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Description
TECHNICAL FIELD
[0001] The present invention relates to a stethoscope, which is an instrument used by doctors in medical settings.
BACKGROUND ART

[0002] Techniques for acquiring data regarding hemoglobin of an organism by use of near-infrared light have been
well known (in general, such techniques are collectively called "near-infrared spectroscopy (NIRS)").

[0003] One example application thereof is an oxymeter, which has been widely used. In recent years, functional
imaging for noninvasively detecting cerebral function through detection of a change in the cerebral circulation blood
flow has been widely noticed. This technique has been widely used in, for example, positron emission tomography
(PET), which utilizes water labeled with O'5, and in a magnetic resonance imaging (BOLD-fMRI) which utilizes the
magnetic susceptibility effect of deoxy hemoglobin. Development of a functional imaging technique (called optical CT)
which utilizes near-infrared light has been pursued, because such functional imaging enables obtainment of hemoglobin
information by use of near-infrared light. However, this functional imaging technique cannot be said to have been
established.

[0004] Diagnostic apparatuses and tools can be divided into the following three categories.

(1) A large apparatus such as those used in connection with the above-mentioned PET and MRI, which requires
a patient to go to a place where the apparatus is installed in order to receive an examination.

(2) A small apparatus, such as an electrocardiograph, an electroencephalograph, or an oxymeter, which is disposed
at a bedside or in an ambulance, or a portable apparatus which is transported to the location of a patient.

(3) An instrument, such as a stethoscope, which a medical worker always carries on his person.

[0005] A prior art device belonging to the third category is disclosed in document "Detection of skin displacement
and capillary flow using an optical stethoscope by Hong H et Al.

DISCLOSURE OF THE INVENTION

[0006] To date, the stethoscope is the only useful instrument which is categorized in the above-mentioned category
(3). Meanwhile, in the above-mentioned category (2), apparatuses, such as an oxymeter, which utilize the above-
described near-infrared light have been established. The concept of optical CT belongs to the above-mentioned cat-
egory (1) or (2).

[0007] In view of the forgoing, an object of the present invention is to provide a simple, always-portable stethoscope
for enabling accurate diagnosis.

[0008] In order to achieve the above object, the present invention provides the following:

[1] A stethoscope which comprises a probe section for noninvasively irradiating a diseased part with near-infrared
light, the probe having radiation and light-receiving fibers; a control device connected to the probe section via a
lead wire, the control device including a semiconductor laser light source connected to the radiation fiber, an optical
detector connected to the light-receiving fiber, a controller for detecting a change in cerebral circulation blood flow
on the basis of data output from the probe section, and a sound source device for converting the change in cerebral
circulation blood flow to sound pulses; and a pair of lead wires and receivers connected to the sound source device
of the control device, wherein auscultation is performed on the basis of the sound pulses from the sound source
device in order to diagnose a change in cerebral function.

[2] A stethoscope according to [1] above, wherein the near-infrared light includes two wavelengths.

[3] A stethoscope according to [1] above, wherein the near-infrared light includes three wavelengths.

[4] A stethoscope according to [3] above, wherein the near-infrared light includes wavelengths of 760 nm, 800 nm,
and 830 nm.

[5] A stethoscope according to [1] above, wherein the change in cerebral circulation blood flow is a change in total
hemoglobin (t-Hb) or oxygen saturation rate of hemoglobin (rSO,).

[0009] The present invention enables provision of a "functional stethoscope" which noninvasively radiates near-
infrared light to a diseased part, and detects a change in the cerebral circulation blood flow, for example. The change
is heard as sound pulse modulation to examine a change in the cerebral function. More specifically, a light beam of
three wavelengths A = 760, 800, 830 nm which is generated by a semiconductor laser light source is applied to a
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diseased part; and a change in reflection data is converted to a change in pulse frequency of the sound of constant
pitch and volume, to thereby enable a doctor to carry out auscultation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1 is a schematic structural view of a stethoscope according to an embodiment of the present invention.
FIG. 2 is a block diagram of the stethoscope according to the embodiment of the present invention.

FIG. 3 is a structural view of a radiation/light-receiving fiber of a probe section of the stethoscope according to the
embodiment of the present invention.

FIG. 4 is a graph showing examples of activation by higher-order cerebral activities.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] An embodiment of the present invention will next be described in detail.

[0012] A stethoscope of the present invention is adapted to detect a change in total hemoglobin (t-Hb) or oxygen
saturation (regional oxygen O, saturation (rSO,)) of hemoglobin and output the change in the form of sound information.
The stethoscope of the present invention can be integrated with an ordinary stethoscope to thereby constitute a "smart
stethoscope."

[0013] The stethoscope of the present invention is mainly used as a "functional stethoscope" which can confirm a
local activation caused by cerebral function. However, the stethoscope can be used in all medical fields in which de-
tection of a change in t-Hb or rSO, is useful. Further, application of the stethoscope of the present invention, which is
a portable instrument, is expected to expand to fields which cannot be conceived presently, as has been the case with
the classical stethoscope, for which doctors have found a large number of applications throughout the years, even
though the classical stethoscope is an instrument which detects "sound" only.

[0014] Near-infrared spectroscopy is a technique based on the phenomenon that biological tissue exhibits optical
absorbency peculiar to a constituent substance thereof. In an application for human tissue, use of light in a wavelength
range of 690 nm to 880 nm, which is hardly affected by water molecules or C-H bonds, is particularly effective. Light
in this region (near-infrared region) can reach a point several centimeters deep from the surface of the body. This holds
true in the case of the head (brain) which is surrounded by a cranial bone. A certain substance present in a living body
has a property such that its optical absorbency changes greatly with the oxygen saturation thereof, and this property
enables quantification of the oxygen saturation. Representative examples of such a substance include hemoglobin,
myoglobin, and cytochrom aa3. Theoretically, accurate analysis of these substances is possible. However, in principle,
the present invention is directed to hemoglobin analysis without accurate quantification.

[0015] The following description of the present invention is confined to hemoglobin.

[0016] Actual optical absorbency, which is detected through sensing of reflection of radiated light, changes in ac-
cordance with the total hemoglobin t-Hb and the oxygen saturation rate of hemoglobin in a tissue under examination.
Accordingly, detection of optical absorbency at a single wavelength cannot determine whether the total hemoglobin or
the oxygen saturation rate changes. In view of the foregoing, optical absorbency is detected by use of at least two
different wavelengths, and both the total hemoglobin and the oxygen saturation rate are estimated. In actuality, more
accurate values can be calculated by use of three wavelengths. However, satisfactory results are obtained by use of
two wavelengths, and in some cases use of two wavelengths is more advantageous than use of three wavelengths.
Hereinafter, the embodiment will be described with reference to a calculation formula for the case in which three wave-
lengths are used.

[0017] Oneimportant application of the presentinvention is determination of "cerebral function." In the brain, cerebral
functions are present in a localized manner. That is, a certain function is allocated to a certain site of the brain. At the
certain site of the brain used, various metabolic changes (e.g., an increase in blood flow rate or an increase in glucose
consumption) occurs. Such metabolic changes which occur at specific brain sites due to specific activities are collec-
tively called "activation".

[0018] FIG. 4 shows an example of activation accompanying higher-order cerebral activities. This example was
obtained by detecting, by means of near flared spectroscopy, changes in the oxygen saturation rate (rSO,) of hemo-
globin in a dorsolateral prefrontal (DLPF) portion of a patient performing a graphical test. The graph shows that a
certain site of the brain is activated by the activity, and rSO, increases. During the periods between the arrows (start,
stop) in FIG. 4, the patient performs the test, and the actual value of rSO, rises and falls with a slight delay.

[0019] Use of the stethoscope of the present invention enables a user to determine such activation at the patient's
bedside by listening to a sound.

[0020] Thatis, near-infrared light of two or three wavelengths is radiated onto the brain, light reflected therefrom is
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sensed, and the absorbency is estimated roughly; the precise quantity of the absorbency is not obtained. The roughly
estimated absorbency is converted to a sound by means of a sound source device to thereby enable diagnosis by use
of the stethoscope.

[0021] Next, a specific example of the present invention will be described.

[0022] Considered here is change in the total hemoglobin, which can be obtained by an approximate expression as
follows (other methods may be employed when three wavelengths are used):

At-Hb = 1.6:AAzg, - 5.8:AAgy, + 4.2:AAgy.

[0023] Similarly, change in rSO, can be obtained by an approximate expression, as follows:

ArSO, = (-3.0:AAggy + 3.0:AAgsg) /(1.6:AAgy - 2.8'AAgyy + 1.2:AAgy)-

In the expressions, each of the subscripts represents a corresponding wavelength of near-infrared light (nm). By
changeover of a changeover switch, the total hemoglobin (t-Hb) or the oxygen saturation rate (rSO,) of hemoglobin
can be measured selectively.

[0024] FIG. 1 is a schematic structural view of a stethoscope according to an embodiment of the present invention.
FIG. 2 is a block diagram of the stethoscope. FIG. 3 is a structural view of a radiation/light-receiving fiber of a probe
section of the stethoscope.

[0025] In these drawings, reference numeral 11 denotes a radiation/light-receiving fiber which serves as a probe
section; 12 and 13 each denote an optical amplifier; 15 denotes a lead wire; 21 denotes a control device; 22 denotes
a semiconductor laser source; 23 denotes a calibration control device; 24 denotes an optical detector; 25 denotes a
data processing device (IC); 26 denotes a sound source device; and 27 denotes a changeover switch. Through use
of this changeover switch 27, one of total hemoglobin (t-Hb) or the oxygen saturation rate (rSO,) of hemoglobin is
selected as a value to be detected. In the drawing, a power source is omitted. Reference numeral 31 denotes a lead
wire connected to the sound source device 26; and 32 denotes a receiver which a doctor uses to hear sound.

[0026] As shown in FIG. 3, the radiation/light-receiving fiber which serves as a probe section of the stethoscope has
a configuration such that a radiation fiber is disposed at the center, and reception fibers are disposed around the
radiation fiber.

[0027] Diagnosis by use of the stethoscope is carried out as follows. That is, light of three wavelengths (A = 760,
800, 830 nm) is radiated to a diseased portion; and the control device 21 outputs a change in the reflection data. The
sound source device 26 converts the change to a change in pulse frequency of a sound having a constant pitch and
volume. A doctor listens to the sound from the receiver 32.

[0028] A specific operation of the sound source device 26 will now be described.

[0029] FIG. 4 shows changes in the rSO, signal in the form of a graph. In the present invention, this change (in
actuality, change in the selected one of t-Hb and rS0O,) is indicated in the form of sound (similar to conversion between
a diaphragm type and a bell type of an ordinary stethoscope).

[0030] In general, the following methods are used in order to indicate increase and decrease of a measured value
by means of sound.

(1) Increase the volume of sound.
(2) Increase the pitch of sound.

However, both are difficult to sense.

[0031] In view of the foregoing, in the present invention, rise and fall of a measured value is converted to a change
in the pulse frequency of a certain sound. In other words, the above conversion is similar to conversion from an "am-
plitude-modulated" signal to a "frequency-modulated” signal. That is, the pulse frequency of a certain sound is changed
in accordance with a measured value as follows (Pi represents a sound):

Pi Pi Pi Pi
Pi Pi Pi Pi Pi Pi Pi

In this case, the latter shows that the measured value has increased.

[0032] In consideration of the psychological resolution of a medical worker, the sound source device 26 outputs not
a sound used in a conventional oxymeter or the like but a sound having a constant pitch and roundness (sound cor-
responding to action potential in physiology). A change in t-Hb or rSO, is converted to a change in pulse frequency of
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sound (as in the case of neuron firing rate), and a medical worker detects the change by listening to the sound.
[0033] As described above, the stethoscope of the present invention is a useful, always-portable type instrument,
which has not been introduced to doctors or other medical personnel since the invention of the classical stethoscope.
The importance of the present invention is remarkable in consideration of the role which classical stethoscopes, which
convey sound information only, have played in the medical field, and in view that the classical stethoscope is still the
most important instrument used for diagnosis.

[0034] The present invention is not limited to the embodiments described above. Numerous modifications and var-
iations of the present invention are possible, and they are not excluded from the scope of the present invention.
[0035] As described in detail, the present invention can provide a simple, always-portable stethoscope for enabling
accurate diagnosis.

INDUSTRIAL APPLICABILITY

[0036] The presentinventionis suitable for the field of medical auscultatory devices, and can be applied to a functional
stethoscope which enables a user to confirm a local activation caused by a cerebral function at a bedside.

Claims
1. A portable stethoscope comprising:

(a) a probe section (11) for noninvasively irradiating a diseased part with near-infrared light, the probe having
radiation and light-receiving fibers;

(b) a control device (21) connected to the probe section via a lead wire (15), the control device (21) including
a semiconductor laser light source (22) for generating near-infrared light and connected to the radiation fiber,
an optical detector (24) connected to the light-receiving fiber, a controller (25) for detecting a change in cerebral
circulation blood flow on the basis of data output from the probe section, and a sound source device (26) for
converting the change in cerebral circulation blood flow to sound pulses; and

(c) a pair of lead wires (31) and receivers (32) connected to the sound source device of the control device,
wherein

(d) auscultation is performed on the basis of the sound pulses from the sound source device (26) in order to
diagnose a change in cerebral function.

2. A stethoscope according to claim 1, wherein the near-infrared light includes two wavelengths.
3. A stethoscope according to claim 1, wherein the near-infrared light includes three wavelengths.

4. A stethoscope according to claim 3, wherein the near-infrared light includes wavelengths of 760 nm, 800 nm, and
830 nm.

5. A stethoscope according to claim 1, wherein the change in cerebral circulation blood flow is a change in total
hemoglobin (t-Hb) or oxygen saturation rate of hemoglobin (rSO,).

Patentanspriiche
1. Tragbares Stethoskop, welches umfaRt:

(a) einen Fihlerabschnitt (11) zum nicht-invasiven Bestrahlen eines erkrankten Teils mit nahem Infrarotlicht,
wobei der Fihler Strahlungs- und Lichtempfangsfasern aufweist;

(b) eine Steuereinrichtung (21), die mit dem Fihlerabschnitt Gber einen Leitungsdraht (15) verbunden ist,
wobei die Steuereinrichtung (21) eine Halbleiterlaserlichtquelle (22) zum Erzeugen von nahem Infrarotlicht
und verbunden mit der Strahlungsfaser, einen optischen Detektor (24) verbunden mit der Lichtempfangsfaser,
eine Kontrollvorrichtung (25) zum Detektieren einer Veranderung im Zerebralzirkulationsblutstrom auf der Ba-
sis einer Datenausgabe aus dem Fiihlerabschnitt und eine Schallquellenvorrichtung (26) zum Umwandeln der
Veranderung im Zerebralzirkulationsblutstrom zu Schallpulsen einschlieRt; und
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(c) ein Paar von Leitungsdrahten (31) und Empféngern (32), die mit der Schallquellenvorrichtung der Steuer-
einrichtung verbunden sind, wobei

(d) Abhoéren durchgefiihrt wird auf der Basis der Schallpulse aus der Schallquellenvorrichtung (26), um eine
Veranderung der Zerebralfunktion zu diagnostizieren.

2. Stethoskop nach Anspruch 1, wobei das nahe Infrarotlicht zwei Wellenlangen einschlief3t.
3. Stethoskop nach Anspruch 1, wobei das nahe Infrarotlicht drei Wellenldngen einschlief3t.

4. Stethoskop nach Anspruch 3, wobei das nahe Infrarotlicht Wellenlangen von 760 nm, 800 nm und 830 nm ein-
schlieft.

5. Stethoskop nach Anspruch 1, wobei die Verédnderung im Zerebralzirkulationsblutstrom eine Veranderung des Ge-
samthamoglobins (t-Hb) oder der Sauerstoffsattigungsrate von Hamoglobin (rSO,) ist.

Revendications
1. Stéthoscope portable comprenant :

(a) une section formant sonde (11) destinée a irradier de maniére non invasive une partie malade avec de la
lumiére proche de l'infrarouge, la sonde comportant des fibres de rayonnement et de réception de lumiére ;
(b) un dispositif de commande (21) connecté a la section formant sonde via un fil de connexion (15), le dispositif
de commande (21) comprenant une source de lumiére utilisant le laser a semi-conducteur (22) destinée a
générer la lumiére proche de l'infrarouge et connectée a la fibre de rayonnement, et un détecteur optique (24)
connecté a la fibre de réception de lumiére, un contréleur (25) destiné a détecter un changement dans le débit
sanguin cérébral de circulation sur la base d'une sortie de données provenant de la section formant sonde,
et un dispositif de source sonore (26) destiné a convertir le changement dans le débit sanguin cérébral de
circulation en impulsions sonores ; et

(c) une paire de fils de connexion (31) et de récepteurs (32) connectés au dispositif de source sonore du
dispositif de commande, dans lequel

(d) l'auscultation est réalisée sur la base des impulsions sonores provenant du dispositif de source sonore
(26) afin de diagnostiquer un changement dans la fonction cérébrale.

2. Stéthoscope selon la revendication 1, dans lequel la lumiere proche de l'infrarouge comprend deux longueurs
d'onde.

3. Stéthoscope selon la revendication 1, dans lequel la lumiére proche de l'infrarouge comprend trois longueurs
d'onde.

4. Stéthoscope selon larevendication 3, dans lequel la lumiére proche de I'infrarouge comprend des longueurs d'onde
de 760 nm, 800 nm, et 830 nm.

5. Stéthoscope selon la revendication 1, dans lequel le changement dans le débit sanguin cérébral de circulation est
un changement dans I'hémoglobine totale (t-Hb) ou le taux de saturation en oxygéne d’hémoglobine (rSO,).
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