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METHOD FOR ACQUIRING RESPIRATORY
DISEASE-RELATED ANALYSIS DATA, OXIMETER
SYSTEM, OPERATION PROGRAM PRODUCT FOR
OXIMETER SYSTEM, OXIMETER, AND OXYGEN

SUPPLY SYSTEM

[0001] This application is based on Japanese Patent Appli-
cation No. 2005-83712 filed on Mar. 23, 2005, the contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an oximeter system
designed so that a correlation between body motion and
occurrence of respiratory failure can be recognized accu-
rately for a patient or a suspected patient having a respiratory
disease such as chronic respiratory failure or quasi chronic
respiratory failure.

[0004] 2. Description of the Related Art

[0005] In diagnosing a patient having a respiratory dis-
ease, it is essential to accurately recognize a causal relation
or a correlation between body motion and respiratory dis-
ease presentation of the patient to determine a suitable
therapeutic measure such as selection of a therapeutic appa-
ratus or prescription of an oxygen flow rate. Specifically,
therapeutic measures are different among the patients
depending on conditions as to whether a respiratory disease
is presented at the time of an exercise while the patient is
awake, the amount of exercise, i.e., the degree of exercise
which may cause the respiratory disease, whether the res-
piratory disease is presented even while the patient is at rest,
whether the respiratory disease is presented mainly while the
patient is in sleep, or other condition. There is an approach
of measuring a variation in oxygen saturation in an arterial
blood (hereinafter, called as “blood oxygen saturation” or
“Sp0,”) of a subject including a patient, as an approach of
recognizing a condition of the subject having a respiratory
disease. This approach is proposed utilizing a phenomenon
that a respiratory failure induces blockage of oxygen supply,
which resultantly lowers the blood oxygen saturation.

[0006] Conventionally, as shown in FIG. 30, for instance,
there has been an approach, in which the blood oxygen
saturation of a subject is serially measured by attaching a
pulse oximeter to the subject, and a daily behavior log of the
subject which has been manually recorded by the subject or
a nurse, and the time-based change of the blood oxygen
saturation are cross-checked to recognize a correlation
between body motion and presentation of a respiratory
disease. FIG. 30 is a time chart, in which behavior events are
logged on a measurement result of a continuous pulse
oximetry. A judgment is made as to whether the blood
oxygen saturation is lowered in association with the body
motion of the subject based on the measurement data. If
there is found a correlation between body motion and
respiratory failure of the subject, use of home oxygen
therapy (HOT) is considered, or an oxygen flow rate is
prescribed. If there is not found a correlation between body
motion and respiratory failure of the subject, use of nasal
intermittent positive pressure ventilation (NIPPV) is con-
sidered.

[0007] There is known a system for concurrently measur-
ing the blood oxygen saturation of a subject, and detecting
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a body motion of the subject. The system noninvasively
confirms endothelial dysfunction, breathing disorder due to
hypopnea during sleep, or upper airway resistance syndrome
(UARS), as well as biophysical state of a subject regarding
activity or reactivity of autonomic nervous system, or
responsiveness to pharmacological agent. The system is
provided with an actigraph for judging whether a subject is
in sleep or awake, and a pulse oximeter for measuring a
blood oxygen saturation of the subject to diagnose sleep
apnea syndrome (SAS).

[0008] In diagnosing the disease based on the measure-
ment data as shown in FIG. 30, a subject or a nurse is
required to manually record a behavior log of the subject at
the time when the blood oxygen saturation is measured by
a pulse oximeter, which increases a labor involved in col-
lecting the data. Also, it takes a certain time and labor in
combining the measurement result by the pulse oximeter and
the behavior log. Further, there is a case that it is difficult to
judge whether lowering of the blood oxygen saturation is
due to body motion because the recorded time of an event is
uncertain, or an event has not been logged. The lowering
degree of the blood oxygen saturation is normally varied due
to a degree of body motion, an exercise time, or an exercise
amount. Since the daily behavior is logged manually, it is
difficult to objectively judge the exercise amount, which
takes a time in prescribing an optimal oxygen flow rate.

[0009] The conventional arrangement discloses combina-
tion of an actigraph and a pulse oximeter as a sleep diag-
nostic system. However, the arrangement does recite or
suggest application of the system to treating subjects of
chronic respiratory failure or quasi chronic respiratory fail-
ure. This means that there has not been found a diagnostic
approach regarding chronic respiratory failure and quasi
chronic respiratory failure by correlating a measurement
result of a pulse oximeter to a measurement result of an
actigraph. In other words, there has not been found an
approach of acquiring analysis data beneficial to a subject by
linking a measurement result of an actigraph to a measure-
ment result on blood oxygen saturation of a pulse oximeter.

SUMMARY OF THE INVENTION

[0010] Ttis an object of the present invention to provide a
new body condition measurement technology which has
overcome the problems residing in the prior art.

[0011] Tt is another object of the present invention to
provide a pulse oximeter system that enables to easily and
accurately acquire a correlation between body motion and
respiratory disease presentation of a subject as objective
analysis data without the need of manually recording a
behavior log.

[0012] According to an aspect of the present invention,
analysis data concerning a respiratory disease is acquired by
detecting a blood oxygen saturation and a body motion of a
subject at a predetermined sampling frequency concurrently
and respectively sequentially, expressing data concerning
the detected blood oxygen saturation and data concerning
the detected body motion along a common time axis, and
acquiring analysis data concerning a relation between a
change in the blood oxygen saturation and the body motion
of the subject based on the blood oxygen saturation data and
the body motion data expressed along the common time
axis.
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[0013] These and other objects, features and advantages of
the present invention will become more apparent upon
reading of the following detailed description along with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGS.1A and 1B are flowcharts showing a general
flow of diagnosing a respiratory disease.

[0015] FIG. 2 is a block diagram schematically showing
an entire arrangement of an oximeter system in accordance
with an embodiment of the invention.

[0016] FIG. 3 is an illustration showing an example of an
oximeter system having a certain hardware construction.

[0017] FIG. 4 is anillustration showing a mounted state of
a pulse oximeter on a subject.

[0018] FIG. 5 is a circuit diagram schematically showing
a circuit configuration of the pulse oximeter.

[0019] FIGS. 6A through 6C are illustrations showing a
three-axis acceleration sensor using a piezoresistor, as an
example of a three-axis acceleration sensor, wherein FIG.
6A is a perspective view of the three-axis acceleration
sensor, FIG. 6B is a top plan view thereof, and FIG. 6C is
a cross-sectional view taken along the line 6C-6C in FIG.
6B.

[0020] FIG. 7 is a block diagram of an arrangement
showing electrical functions of the pulse oximeter.

[0021] FIG. 8 is a block diagram of an arrangement
showing electrical functions of a PC main body, ie., an
analyzer or a processor.

[0022] FIG. 9 is a graph showing an example of an SpO,
curve.

[0023] FIG. 10 is a graph showing an example of a body
motion curve.

[0024] FIG. 11 is a graph showing an example of a body

motion curve after filter processing.

[0025] FIG. 12 is an illustration showing a principle as to
how the number of zero cross points is counted.

[0026] FIG. 13 is a graph showing an example of a
composite graph generated by combing an SpO, curve and
an actigraph.

[0027] FIG. 14 is a graph showing another example of a
composite graph generated by combing an SpO, curve and
an actigraph.

[0028] FIG. 15 is a graph, in which SpO, values and an
actigraph are plotted every one second for three minutes.

[0029] FIG. 16 is a graph, in which a unit exercise amount
estimation curve, i.e., a line graph regarding per-minute
exercise amount Wm, and the SpO, curve shown in FIG. 15
are expressed along a common time axis.

[0030] FIG. 17 is a graph, in which per-second SpO,
values and per-second exercise amounts Ws are expressed
along a common time axis for twenty-two minutes.

[0031] FIG. 18 is a graph, in which a unit exercise amount
estimation curve, i.e., a line graph regarding per-minute
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exercise amount Wm, and the SpO, curve shown in FIG. 17
are expressed along a common time axis.

[0032] FIG. 19 is a graph, in which a relation between
lowest SpQ, value and exercise amount peak value is plotted
in each of exercise peak portions A, B, C, D, and E in FIG.
18.

[0033] FIG. 20 is a graph, in which a relation between
lowest SpO, value and exercise time Tw is plotted in each of
the exercise peak portions A, B, C, D, and E in FIG. 18.

[0034] FIG. 21 is an illustration showing an example of an
oxygen flow rate table showing a correlation between lowest
SpO, value and exercise amount peak value.

[0035] FIG. 22 is a flowchart showing an overall opera-
tion flow of the oximeter system shown in FIG. 3.

[0036] FIG. 23 is a flowchart showing details of SpO,
detection in Step S3 of the flowchart of FIG. 22.

[0037] FIG. 24 is a flowchart showing details of body
motion detection in Step S3 of the flowchart of FIG. 22

[0038] FIG. 25 is a flowchart showing details of actigraph
creation in Step S7 of the flowchart of FIG. 22.

[0039] FIG. 26 is a flowchart showing details of exercise
data processing in Step S11 of the flowchart of FIG. 22.

[0040] FIG. 27 is a flowchart showing a detection flow on
lowest SpO, value, which is primarily executed by an SpO,
corresponding data generator.

[0041] FIG. 28 is a block diagram showing an arrange-
ment of an alert-equipped oximeter as a modified embodi-
ment of the invention.

[0042] FIG. 29 is a block diagram showing an electrical
configuration of an oxygen supply system as another modi-
fied embodiment of the invention.

[0043] FIG. 30 is an illustration showing an approach of
detecting a correlation between body motion and respiratory
disease presentation according to the conventional art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

(Description on General Flow of Diagnosing Respiratory
Disease)

[0044] Before describing an oximeter system according to
an embodiment of the invention, a current system of diag-
nosing a respiratory disease with use of an oximeter system
is described referring to a flow. FIGS. 1A and 1B are
flowcharts showing a general flow in diagnosing a respira-
tory disease of a subject. In the diagnostic system, it is
confirmed whether aftereffect of pulmonary tuberculosis
(TB), or a respiratory disease such as chronic respiratory
failure or quasi chronic respiratory failure resulting from
pneumonectasia is presented, or a symptom is mainly pre-
sented while the subject is in sleep, or a correlation is found
between body motion and respiratory failure of the subject.
As a therapeutic approach, a judgment is made whether
home oxygen therapy (HOT), in which the subject is put on
oxygen at home for a long term is conducted, or a non-
invasive intermittent positive pressure ventilation (NIPPV)
is conducted. Also, the oxygen flow rate in the therapeutic
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approach is determined. If sufficient nighttime carbon diox-
ide gas exhaustion is not performed in the patients who
received treatment of the HOT, use of the NIPPV is con-
sidered.

[0045] Referring to FIGS. 1A and 1B, when a subject,
namely, a suspected patient of a respiratory disease visits a
clinic for diagnosis (Step P1), a pulse oximeter is attached
to the subject, and a spot pulse oximetry is started while the
subject is at rest (Step P2). At the spot oximetry, it is judged
whether there exists a time when the blood oxygen satura-
tion (SpO,) falls 90% or below, which is a criteria for
appearance of hypoxemia (Step P3). Step P3 is conducted to
judge whether it is necessary to execute 24-hour continuous
pulse oximetry or overnight pulse oximetry.

[0046] Ifthere is observed atime when the SpO, falls 90%
or below in the subject (YES in Step P3), 24-hour continu-
ous pulse oximetry is conducted for the subject to examine
a relation between body motion or exercise, and lowering of
SpO, over night and day (Step P4). A time-based change of
the SpO, is measured by the pulse oximeter, and a daily
behavior log indicating exercise information is manually
recorded by the subject and/or a nurse. A measurement result
of the 24-hour continuous pulse oximetry, namely, a time-
based change of the SpO,, and the behavior log of the
subject are cross-checked (Step P5). The cross-checking is
performed by manpower. As a result of the cross-checking,
evaluation data as shown in FIG. 30 is created. In other
words, manpower is necessary in Steps P4 and P5.

[0047] Subsequently, it is judged whether the SpO, falls
90% or below during the exercise based on the evaluation
data (Step P6). If the SpO, does not fall below 90% (NO in
Step P6), the diagnosis shows that there is no finding of
abnormality (Step P7). On the other hand, if the SpO, falls
90% or below during the exercise (YES in Step P7), an
oxygen flow rate is prescribed or re-adjusted to constantly
attain SpO,>90% while the subject is at rest, in exercise, and
in sleep (Step P8).

[0048] If the judgment result in Step P3 is negative,
overnight pulse oximetry is conducted to confirm an over-
night respiratory failure state of the subject (Step P9). At this
time, the behavior of the subject is manually logged by a
nurse or an equivalent person. Then, the measurement result
of the overnight pulse oximetry, namely, the time-based
change of SpO,, and the behavior log of the subject are
cross-checked (Step P10). Manpower is also necessary in
Steps P9 and P10.

[0049] After the cross-checking, it is judged whether there
exists a time when the SpO, falls 90% or below (Step P11).
If it is judged that no lowering of the SpQ, is found (NO in
Step P11), the diagnosis shows that there is no finding of
abnormality (Step P12). If, on the other hand, the SpO, falls
90% or below (YES in Step P11), a relation between
exercise and lowering of SpO, is confirmed based on the
data created in Step P10 (Step P13). If it is judged that the
SpO, is lowered during the exercise (YES in Step P13), use
of the HOT 1is considered, or the oxygen flow rate is
re-adjusted (Step P14). On the other hand, if it is judged that
the SpO, is not lowered during the exercise (NO in Step
P13), the subject is suspected to have a respiratory failure
(type II), and accordingly, use of the NIPPV is considered
(Step P15).

[0050] In this embodiment, described is an oximeter sys-
tem which does not require manpower at least in Steps P4,
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and P5, and in Steps P9 and P10 in the respiratory disease
diagnostic flow. Also, described is an oximeter system that
enables to provide useful judgment data in the judgment
steps P6, P11, and P13, and in the treatment steps P8 and
P14. In the following, the embodiment is described in detail
referring to the drawings.

[0051]

[0052] FIG. 2 is a block diagram schematically showing
an entire arrangement of an oximeter system 1 as the
embodiment of the invention. The oximeter system 1 is
adapted to measure a blood oxygen saturation and a body
motion of a subject having a respiratory disease at a prede-
termined sampling frequency concurrently and respectively
sequentially, to express measurement data concerning the
blood oxygen saturation and measurement data concerning
the body motion along a common time axis, and to acquire
analysis data concerning a correlation between a change in
the blood oxygen saturation and the body motion of the
subject. The oximeter system 1 includes a blood oxygen
saturation detector 11, a body motion detector 12, a system
controller 13, a storage 14, an analyzer 15, and a display unit
16.

[0053] The blood oxygen saturation detector 11 detects
information relating to a blood oxygen saturation of a
subject which has a close relation to presentation of respi-
ratory failure of the subject. An example of the blood oxygen
saturation detector 11 is a pulse oximeter capable of mea-
suring the blood oxygen saturation of the subject easily by
attaching a probe to a finger tip of the subject.

[0054] The body motion detector 12 detects information
relating to a body motion of the subject. The body motion
information is, for instance, an electrical signal to be gen-
erated in association with the body motion of the subject. An
example of the body motion detector 12 is an acceleration
sensor, which is mounted on a body trunk portion or an
appropriate site of the subject, for generating an electrical
output in association with the body motion of the subject.

[0055] The system controller 13 includes a microproces-
sor, and causes the blood oxygen saturation detector 11 and
the body motion detector 12 to concurrently and respectively
sequentially detect the blood oxygen saturation information
and the body motion information of the subject at the
predetermined sampling frequency, and causes the storage
14 to store the measurement data acquired by the detection
operations of the blood oxygen saturation detector 11 and
the body motion detector 12 therein.

[0056] The storage 14 stores the measurement data
acquired by the blood oxygen saturation detector 11 and the
body motion detector 12 therein, and includes a random
access memory (RAM), or an erasable and programmable
read only memory (EEPROM).

[0057] The analyzer 15 analyzes a relation between the
change in the blood oxygen saturation and the body motion
of the subject based on the measurement data concerning the
blood oxygen saturation information and the body motion
information, which are stored in the storage 14, and gener-
ates analysis data concerning a relation between respiratory
disease presentation and body motion of the subject. For
instance, the analyzer 15 generates certain analysis data
representing a correlation between a body motion and a
lowest peak of the blood oxygen saturation by processing

(Description on Hardware Construction)
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the body motion information into objective data such as an
exercise amount, an exetcise time, or a like parameter. The
display unit 16 includes a display device such as a liquid
crystal display (LCD) device or a cathode ray tube (CRT)
display device, and displays the analysis result by the
analyzer 15 as proper image information.

[0058] The hardware construction of the oximeter system
1 may be arbitrarily designed. The following are some of the
examples of the hardware construction of the oximeter
system 1.

[0059] (a) Solely the sensing devices, i.e., the blood oxy-
gen detector 11 and the body motion detector 12 are detach-
ably attached to the subject. A personal computer (herein-
after, called as “PC”) is constituted of the system controller
13, the storage 14, the analyzer 15, and the display unit 16.
The PC and the sensing devices are connected by a com-
munication line.

[0060] (b) A pulse oximeter, which serves as the blood
oxygen detector 11 and is adapted to measure the blood
oxygen saturation, is equipped with the body motion detec-
tor 12, the system controller 13, and the storage 14. The
pulse oximeter equipped with these devices is connected to
a PC serving as the analyzer 15 by a USB cable or a like
device.

[0061] (c) A one-piece system is constructed by addition-
ally providing a function of the analyzer 15 to the pulse
oximeter having the arrangement (b).

[0062] FIG. 3 is an illustration showing an example of an
oximeter system S having the hardware construction (b).
The oximeter system S includes a pulse oximeter 2 for
concurrently and respectively sequentially detecting blood
oxygen saturation information and body motion information
of the subject at a predetermined sampling frequency to
store the measurement data concerning the blood oxygen
saturation information and the body motion information
therein, a PC 3 for analyzing a relation between the change
in the blood oxygen saturation and the body motion of the
subject by reading out the measurement data stored in the
pulse oximeter 2, and a USB cable 207 for communicatively
connecting the pulse oximeter 2 and the PC3 according to
needs.

[0063] The pulse oximeter 2 has a main body 200 and a
probe 21. The oximeter main body 200 and the probe 21 are
electrically connected by a probe cable 205 equipped with a
connector 204. The oximeter main body 200 is externally
provided with a power switch 201, an oximeter display 202
with a liquid crystal display device, a connecting portion 203
for connecting the oximeter main body 200 to the probe
cable 205, and a connecting portion 206 for connecting the
oximeter main body 200 to the USB cable 207. The oximeter
main body 200 internally has a microprocessor, i.e., a central
processing unit (CPU) serving as the system controller 13,
a memory serving as the storage 14, a power battery, and a
three-axis acceleration sensor 22 serving as the body motion
detector 12. The memory, the microprocessor, and the power
battery are not shown in FIG. 3.

[0064] The probe 21 has a paper-clip like shape capable of
securely holding a finger F of a subject to measure the blood
oxygen saturation of the subject. Specifically, the probe 21
has a pair of holding pieces which are openably jointed to
each other so that the probe 21 can securely hold the finger
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F with a biasing force of a spring or a like member. As will
be described later, a light emitter 211 is provided on one of
the holding pieces, and a light detector 212 is provided on
the other thereof (see FIG. 5).

[0065] The oximeter main body 200 and the probe 21 are
detachably attached to a subject H in the manner as shown
in FIG. 4, for instance, in measurement. Specifically, a
fastening belt (not shown) is wound around an arm portion
of the subject H so that the oximeter main body 200 is fixed
to the arm portion of the subject H with use of the fastening
belt. Also, the probe 21 is fixedly attached to the finger F of
the subject H for measurement. Thereafter, the oximeter
main body 200 and the probe 21 are connected to each other
by way of the probe cable 205. At the time of measurement,
i.e., during sleep of the subject H, the USB cable 207 is not
connected to the oximeter main body 200. The USB cable
207 is connected to the PC 3 after the measurement is
completed to read out the measurement data from the pulse
oximeter 2.

[0066] The PC 3 includes a PC main body 30, i.e., a hard
disk device serving as the analyzer 15, an operating unit 36
having a keyboard and the like, and a display unit 37 having
a cathode ray tube (CRT) display device or a liquid crystal
display (LCD) device.

[0067] FIG. 5 is an illustration schematically showing a
circuit configuration of the probe 21 and the oximeter main
body 200 connected thereto. The probe 21 includes the light
emitter 211 and the light detector 212. The light emitter 211
has semiconductor light emitting devices for emitting light
of two different wavelengths Al, A2, respectively. For
instance, one of the semiconductor light emitting devices is
a red LED 211R for emitting red LED light of the wave-
length A1 in a red wavelength range, and the other one
thereof is an infrared LED 2111R for emitting infrared LED
light of the wavelength A2 in an infrared wavelength range.
The light detector 212 has a photoelectric conversion device
for generating an electric current in accordance with an
intensity of light emitted from the light emitter 211. An
example of the photoelectric conversion device is a silicon
photo diode having photosensitivity to at least the wave-
lengths A1 and A2.

[0068] As shown in FIG. 5, the light emitter 211 and the
light detector 212 are juxtaposed with respect to the finger
F for measurement, i.e., living tissue from which the blood
oxygen saturation is to be measured. For instance, on the tip
of the finger F where a pulse beat of the arterial blood is
easily detected optically, the light emitter 211 is arranged
adjacent the nail portion of the finger tip, and the light
detector 212 is arranged adjacent the ball portion of the
finger tip. In an actual measurement, fixedly holding the
finger F by the probe 21 enables to dispose the light emitter
211 and the light detector 212 at the aforementioned posi-
tions. Alternatively, a medicated tape such as a surgical tape
or a first-aid adhesive tape may be used to securely position
the light emitter 211 and the light detector 212 with respect
to the finger F. By the above attachment, the light of the
wavelengths A1, A2 which has passed through the finger F
is detected by the light detector 212.

[0069] The light emitter 211 and the light detector 212 are
respectively connected to a light emitting circuit 211C and
a light detecting circuit 212C. The light emitting circuit
211C and the light detecting circuit 212C are fabricated in
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the oximeter main body 200. The light emitter 211 and the
light detector 212 are electrically connected to the light
emitting circuit 211C and the light detecting circuit 212C,
respectively, by way of the probe cable 205.

[0070] An operation of the light emitting circuit 211C is
controlled by a microprocessor 20C so that a specified
emission control signal is issued to the red LED 211R and
to the infrared LED 2111R of the light emitter 211. When the
emission control signal is issued to the red LED 211R and
to the infrared LED 2111R, for instance, the red LED 211R
and the infrared LED 2111R are alternately driven, and red
light and infrared light are alternately emitted. Also, the light
detecting circuit 212C is controlled in synchronism with the
emission of the light emitter 211 by the microprocessor 20C
to generate an electric current signal, i.e., a pulse signal,
which is obtained by photoelectrical conversion of the
received light in accordance with the received light intensity.

[0071] Oxygen is transported by oxidation/reduction of
hemoglobin in the blood. The hemoglobin has such optical
characteristics that absorption of red light is decreased, and
absorption of infrared light is increased when the hemoglo-
bin is oxidized, and, conversely, absorption of red light is
increased and absorption of infrared light is decreased when
the hemoglobin is reduced. It is possible to obtain the blood
oxygen saturation, i.e., an arterial blood oxygen saturation
by measuring a variation in transmitted light amounts of the
red light and the infrared light. which is detected by the light
detecting circuit 212C, by utilizing the optical characteris-
tics.

[0072] In the following, the three-axis acceleration sensor
22 built in the oximeter main body 200 is described. FIGS.
6A through 6C are illustrations showing a three-axis accel-
eration sensor using a piezoresistor, as an example of the
three-axis acceleration sensor. FIG. 6A is a perspective view
of the three-axis acceleration sensor 22, FIG. 6B is a top
plan view thereof, and FIG. 6C is a cross-sectional view
taken along the line 6C-6C in FIG. 6B. The three-axis
acceleration sensor 22 is constructed utilizing a piesoresis-
tive effect. The piezoresistive effect is such that when a
mechanical external force is exerted to an object composed
of a semiconductor material having a piezo effect, crystal
lattice distortion occurs in the object, and the number of
carriers or carrier moving degree in the object is varied,
which causes a change in resistance of the object.

[0073] The three-axis acceleration sensor 22 includes a
sensor body 220 and twelve piezoresistive devices 224. The
sensor body 220 has a four-sided frame-like support 221
formed by dry-etching a base material such as silicon, a
weight portion 222 disposed in the middle of the support
221, and thin beam portions 223 each for connecting a
corresponding side portion of the support 221 to the weight
portion 222. The twelve piezoresistive devices 224 are
attached to the beam portions 223, as shown in FIG. 6A, for
instance. When the weight portion 222 is vibrated by appli-
cation of acceleration, the beam portions 223 are deformed,
and a stress is applied to the piezoresistive devices 224.

[0074] Specifically, when an external force is exerted on
the three-axis acceleration sensor 22, namely, when a vibra-
tion or a tilting force resulting from a body motion of the
subject is exerted on the oximeter main body 200, the weight
portion 222 is deformed about X-axis, Y-axis, or Z-axis (see
FIG. 6A) depending on the body motion, thereby deforming
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the beam portions 223. Then, a stress is applied to the
piezoresistive devices 224 depending on the degree of the
deformation of the beam portions 223, and, as a result, the
resistances of the piezoresistive devices 224 are varied
depending on the application of the stress. Thus, oscillation
of the oximeter main body 200, i.e., the body motion of the
subject is detected by detecting variations in resistance of
the piezoresistive devices 224, which are signals propot-
tional to acceleration.

[0075] The acceleration-proportional signals regarding the
piezoresistive devices 224 can be detected by constituting a
Wheatstone bridge circuit of four piezoresistive devices 224
each for the X-axis, Y-axis, and Z-axis, namely, using the
twelve piezoresistive devices 224 in total, and by detecting
respective variations in resistance resulting from application
of stress to the piezoelectric devices 224 as a voltage change.
In this embodiment, an axis output of either one of the X-,
Y-, and Z-axes is used to detect a body motion of the subject.
Alternatively, two axis outputs among the X-, Y-, and
Z-axes, or all the three axis outputs may be used.

[0076]

[0077] FIG. 7 is a block diagram of an arrangement
showing electrical functions of the pulse oximeter 2. The
pulse oximeter 2 includes a first A/D converter 231, a second
A/D converter 232, an oximeter calculator 24, a memory 25
serving as the storage, an oximeter controller 26, and an
oximeter interface (I/F) 27 in addition to the oximeter
display 202, the probe 21 serving as the blood oxygen
saturation detector, and the three-axis acceleration sensor 22
serving as the body motion detector.

[0078] As mentioned above, the probe 21 has the light
emitter 211 and the light detector 212 to detect blood oxygen
saturation information of the subject. Also, the three-axis
acceleration sensor 22 detects body motion information
concerning the body motion of the subject.

[0079] An analog current signal outputted from the light
detector 212 at a predetermined sampling frequency in
accordance with the transmitted amounts of red light and
infrared light is converted into a voltage signal by a current/
voltage converting circuit (not shown), and the voltage
signal is converted into a digital signal by the first A/D
converter 231. Similarly, respective output values, i.e., ana-
log current signals from the three-axis acceleration sensor 22
with respect to the X-, Y-, and Z-axes are converted into
voltage signals after current-to-voltage conversion, and then
these voltage signals are converted into digital signals by the
second A/D converter 232.

[0080] The oximeter calculator 24 is a functioning part for
obtaining count values concerning blood oxygen saturation
(SpO,) and body motion based on the digital measurement
signals outputted from the first A/D converter 231 and from
the second A/D converter 232, respectively. The oximeter
calculator 24 includes an SpO, count detector 241, and a
body motion count detector 242.

[0081] The SpO, count detector 241 detects a count value
corresponding to SpO, every predetermined cycle, e.g,
every one second in response to receiving the digital mea-
surement signal from the first A/D converter 231 at a fixed
interval. The body motion count detector 242 detects a count
value corresponding to a body motion in one of the X-, Y-,
and Z-axes every predetermined cycle in response to receiv-

(Description on Electrical Configuration)
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ing the digital measurement signal from the second A/D
converter 232 at a fixed interval.

[0082] The memory 25 includes a RAM or a like device
for storing various setting information, and has a measure-
ment data storage 251. The measurement data storage 251
temporarily stores the measurement data acquired by the
probe 21 and by the three-axis acceleration sensor 22, i.e.,
the count values corresponding to the respective measure-
ment data in association with the time when the respective
data have been acquired.

[0083] The oximeter controller 26 controls sensing opera-
tions by the probe 21, i.e., the light emitter 211 and the light
detector 212, and by the three-axis acceleration sensor 22, an
operation of calculating the count values by the oximeter
calculator 24, and an operation of writing the count values
into the memory 25. Specifically, the oximeter controller 26
causes the probe 21 and the three-axis acceleration sensor 22
to acquire the measurement data concerning SpQO, and body
motion of the subject at the predetermined sampling fre-
quency, causes the oximeter calculator 24 to calculate the
respective count values corresponding to the measurement
data, and causes the memory 25 to store the obtained count
values therein.

[0084] The oximeter I/F 27 is an interface for connecting
the PC 3 and the pulse oximeter 2 for data communication.
Specifically, the oximeter I/F 27 functions as an interface for
downloading the count values corresponding to the mea-
surement data stored in the memory 25 of the pulse oximeter
2 to the PC 3.

[0085] FIG. 8 is a block diagram of an arrangement
primarily showing electrical functions of the PC main body
30, i.e., an analyzer or a processor of the PC 3. The PC main
body 30 includes a PC interface (I/F) 301, an RAM 302, an
ROM 303, a main controller 304, and a data analyzer 305.

[0086] The PC I/F 301 is an interface for connecting the
PC main body 30 to the pulse oximeter 2 for data commu-
nication. The RAM 302 temporarily stores therein the mea-
surement data downloaded from the memory 25 of the pulse
oximeter 2, and various data acquired in the respective parts
of the PC main body 30. The ROM 303 stores therein an
operation program product for operating the PC main body
30 or the oximeter system S. The main controller 304 causes
the data analyzer 305 to analyze the measurement data
stored in the RAM 302 by temporarily storing the measure-
ment data into the RAM 302 or by reading out the operation
program product from the ROM 303.

[0087] The data analyzer 305 generates analysis data
concerning a relation between respiratory disease presenta-
tion and body motion of the subject by analyzing a relation
between change in blood oxygen saturation and body motion
of the subject based on the measurement data concerning the
blood oxygen saturation information and the body motion
information, and generates display data for displaying the
analysis data on the display unit 37. The data analyzer 305
includes an SpO, data generator 31, a body motion data
generator 32, an exercise data generator 33, a display
controller 34, and an oxygen flow rate calculator 35.

[0088] The SpO, data generator 31 is a functioning part
for generating time-based data on SpO, value resulting from
a respiratory failure of the subject. The SpO, data generator
31 creates the time-based data on the SpO, value, i.e., an
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SpO, curve by expressing count values corresponding to the
SpO,, which have been acquired from the measurement data
storage 251 of the memory 25 of the pulse oximeter 2 in
association with the data acquired time, along a time axis.

[0089] FIG.9 is a graph showing an example of the SpO,
curve. As illustrated in FIG. 9, expressing the SpO, count
values acquired at the predetermined sampling frequency
along the time axis enables to obtain one SpQ, curve with
respect to the subject. In the case where a respiratory failure
appears in the subject a certain number of times during the
measurement, the SpO, value is lowered accordingly. In
other words, the SpO, curve shows a plurality of peaks
where the SpO, value is temporarily lowered. Hereinafter, a
peak point where the SpO, shows a lowest value is called
“SpO, lowest peak™. It is possible to recognize presentation
of respiratory failure based on the SpO, lowest peaks.
However, it is impossible to judge whether such a respira-
tory failure has a correlation to body motion of the subject
based on the above data analysis.

[0090] The body motion data generator 32 is a functioning
part for calculating data concerning a time-based change of
body motion of the subject during the measurement. The
body motion data generator 32 includes an axis output
detector 321, a filter processor 322, a zero-cross number
detector 323, an actigraph creator 324, and an extraction
threshold setter 325.

[0091] The axis output detector 321 obtains data concern-
ing a time-based change of oscillation of one of the X-, Y-,
and Z-axes of the three-axis acceleration sensor 22 by
expressing a count value, i.e., an output voltage representing
the oscillation, i.e., a tilt angle of the corresponding axis of
the three-axis acceleration sensor 22 acquired from the
measurement data storage 251 of the memory 25 of the pulse
oximeter 2, along a time axis. Alternatively, the axis output
to be extracted may be arbitrarily changed, or plural axis
outputs may be used by executing a 24-hour continuous
pulse oximetry or by executing an overnight pulse oximetry.

[0092] FIG. 10 is a graph showing an example of a body
motion curve 41, which represents a time-based change of
the output voltage of the three-axis acceleration sensor 22
detected by the axis output detector 321. In the body motion
curve 41 in FIG. 10, a flat portion corresponds to a time zone
when a body motion of the subject has not been detected,
and a portion of a sharp gradient corresponds to a time zone
when a large body motion of the subject has been detected.

[0093] The filter processor 322 includes a digital filter, and
performs filter processing of extracting a data component
having a close relation to a body motion from the body
motion curve 41 obtained by the axis output detector 321.
Specifically, the filter processor 322 removes low-frequency
and high-frequency signal components by sending the out-
put voltage of the three-axis acceleration sensor 22 to a
band-pass filter capable of passing signals in the range of
about 2 to 3 Hz, which has a close relation to the body
motion. This arrangement enables to remove a noise com-
ponent or the like from the body motion curve 41.

[0094] FIG. 11 is a graph showing a body motion curve 42
after the filter processing by the filter processor 322. The
body motion curve 42 is obtained by converting the body
motion curve 41 into pulse information in the range of about
2 to 3 Hz, with zero level defined as an oscillation baseline.
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The frequency characteristic of the band-pass filter may be
arbitrarily changed depending on the physical constitution,
the age, or a like factor of the individual subjects.

[0095] The zero-cross number detector 323 counts the
number of times when the body motion curve 42 crosses the
zero level at a certain detection time interval T, as shown in
FIG. 12, to quantitize the body motion information of the
subject. As shown in the example of FIG. 12, the detection
time interval T is one second, and the zero-cross point ZC at
which the body motion curve 42 crosses the zero level
appears four times within the detection time interval T.
Accordingly, the zero-cross number detector 323 detects the
zero-cross number=4 within the detection time interval T.
The counting is carried out successively along the time axis
of the body motion curve 42 shown in FIG. 11. As a result
of the counting, zero-cross number information acquired at
the detection time interval T is obtained for the time zone
when the pulse oximetry has been executed.

[0096] The actigraph creator 324 creates data information,
i.e., graph information with which a user can easily recog-
nize the time-based change of the body motion or the
exercise amount of the subject by expressing the zero-cross
number information acquired by the zero-cross number
detector 323 along a time axis. In this embodiment, the
zero-cross number is used as an element for creating the
actigraph. Alternatively, it is possible to adopt a threshold
method of counting the number of times of appearance of a
detection value which exceeds a predetermined threshold
value in the body motion curve 42 shown in FIG. 11, or an
integration method of integrating the output signals of the
three-axis acceleration sensor 22. In both of the methods, an
actigraph can be created by expressing the threshold exces-
sive count value or the integrated value along a time axis.

[0097] FIG. 13 is a graph showing an example of the
actigraph created by the actigraph creator 324. In the graph
of FIG. 13, an SpO, curve 43 is expressed together with the
actigraph along a common time axis. The composite graph
as shown in FIG. 13 is created by the display controller 34,
which will be described later. The actigraph in FIG. 13 is an
example of a bar graph representing the zero-cross numbers
detected at the certain detection time interval T (=1 sec.).
Likewise, the SpO, curve 43 is a line graph created based on
a detection value of the SpO, every one second. The acti-
graph estimatively shows that a body motion of the subject
does not appear, in other words, an exercise has not been
conducted in the time zone when the zero-cross numbers are
not sequentially detected, and that a continuous body motion
of the subject appears, namely, a continuous exercise has
been conducted in the time zone when the zero-cross num-
bers are sequentially detected.

[0098] For instance, in the actigraph shown in FIG. 13, the
time zones indicated by circles 441, 442 represent signifi-
cant exercise time zones when the zero-cross numbers are
sequentially detected. It is estimated that an exercise such as
a continuous walk has been conducted in the time zone of
about several minutes. On the other hand, the SpO, curve 43
shown in FIG. 13 clearly shows that there exist two SpO,
lowest peaks 431, 432, which fall below the SpO, value of
90%. Thus, the user is enabled to recognize a correlation
between the SpO, lowest peaks 431, 432, and the exercise
time zones 441, 442 at a glance of the composite graph in
FIG. 13.
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[0099] In this way, the user can recognize the correlation
between exercise and time-based change of SpO, value of
the subject. There is a tendency that a patient under appli-
cation of the home oxygen therapy (HOT) shows lowering
of the SpQ, value after an exercise of a certain period. The
graph in FIG. 13 shows that the lowest peak 431 appears
immediately after the exercise time zone 441, and that the
lowest peak 432 appears immediately after the exercise time
zone 442. Accordingly, the graph shows that there is a close
relation between exercise and time-based change of SpO,
value, i.e., lowering of SpO, value, which enables a medical
staff to readily diagnose that the subject is suspected to have
a symptom peculiar to a patient under application of the
HOT.

[0100] In the case where a graph as shown in FIG. 14 is
obtained, for instance, at a glance of the graph, the user is
enabled to recognize that a lowest peak lower than the SpO,
value of 90% appears in an SpO, curve 45, despite the fact
that the zero-cross number is not detected in the actigraph of
FIG. 14. In this case, it is obvious that there is no relation
between exercise and time-based change of SpO, value, i.e.,
lowering of SpO, value. The lowering of SpO, value is due
to likelihood that the subject’s performance of exhausting
carbon dioxide gas is temporarily weakened while the
subject is at rest or in sleep. In such a condition, the medical
staff can diagnose that the subject is suspected to be a patient
in need of NIPPV.

[0101] In this way, at least a correlation between exercise
and time-based change of SpQ, value of the subject can be
readily recognized by creating an actigraph by the actigraph
creator 324, creating an SpQ, curve by the SpO, data
generator 31, and by expressing the actigraph and the SpO,
curve along a common time axis. Thereby, a judgment on a
therapeutic approach as to whether the HOT should be used
or the NIPPV should be used can be easily made.

[0102] Referring back to FIG. 8, the extraction threshold
setter 325 is a functioning part for accepting various setting
values in extracting data concerning body motion of the
subject. For instance, the extraction threshold setter 325
accepts designation to change the band-pass filter charac-
teristics in the filter processor 322, the detection time
interval T (see FIG. 12) in the zero-cross number detector
323, or the like depending on the individual subjects. Also,
the extraction threshold setter 325 accepts designation to
change various setting values to be used in the processing by
the exercise data generator 33, which will be described later,
e.g., an exercise time count start/end parameter, depending
on the individual subjects.

[0103] The exercise data generator 33 is a functioning part
for performing data presentation and data analysis in asso-
ciation with the exercise to recognize a correlation between
exercise and time-based change of SpO, value in detail.
Specifically, the exercise data generator 33 generates analy-
sis data capable of displaying at least the following two
relations (a), (b) in association with the exercise in terms of
a graph or like means, so that a targeted oxygen flow rate
capable of maintaining the SpO, value at 90% or more
throughout all the measurement time of the subject including
a rest time, a sleeping time, and an exercise time, with use
of a therapeutic apparatus such as a home oxygen therapy,
for instance, can be determined.

[0104] (a) a relation between exercise amount and lowest
peak of SpO, and
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[0105] (b) a relation between exercise time and lowest
peak of SpO,

The exercise data generator 33 includes a unit exercise
amount calculator 331, an exercise time detector 332, an
exercise amount sum calculator 333, and an SpO, corre-
sponding data generator 334 to obtain the relations (a) and

(b).

[0106] The unit exercise amount calculator 331 sequen-
tially calculates a unit exercise amount, which is a summa-
tion of body motion information for a certain unit time,
based on the measurement data concerning the body motion
information, by sequentially advancing the time along the
time axis. In this embodiment, the body motion information
represents the zero cross number detected by the zero cross
number detector 323 at the detection time interval T=1 sec.
Let it be assumed that the zero cross number at the detection
time interval T is defined as a per-second exercise amount
Ws. The unit exercise amount calculator 331 calculates a
unit exercise amount (hereinafter, called as “per-minute
exercise amount Wm”) by summing the per-second exercise
amounts Ws for a certain unit time e.g. one minute.

[0107] The per-minute exercise amount Wm is sequen-
tially calculated by sequentially advancing the time along
the time axis. For instance, a per-minute exercise amount
Wm at the point of time tl is obtained as the sum of sixty
per-second exercise amounts Ws, which are obtained for a
time duration of 60 seconds before the point of time tl.
Similarly, another per-minute exercise amount Wm at the
point of time t2(=t1+1 sec.) is calculated as the sum of sixty
per-second exercise amounts Ws, which are obtained for a
time duration of 60 seconds before the point of time t2.
Thus, the per-minute exercise amounts Wm are sequentially
calculated. This is because the SpQ, value is not lowered
immediately after an exercise, and there is a time lag
between the point of time when the SpO, value is lowered,
and the point of time when the exercise is conducted.
Accordingly, it is proper to calculate an exercise amount for
a certain unit time before the point of time when an instant
SpO, value, i.e., a per-second SpO, value has been acquired
in order to evaluate a correlation between the exercise
amount and the instant or the per-second SpO, value.

[0108] To summarize the above calculation, the per-
minute exercise amount Wm corresponding to the per-
second SpO, value can be obtained by implementing the
mathematical formula (1) based on the per-second exercise
amounts Ws. The summation unit of the unit exercise
amount is not limited to one minute. Alternatively, the
summation unit of the unit exercise amount may be arbi-
trarily changed depending on the individual subjects, and
may be an item to be set in the extraction threshold setter
325.

0
Wn(i) = Z Ws(i + )
=60

[0109] FIG. 15 is a graph, in which SpO, values and an
actigraph, i.e., the zero cross numbers, which have been
measured with respect to a subject for three minutes, are
plotted every one second, namely, a graph showing a cor-
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relation between the per-second SpQ, values and the per-
second exercise amounts Ws. The SpO, values are expressed
as a line graph, in other words, are displayed as an SpO,
curve 46. The zero cross numbers are expressed as a bar
graph. The graph in FIG. 15 is similar to the graph shown
in FIG. 13. At a glace of the graph in FIG. 15, it is
confirmed that there is a close relation between exercise and
lowering of SpO, value because a lowest peak 461 appears
in the SpO, curve 46 immediately after a certain exercise has
been conducted. However, it is difficult or impossible to
elucidate at what degree of the exercise the SpO, value is
lowered.

[0110] FIG. 16 is a graph, in which a unit exercise amount
estimation curve 47, i.e., a line graph in which the per-
minute exercise amounts Wm obtained by the unit exercise
amount calculator 331 are expressed, and the SpO, curve 46
shown in FIG. 15 are displayed along a common time axis.
The display data as shown in FIG. 16 is generated by the
display controller 34, which will be described later. The
graph in FIG. 16 shows that the SpO, value starts to be
lowered when the per-minute exercise amount Wm exceeds
a predetermined count number, and conversely, starts to be
raised or recovered when the per-minute exercise amount
Wm is equal to or lower than the predetermined count
number. Accordingly, it is possible to recognize a symptom
peculiar to the subject, namely, to know the exercise limit at
which the SpO, value starts to be lowered by comparing the
calculation result of the unit exercise amount calculator 331
with the SpO, curve. In this way, the correlation between
exercise and lowering of SpO, value can be analyzed in
detail by merely obtaining the unit exercise amount estima-
tion curve 47. In addition to the above arrangement, in this
embodiment, the exercise time detector 332, the exercise
amount sum calculator 333, and the SpO, corresponding
data generator 334 are provided to perform further detailed
analysis.

[0111] The exercise time detector 332 determines an exer-
cise time, which is a time zone when a significant exercise
is presumed to have been conducted, based on the measure-
ment data concerning the body motion information with use
of a predetermined reference value. In this embodiment, the
point of time when the per-minute exercise amount Wm
reaches 40 counts is defined as an exercise time count start
point of time 471, and the point of time when the per-minute
exercise amount Wm equals 20 counts or less is defined as
an exercise time count end point of time 472, based on the
unit exercise amount estimation curve 47. A time duration
from the point of time 471 to the point of time 472 is defined
as an exercise time Tw. Count values for defining the
exercise time count start point of time 471 and the exercise
time count end point of time 472, and offset amounts thereof
may be arbitrarily set depending on the sex difference, age,
physical constitution or a like factor of the individual
subjects. Using the exercise time Tw obtained by the exer-
cise time detector 332 enables to recognize a correlation
between the length of the exercise time Tw and the lowering
of SpO, value.

[0112] The exercise amount sum calculator 333 performs
summation of the per-minute exercise amounts Wm for the
exercise time Tw detected by the exercise time detector 332.
Specifically, in FIG. 16, an exercise amount sum Wa, which
is a summation of plotted values on the unit exercise amount
estimation curve 47 for the exercise time Tw, is calculated.
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The calculation of the exercise amount sum Wa enables to
estimate the degree of exercise of the subject during the
exercise time Tw, which corresponds to a time zone when a
significant exercise is presumed to have been performed.
Accordingly, this arrangement enables to recognize a cor-
relation between exercise and lowering of SpO, value based
on the analysis of the exercise degree of the subject during
the exercise time Tw, in addition to the length of the exercise
time Tw. The relation between the exercise amount sum Wa
obtained by the exercise amount sum calculator 333, and the
per-minute exercise amount Wm can be expressed by the
following formula (2).

[0113]

While Wm<20, Wa=>Wm 2)

If Wm>40

[0114] The SpO, corresponding data generator 334 gen-
erates corresponding data concerning a correlation between
the exercise time Tw obtained by the exercise time detector
332, and the lowest peak of the SpO, value, or a correlation
between the exercise amount sum Wa obtained by the
exercise amount sum calculator 333, and the lowest peak of
the SpO, value. The corresponding data generated by the
SpO, corresponding data generator 334 is desctibed in detail
referring to FIGS. 17 through 20.

[0115] FIG. 17 is a graph, in which per-second SpO,
values, and per-second exercise amounts Ws are detected
with respect to a subject for twenty-two minutes. In FIG. 17,
the SpO, values are expressed as a line graph, namely, are
displayed as an SpO, curve 48, and the zero cross numbers
are expressed as a bar graph. The graph in FIG. 17 shows
that there are several lowest peaks in the SpO, curve 48, and
an exercise is apparently conducted in the measurement
time. However, a correlation between exercise and lowering
of SpO, value cannot be elucidated at a glance of the graph
in FIG. 17.

[0116] FIG. 18 is a graph, in which a unit exercise amount
estimation curve 49, i.e., a line graph in which per-minute
exercise amounts Wm obtained by the unit exercise amount
calculator 331 are expressed, and the SpQO, curve 48 shown
in FIG. 17 are displayed along a common time axis. At a
glance of the graph in FIG. 18, a correlation between peak
of the per-minute exercise amount Wm, and lowest peak of
the SpO, value can be clearly recognized. Specifically, in the
graph of FIG. 18, there are recognized at least five exercise
peak portions A, B, C, D, and E, which correspond to time
zones when the per-minute exercise amounts Wm are exces-
sively increased based on an assumption that the per-minute
exercise amount Wm>40 is defined as a significant exercise.
A first peak 491, a second peak 492, a third peak 493, a
fourth peak 494, and a fifth peak 495 of the unit exercise
amount estimation curve 49 overlap the exercise peak por-
tions A, B, C, D, and E, respectively.

[0117] Observing the exercise peak portion A, a first
lowest peak 481 of the SpO, curve 48 appears some time
after the appearance of the first peak 491. Accordingly, the
correlation between lowering of SpO, value and exercise
can be clearly recognized. On the other hand, observing the
exercise peak portion B, a part of the SpO, curve 48
corresponding to the second peak 492, which has a relatively
low peak value, is a flat portion 482 where no significant
lowering of SpO, value is recognized. Accordingly, it can be
concluded that the SpQ, value of the subject is not lowered
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by such a degree of exercise. Similarly to the exercise peak
portion A, the third peak 493 of the unit exercise amount
estimation curve 49 and the second lowest peak 483 of the
SpO, curve 48 are correlated to each other regarding the
exercise peak portion C, the fourth peak 494 of the unit
exercise amount estimation curve 49 and the third lowest
peak 484 of the SpO, curve 48 are correlated to each other
regarding the exercise peak portion D, and the fifth peak 495
of the unit exercise amount estimation curve 49 and the
fourth lowest peak 485 of the SpO, curve 48 are correlated
to each other regarding the exercise peak portion E.

[0118] Also, a correlation between the exercise time Tw
and/or the exercise amount sum Wa in the respective exer-
cise peak portions A through E, and the first through the
fourth lowest peaks 481, 483, 484, and 485 of the SpO,
curve can be recognized in detail by detecting the exercise
time Tw by the exercise time detector 332 based on the unit
exercise amount estimation curve 49 shown in FIG. 18, and
by obtaining the exercise amount sum Wa by implementing
the mathematical formula (2) by the exercise amount sum
calculator 333.

[0119] Specifically, the SpO, corresponding data genera-
tor 334 is operative to detect a lowest peak of the SpO,
value, i.e., a lowest SpO, value in a time zone corresponding
to the exercise time Tw in each of the exercise peak portions
A through E, and to detect values of the first through the fifth
peaks 491 through 495, i.e., exercise amount peak values in
the respective exercise peak portions A through E, thereby
enabling to clearly recognize a correlation between the
lowest SpQ, value and the exercise amount peak value. FIG.
19 is a graph, in which a relation between the lowest SpO,
value and the exercise amount peak value is plotted in the
respective exercise peak portions A through E. At a glance
of the graph in FIG. 19, a correlation between the degree of
the exercise done in the exercise time Tw, and lowering of
SpO, value can be recognized.

[0120] Also, the SpO, corresponding data generator 334 is
operative to detect a lowest peak of the SpO, value, ie., a
lowest SpO, value in a time zone corresponding to the
exercise time Tw in each of the exercise peak portions A
through E, and to express the exercise time Tw in each of the
exercise peak portions A through E in terms of numerical
data, thereby enabling to clearly recognize a correlation
between the lowest SpO, value and the exercise time Tw.
FIG. 20 is a graph, in which a relation between the lowest
SpO, value and the exercise time Tw is plotted in the
respective exercise peak portions A through E. At a glance
of the graph in FIG. 20, a correlation between the length of
the exercise time Tw, and lowering of SpO, value can be
recognized.

[0121] Returning to FIG. 8, the display controller 34 is a
functioning part for displaying various data obtained by the
Sp0, data generator 31, the body motion data generator 32,
and the exercise data generator 33 on the display unit 37 in
the form of a certain image, and for outputting the various
data to an output unit 38. The display controller 34 includes
a data synthesizer 341 and a display data generator 342.

[0122] The data synthesizer 341 generates composite data,
in which the body motion data and the SpO, data are
expressed along a common time axis. Specifically, the data
synthesizer 341 generates composite data, in which the
SpO, curve generated by the SpO, data generator 31, and the
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actigraph generated by the actigraph creator 324 or the unit
exercise amount estimation curve or the like generated by
the exercise data generator 33 are expressed along the
common time axis.

[0123] The display data generator 342 generates display/
output data with use of the composite data generated by the
data synthesizer 341. For instance, the display data generator
342 forms an image such as the graphs as shown in FIGS.
15 through 20, and displays the image on the display unit
37 or outputs the image to the output unit 38.

[0124] The oxygen flow rate calculator 35 calculates a
proper oxygen flow rate to be supplied to the subject from
an oxygen supplier such as a home oxygen therapy based on
the correlation (see FIG. 19) between the lowest SpO, value
generated by the SpO, corresponding data generator 334,
and the exercise amount peak value. Specifically, the degree
of exercise recommendable for the subject in his or her daily
life can be recognized by obtaining the graph as shown in
FIG. 19. Also, a correlation between the exercise and the
lowering of the SpO, value can be recognized. Accordingly,
a proper oxygen flow rate can be determined by creating an
oxygen flow rate table showing a correlation between the
lowest SpQ, value and the exercise amount peak value,
storing the oxygen flow rate table in the ROM 303 or a like
device in advance, and by making a comparison between the
calculation result of the SpO, corresponding data generator
334 and the oxygen flow rate table.

[0125] For instance, in the case where the result as shown
in the graph of FIG. 19 is obtained for a subject, it is
comprehended that the exercise amount in the range from
4,000 to 5,000 frequently appears in the daily life of the
subject, and that the lowest SpO, value in association with
the exercise amount is in the range from 88% to 87%. In this
case, the proper oxygen flow rate from 1.3 to 1.5 litter/min.
can be determined based on the table of FIG. 21. Accord-
ingly, the oxygen flow rate calculator 35 calculates the
proper oxygen flow rate of 1.3 to 1.5 litter/min. if the
analysis result as shown in FIG. 19 is obtained, and proper
oxygen flow rate information is displayed on the display unit
37 or outputted to the output unit 38.

[0126]

[0127] An operation of the oximeter system S having the
above arrangement is described based on the flowcharts
shown in FIGS. 22 through 27, and also referring to the
block diagrams of FIGS. 7 and 8 according to needs. FIG.
22 is a flowchart showing a flow of overall operations of the
oximeter system S. In this embodiment, a flow is described,
in which the pulse oximeter 2 is attached to a subject H, as
shown in FIG. 4, the SpO, value and the body motion of the
subject H are concurrently detected for storage, the stored
SpO. value and body motion of the subject H are read out
from the pulse oximeter 2, and analysis data concerning a
correlation between body motion and change of the SpO,
value is obtained with respect to the subject H.

[0128] First, the pulse oximeter 2 is attached to the sub-
ject’s body, and the power of the pulse oximeter 2 is turned
on (Step S1). Specifically, the oximeter main body 200 is
attached to an arm portion of the subject H with use of the
fastening belt (not shown) serving as a fastening device, and
a finger of the subject H is securely held by the probe 21 (see
FIGS. 3 and 4). After completion of these operations,

(Description on Operation Flow)
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measurement is started. A timer may be set so that a time is
started to be measured upon lapse of a certain time, consid-
ering a time required for the subject H to fall asleep in the
case where an overnight pulse oximetry or the like is
executed.

[0129] When the measurement is started, it is judged
whether the current time is coincident with the time of the
predetermined sampling frequency (Step S2). If it is judged
that the current time is coincident with the time of the
sampling frequency (YES in Step S2), measurement data
concerning SpO, value or blood oxygen saturation informa-
tion of the subject H is acquired from the probe 21, and
measurement data concerning body motion information of
the subject H is acquired from the three-axis acceleration
sensor 22 (Step S3). Then, after A/D conversion or a
predetermined computation is executed, the measurement
data is stored in the memory 25 (see FIG. 7) of the pulse
oximeter 2 (Step S4).

[0130] Then, it is judged whether the measurement is to be
terminated (Step S5). In the case where it is judged that the
system S is on halfway of the measurement (NO in Step S5),
the routine returns to Step S2 to cyclically repeat the
operations from Step S2 to Step S4. On the other hand, if the
predetermined measurement period is ended, or the subject
H intentionally terminates the measurement because he or
she completely wakes up in the measurement period (YES
in Step S5), the measurement operation with use of the pulse
oximeter 2 is terminated.

[0131] Thereafter, as shown in FIG. 3, the pulse oximeter
2 and the PC 3 are connected by way of the USB cable 207
so that the measurement data stored in the pulse oximeter 2
is downloaded from the pulse oximeter 2 to the PC 3 (Step
S6). Specifically, the measurement data concerning blood
oxygen saturation information and body motion informa-
tion, which is stored in the memory 25 of the pulse oximeter
2, is temporarily saved in the RAM 352 of the PC main body
30 via the oximeter I/F 27 and the PC IF 351 (see FIG. 8).

[0132] Then, the measurement data downloaded to the PC
3 is analyzed by the SpO, data generator 31 and the body
motion data generator 32 (Step S7). Specifically, the SpO,
data generator 31 creates time-based data on the SpO, value,
i.e., an SpO, curve by expressing count values correspond-
ing to the SpO,, which have been acquired in association
with the data acquired time, along a time axis. Also, the body
motion data generator 32 causes the actigraph creator 324 to
create an actigraph representing the zero cross number in the
form of a bar graph, for instance, after the filter processing
and the zero cross counting, based on the count values
corresponding to the time-based change of the body motion
of the subject H in association with the data acquired time.

[0133] Subsequently, a mode of displaying the generated
data, 1.e., the degree of analyzation of the data on the display
unit 37 is selected (Step S8). If a simple display mode of
simply displaying the SpO, curve generated by the SpO,
data generator 31 and the actigraph created by the actigraph
creator 324 together on the display unit 37 is selected (YES
in Step S8), the data synthesizer 341 of the display controller
34 expresses the SpO, curve and the actigraph on a common
time axis (Step S9). Then, the display data generator 342
performs a certain data processing to display the composite
data as a certain image, causes the display unit 37 to display
the image such as the graph expressing the SpO, curve and
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the actigraph on the same time axis, e.g., the graphs as
shown in FIGS. 13 through 15, or causes the output unit 38
to print out the image (Step S10).

[0134] TIf, on the other hand, the simple display mode is not
selected in Step S8 (NO in Step S8), the respective parts in
the exercise data generator 33 perform data presentation and
data analysis in association with the exercise to allow the
user to recognize a correlation between exercise and time-
based change of SpO, value in detail (Step S11). The
processing of Step S11 is described later in detail.

[0135] The data synthesizer 341 of the display controller
34 synthesizes the SpO, curve and the exercise-related
analysis data generated by the exercise data generator 33,
and the display data generator 342 of the display controller
34 converts the composite data into certain data for image
formation (Step S12). For instance, the image such as the
graphs as shown in FIGS. 16, 18 through 20 is displayed on
the display unit 37 or outputted to the output unit 38 for
printing (Step S13). Thus, the routine ends. This is the
overall operation flow of the oximeter system S. Next, the
flows of Steps S3, S7, and S11 are described in detail one by
one.

[0136] FIG. 23 is a flowchart showing details on the SpO,
detection in Step S3 of the flowchart in FIG. 22. When it is
judged that the current time is coincident with the time of the
predetermined sampling frequency, the red LED 211R or the
infrared 2111IR (see FIG. 5) provided in the probe 21 are
turned on to emit red light or infrared light toward the finger
F of the subject H (Step S21). The light detector 212 detects
transmitted light through the finger F in synchronization
with the light emission (Step S22), and an analog current
output in accordance with the received light intensity is
acquired by the light detecting circuit 212C (Step S23).

[0137] The acquired analog current output is converted
into a digital measurement signal by the first A/D converter
231 (see FIG. 7) (Step S24). Then, the SpO, count value
detector 241 detects a count value of SpO, corresponding to
the digital measurement signal at the predetermined sam-
pling frequency (Step S25). The SpO, count value is stored
in the measurement data storage 251 of the memory 25 in
association with the time when the count value has been
acquired. The above routine is cyclically repeated at the
predetermined sampling frequency.

[0138] FIG. 24 is a flowchart showing details on the body
motion detection in Step S3 of the flowchart in FIG. 22.
When it is judged that the current time is coincident with the
time of the sampling frequency, a sensor output, i.e., an
analog current signal regarding one or all of the X-, Y-, and
Z-axes of the three-axis acceleration sensor 22 (see FIG. 7)
is obtained. The analog current signal is current-to-voltage
converted into a voltage signal, which, in turn, is detected as
an analog voltage signal with respect to the corresponding
axis (Step S31).

[0139] The analog voltage signal is analog-to-digitally
converted into a digital measurement signal by the second
A/D converter 232 (Step S32). Then, the body motion count
detector 242 detects a count value corresponding to one or
all of the oscillations of the X-, Y-, and Z-axes, which
correspond to the digital measurement signal obtained at the
sampling frequency (Step S33). The count value corre-
sponding to the one or all of the oscillations of the X-, Y, and
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Z-axes is stored in the measurement data storage 251 of the
memory 25 in association with the time when the count
value has been acquired. The above routine is cyclically
repeated at the sampling frequency.

[0140] FIG. 25 is a flowchart showing details on the
actigraph creation in Step S7 of the flowchart in FIG. 22.
First, data concerning the count value corresponding to one
or all of the oscillations of the X-, Y-, and Z-axes that has
been downloaded from the oximeter 2 to the PC 3 is loaded
to the RAM 352 or an equivalent device (Step S41). The data
is data showing a time-based change of the body motion
count value.

[0141] Then, the axis output detector 321 (see FIG. 8)
extracts an output with respect to one of the X-, Y-, and
Z-axes of the three-axis acceleration sensor 22, and the
count value, i.e., an output voltage is expressed along a time
axis, and data concerning the time-based change of the
oscillation of the corresponding axis, namely, the body
motion curve 41 concerning body motion of the subject H,
is obtained (Step S42). Then, the filter processor 322 per-
forms band-pass filter processing of extracting merely the
signals in the range from about 2 to 3 Hz, which have a close
relation to body motion (Step S43). The body motion curve
after the filter processing is the body motion curve 42 as
shown in FIG. 11, for example.

[0142] Subsequently, the zero cross number detector 323
counts the number of times when the body motion curve 42
crosses the zero level at the predetermined detection time
interval T (=1 sec.) (Step S44, see FIG. 12). Then, the
actigraph creator 324 creates data information, i.e., graph
information such as the bar graphs as shown in FIGS. 13
through 15, for instance, with which the user can easily
recognize the time-based change of the body motion or the
exercise amount of the subject by expressing the zero-cross
number information detected by the zero-cross number
detector 323 along a time axis. Thus, the routine ends.

[0143] FIG. 26 is a flowchart showing details on the
exercise data processing in Step S11 of the flowchart in FIG.
22. In FIG. 26, a computation flow of calculating the
exercise time Tw and the exercise amount sum Wa based on
the per-minute exercise amount Wm as described in the
foregoing section is described. The flow is described on the
assumption that Wm=40 at the exercise time count start
point of time, and Wm=20 at the exercise time count end
point of time.

[0144] First, a reset processing: Wa=0 is executed (Step
S51). Then, the unit exercise amount calculator 331 calcu-
lates the per-minute exercise amount Wm based on the zero
cross number, i.e., the per-second exercise amount Ws,
which is detected by the zero cross number detector 323 at
a time interval of 1 second (Step S52). Then, it is judged
whether the obtained per-minute exercise amount Wm
exceeds 40 counts (Step S53). If the per-minute exercise
amount Wm is not larger than 40 counts (NO in Step S53),
the routine returns to Step S52 without starting counting of
the exercise time because the judgment result shows that a
significant exercise of the subject H is not started. Then, the
next per-minute exercise amount Wm is obtained by advanc-
ing the time along the time axis by the detection time
interval T=1 sec.

[0145] If, on the other hand, it is judged that the per-
minute exercise amount Wm exceeds 40 counts (YES in
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Step S53), the exercise time detector 332 starts counting the
exercise time Tw. Since the counting is started, a count start
point of time Tws of the exercise time Tw is stored in the
RAM 302 or a like device (Step S54).

[0146] Subsequently, the per-minute exercise amount Wm
is obtained by advancing the time along the time axis by one
second (Step S55). Then, the exercise amount sum calcula-
tor 333 performs summation: Wa=Wa+Wm to obtain the
exercise amount sum Wa (Step S56). The summation is
continued until the per-minute exercise amount Wm is
below 20 (NO in Step S57). Specifically, after the count start
point of time Tws until the point of time when Wm<20, the
summation of sequentially adding the per-minute exercise
amount Wm so that the summation result becomes the
exercise amount sum Wa is continued by sequentially
advancing the time along the time axis by one second.

[0147] 1If, on the other hand, the per-minute exercise
amount Wm is smaller than 20 counts (YES in Step S57), the
exercise time detector 332 completes the counting of the
exercise time Tw. The exercise amount sum Wa obtained in
Step S56 immediately before the completion of the counting
is set as the exercise amount sum Wa in the time zone
corresponding to the exercise time Tw. Then, a count end
point of time Twe of the exercise time Tw is stored in the
RAM 302 or a like device (Step S58). Subsequently, the
exercise time detector 332 calculates the exercise time Tw
based on the following equation (Step S59).

Tw=Twe-Tws

where Tw represents the exercise time, Twe represents the
count end point of time, and Tws represents the count start
point of time.

[0148] Then, the SpO, corresponding data generator 334
detects a lowest peak of the SpQ, value, ie., a lowest SpO,
value in the time zone from the count start point of time Tws
to the count end point of time Twe (Step S60). Then, the
exercise amount sum Wa obtained in Step S56, the exercise
time Tw obtained in Step S59, and the lowest SpO, value
obtained in Step S60 are stored in the RAM 302 or a like
device (Step S61). Also, a proper oxygen flow rate to be
supplied to the subject H is calculated by the oxygen flow
rate calculator 35, according to needs, by making a com-
parison between the table as shown in FIG. 21, and the
acquired exercise amount sum Wa and lowest SpO, value
(Step S62). Thus, the routine ends.

[0149] FIG. 27 is a flowchart showing a flow on lowest
SpO, value detection, which is primarily executed by the
SpO, corresponding data generator 334. Specifically, FIG.
27 is a process flow of detecting the lowest SpO, value while
judging presence or absence of exercise. First, the SpO,
values are successively extracted from the SpO, curve
generated by the SpO, data generator 31 along the time axis,
and it is judged whether the extracted SpO, value is lower
than 90% (Step S71). If it is judged that the SpO, value is
not lower than 90% (NO in Step S71), the next SpQ, value
is retrieved by advancing the time along the time axis by one
second, which is cyclically repeated until the judgment
result in Step S71 is affirmative.

[0150] If, on the other hand, the SpO, value is lower than
90% (YES in Step S71), it is judged whether the per-minute
exercise amount Wm calculated by the unit exercise amount
calculator 331 exceeds 40 counts (Step S73). Specifically, a
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judgment is made as to whether the lowering of SpQO, value
has a relevancy to the exercise. If Wm>40 (NO in Step S73),
it is judged that the lowering of SpQ, value has a relevancy
to the exercise (Step S74).

[0151] Then, if it is judged that the lowest SpO, value has
already been stored, namely, the stored SpO, value exists
(YES in Step S75), a comparison is made between the stored
SpO, value and the newly detected SpO, value (Step S76).
If it is judged that the newly detected SpO, value is not
larger than the stored SpQ, value (YES in Step S76), the
newly detected SpO, value and the exercise amount in
association therewith are stored in the RAM 302 or a like
device by data replacement (Step S77). If, on the other hand,
the newly detected SpQ, value is larger than the stored SpQO,
value (NO in Step S76), data replacement in the RAM 302
is not executed, and the routine returns to Step S71 to
cyclically repeat the operation. If it is judged that there does
not exist the stored SpQ, value (NO in Step S75), the newly
detected SpO, value and the exercise amount in association
therewith are stored in the RAM 302 or a like device without
data replacement (Step S78).

[0152] 1If, on the other hand, it is judged that the per-
minute exercise amount Wm is smaller than 40 counts (NO
in Step S73), it is judged that there is no correlation between
the exercise and the lowering of SpO, value (Step S79).
Similarly to the above operations, a judgment is made as to
whether there has already been stored the lowest SpO, value,
namely, there exists the stored SpO, value (Step S80). If the
judgment result is affirmative (YES in Step S80), a com-
parison is made between the stored SpO, value and the
newly detected SpO, value (Step S81). If it is judged that the
newly detected SpQ, value is not larger than the stored SpO,
value (YES in Step S81), the newly detected SpO, value and
the exercise amount in association therewith are stored in the
RAM 302 or a like device by data replacement (Step S82).
If, on the other hand, the newly detected SpO, value is larger
than the stored SpO, value (NO in Step S81), data replace-
ment in the RAM 302 is not executed, and the routine returns
to Step S71 to cyclically repeat the operation. If it is judged
that there does not exist the stored SpO, value (NO in Step
S80), the newly detected SpO, value and the exercise
amount in association therewith are stored in the RAM 302
or a like device without data replacement (Step S83).

[0153] (First Modification: Alert-Equipped Oximeter)

[0154] FIG. 28 is a block diagram showing an electrical
configuration of an alert-equipped pulse oximeter 2A as a
modified embodiment of the invention. The alert-equipped
pulse oximeter 2A includes a probe 21, a three-axis accel-
eration sensor 22, a memory 25, an oximeter controller 26,
and an oximeter display 202, as in the case of the pulse
oximeter shown in FIG. 7, and also includes an oximeter
calculator 240 having a function of analyzing exercise data,
a discriminator 28, an alert controller 291, and an alert
device 292. Description on the probe 21, the three-axis
acceleration sensor 22, the memory 25, the oximeter con-
troller 26, and the oximeter display 202 will be omitted
herein.

[0155] The oximeter calculator 240 has a data analyzer
243, a unit exercise amount calculator 244, an exercise time
detector 245, and an exercise amount sum calculator 246.
The data analyzer 243 generates SpO, data and body motion
data of a user based on body motion information detected by
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the three-axis acceleration sensor 22 and blood oxygen
saturation information detected by the probe 21. Specifi-
cally, the data analyzer 243 has a function of the SpO, data
generator 31 and the body motion data generator 32
described referring to FIG. 8. Also, the unit exercise amount
calculator 244, the exercise time detector 245, and the
exercise amount sum calculator 246 have functions similar
to the unit exercise amount calculator 331, the exercise time
detector 332, and the exercise amount sum calculator 333
provided in the exercise data generator 33 shown in FIG. 8,
respectively.

[0156] The discriminator 28 discriminates whether a unit
exercise amount, e.g., a per-minute exercise amount Wm
calculated by the unit exercise amount calculator 244, and/or
an exercise amount sum Wa calculated by the exercise
amount sum calculator 246 exceeds a predetermined exer-
cise amount threshold value. The exercise amount threshold
value may be arbitrarily set depending on characteristics of
the individual users such as the exercise limit of the user at
which the SpO, value is lowered. Also, the discriminator 28
discriminates whether the SpO, value is lower than 90%.

[0157] The alert controller 291 causes the alert device 292
to issue an alert, or causes the oximeter display 202 to
display an alert message depending on a discrimination
result of the discriminator 28. Specifically, if the exercise
amount of the user exceeds the predetermined exercise
amount threshold value, or if the SpO, value of the user is
lower than 90%, the alert controller 291 generates a control
signal to issue an alert. The alert device 292 includes an
alarm and a message recorder. The alert device 292 gener-
ates an alarm sound or an alert message in accordance with
the control signal generated from the alert controller 291,
and alerts the user of occurrence of abnormality.

[0158] Attaching the alert-equipped pulse oximeter 2A
constantly to the user enables to cause the alert device 292
to issue an alert, or cause the oximeter display 202 to display
an alert message if the user conducts an exercise which may
induce lowering of the SpQ, value, or if the SpO, value is
actually lowered than 90%. This arrangement enables the
user to readily recognize whether the user is in hazardous or
abnormal condition.

[0159]

[0160] FIG. 29 is a block diagram showing an electrical
configuration of an oxygen supply system OS as another
modified embodiment of the invention. The oxygen supply
system OS includes the pulse oximeter 2A having the
discriminator 28 shown in FIG. 28, an oxygen supply
control unit 5, and an oxygen supply unit 6 having an oxygen
supplier 61 and an oxygen tank 62. Similarly to the above
modification, the discriminator 28 of the pulse oximeter 2A
discriminates whether a per-minute exercise amount Wm
and/or an exercise amount sum Wa exceeds a predetermined
exercise amount threshold value, and also discriminates
whether the SpO, value is lower than 90%.

[0161] The oxygen supply control unit 5 has an oxygen
flow rate calculator 51 and an oxygen supply controller 52.
The oxygen flow rate calculator 51 calculates a proper
oxygen flow rate for the user depending on a discrimination
signal issued from the discriminator 28. The oxygen flow
rate calculator 51 is a functioning part for performing a
similar calculation as the oxygen flow rate calculator 35

(Second Modification: Oxygen Supply System)
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shown in FIG. 8, and has a table similar to the table as
shown in FIG. 21 to calculate a proper oxygen flow rate
required for the user by making a comparison between the
table, and the exercise amount sum Wa and the lowest SpO,
value detected by the pulse oximeter 2A.

[0162] The oxygen supply controller 52 generates a drive
control signal and sends the control signal to the oxygen
supplier 61 in supplying oxygen of the proper oxygen flow
rate calculated by the oxygen flow rate calculator 51 to the
user with use of the oxygen supplier 61. Upon receiving the
control signal, the oxygen supplier 61 regulates the opening
of a supply valve of the oxygen tank 62 to supply the oxygen
to the user through a nasal cannula 63 or a like device. With
the oxygen supply system OS, the proper oxygen flow rate
can be determined by the oxygen supply control unit 5 in the
case where the user who has to wear an oxygen mask
including the nasal cannula 63 constantly, or on move, or in
sleep conducts an exercise that may induce lowering of the
SpO, value below a certain level. The arrangement enables
to keep on supplying the oxygen to the user in such a manner
that the lowering of the SpO, value can be eliminated with
use of the oxygen supply unit 6.

[0163] (Third Modification: Operation Program Product
of Oximeter System)

[0164] Tt is possible to provide an operation program
product of executing a processing to be implemented by the
oximeter system S, as another modified embodiment to carry
out the invention. The program product may be provided by
recording the program on a computer-readable recording
medium, which is an attachment to a computer, such as a
flexible disk, a CD-ROM, an ROM, an RAM, or a memory
card. Also, the program product may be provided by record-
ing the program on a recording medium equipped in the PC
main body 30 shown in FIG. 3. Further alternatively, the
program product may be provided by downloading via a
network.

[0165] In general, the routines executed to implement the
embodiment of the invention, whether implemented as part
of an operating system or a specific application, component,
program, object, module or sequence of instructions will be
referred to as “programs”. The program comprises one or
more instructions that are resident at various times in various
memory and storage devices in a computer, and that cause
the computer to perform the steps necessary to execute steps
or elements embodying the various aspects of the invention.

[0166] The embodiment of the invention has and will be
described in the context of functioning the computer and
computer system. However, those skilled in the art will
appreciate that various embodiments of the invention are
capable of being distributed as a program product in a
variety of forms, and that the invention applies equally
regardless of the particular type of signal bearing media used
to actually carry out the distribution. Examples of signal
bearing media include but are not limited to recordable type
media such as volatile and non-volatile memory devices,
floppy and other removable disks, hard disk drives, optical
disks (e.g., CD-ROM’s, DVD’s, etc.), among others, and
transmission type media such as digital and analog commu-
nication links, including the Internet.

[0167] As described above, a method for acquiring analy-
sis data concerning a respiratory disease, comprises the steps



US 2006/0217603 A1l

of detecting a blood oxygen saturation and a body motion of
a subject at a predetermined sampling frequency concut-
rently and respectively sequentially, expressing data con-
cerning the detected blood oxygen saturation and data
concerning the detected body motion along a common time
axis, and acquiring analysis data concerning a relation
between a change in the blood oxygen saturation and the
body motion of the subject based on the blood oxygen
saturation data and the body motion data expressed along the
common time axis.

[0168] With this method, the serially detected data con-
cerning the blood oxygen saturation and the body motion of
the subject can be concurrently acquired. Accordingly,
manual recording of behavior log can be eliminated. Since
the acquired data serves as analysis data expressed along the
common time axis, the user can accurately recognize the
relation between the body motion and the change in the
blood oxygen saturation of the subject.

[0169] According to the method, since the user can accu-
rately recognize the relation between the body motion and
the change in the blood oxygen saturation of the subject, the
analysis data that enables to select a proper therapeutic
apparatus and to prescribe a proper oxygen flow rate can be
acquired.

[0170] An oximeter system comprises a blood oxygen
saturation detector for detecting blood oxygen saturation
information of a subject, a body motion detector for detect-
ing body motion information of the subject, a controller for
causing the blood oxygen saturation detector to acquire the
blood oxygen saturation information, and causing the body
motion detector to acquire the body motion information at a
predetermined sampling frequency concurrently and respec-
tively sequentially, and a display unit for displaying data
concerning the acquired blood oxygen saturation informa-
tion and data concerning the acquired body motion infor-
mation along a common time axis.

[0171] With the above system, the blood oxygen satura-
tion information detected by the blood oxygen saturation
detector, and the body motion information detected by the
body motion detector can be acquired at the predetermined
sampling frequency concurrently and respectively sequen-
tially. Accordingly, manual recording of behavior log can be
eliminated. The blood oxygen saturation information data
and the body motion information data can be displayed on
the display unit along the common time axis.

[0172] According to the system, since the blood oxygen
saturation information data and the body motion information
data can be displayed on the display unit along the common
time axis, observing the display image or the like on the
display unit enables the user to easily and accurately rec-
ognize the relation between the body motion and the change
in the blood oxygen saturation of the subject.

[0173] Another oximeter system comprises a blood oxy-
gen saturation detector for detecting blood oxygen saturation
information concerning a blood oxygen saturation of a
subject, a body motion detector for detecting body motion
information concerning a body motion of the subject, a
controller for causing the blood oxygen saturation detector
to acquire the blood oxygen saturation information, and
causing the body motion detector to acquire the body motion
information at a predetermined sampling frequency concur-

Sep. 28,2006

rently and respectively sequentially, an analyzer for analyz-
ing a relation between a change in the blood oxygen satu-
ration and the body motion of the subject based on data
concerning the acquired blood oxygen saturation informa-
tion and data concerning the acquired body motion infor-
mation, and a display unit for displaying an analysis result
by the analyzer.

[0174] With the above system, the blood oxygen satura-
tion information detected by the blood oxygen saturation
detector, and the body motion information detected by the
body motion detector can be acquired at the predetermined
sampling frequency concurrently and respectively sequen-
tially. Also, the analyzer generates the analysis data con-
cerning the relation between the change in the blood oxygen
saturation and the body motion of the subject based on the
blood oxygen saturation information data and the body
motion information data, and the analysis result by the
analyzer can be displayed on the display unit.

[0175] According to the system, not only the blood oxy-
gen saturation information data and the body motion infor-
mation data are displayed, but also the analysis result
concerning the relation between the change in the blood
oxygen saturation and the body motion of the subject are
displayed. Accordingly, the user can easily acquire informa-
tion necessary for diagnosing the respiratory disease in
detail.

[0176] Preferably, the analyzer may be provided with a
unit exercise amount calculator for sequentially calculating
a unit exercise amount corresponding to a summation of the
body motion information for a predetermined unit time
based on the body motion information data, and a blood
oxygen saturation data generator for generating time-based
data of the blood oxygen saturation based on the blood
oxygen saturation information data, and the display unit
displays a relation between a time-based change of the unit
exercise amount and a time-based change of the blood
oxygen saturation.

[0177] With the above construction, the unit exercise
amount is calculated as the summation of a detection value
regarding the body motion information, which is detected by
the body motion detector, e.g., every one second, for the
predetermined unit time e.g. one minute. The body motion
information of the subject can be acquired as objective data
depending on the degree of body motion, i.e., a time-based
change of the unit exercise amount by sequentially obtaining
the unit exercise amount while sequentially advancing the
time along the time axis by, e.g., one second from the point
of time when the one-minute summation is started. Gener-
ally, a relation between body motion and change in blood
oxygen saturation does not show instant responsiveness. A
lowest peak of the blood oxygen saturation occurs some
time after occurrence of a body motion. Accordingly, the
user can accurately recognize whether a correlation between
body motion, i.e., exercise, and change in the blood oxygen
saturation is found in the subject by displaying a relation
between the time-based change of the unit exercise amount,
and the time-based change of the blood oxygen saturation.

[0178] According to the above system, the user can readily
judge whether the subject has a characteristic that the blood
oxygen saturation is likely to be lowered due to exercise,
based on the relation between the time-based change of the
unit exercise amount and the time-based change of the blood
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oxygen saturation displayed on the display unit. This
arrangement enables to readily provide a therapeutic mea-
sure for the subject having a respiratory disease.

[0179] Preferably, the analyzer may be provided with an
exercise time detector for detecting an exercise time when a
significant exercise is presumed to have been conducted
based on the unit exercise amount, referring to a predeter-
mined reference value, and the display unit displays a
relation between the exercise time and the time-based
change of the blood oxygen saturation.

[0180] With the above construction, the user can accu-
rately recognize whether a correlation between the length of
the time when the significant exercise is presumed to have
been conducted, and the time-based change of the blood
oxygen saturation is found in the subject.

[0181] According to the above system, since the user can
accurately recognize whether a correlation between the
length of the time when the significant exercise is presumed
to have been conducted, and the time-based change of the
blood oxygen saturation is found in the subject, the charac-
teristics of the individual subjects having a respiratory
disease can be recognized in more detail.

[0182] It may be preferable that the analyzer includes an
exercise amount sum calculator for calculating a sum of the
unit exercise amount for the exercise time detected by the
exercise time detector, and the display unit displays a
relation between the sum of the exercise amount for the
exercise time and the time-based change of the blood
oxygen saturation.

[0183] With the above construction, the exercise time
when the significant exercise is presumed to have been
conducted, and the exercise amount done in the exercise
time are quantized, and the relation between the length of the
exercise time or the sum of the unit exercise amount, and the
time-based change of the blood oxygen saturation is dis-
played on the display unit as the analysis result.

[0184] According to the above system, the relation
between the exercise amount or the length of the exercise
time, and the time-based change of the blood oxygen satu-
ration can be recognized for each of the subjects in detail.
Specifically, the user can recognize the relation between the
degree of the exercise, and the time-based change of the
blood oxygen saturation. This arrangement enables the user
to determine a proper therapeutic measure for the individual
subjects based on the analysis result, and to provide a
concrete therapeutic measure such as the oxygen flow rate to
be prescribed to the subject in need of oxygen supply.

[0185] The analyzer may be preferably provided with an
oxygen flow rate calculator for calculating an oxygen flow
rate required for the subject, based on a relation between the
sum of the unit exercise amount calculated by the exercise
amount sum calculator every interval of the exercise time,
and the time-based change of the blood oxygen saturation.

[0186] With the above construction, the oxygen flow rate
required for the subject can be automatically determined
based on the relation between the sum of the unit exercise
amount, and the time-based change of the blood oxygen
saturation.

[0187] According to the above system, since the oxygen
flow rate required for the subject can be automatically
determined, diagnostic efficiency can be enhanced.
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[0188] The analyzer may be preferably operative to set a
threshold value for determining whether the body motion
information is valid in extracting the body motion informa-
tion from the body motion information data.

[0189] With the above construction, the body information
reflecting the differences of the individual subjects can be
acquired by setting the threshold value depending on the
characteristics of the individual subjects. According to the
system, an accurate analysis result reflecting the differences
of the individual subjects can be obtained.

[0190] The body motion detector may be preferably pro-
vided with an acceleration sensor. With the above construc-
tion, the body motion information can be acquired as an axis
output of the acceleration sensor. According to the above
system, since the body motion information can be acquired
as the axis output of the acceleration sensor, a simplified,
compact, and lightweight system can be produced, and high
reliability or high durability is ensured.

[0191] Preferably, the oximeter system may be further
provided with a storage for storing the blood oxygen satu-
ration information data and the body motion information
data therein. In this case, the analyzer analyzes a relation
between the change in the blood oxygen saturation and the
body motion of the subject based on the blood oxygen
saturation information data and the body motion information
data stored in the storage.

[0192] Still another oximeter comprises a blood oxygen
saturation detector for detecting blood oxygen saturation
information concerning a blood oxygen saturation of a
subject, a body motion detector for detecting body motion
information concerning a body motion of the subject, a
storage for storing data concerning the blood oxygen satu-
ration information and data concerning the body motion
information therein, and a controller for causing the blood
oxygen saturation detector to detect the blood oxygen satu-
ration information, and causing the body motion detector to
detect the body motion information at a predetermined
sampling frequency concurrently and respectively sequen-
tially, and causing the storage to store the detected blood
oxygen saturation information data and the detected body
motion information data therein.

[0193] With the above constructions, the analysis data
concerning the relation between the respiratory disease and
the body motion of the subject can be acquired by attaching
the pulse oximeter to the subject, detecting the blood oxygen
saturation information and the body motion information,
storing the blood oxygen saturation information data and the
body motion information data in the memory, and reading
the blood oxygen saturation information data and the body
motion information data from the memory for analyzation
by a processor such as a personal computer.

[0194] According to the above constructions, the subject
performs overnight or 24-hour continuous oximetry at home
by attaching the oximeter. After the oximetry, the data stored
in the memory of the oximeter is analyzed in a medical
institution or a like facility, and a correlation between the
respiratory disease and the body motion of the subject is
determined. In addition to the above advantages, manual
recording of behavior log is eliminated. Accordingly, a load
to the subject and the medical institution can be remarkably
reduced.
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[0195] The oximeter may be preferably provided with a
unit exercise amount calculator for sequentially calculating
a unit exercise amount corresponding to a summation of the
body motion information for a predetermined unit time
based on the body motion information data.

[0196] With the above construction, after the body motion
information data of the subject is processed into objective
data depending on the degree of body motion, i.e., the
time-based change of the unit exercise amount, the pro-
cessed objective data is stored in the memory of the oxime-
ter, and read out from the memory for analyzation by the
processor.

[0197] According to the above construction, since the data
to be analyzed is stored in the memory of the oximeter as the
time-based change of the unit exercise amount, the respira-
tory disease can be accurately diagnosed with use of a
personal computer provided with a multi-purpose processor.

[0198] Preferably, the oximeter may be further provided
with an exercise time detector for detecting an exercise time
when a significant exercise is presumed to have been con-
ducted based on the unit exercise amount, referring to a
predetermined reference value, and an exercise amount sum
calculator for calculating a sum of the unit exercise amount
for the exercise time detected by the exercise time detector.

[0199] With the above construction, after the exercise
time, the unit exercise amount, and the exercise amount sum
are detected based on the body motion information data of
the subject, the exercise time, the unit exercise amount, and
the exercise amount sum are stored in the memory of the
oximeter, and read out from the memory for analyzation by
the processor.

[0200] According to the above construction, since the data
to be analyzes is stored in the memory of the oximeter as the
exercise time, the unit exercise amount, and the exercise
amount sum, the respiratory disease can be accurately diag-
nosed with use of a personal computer provided with a
multi-purpose processor.

[0201] Preferably, the oximeter may be further provided
with a discriminator for discriminating whether the exercise
unit amount or the sum of the unit exercise amount exceeds
a predetermined threshold value, and an alert device for
issuing an alert in response to a discrimination by the
discriminator that the exercise unit amount or the sum of the
unit exercise amount has exceeded the predetermined
threshold value.

[0202] With the above construction, in the case where the
subject conducts an exercise which may exceed the exercise
amount threshold value set depending on the characteristics
of the individual subjects, the alert device issues an alert.
Accordingly, a proper measure of restraining the subject
from conducting the exercise or the like is provided.

[0203] An oxygen supply system comprises an oximeter
including a blood oxygen saturation detector for detecting
blood oxygen saturation information concerning a blood
oxygen saturation of a subject, a body motion detector for
detecting body motion information concerning a body
motion of the subject, a storage for storing data concerning
the blood oxygen saturation information and data concern-
ing the body motion information therein, a controller for
causing the blood oxygen saturation detector to detect the
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blood oxygen saturation information, and causing the body
motion detector to detect the body motion information at a
predetermined sampling frequency concurrently and respec-
tively sequentially, and causing the storage to store the
detected blood oxygen saturation information data and the
detected body motion information data therein, an exercise
time detector for detecting an exercise time when a signifi-
cant exercise is presumed to have been conducted based on
the body motion information data, referring to a predeter-
mined reference value, a unit exercise amount calculator for
sequentially calculating a unit exercise amount correspond-
ing to a summation of the body motion information for a
predetermined unit time based on the body motion informa-
tion data, and an exercise amount sum calculator for calcu-
lating a sum of the unit exercise amount for the exercise time
detected by the exercise time detector, and an oxygen supply
device including an oxygen supplier for supplying oxygen to
the subject, a discriminator for discriminating whether the
exercise unit amount or the sum of the unit exercise amount
exceeds a predetermined threshold value, an oxygen flow
rate calculator for calculating an oxygen flow rate required
for the subject based on a relation between the unit exercise
amount or the sum of the unit exercise amount, and a
time-based change of the blood oxygen saturation, and an
oxygen supply controller for causing the oxygen supplier to
supply the oxygen in accordance with the oxygen flow rate
calculated by the oxygen flow rate calculator if the discrimi-
nator discriminates that the exercise unit amount or the sum

of the unit exercise amount has exceeded the predetermined
threshold value.

[0204] With the above system, the oxygen flow rate
required for the subject is calculated by the oxygen flow rate
calculator based on the relation between the unit exercise
amount or the exercise amount sum, and the time-based
change of the blood oxygen saturation. The oxygen is
supplied from the oxygen supplier in accordance with the
oxygen flow rate calculated by the oxygen flow rate calcu-
lator.

[0205] According to the system, in the case where a
patient in use of the oxygen supplier such as an oxygen tank
constantly or on move, or in sleep conducts an exercise
which may induce lowering of the blood oxygen saturation
below a certain level, the oxygen can be supplied to the
patient to eliminate the excessive lowered state of the blood
oxygen saturation.

[0206] An operation program product for an oximeter
system which is provided with a blood oxygen saturation
detector for detecting blood oxygen saturation information
concerning a blood oxygen saturation of a subject, a body
motion detector for detecting body motion information
concerning a body motion of the subject, a storage for
storing data concerning the blood oxygen saturation infor-
mation and data concerning the body motion information
therein, and a processor, the operation program product
allows a computer to execute the steps of causing the blood
oxygen saturation detector to acquire blood oxygen satura-
tion information of a subject and causing the body motion
detector to acquire body motion information of the subject
at a predetermined sampling frequency concurrently and
respectively sequentially, causing the storage to store the
detected blood oxygen saturation information data and the
detected body motion information data therein, and acquir-
ing the blood oxygen saturation information data and the
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body motion information data stored in the storage to
analyze a relation between a change in the blood oxygen
saturation and the body motion of the subject.

[0207] According to the operation program product, a
computer system capable of accurately recognizing a rela-
tion between change in the blood oxygen saturation and
body motion can be operated by analyzing the blood oxygen
saturation information data and the body motion information
data stored in the memory of the oximeter.

[0208] Although the present invention has been fully
described by way of example with reference to the accom-
panying drawings, it is to be understood that various changes
and modifications will be apparent to those skilled in the art.
Therefore, unless otherwise such changes and modifications
depart from the scope of the present invention hereinafter
defined, they should be construed as being included therein.

What is claimed is:
1. A method for acquiring analysis data concerning a
respiratory disease, comprising the steps of:

detecting a blood oxygen saturation and a body motion of
a subject at a predetermined sampling frequency con-
currently and respectively sequentially;

expressing data concerning the detected blood oxygen
saturation and data concerning the detected body
motion along a common time axis; and

acquiring analysis data concerning a relation between a
change in the blood oxygen saturation and the body
motion of the subject based on the blood oxygen
saturation data and the body motion data expressed
along the common time axis.

2. An oximeter system comprising:

a blood oxygen saturation detector for detecting blood
oxygen saturation information of a subject;

a body motion detector for detecting body motion infor-
mation of the subject;

a controller for causing the blood oxygen saturation
detector to acquire the blood oxygen saturation infor-
mation, and causing the body motion detector to
acquire the body motion information at a predeter-
mined sampling frequency concurrently and respec-
tively sequentially; and

a display unit for displaying data concerning the acquired
blood oxygen saturation information and data concern-
ing the acquired body motion information along a
common time axis.

3. An oximeter system comprising:

a blood oxygen saturation detector for detecting blood
oxygen saturation information concerning a blood oxy-
gen saturation of a subject;

a body motion detector for detecting body motion infor-
mation concerning a body motion of the subject;

a controller for causing the blood oxygen saturation
detector to acquire the blood oxygen saturation infor-
mation, and causing the body motion detector to
acquire the body motion information at a predeter-
mined sampling frequency concurrently and respec-
tively sequentially;
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an analyzer for analyzing a relation between a change in
the blood oxygen saturation and the body motion of the
subject based on data concerning the acquired blood
oxygen saturation information and data concerning the
acquired body motion information; and

a display unit for displaying an analysis result by the
analyzer.
4. The oximeter system according to claim 3, wherein

the analyzer includes:

a unit exercise amount calculator for sequentially cal-
culating a unit exercise amount corresponding to a
summation of the body motion information for a
predetermined unit time based on the body motion
information data; and

a blood oxygen saturation data generator for generating
time-based data of the blood oxygen saturation based
on the blood oxygen saturation information data, and

the display unit displays a relation between a time-based
change of the unit exercise amount and a time-based
change of the blood oxygen saturation.

5. The oximeter system according to claim 4, wherein

the analyzer includes

an exercise time detector for detecting an exercise time
when a significant exercise is presumed to have been
conducted based on the unit exercise amount, refer-
ring to a predetermined reference value, and

the display unit displays a relation between the exercise
time and the time-based change of the blood oxygen
saturation.

6. The oximeter system according to claim 5, wherein

the analyzer includes an exercise amount sum calculator
for calculating a sum of the unit exercise amount for the
exercise time detected by the exercise time detector,
and

the display unit displays a relation between the sum of the
exercise amount for the exercise time and the time-
based change of the blood oxygen saturation.

7. The oximeter system according to claim 6, wherein

the analyzer includes an oxygen flow rate calculator for
calculating an oxygen flow rate required for the subject,
based on a relation between the sum of the unit exercise
amount calculated by the exercise amount sum calcu-
lator every interval of the exercise time, and the time-
based change of the blood oxygen saturation.

8. The oximeter system according to claim 3, wherein

the analyzer is operative to set a threshold value for
determining whether the body motion information is
valid in extracting the body motion information from
the body motion information data.

9. The oximeter system according to claim 3, wherein

the body motion detector includes an acceleration sensor.

10. The oximeter system according to claim 3, further
comprising a storage for storing the blood oxygen saturation
information data and the body motion information data
therein, wherein

the analyzer analyzes a relation between the change in the
blood oxygen saturation and the body motion of the
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subject based on the blood oxygen saturation informa-
tion data and the body motion information data stored
in the storage.

11. An oximeter comprising:

a blood oxygen saturation detector for detecting blood
oxygen saturation information concerning a blood oxy-
gen saturation of a subject;

a body motion detector for detecting body motion infor-
mation concerning a body motion of the subject:

a storage for storing data concerning the blood oxygen
saturation information and data concerning the body
motion information therein; and

a controller for causing the blood oxygen saturation
detector to detect the blood oxygen saturation informa-
tion, and causing the body motion detector to detect the
body motion information at a predetermined sampling
frequency concurrently and respectively sequentially,
and causing the storage to store the detected blood
oxygen saturation information data and the detected
body motion information data therein.

12. The oximeter according to claim 11, further compris-
ing a unit exercise amount calculator for sequentially cal-
culating a unit exercise amount corresponding to a summa-
tion of the body motion information for a predetermined unit
time based on the body motion information data.

13. The oximeter according to claim 12, further compris-
ing:

an exercise time detector for detecting an exercise time
when a significant exercise is presumed to have been
conducted based on the unit exercise amount, referring
to a predetermined reference value; and

an exercise amount sum calculator for calculating a sum
of the unit exercise amount for the exercise time
detected by the exercise time detector.

14. The oximeter according to claim 13, further compris-

ing:

a discriminator for discriminating whether the exercise
unit amount or the sum of the unit exercise amount
exceeds a predetermined threshold value; and

an alert device for issuing an alert in response to a
discrimination by the discriminator that the exercise
unit amount or the sum of the unit exercise amount has
exceeded the predetermined threshold value.

15. An oxygen supply system comprising:

an oximeter including:

a blood oxygen saturation detector for detecting blood
oxygen saturation information concerning a blood
oxygen saturation of a subject;

a body motion detector for detecting body motion
information concerning a body motion of the subject:

a storage for storing data concerning the blood oxygen
saturation information and data concerning the body
motion information therein;

a controller for causing the blood oxygen saturation
detector to detect the blood oxygen saturation infor-
mation, and causing the body motion detector to
detect the body motion information at a predeter-
mined sampling frequency concurrently and respec-
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tively sequentially, and causing the storage to store
the detected blood oxygen saturation information
data and the detected body motion information data
therein;

an exercise time detector for detecting an exercise time
when a significant exercise is presumed to have been
conducted based on the body motion information
data, referring to a predetermined reference value;

a unit exercise amount calculator for sequentially cal-
culating a unit exercise amount corresponding to a
summation of the body motion information for a
predetermined unit time based on the body motion
information data; and

an exercise amount sum calculator for calculating a
sum of the unit exercise amount for the exercise time
detected by the exercise time detector, and

an oxygen supply device including:
an oxygen supplier for supplying oxygen to the subject;

a discriminator for discriminating whether the exercise
unit amount or the sum of the unit exercise amount
exceeds a predetermined threshold value;

an oxygen flow rate calculator for calculating an oxy-
gen flow rate required for the subject based on a
relation between the unit exercise amount or the sum
of the unit exercise amount, and a time-based change
of the blood oxygen saturation; and

an oxygen supply controller for causing the oxygen
supplier to supply the oxygen in accordance with the
oxygen flow rate calculated by the oxygen flow rate
calculator if the discriminator discriminates that the
exercise unit amount or the sum of the unit exercise
amount has exceeded the predetermined threshold
value.

16. An operation program product for an oximeter system
provided with a blood oxygen saturation detector for detect-
ing blood oxygen saturation information concerning a blood
oxygen saturation of a subject, a body motion detector for
detecting body motion information concerning a body
motion of the subject, a storage for storing data concerning
the blood oxygen saturation information and data concern-
ing the body motion information therein, and a processor,

the operation program product allowing a computer to
execute the steps of

causing the blood oxygen saturation detector to acquire
blood oxygen saturation information of a subject and
causing the body motion detector to acquire body
motion information of the subject at a predetermined
sampling frequency concurrently and respectively
sequentially;

causing the storage to store the detected blood oxygen
saturation information data and the detected body
motion information data therein; and

acquiring the blood oxygen saturation information data
and the body motion information data stored in the
storage to analyze a relation between a change in the
blood oxygen saturation and the body motion of the
subject.



LR EH(F)

B (ERIR)AE)
HA R E(F AR AGE)

FRI& B A

EHA

IPCH %S
CPCH%S
£ AR

H A3 FF 3R
ShEREESE

RME(GX)

mMEITRESERATRAUN RO MERNERE SVMBEMERNER ’
RTRANKNGEEHELSNFEZFRNE  ATEONIENERL

patsnap

ATHREFREBEXDMEENSZE , O8RS, BTOEITRENBEERF~R , OFIHMESH

NRE
US20060217603A1 A JUN= 1z 2006-09-28
US11/367623 HiE A 2006-03-03

e =3£AE35 | INC.
fIfeF3E4EE |, INC.

NAGAI YOSHIROH
KITAJIMA KAZUMI

NAGAI, YOSHIROH
KITAJIMA, KAZUMI

A61B5/00

A61B5/1118 A61B5/14551 A61B5/14552 A61B5/681 A61B5/6826 A61B5/6838

2005083712 2005-03-23 JP

US7983730

Espacenet USPTO

GENERAL RESPIRATORY DISEASE DIAGNOSTIC FLOW

VISIT OF SUSPECTED PATIENT OF
RESPIRATORY DISEASE FOR DIAGNOSIS

‘ PULSE OXIMETRY OF SUBJECT AT REST

|

MEREMEBMEEENEGRS , URESEEIRNFRNHE D (SPOT MEASUREMENT)
SR IR ENFUE RSN B HZZEE , URATALHNEHE P
AR TR MEEMNEESENEBENX TN EEE3EEN THE EXSTS WHEN 550015
ﬁ&ﬁﬂ’ﬂfmﬂ_’\iﬁ:o 90% OR BELOW?

L VES _Pt _Ps

24-HOUR CONTINUOUS PULSE OXIMETRY QVERNIGHT PULSE OXIMETRY
(AND MANUAL RECORDING OF BEHAVIOR L0G) (AND MANUAL RECORDING OF BEHAVIOR LOG)
| 5 ) P10

GRO3S-CHECKING OF 24-HOUR CONTINUOUS
PULSE QKIMETER RESULT AND BEHAVIOR LOG

CROSS-CHECKING OF OVERNIGHT PULSE
OXIMETER RESULT, AND BEHAVIOR LOG

e

0


https://share-analytics.zhihuiya.com/view/b1a81100-42d7-4af5-a80a-b50affb5f0fd
https://worldwide.espacenet.com/patent/search/family/037036097/publication/US2006217603A1?q=US2006217603A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220060217603%22.PGNR.&OS=DN/20060217603&RS=DN/20060217603

