonic diagnostic equipment. The radial ar-
tery 21 was runningin the depth of 7 mm beneath the skin.

[0070] The obtained transmission image is illustrated
in Fig. 5.
[0071] Visibility of a moving picture was identified. In

the moving picture having 30 frames per second, since
the artery pulsation is clear, the radial artery 21 is easy
to identify. The running of the radial artery 21 observed
by the ultrasonic diagnostic equipment and a planar im-
age projected on the surface of the skin were completely
identical to those that were visually recognized by using
video data.
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(Comparative Example)

[0072] Fig. 6 is a cross-sectional diagram illustrating
an artery visualization device 10A according to Compar-
ative Example,

[0073] Unlike the embodiments, in Comparative Ex-
ample, the near-infrared light was irradiated toward the
front-side skin surface 23 at the visualization site 20, that
is, toward the skin surface of the side where the to-be-
punctured portion existed. If the near-infrared light is ir-
radiated toward the artery 21, the reflection light of which
signal intensity is decreased due to the artery 21 may be
obtained. Therefore, the projection image was tried to be
obtained by generating the contrast due to the difference
between the reflection light at the artery 21 and the re-
flection light at the peripheral tissues. The light source
32, the optical filter 50, and the camera 60 which were
the same as those of the above-described Experimental
Example were used.

[0074] The obtained image is illustrated in Fig. 7.
[0075] As clarified from Fig. 7, only by observing the
reflection light on the surface of the front-side skin surface
23, it was not possible to visualize the artery 21.

[0076] By replacing the light source 32, the wavelength
of the near-infrared light is changed into a range of 750
to 950 nm, and the imaging was performed. However,
since the reflection of the near-infrared light occurred on
the skin surface, it was not possible to visualize the artery
21.

[0077] This patent application is based on Japanese
Patent Application No. 2012-121700, filed on May 29,
2012 in the Japan Patent Office.

Reference Signs List

[0078]

10, 11: Artery visualization device
20: Visualization site

21: Radial artery, to-be-punctured artery
22: Back-side skin surface
23: Front-side skin surface
24: Radius

27: Ulnar artery

28: Ulna

30: Irradiation unit

31: Chassis

32: Light source

40: Light guiding part

42: Pressing portion

43: Pressure sensor

50: Optical filter

60: Camera (imaging unit)
70: Monitor (display unit)
80: Work space

90: Light shielding member
91: Light shielding portion
92: Observation window
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93: Protruding portion

94: Fixture

100: Pressure regulating unit
101: Balloon

102: Injection unit

120, 121:  Artery imaging device

Claims
1. An artery imaging device having:

an irradiation unit (30) which includes a light
source (32) arranged to emit near-infrared light
towards an opposite skin surface (22) of a vis-
ualization site (20) where a to-be-punctured ar-
tery (21) is running;

a light guiding part (40) which encapsulates the
light source (32) and which is formed with a ma-
terial capable of transmitting the near-infrared
light emitted from the light source (32) and sup-
pressing reflection of the near-infrared light on
a surface of the opposite skin surface (22), the
light guiding part (40) including a pressing por-
tion (42) which is configured to protrude towards
the opposite skin surface (22) to press the op-
posite skin surface (22);

an optical filter (50) which is arranged to block
visible light and transmit the near-infrared light
passing through a front-side skin surface (23) of
the visualization site; and

animaging unit (60) which is arranged to receive
the near-infrared light passing through the opti-
cal filter (50) to capture an image of the visual-
ization site (20);

characterised by further comprising:

a pressure sensor (43) which is arranged to
detect the pressure of pressing the light
guiding part (40) against the opposite skin
surface (22), the pressure sensor (43) being
arranged on the back surface side of the
light source (32); and

a pressure regulating unit (100) which is
configured to

regulate a pressure of pressing the light
guiding part (40) against the opposite skin
surface (22) in a range of 20 to 40 mmHg.

2. The artery imaging device according to claim 1,
wherein the front-side skin surface (23) and the im-
aging unit (60) are arranged so as to be separated
from each other, and a work space (80) where punc-
ture is performed is installed between the front-side
skin surface (23) and the imaging unit (60).

3. The artery imaging device according to any one of
claims 1 to 2, further comprising a light shielding
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member (90) where a light-shielding portion (91)
formed with a material of blocking the near-infrared
light and an observation window (92) opened forim-
aging the visualization site (20) are installed to cover
the front-side skin surface (23).

The artery imaging device according to claim 3,
wherein the light shielding member (90) is configured
to include a protruding portion (93) which is arranged
around the observation window and protrudes from
the light-shielding portion (91), and by allowing the
protruding portion (92) to be in contact with the front-
side skin surface (23), the near-infrared light passing
through a site excluding the site which faces the ob-
servation window (92) in the front-side skin surface
(23) is blocked from being mixed into the observation
window (92).

The artery imaging device according to any one of
claims 1 to 4, wherein the near-infrared light has a
wavelength of 840 to 950 nm.

The artery imaging device according to any one of
claims 1 to 5, wherein a material for forming the light
guiding part (40) has a high near-infrared light trans-
mittance and is a silicon rubber of which refractive
index is close to that of a living body, and the refrac-
tive index is in a range of 1.33 to 1.44.

The artery imaging device according to any one of
claims 1to 6, wherein the to-be-visualized artery (21)
is a radial artery (21) or a brachial artery.

An artery visualization device comprising the artery
imaging device in accordance with any of claims 1-7
and a display unit which is arranged to display the
image captured by the imaging unit.

An artery visualization method of visualizing a to-be-
punctured artery (21) using an artery visualization
device in accordance with claim 8, the method com-
prising

pressing the opposite skin surface (22) by using the
light guiding part (40), collapsing the capillary net-
work of the skin, and then visualizing the to-be-punc-
tured artery (21).

Patentanspriiche

Bildgebendes Gerét fur Arterien, umfassend:

eine Bestrahlungseinheit (30) mit einer Licht-
quelle (32), die so angeordnet ist,

dass sie Nah-Infrarotlicht in Richtung einer
Hautoberflache (22) emittiert, die sich gegenu-
ber einer Visualisierungsstelle (20) befindet, an
der eine zu punktierende Arterie (21) verlauft;
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10

einen lichtfiihrenden Teil (40), der die Lichtquel-
le (32) einkapselt und aus einem Material be-
steht, welches das von der Lichtquelle (32) emit-
tierte Nah-Infrarotlicht weiterleiten und die Re-
flexion des Nah-Infrarotlichts auf einer gegeni-
berliegenden Hautoberflache (22) unterdriicken
kann, wobei der lichtfihrende Teil (40) einen
Pressabschnitt (42) enthalt, der dafiir ausgelegt
ist,

in Richtung der gegentiberliegenden Hautober-
flache (22) vorzustehen, um auf die gegeniber-
liegende Hautoberflache (22) zu driicken;
einen optischen Filter (50), der so angeordnet
ist, dass er sichtbares Licht blockiert und das
Nah-Infrarotlicht durch eine vordere Hautober-
flache (23) der Visualisierungsstelle weiterleitet;
und

eine Abbildungseinheit (60), die so angeordnet
ist, dass sie das durch den optischen Filter (50)
hindurchtretende Nah-Infrarotlicht zur Aufnah-
me eines Bildes der Visualisierungsstelle (20)
empfangt;

dadurch gekennzeichnet, dass es ferner um-
fasst:

einen Drucksensor (43), der so angeordnet
ist, dass er den Druck erfasst, wenn das
lichtfihrende Teil (40) gegen die gegeni-
berliegende Hautoberflache (22) gedrickt
wird, wobei der Drucksensor (43) auf der
rickwartigen Oberflache der Lichtquelle
(32) angeordnet ist; und

eine Druckregeleinheit (100), die dafiir aus-
gelegtist, einen Druck in einem Bereich von
20 bis 40 mmHg zu halten, wenn das licht-
fuhrende Teil (40) gegen die gegentiberlie-
gende Hautoberflache (22) gedriickt wird.

Bildgebendes Gerat fur Arterien gemal Anspruch 1,
wobei die vordere Hautoberflache (23) und die Ab-
bildungseinheit (60) voneinander getrennt angeord-
net sind und ein Arbeitsbereich (80), in dem die
Punktur durchgefiihrt wird, zwischen der vorderen
Hautoberflache (23) und der Abbildungseinheit (60)
installiert ist.

Bildgebendes Gerat fiir Arterien gemafR einem der
Anspriiche 1 bis 2, ferner umfassend ein Lichtab-
schirmelement (90), wobei ein Lichtabschir-
mabschnitt (91) mit einem das Nah-Infrarotlicht blo-
ckierenden Material gebildet ist und wobei ein zur
Abbildung der Visualisierungsstelle (20) gedffnetes
Beobachtungsfenster (92) installiert ist, um die vor-
dere Hautoberflache (23) zu bedecken.

Bildgebendes Gerat fur Arterien gemal Anspruch 3,
wobei das Lichtabschirmelement (90) einen um das
Beobachtungsfenster herum angeordneten und
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vom Lichtabschirmabschnitt (91) hervorragenden
hervorstehenden Abschnitt (93) aufweist und wenn
der hervorstehende Abschnitt (92) mit der vorderen
Hautoberflache (23) in Kontakt steht, wird das Nah-
Infrarotlicht, welches eine Visualisierungsstelle
durchdringt, die nicht die Stelle ist, die dem Beob-
achtungsfenster (92) auf der vorderen Hautoberfla-
che (23) zugewandt ist, daran gehindert, in das Be-
obachtungsfenster (92) eingemischt zu werden.

Bildgebendes Gerat fir Arterien gemal einem der
Anspriche 1 bis 4, wobei das Nah-Infrarotlicht eine
Wellenlange von 840 bis 950 nm aufweist.

Bildgebendes Gerat fir Arterien gemal einem der
Anspriche 1 bis 5, wobei ein Material, aus dem der
lichtfihrende Teil (40) gebildet ist, einen hohen
Transmissionsgrad fiir Nah-Infrarotlicht hat und ein
Silikonkautschuk ist, dessen Brechungsindex fast
dem eines lebenden Koérpers entspricht und wobei
der Brechungsindex zwischen 1,33 und 1,44 liegt.

Bildgebendes Gerat fir Arterien gemal einem der
Anspriche 1 bis 6, wobei die zu visualisierende Ar-
terie (21) eine Radialarterie (21) oder eine Oberar-
marterie ist.

Arterien-Visualisierungsgerat, umfassend ein bild-
gebendes Geréat fiir Arterien gemaR einem der An-
spriiche 1 bis 7 und eine Anzeigeeinheit, die ange-
ordnetist, das von der Abbildungseinheit aufgenom-
mene Bild anzuzeigen.

Arterien-Visualisierungsverfahren zum Visualisie-
ren einer zu punktierenden Arterie (21) unter Ver-
wendung einer Arterien-Visualisierungsgerat ge-
maf Anspruch 8, wobei das Verfahren umfasst:

mit dem lichtfihrenden Teil (40) auf die gegen-
Uberliegende Hautoberflache (22) driicken, das
Kapillarnetz der Haut kollabieren und dann die
zu punktierende Arterie (21) visualisieren.

Revendications

Un dispositif d’imagerie des artéres ayant :

une unité d’irradiation (30) qui comprend une
source de lumiére (32) disposée pour émettre
une lumiére infrarouge proche vers une surface
cutanée opposée (22) d’un site de visualisation
(20) ou une artére a ponctionner (21) traverse ;
une partie de guidage de lumiére (40) qui en-
capsule la source de lumiére (32) et qui est for-
mée d’'un matériau capable de transmettre la
lumiére infrarouge proche émise a partir de la
source de lumiere (32) et de supprimer la ré-
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flexion de la lumiére infrarouge proche sur une
surface de la surface cutanée opposée (22), la
partie de guidage de lumiere (40) comprenant
une partie de pression (42) qui est configurée
pour faire saillie vers la surface cutanée oppo-
sée (22) pour presser la surface cutanée oppo-
sée (22);

un filtre optique (50) qui est disposé de maniere
a bloquer la lumiére visible et a transmettre la
lumiere infrarouge proche passant a travers une
surface cutanée c6té avant (23) du site de
visualisation ; et

une unité d'imagerie (60) qui est disposée pour
recevoir la lumiere infrarouge proche passant a
travers le filtre optique (50) pour capturer une
image du site de visualisation (20) ;
caractérisé par le fait qu’ilcomprend en outre :

un capteur de pression (43) qui est disposé
pour détecter la pression consistant a pres-
serla partie de guidage de lumiere (40) con-
tre la surface cutanée opposée (22), le cap-
teur de pression (43) étant disposé sur le
c6té de la surface arriére de la source de
lumiere (32) ; et

une unité de régulation de pression (100)
qui estconfigurée pour réguler une pression
consistant a presser la partie de guidage de
lumiere (40) contre la surface cutanée op-
posée (22) dans une plage de 20 a 40
mmHg.

Le dispositif d'imagerie des artéres selon la reven-
dication 1, dans lequel la surface cutanée c6té avant
(23) et l'unité d'imagerie (60) sont disposées de ma-
niére a étre séparées l'une de l'autre, et un espace
de travail (80) ou la ponction est effectuée estinstallé
entre la surface cutanée c6té avant (23) et 'unité
d’'imagerie (60).

Le dispositif d'imagerie des arteres selon 'une quel-
conque des revendications 1 a 2, comprenant en
outre un élément de protection contre la lumiere (90)
ou une partie de protection contre la lumiére (91)
formée avec un matériau bloquant la lumiére infra-
rouge proche et une fenétre d’observation (92)
ouverte pour I'imagerie du site de visualisation (20)
sont installées pour couvrir la surface cutanée coté
avant (23).

Le dispositif d'imagerie des artéres selon la reven-
dication 3, dans lequel I’élément de protection contre
la lumiére (90) est configuré pour comprendre une
partie saillante (93) qui est disposée autour de la
fenétre d’observation et qui fait saillie a partir de la
partie de protection contre la lumiéere (91), et en per-
mettant a la partie saillante (92) d’étre en contact
avec la surface cutanée c6té avant (23), la lumiére
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infrarouge proche passant a travers un site excluant
le site qui fait face a la fenétre d’observation (92)
dans la surface cutanée c6té avant (23) est empé-
chée d’étre mélangée dans la fenétre d’observation
(92).

Le dispositif d'imagerie des artéres selon 'une quel-
conque des revendications 1 a 4, dans lequel la lu-
miére infrarouge proche a une longueur d’'onde de
840 a 950 nm.

Le dispositif d'imagerie des artéres selon 'une quel-
conque des revendications 1 a 5, dans lequel un
matériau pour former la partie de guidage de lumiere
(40) aunetransmission de lumiére infrarouge proche
élevée et est un caoutchouc de silicone dont I'indice
de réfraction est proche de celui d’'un corps vivant,
et I'indice de réfraction est dans une plage de 1,33
a1,44.

Le dispositif d'imagerie des artéres selon 'une quel-
conque des revendications 1 a6, dans lequel l'artére
a visualiser (21) est une artere radiale (21) ou une
artére brachiale.

Un dispositif de visualisation des artéres compre-
nant le dispositif d'imagerie des artéres selon 'une
quelconque des revendications 1 a 7 et une unité
d’affichage qui est disposée pour afficher I'image
capturée par l'unité d’'imagerie.

Un procédé de visualisation des artéres pour visua-
liser une artere a ponctionner (21) en utilisant un
dispositif de visualisation des arteres selon la reven-
dication 8, le procédé comprenant

la pression de la surface cutanée opposée (22) en
utilisant la partie de guidage de lumiére (40), I'affais-
sement du réseau capillaire cutané, et ensuite la vi-
sualisation de I'artére a ponctionner (21).
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