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(57) ABSTRACT

A physiological parameter measuring apparatus is config-
ured to perform a screening for a likelihood of the critical
congenital heart disease, based on the oxygen saturations at
two locations on a body of a patient and the difference
between the oxygen saturations, and to display the likeli-
hood as a result of the screening. The physiological param-
eter measuring apparatus manages, with respect to each
patient, a scheduled time for starting the screening, the result
of the screening, and information relating to the patient. The
physiological parameter measuring apparatus can display a
first screen containing information relating to the scheduled
time, a second screen for receiving the instruction to perform
the screening, and a third screen containing the result of the
screening. A physiological parameter measuring system
includes sensors to be attached to the body at the two
locations, and the physiological parameter measuring appa-
ratus.
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PHYSIOLOGICAL PARAMETER

MEASURING APPARATUS AND

PHYSIOLOGICAL PARAMETER
MEASURING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] The present application claims priority from Japa-
nese Patent Application No. 2015-199716 filed on Oct. 7,
2015, the entire content of which is incorporated herein by
reference.

BACKGROUND

[0002] The presently disclosed subject matter relates to a
physiological parameter measuring apparatus and a physi-
ological parameter measuring system.

[0003] Since congenital heart disease in a neonate often
threatens the life, it is very important to early detect such
disease. In a medical institution such as a hospital treating
neonates, therefore, screenings for critical congenital heart
diseases (CCHDs) are performed. A related art screening
method is based on a measurement of an arterial oxygen
saturation (SpO2) of a neonate.

[0004] US2013/0190581 Al discloses a method for
CCHD screening, and a pulse oximeter for performing the
screening method. In the screening method, SpO2 at a right
hand finger and SpO2 at a toe are measured by pulse
oximeters, and screening for the likelihood of CCHD is
performed based on the difference of the measured SpO2s.
The measurement results of the SpO2s at the right hand
finger and the toe, and a result of the CCHD screening are
displayed on the screen of a display disposed in the pulse
oximeter. Based on the result of the screening, the medical
person determines whether a further examination such as
echocardiogram is to be performed.

[0005] With this related art pulse oximeter, CCHD screen-
ing for one person may be performed promptly. However, a
large hospital, a hospital for obstetrics, or the like treats a
large number of neonates. Screening is performed a plurality
of times at time intervals. In the case of a plurality of
neonates, therefore, a probe of a pulse oximeter must be
replaced. In such a case, a medical person needs to manage
the sequence of the neonates who are to undergo screening,
also to perform screening by using a pulse oximeter and to
transcribe the results to medical records. When looking into
the result of past screening of a specific neonate, the medical
person needs to check the medical record of the neonate. In
this kind of conventional procedure for the screening
method, machine dependent steps and human and paper
document dependent steps are mixed. Therefore, cumber-
some works are required, and a large burden is placed on the
medical person.

SUMMARY

[0006] Illustrative aspects of the presently disclosed sub-
ject matter provide a physiological parameter measuring
apparatus and a physiological parameter measuring system
allowing a medical person to conduct a CCHD screening
with a reduced burden.

[0007] According to a first aspect of the presently dis-
closed subject matter, a physiological parameter measuring
apparatus is configured to perform a screening for critical
congenital heart disease. The physiological parameter mea-
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suring apparatus includes an acquiring section, a calculating
section, a judging section, a controller, and a display. The
acquiring section is configured to acquire a first oxygen
saturation at a first portion of a body of a patient and a
second oxygen saturation at a second portion of the body, the
second portion being different from the first portion. The
calculating section is configured to calculate a difference
between the first oxygen saturation and the second oxygen
saturation. The judging section is configured to perform,
upon receipt of an instruction to perform the screening, and
based on the first and second oxygen saturations and the
difference, the screening for a likelihood of the critical
congenital heart disease with respect to the patient, and to
output the likelihood as a result of the screening. The
controller is configured to manage, with respect to each
patient, a scheduled time for starting the screening, the result
of the screening, and information relating to the patient. The
display is configured to receive an input by an operator, and
to display, in a switchable manner, a first screen containing
information relating to the scheduled time, a second screen
for receiving the instruction to perform the screening, and a
third screen containing the result of the screening.

[0008] According to a second aspect of the presently
disclosed subject matter, a physiological parameter measur-
ing system includes the physiological parameter measuring
apparatus described above, a first sensor configured to be
attached to the first portion of the body, and a second sensor
configured to be attached to the second portion of the body.
The acquiring section is configured to acquire the first
oxygen saturation and the second oxygen saturation, based
on measurement signals from the first and second sensors.
[0009] According to a third aspect of the presently dis-
closed subject matter, a control program controls the physi-
ological parameter measuring apparatus. The control pro-
gram causes a computer to execute a method includes steps
of (a) managing a scheduled time for starting the screening
for each patient and displaying the scheduled time, (b)
accepting an instruction to perform the screening, (c) acquir-
ing a first oxygen saturation at a first portion of a body of the
patient and a second oxygen saturation at a second portion
of the body, the second portion being different from the first
portion, and calculating a difference between the first oxy-
gen saturation and the second oxygen saturation, (d) per-
forming the screening for a likelihood of the critical con-
genital heart disease with respect to the patient, based on the
first and second oxygen saturations and the difference, and
(e) displaying a result of the screening. The control program
may be stored in a non-transitory computer readable
medium.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 11is a block diagram schematically illustrating
a configuration of a physiological parameter measuring
system according to an exemplary embodiment of the pres-
ent invention;

[0011] FIG. 2 is a side view of a physiological parameter
measuring apparatus of the system of FIG. 1;

[0012] FIG. 3 is a diagram illustrating first and second
sensors of the system of FIG. 1;

[0013] FIG. 4 is a flowchart of an example of a method for
controlling the physiological parameter measuring appara-
tus;

[0014] FIG. 5 is a diagram illustrating an example of
“PATIENT SELECTION SCREEN”;
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[0015] FIG. 6 is a diagram illustrating an example of
“PATIENT INFORMATION SCREEN;

[0016] FIG. 7 is a diagram illustrating and example of
“EXECUTION SCREEN™;

[0017] FIG. 8 is a diagram illustrating an example of
“REPORT DISPLAY SCREEN™; and

[0018] FIG.91is a flowchart of an example of a method for
judging CCHD.

DETAILED DESCRIPTION

[0019] Hereinafter, exemplary embodiments of the pres-
ently disclosed subject matter will be described with refer-
ence to the accompanying drawings. In the figures, the same
components are denoted by the same reference numerals. In
the drawings, the dimension ratios may be exaggerated for
the purpose of illustration, and may be sometimes different
from the actual ratios.

[0020] FIG.11is a block diagram schematically illustrating
a configuration of a physiological parameter measuring
system 300 according to an exemplary embodiment of the
present invention. FIG. 2 is a side view of a physiological
parameter measuring apparatus 100 illustrated in FIG. 1, and
FIG. 3 is a plan view of first and second sensors 210, 220
illustrated in FIG. 1.

[0021] As illustrated in FIG. 1, the physiological param-
eter measuring system 300 can include the physiological
parameter measuring apparatus 100 and a sensor section
200. The physiological parameter measuring apparatus 100
can include a first connector 101, a second connector 102, a
first acquiring section 111, a second acquiring section 112, a
calculating section 120, a judging section 130, a communi-
cation device 140, a display 150, a reader 160, and a
controller 170. The physiological parameter measuring
apparatus 100 is a pulse oximeter having, for example, a
2-channel sensor input. The sensor section 200 can include
a first sensor 210 and a second sensor 220.

[0022] The first and second connectors 101, 102 are con-
nectors for connecting the first and second sensors 210, 220
to the first and second acquiring sections 111, 112, respec-
tively.

[0023] The first and second acquiring sections 111, 112
acquire arterial oxygen saturations of two portions of the
body of the patient undergoing screening, respectively. More
specifically, the first acquiring section 111 acquires a first
arterial oxygen saturation in the right hand (first portion) of
the patient, and the second acquiring section 112 acquires a
second arterial oxygen saturation in the foot (second por-
tion). In the exemplary embodiment, the first sensor 210 is
attached to the right hand of the patient, and the second
sensor 220 is attached to the foot of the patient. The first and
second acquiring sections 111, 112 calculate the first and
second arterial oxygen saturations based on measurement
signals from the first and second sensors 210, 220, respec-
tively. The first and second acquiring sections 111, 112 may
be controlled by a processor not shown in the drawings. The
second sensor 220 may be attached to either the right or left
foot.

[0024] As illustrated in FIG. 2, on the side surface of the
housing of the physiological parameter measuring apparatus
100 (the main unit of the physiological parameter measuring
system 300), a mark (indication) RH of “Hand” is provided
near the first connector 101, and a mark (indication) F of
“Foot” is provided near the second connector 102. The
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marks RH, F may be printed on the surface of the housing
at locations corresponding to the first and second connectors
101, 102, respectively.

[0025] As illustrated in FIG. 3, the first sensor 210 can
include a first cable connector 211, a first cable 212, a first
relay unit 213, and a first probe 214. The second sensor 220
can include a second cable connector 221, a second cable
222, a second relay unit 223, and a second probe 224.
[0026] In the first sensor 210, for example, a mark (indi-
cation) RH of “Hand” is provided on at least one of the first
cable connector 211, the first cable 212, and the first relay
unit 213. The mark RH may be printed on at least one of the
surfaces of the first cable connector 211, the first cable 212,
and the first relay unit 213.

[0027] In the second sensor 220, for example, a mark
(indication) F of “Foot™ is provided on at least one of the
second cable connector 221, the second cable 222, and the
second relay unit 223. The mark F may be printed on at least
one of the surfaces of the second cable connector 221, the
second cable 222, and the second relay unit 223.

[0028] In the physiological parameter measuring system
300 of the exemplary embodiment, as described above, the
hand or foot mark is drawn on the first and second sensors
210, 220, and also in the connecting portions which are in
the physiological parameter measuring apparatus 100, and
which are used in connection with the first and second
sensors 210, 220, respectively. Therefore, the medical per-
son can connect the first and second sensors 210, 220 to the
physiological parameter measuring apparatus 100 while
checking correspondence relationships between the hand or
foot mark of the first and second sensors 210, 220 and that
of the physiological parameter measuring apparatus 100.
Therefore, it is possible to prevent erroneous connection
between the first and second sensors 210, 220 and the
physiological parameter measuring apparatus 100, from
oceurring.

[0029] The first probe 214 is attached to the right hand of
the patient. The first probe 214 can include a light emitter
and a light detector. The light emitter emits a red light beam
and an infrared light beam. The light detector detects the red
light beam and infrared light beam transmitted through or
reflected from the right hand of the patient, and outputs a
first measurement signal corresponding to the intensities of
the detected red and infrared light beams. The first mea-
surement signal is supplied to the first acquiring section 111
through the first cable 212.

[0030] The second probe 224 is attached to the foot of the
patient. The second probe 224 can include a light emitter and
a light detector. The light emitter emits a red light beam and
an infrared light beam. The light detector detects the red
light beam and infrared light beam which are transmitted
through or reflected from the foot of the patient, and outputs
a second measurement signal corresponding to the intensi-
ties of the detected red and infrared light beams. The second
measurement signal is supplied to the second acquiring
section 112 through the second cable 222.

[0031] The first acquiring section 111 acquires a temporal
change of the light attenuation ratio in the right hand of the
patient, based on the first measurement signal front the first
sensor 210, and calculates the first arterial oxygen saturation
in the right hand of the patient based on the temporal change
of the light attenuation ratio.

[0032] The second acquiring section 112 acquires a tem-
poral change of the light attenuation ratio in the foot of the
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patient, based on the second measurement signal from the
second sensor 220, and calculates the second arterial oxygen
saturation in the foot of the patient based on the temporal
change of the light attenuation ratio.

[0033] The method for calculating the SpO2 from the light
attenuation ratio is a known technique, and therefore its
description is omitted.

[0034] The calculating section 120 calculates the differ-
ence between the first arterial oxygen saturation and the
second arterial oxygen saturation. The calculated difference
is supplied to the judging section 130. The calculating
section 120 further calculates the pulse rate (PR) based on
the first and second measurement signals. Moreover, the
calculating section 120 calculates the signal quality indices
(SQIs) as a level of reliability of the first and second
measurement signals, and evaluates the reliabilities of the
first and second measurement signals based on whether or
not the corresponding SQI is equal to or greater than a
predetermined value.

[0035] The judging section 130 performs screening for the
likelihood of CCHD with respect to the patient, based on the
first and second artery oxygen saturations, and the differ-
ence. The judgement result of the CCHD screening is
supplied as a screening result to the controller 170. The
function of the judging section 130 will be described in
detail later.

[0036] The communication device 140 transmits various
kinds of information stored in the controller 170, to an
external device which is not shown. When the judging
section 130 judges a result of CCHD screening with respect
to a certain specific patient as positive, the communication
device 140 provides the result of CCHD screening to an
external facility via a network in accordance with instruc-
tions from the controller 170. Therefore, a plurality of
physiological parameter measuring apparatuses including
the physiological parameter measuring apparatus 100 can
provide screening results to the external facility, and the
results can be aggregated.

[0037] The display 150 may include a touch panel, and has
a function of receiving an input from a medical person (an
operator), and a function of displaying various kinds of
information stored in the controller 170. Information input
by a medical person is transmitted to the controller 170. The
display 150 is configured to display, in a switchable manner,
a screen first screen) containing information relating to a
scheduled time for starting the screening for each patient, a
screen (a second screen) on which an instruction from a
medical person to perform the screening is input, and a
screen (a third screen) containing a result of the screening of
each patient. The “scheduled time” may be “a scheduled
point of time” and/or “a period of time until the scheduled
point of time.” In the following example, for the purpose of
illustration, the “scheduled time” refers to “the scheduled
point of time”.

[0038] The reader 160 reads identification information
indicated on a tag of each patient. A tag is attached to each
of patients. The tag includes an identifier containing iden-
tification information specific to the patient. For example,
the reader 160 is a bar code reader, and configured so as to
be able to read a bar code which is identification informa-
tion. The identification information which is read by the
reader 160 is transmitted to the controller 170.

[0039] The controller 170 may include a processor 171
and a memory 172 (an example of a non-transitory computer
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readable medium). The processor 171 executes various
programs, including a control program, stored in the
memory 172, to control the calculating section 120, the
judging section 130, the communication device 140, the
display 150, and the reader 160. The memory 172 stores also
various kinds of information such as scheduled times when
screenings for the patients are to be started, screening
results, and information of the patients. The controller 170
manages the various kinds of information, and as required
transmits the information to the communication device 140
and the display 150.

[0040] The controller 170 may verify the identification of
the patient by checking the identification information read
by the reader 160 with the patient identification information
registered in the memory 172.

[0041] Hereinafter, a method for controlling the physi-
ological parameter measuring apparatus 100 will be
described in detail with reference to FIGS. 4 to 8. FIG. 4 is
a flowchart of an exaniple of the method for controlling the
physiological parameter measuring apparatus 100 illustrated
in FIG. 1, FIG. § is a diagram illustrating an example of
“PATIENT SELECTION SCREEN”, FIG. 6 is a diagram
illustrating an example of “PATIENT INFORMATION
SCREEN”, FIG. 7 is a diagram illustrating an example of
“EXECUTION SCREEN”, and FIG. 8 is a diagram illus-
trating an example of “REPORT DISPLAY SCREEN”. The
method for controlling the physiological parameter measur-
ing apparatus 100 is implemented when the controller 170
executes the control program.

[0042] First, information relating to a patient is received
(step S101). In “PATIENT SELECTION SCREEN” (first
screen) illustrated in FIG. 5, a medical person touches a
“NEW PATIENT” button located in the lower left area, and
then “PATIENT INFORMATION SCREEN” is displayed
(see FIG. 6). On “PATIENT INFORMATION SCREEN;,” as
illustrated in FIG. 6, the identification number (“PATIENT
1D”), name (“NAME”), and date and time of birth (“DATE
AND TIME OF BIRTH”) of the new patient are input. The
identification number is input into an identification number
input region 3, the name is input into a name input region 4,
and the date and time of birth are input into a date and time
of birth input region 5. In the example of FIG. 6, “100012”
is input as the identification number, “ROBERT FORD” is
input as the name, and 14:30 of Oct. 2, 2014 is input as the
date and time of birth.

[0043] In the controller 170, a screening queue of patients
who are to undergo screening is held in the memory 172.
Input information is stored in the memory 172 as the
information relating to the patient, and registered in the
screening queue.

[0044] A “CANCEL” button 6 is used for interrupting
screening for the patient in whom information has been
input, without executing the whole screening process. When
a “SELECT PATIENT” button 7 is touched, the process can

return to above-described “PATIENT SELECTION
SCREEN.”
[0045] Alternatively, the information of the identification

number, the name, and the date and time of birth may be
previously stored in the form of a bar code on the tag of a
new patient, and, when the information is read by a bar code
reader, the information of the identification number, name,
and date and time of birth of the new patient may be input.
[0046] Next, the scheduled screening time is displayed
(step S102). In the screening queue, sets of information
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relating to patients who are scheduled to undergo screening
are registered in ascending order of the scheduled screening
time. As illustrated in FIG. 5, the controller 170 refers the
screening queue, and causes a screen including a list 2 of
patients who are to undergo screening, to be displayed on the
display 150, thereby prompting the medical person to select
the patient who is to next undergo screening.

[0047] In the patient list 2, “PATIENT ID” indicates the
identification number of a patient, “NAME” indicates the
name, “DATE AND TIME OF BIRTH” indicates the date
and time of birth, “NEXT SCREENING TIME” indicates
the scheduled time for the next screening, and “FINISHED
SCREENING” indicates the number of finished screenings.
With respect to the number of finished screenings, in order
to enable the medical person to easily visually understand
the number of finished screenings, finished screening and
not-finished screening are expressed by “H” (solid square)
and “[I” (blank square) respectively. The current date and
time (14:30 of Oct. 2, 2014) are displayed on the upper right
side of “PATIENT SELECTION SCREEN.”

[0048] For example, information of a patient in whom the
identification number is “100004,” the name is “NOAH
WILLIAMS,” the date and time of birth are “13:01 of
October 1,” the scheduled time for the next screening is
“15:01 of October 2,” and the number of finished screenings
is two 1s displayed in the top row of the patient list 2.
[0049] The display order in the patient list 2 may be sorted
by using “PATIENT ID,” “NAME,” “DATE AND TIME OF
BIRTH,” “NEXT SCREENING TIME,” and “FINISHED
SCREENING” as sort keys. With respect to “PATIENT 1D”
and “NEXT SCREENING TIME,” it is possible to select an
ascending sort or a descending sort.

[0050] In the exemplary embodiment, the patient list 2is
sorted when the screen is switched to “PATIENT SELEC-
TION SCREEN” from another screen. As a result, at least
part of information relating to the patients is displayed in the
order of the scheduled time for the next screening. In the
example illustrated in FIG. 5, “NOAH WILLIAMS” is
scheduled to earliest undergo screening, and, as a result of
sorting. “NOAH WILLIAMS” is displayed in the top row of
the patient list 2, “NOAH WILLIAMS” is therefore dis-
playved while enclosed by thick lines. This means that the
patient is scheduled to be earliest subjected to screening.
Therefore, the medical person can surly recognize the next
patient to undergo screening.

[0051] Next, a patient who is to next undergo screening is
accepted from the patient list 2 (step S103). When the
medical person touches “PATIENT SELECTION
SCREEN,” the medical person selects the patient who is to
next undergo screening, from the patient list 2. When the
medical person touches the region enclosed by the thick
lines, for example, the controller 170 accepts “NOAH
WILLIAMS” as the patient who is to next undergo screen-
ing.

[0052] Next, a screening execution screen is displayed
(step S104). The controller 170 controls the display 150 so
as to display “EXECUTION SCREEN” (the second screen)
for performing screening for patient “NOAH WILLIAMS”
(see FIG. 7). In a case in which another patient displayed in
the patient list 2 on “PATIENT SELECTION SCREEN" is
touched in step S103, “EXECUTION SCREEN” for per-
forming screening for the other patient is displayed.
[0053] Next, an instruction to perform the screening is
received (step S105). As illustrated in FIG. 7, the identifi-
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cation number, name, date and time of birth (total time from
birth), and number of screenings of the patient who is
selected in step S103 are displayed in the upper left area of
“EXECUTION SCREEN.” In the example illustrated in
FIG. 7, it is displayed that the identification number is
“100004,” the name of the patient is “NOAH WILLIAMS,”
the date and time of birth are 13:01 of Oct. 1, 2014 (the total
time from birth: 25 hours, and the screening is the third
screening.

[0054] A first measurement display region 8 for “RIGHT
HAND” in “EXECUTION SCREEN” includes a pulse wave
display region, an SQI display region, an SpO2 display
region, and a pulse rate display region. In the first measure-
ment display region, the pulse wave, SQI, SpO2, and pulse
rate of the right hand in which the measurement is currently
advancing are displayed in real time. The value of the SQI
is indicated by the number of “BF” (solid square). The
character string “RH: RIGHT HAND” and the image indi-
cating “hand” clearly show that the first measurement dis-
play region 8 is a region where the pulse wave, SQI, SpO2,
and pulse rate of the right hand are displayed.

[0055] A second measurement display region 9 for
“FOOT” includes a pulse wave display region, an SQI
display region, and an SpO2 display region. In the second
measurement display region, the pulse wave, SQI, and SpO2
of the foot in which the measurement is currently advancing
are displayed in real time. The character string “F: FOOT”
and the image indicating “foot” clearly show that the second
measurement display region 9 is a region where the pulse
wave, SQI, and SpO2 of the foot are displayed.

[0056] When, as described above, the pulse wave. SpO2,
and pulse rate of the patient are displayed in real time, the
medical person can promptly address an abnormal condition
of the patient or a sudden change of the condition. Although,
in the example illustrated in FIG. 7, the pulse rate of the foot
is not displayed, also the pulse rate of the foot can be
displayed as required.

[0057] An image display region 10 and a difference dis-
play region 11 are placed in the right side of “EXECUTION
SCREEN.” An image (image object) of a neonate is dis-
played in the image display region 10, and the difference
between the SpO2s of the right hand and the foot (herein-
after, the difference is referred to as “ASp02”) is displayed
in the difference display region 11.

[0058] The exemplary embodiment is configured so that
the image of a neonate is, for example, an illustration of a
neonate, and the facial expression (shape) of the illustrated
neonate is changed in accordance with the screening result.
More specifically, the illustration is changed to one in which
the facial expression is different, in accordance with the
screening result. Alternatively, a configuration may be
employed where, in place of an illustration of a neonate, an
image of a neonate itself who is a patient may be used, and
the shape of the image is changed in accordance with the
screening result. Not only the shape of the image, but also
the color or contrast of the image may be changed. As
described above, the shape of an image of a neonate which
is displayed on “EXECUTION SCREEN” is changed in
accordance with the result of the screening, and therefore the
medical person can easily see the result of the screening.
[0059] A result display region 12 is placed in the lower
portion of “EXECUTION SCREEN.” In the result display
region 12, “TIME” indicates the time when screening was
performed, “RH” indicates the SpO2 (first arterial oxygen
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saturation) of the right hand, “F” indicates the SpO2 (second
arterial oxygen saturation) of the foot, “A” indicates the
ASpO2, “JUDGE” indicates a judgement result, and
“FINAL JUDGE” indicates a final judgement result. In the
example illustrated in FIG. 7, it is scheduled that screening
will be performed three times, and results of first and second
screenings which have been already performed are dis-
played. For example, it is shown that the first screening was
performed at 13:01 of October 2, the SpO2 of the right hand
is “94,” the SpO2 of the foot is “90,” ASpO?2 is “4,” and the
judgement result is “FAIL (screening is performed within
one hour).”

[0060] The arrangement of the first measurement display
region 8, the second measurement display region 9, the
image display region 10, the difference display region 11,
and the result display region 12 is not limited to the
above-described one. The arrangement may be adequately
changed in consideration of convenience of use by the
medical person.

[0061] “EXECUTION SCREEN” further includes a
“SELECT PATIENT” button 13, a “PRINT” button 14, and
a “SCREENING” button 15. The “SELECT PATIENT”
button 13 is a button for returning to “PATIENT SELEC-
TION SCREEN” illustrated in FIG. 5, and the “PRINT”
button 14 is a button for printing “EXECUTION SCREEN.”
The “PRINT” button 14 may be set as as to be enabled only
when the result of the first screening is displayed in the result
display region 12.

[0062] The “SCREENING” button 15 is a button for
starting the screening. The “SCREENING” button 15 is
enabled when a screening accepting condition is satisfied,
but is disabled when the screening accepting condition is not
satisfied. In a state in which the “SCREENING” button 15
is enabled, when a medical person touches the “SCREEN-
ING” button 15, the controller 170 accepts an instruction to
perform the screening. The “SCREENING” button 15 is
grayed out when it is disabled, and the controller 170 does
not accept an instruction to perform the screening. This
function may be turned on and off by setting.

[0063] The screening accepting condition may include the
reliabilities of the first and second measurement signals, and
identification of the patient who is to undergo screening.
When the reliabilities (SQIs) of the first and second mea-
surement signals are equal to or greater than a predetermined
value, the controller 170 and the display 150 enable an input
of an instruction to performing the screening in “EXECU-
TION SCREEN.” When the reliability of one of the first and
second measurement signals is smaller than the predeter-
mined value, an input of an instruction to perform screening
in “EXECUTION SCREEN” is disabled. Therefore, the
screening can be performed after the reliabilities of the
measurement signals of the first and second sensors are
confirmed.

[0064] The controller 170 may be configured to determine
whether the identification information of the patient who is
to next undergo screening matches the identification infor-
mation acquired by reading, the bar code of the tag attached
to the patient by the bar code reader, and to accept the
instruction to perform the screening only it matches. With
this configuration, the screening is performed after the
patient who is to next undergo screening is identified, and
therefore the screening can be surely performed on the
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patient who is to undergo screening. Furthermore, the
patient who is to undergo screening can surely undergo
screening.

[0065] When the first and second measurement signals are
unstable and therefore their reliabilities cannot be ensured,
for example, a message such as “wait until signals become
stable” may be displayed on “EXECUTION SCREEN.”
Although not illustrated, an input key (button) for canceling
the registration of the screening queue may be provided in
“EXECUTION SCREEN.”

[0066] Upon instruction to perform the screening, the
controller 170 updates the scheduled time for the next
screening of the patient who is undergoing the screening,
and the order in the screening queue.

[0067] Next, the SpO2s of the right hand and the foot, and
the ASpO2 are acquired (step S106). When the SpO2
measurement is started, the first and second acquiring sec-
tions 111, 112 measure the SpO2s of the right hand and the
foot in real time, respectively, and therefore the measure-
ment values of the SpO2s of the right hand and the foot
change over time. The calculating section 120 calculates the
ASpO2 in real time based on the acquired SpO2s of the right
hand and the foot. When the medical person touches the
“SCREENING” button 15 and screening is started, the first
and second acquiring sections 111, 112 hold the outputs of
the SpO2s to determine and acquire the SpO2s of the right
hand and foot of the patient, respectively. The calculating
section 120 calculates and acquires the ASpO2 based on the
SpO2s of the right hand and the foot which are acquired by
the first and second acquiring sections 111, 112.

[0068] Next, screening for the likelihood of CCHD is
performed (step S107). The judging section 130 performs
screening for the likelihood of CCHD based on the acquired
SpO2s of the right hand and the foot, and the ASpO2. The
method for judging CCHD screening will be specifically
described later.

[0069] When the final judgement result of the screening is
already output with respect to the patient, the controller 170
deletes information relating to the patient from the screening
queue in the memory 172.

[0070] Next, the result of screening is displayed (step
S108). The controller 170 reflects to the SpO2s of the right
hand and the foot, the ASpO2, and a judgement result of
CCHD screening on recording of screening results of the
patient. In the case where “EXECUTION SCREEN” is
displayed, the controller 170 causes the screening result to
be displayed in the result display region 12. Moreover, the
medical person can check the screening result of the patient
to whom the final judgement result is output, on “REPORT
DISPLAY SCREEN.”

[0071] As illustrated in FIG. 8, “REPORT DISPLAY
SCREEN? (third screen) displays a result list 16 of screen-
ing results of patients to whom the final judgement result is
output. In the result list 16, “PATIENT ID” indicates the
identification number of a patient, “NAME” indicates the
name, and “DATE AND TIME OF BIRTH” indicates the
date and time of birth. “SCREENING TIME” indicates the
time when screening was performed, “RH,” “E;” and “A” in
the column of SpO2 indicate the SpO2 of the right hand, the
SpO2 of the foot, and the ASpO2, respectively, “JUDGE”
indicates a judgement result of each screening, and “FINAL
JUDGE” indicates a final judgement result.

[0072] In the example illustrated in FIG. §, it is displayed
that “EMILY WILSON” underwent first screening at 11:01
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of October 2, the SpO2s of the right hand and the foot are
“08” and “94,” respectively, the ASpO2 is “4,” and the
judgement result is “FAIL.” Moreover, it is displayed that
the patient underwent second screening at 12:01 of October
2, the SpO2s of the right hand and the foot are “98” and
“05,” respectively, the ASpO2 is “3,” and the judgement
result is “PASS.” Furthermore, it is displayed that the final
judgement result of “EMILY WILSON” is “P (PASS).”
[0073] The display order in the result list 16 can be sorted
by using “PATIENT ID” or “SCREENING TIME” as a sort
key. In the sort using “PATIENT ID” or “SCREENING
TIME,” it is possible to select an ascending sort or a
descending sort.

[0074] Inthe example illustrated in FIG. 8. with respect to
the patients in whom the final judgement resultis “P” or “F,”
the screening result is displayed. When the medical person
touches a “P” button 17 in “REPORT DISPLAY SCREEN,”
only the screening result(s) of a patient(s) in whom the final
judgement result is “P” is displayed. When the medical
person touches an “F” button 18, only the screening result(s)
of a patient(s) in whom the final judgement result is “F” is
displayed. When the medical person touches a “~” button
19, a patient(s) in whom a “CANCEL” button 6 was pressed
during screening and the screening was interrupted is dis-
played.

[0075] In “REPORT DISPLAY SCREEN,” when a “ONE
PRINT” button 20 is touched, the screening result of each
patient can be printed, and, when a “MULTI PRINT” button
21 is touched, the screening results of a plurality of patients
who satisfy predetermined conditions are printed at one
time. For example, the predetermined conditions include
that the final result was obtained within a designated time
range. When a “MULTI USB” button 22 is used, the
screening results of a plurality of patients can be stored in a
bundle in another device through a USB, or stored in a USB
memory.

[0076] Basically, screening results displayed in the result
list 16 are not deleted. With respect to screening results
which have been stored in another device by using the
“MULTI USB” button 22, however, the screening results
can be deleted from the result list 16.

[0077] According to the method for controlling the physi-
ological parameter measuring apparatus 100 as illustrated in
the flowchart of FIG. 4, information relating to each patient
is received, a scheduled time for the screening is displayed,
and the patient who is to next undergo screening is input
from the patient list 2. Next, the screening execution screen
is displayed, and after accepting an instruction to perform
the screening, the SpO2s at the right hand and the foot and
ASpO2 are acquired to perform the screening for the like-
lihood of CCHD of the patient. Then, a result of the
screening is displayed.

[0078] In the method for controlling the physiological
parameter measuring apparatus 100, the order of displaying
the screens is not limited to the example of FIG. 4. When
operating the touch screen of the display 150, the medical
person can cause “PATIENT SELECTION SCREEN,”
“EXECUTION SCREEN,” “PATIENT INFORMATION
SCREEN,” and “REPORT DISPLAY SCREEN” to be selec-
tively displayed in a switchable manner.

[0079] Alternatively, at the scheduled time when next
screening is to be performed, or immediately before arrival
of the scheduled time, the medical person may be informed
of the arrival of the scheduled time. For example, the
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controller 170 may cause a message indicating arrival of the
scheduled time to be displayed in a partial region of
“PATIENT SELECTION SCREEN,” “EXECUTION
SCREEN,” “PATIENT INFORMATION SCREEN,” or
“REPORT DISPLAY SCREEN,” or inform of the arrival by
a sound, an alarm, or the like.

[0080] FIG. 9 is a flowchart illustrating an example of a
method for judging CCHD. The method for judging CCHD
in the exemplary embodiment is based on the CCHD screen-
ing protocol recommended by the U.S. Centers for Disease
Control and Prevention.

[0081] First, it is determined whether the conditions for
starting the screening are satisfied. (step S201). In the case
where the patient is a normal neonate, the judging section
130 starts the screening after 24 hours or more from the birth
except in special circumstances. The time period from the
birth of the patient and to the start of screening may be set
optionally by the medical person. The default time period is
24 hours.

[0082] Next, “n” as set as 1 (step S202). Here, “n” is a
counter for counting the number of screenings.

[0083] Next, the scheduled time for the screening is dis-
played (step S203). With respect to each of patients who are
to undergo screening, the controller 170 manages and dis-
plays the scheduled time for starting the screening. The
medical person selects the patient who is to next undergo
screening, through the display 150.

[0084] Next, an instruction to perform the screening is
received (step S204). On “EXECUTION SCREEN,” the
medical person touches the “SCREENING” button 15 to
instruct to perform the screening on the selected patient, and
the controller 170 accepts the instruction to perform the
screening.

[0085] Next, the SpO2s of the right hand and the foot, and
the ASpO2 are acquired (step S205). When screening is
started, the first and second acquiring sections 111, 112 hold
the outputs of the SpO2s to determine and acquire the SpO2s
of the right hand and the foot, respectively. The calculating
section 120 calculates and acquires the ASpO2 based on the
SpO2s of the right hand and the foot which are acquired by
the first and second acquiring sections 111, 112, respectively.
[0086] Next, it is determined whether or not the SpO2 of
the right hand or the foot is 95% or more and whether or not
the ASpO2 is 3% or less (step S206). If the SpO2 of the right
hand or the foot is 95% or more and the ASpO2 is 3% or less
(step S206: YES), the likelihood of CCHD is negative, and
the final judgement result is set as “PASS” (step S207).
[0087] Next, the result of screening is displayed (step
S208). The controller 170 updates the record of screening
results of the patient which is stored in the memory 172. In
the case where “EXECUTION SCREEN” is displayed, the
controller 170 causes the screening result to be displayed in
the result display region 12. When the medical person
switches to “REPORT DISPLAY SCREEN,” the controller
170 causes the result list 16 of screening results of patients
to whom the final judgement result is output. Then, the
process is ended (END).

[0088] Ifthe SpO2 of the right hand or the foot is not 95%
or more and the ASpO2 is not 3% or less (step S206: NO),
it is determined whether the SpO2 of the right hand or the
foot is smaller than 90% or not (step S209). If the SpO2 of
the right hand or the foot is smaller than 90% (step S209:
YES), the judgement result is “IMMEDIATE FAIL.” In this
case, the likelihood of CCHD is positive, and the final



US 2017/0100065 A1

judgement result is set as “FAIL” (step S210), and then the
process transfers to step S208. In the case where the like-
lihood of CCHD is positive, a more detailed examination is
necessary.

[0089] If the SpO2 of the right hand or the foot is not
smaller than 90% (step S209: NO), it is determined whether
or not “n” is equal to or smaller than 2 (step S211). If “n”
is not equal to or smaller than 2, i.e., in the case of third
screening (step S211: NO), the likelihood of CCHD is
positive, the final judgement result is set as “FAIL,” and the
process transfers to step S208. If “n” is equal to or smaller
than 2, i.e., in the case of first or second screening (step
S211: YES), the n-th judgement result is set as “FAIL,” and
the record of screening results of the patient is updated (step
S212).

[0090] Next, it is determined whether a predetermined
time period has elapsed (step S213) For example, the
predetermined time period is one hour. The predetermined
time period may be changed as appropriate by the medical
person.

[0091] Next, “n” is incremented by 1 (step 3214). To the
counter for counting the number of screenings, 1 is added,
and the process transfers to step S204.

[0092] The thresholds of the SpO2 of the right hand, SpO2
of the foot, and ASpO2 at which the judgement result or the
final judgement result is set to “PASS,” “FAIL,” or “IMME-
DIATE FAIL” can be changed by the medical person as
required.

[0093] Also the maximum number of screenings which
can be performed can be changed by the medical person as
required.

[0094] The physiological parameter measuring apparatus
100 and physiological parameter measuring system 300
which have been described above achieve the following
effects.

[0095] The physiological parameter measuring apparatus
100 manages and displays the scheduled time for starting the
screening for each patient who are to undergo screening.
Therefore, a medical person can easily recognize the patients
who are waiting for the screening. A result of the screening
can be stored in the physiological parameter measuring
apparatus 100. Therefore the medical person is not required
to transcribe the result of the screening to medical records.
Moreover, the physiological parameter measuring apparatus
100 can manage and display information relating to patients
and past screening results. Therefore, the medical person can
easily view the past screening results of a specific patient.
Consequently, the physiological parameter measuring appa-
ratus 100 can avoid cumbersome works in conventional
screening. When CCHD screening is to be performed,
therefore, the burden on a medical person can be reduced.
[0096] The physiological parameter measuring system
300 can achieve, with respect to each of patient, the man-
agement of the scheduled time for starting the screening,
performing the screening, and display of past screening
results in one system. When CCHD screening is to be
performed, therefore, cumbersome works in conventional
screening can be avoided, and hence the burden on the
medical person can be reduced.

[0097] While the present invention has been described
with reference to certain exemplary embodiments thereof,
the scope of the present invention is not limited to the
exemplary embodiments described above, and it will be
understood by those skilled in the art that various changes
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and modifications may be made therein without departing
from the scope of the present invention as defined by the
appended clains.

[0098] For example, an input from a medical person may
be received through an input device other than the touch
panel, such as a mouse or a keyboard.

[0099] The verification of identification may not be per-
formed as a screening accepting condition at the time of
receiving an instruction to perform the screening. For
example, the selection of the patient may be performed by
verifying the identity of the patient using identification
information on the tag of the patient, instead of touching
“PATIENT SELECTION SCREEN” by the medical person,
but also by performing identification based on identification
information indicated on the tag of the patient. Alternatively,
the verification of identification may be performed at a
different timing

[0100] Further, instead of reading the bar code on the tag
attached to the patient, the verification of identification may
be performed by reading an IC tag attached to the patient
through wireless communication.

What is claimed is:

1. A physiological parameter measuring apparatus for
performing a screening for critical congenital heart disease,
the apparatus comptrising:

an acquiring section configured to acquire a first oxygen
saturation at a first portion of a body of a patient and a
second oxygen saturation at a second portion of the
body, the second portion being different from the first
portion;

a calculating section configured to calculate a difference
between the first oxygen saturation and the second
oXygen saturation,

a judging section configured to perform, upon receipt of
an instruction to perform the screening, and based on
the first and second oxygen saturations and the differ-
ence, the screening for a likelihood of the critical
congenital heart disease with respect to the patient, and
to output the likelihood as a result of the screening;

a controller configured to manage, with respect to each
patient, a scheduled time for starting the screening, the
result of the screening, and information relating to the
patient; and

a display configured to receive an input by an operator,
and to display, in a switchable manner, a first screen
containing information relating to the scheduled time,
a second screen for receiving the instruction to perform
the screening, and a third screen containing the result of
the screening.

2. The physiological parameter measuring apparatus
according to claim 1, wherein the controller manages the
scheduled time for the next screening of each patient, and

wherein the display displays, on the first screen, at least
part of the information relating to each patient in an
order of the scheduled time for the next screening of
each patient.

3. The physiological parameter measuring apparatus
according to claim, wherein the display displays, on the
second screen, an image object having a shape that changes
in accordance with the result of the screening.

4. The physiological parameter measuring apparatus
according to claim 1, wherein the acquiring section com-
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prises a first sensor configured to be attached to the first
portion, and a second sensor configured to be attached to the
second portion,

wherein the calculating section is configured to calculate
a reliability of measurement signals from the first
sensor and a reliability of measurement signals from
the second sensor, and

wherein the display enables to accept the instruction to
perform the screening on the second screen when the
reliabilities of the measurement signals from the first
and second sensors are both equal to or greater than a
predetermined value.

5. The physiological parameter measuring apparatus
according to claim 1, further comprising a reader configured
to read a tag that is attached to each patient, the tag including
an identifier containing identification information specific to
the patient,

wherein the controller accepts the instruction to perform
the screening from the second screen only when the
controller determines that identification information of
a patient who is scheduled to next undergo the screen-
ing matches the identification information acquired by
reading the identifier of the tag attached to the patient
by the reader.

6. The physiological parameter measuring apparatus
according to claim 1, further comprising a communication
device configured to communicate with an external device,

wherein the judging section transmits the result of the
screening to the external device through the commu-
nication device when the judging section judges that
the screening result is positive.

7. A physiological parameter measuring system of per-
forming a screening for critical congenital heart disease, the
system comprising:

a first sensor configured to be attached to a first portion of

a body of a patient;

a second sensor configured to be attached to a second
portion of the body, the second portion being different
from the first portion; and

a physiological parameter measuring apparatus,

wherein the physiological parameter measuring apparatus
comprises:

an acquiring section configured to acquire a first oxygen
saturation at the first portion and a second oxygen
saturation at the second portion, based on measurement
signals from the first and second sensors;

a calculating section configured to calculate a difference
between the first oxygen saturation and the second
oxygen saturation;
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a judging section configured to perform, upon receipt of
an instruction to perform the screening, and based on
the first and second oxygen saturations and the differ-
ence, the screening for a likelihood of the critical
congenital heart disease with respect to the patient, and
to output the likelihood as a result of the screening;

a controller configured to manage, with respect to each
patient, a scheduled time for starting the screening, the
result of the screening, and information relating to the
patient; and

a display configured to receive an input performed by an
operator, and to display, in a switchable manner, a first
screen containing information relating to the scheduled
time, a second screen for receiving the instruction to
perform the screening, and a third screen containing the
result of the screening.

8. The physiological parameter measuring system accord-
ing to claim 7, wherein the first sensor has an indication of
a hand or a foot,

wherein the second sensor has an indication of the hand
or the foot that is not indicated on the first sensor, and

wherein the physiological parameter measuring apparatus
has indications corresponding to the indications of the
hand and the foot on the first and second sensors, at
portions where the first and second sensors are con-
nected respectively.

9. A non-transitory computer readable medium storing a
control program which controls a physiological parameter
measuring apparatus for performing a screening for critical
congenital heart disease and which causes a computer to
execute a method comprising steps of:

(a) managing a scheduled time for starting the screening
for each patient and displaying the scheduled time;

(b) accepting an instruction to perform the screening;

(¢) acquiring a first oxygen saturation at a first portion of
a body of the patient and a second oxygen saturation at
a second portion of the body, the second portion being
different from the first portion, and calculating a dif-
ference between the first oxygen saturation and the
second oxygen saturation;

(d) performing the screening for a likelihood of the
critical congenital heart disease with respect to the
patient, based on the first and second oxygen satura-
tions and the difference; and

(e) displaying a result of the screening.
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