US 20160113559A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2016/0113559 A1

Lynch et al. (43) Pub, Date: Apr. 28, 2016
(54) INTERFACE FOR DISPLAYING TEMPORAL (52) US.CL
BLOOD OXYGEN LEVELS CPC ... AG61B 5/14542 (2013.01); A61B 5/0205
— . (2013.01); A61B 5/7278 (2013.01); A61B
(71)  Applicant: })NRCAETGER dMPEADICSAL SYSTEMS, 5/0004 (2013.01); A61B 5/742 (2013.01);
., Telford, PA (US) A61B 5/748 (2013.01); A61B 5/746 (2013.01);
(72) Inventors: Robert Michael Lynch, Holland, PA A61B 5/7246 (2013.01); 4613 2503/045
(US); Harald Kneuer, Klingberg (DE); (2013.01); 461B 2560/0475 (2013.01)
Merouane Djerbal, Newtown, PA (US);
Ali Pourrad, Telford, PA (US); Steffen
Schmitt, Tremsbuettel (DE) (57 ABSTRACT
(21) Appl. No.: 14/778,010
(22) PCT Filed: Mar. 25, 2013
Ablood h (200) that ifies blood level
(86) PCTNo:  PCT/US2013/033736 ood oxygen graph (200) that specifies blood oxygen leve
ranges varying over a span of time is displayed within a
§ 371 (c)(1), graphical user interface. Data from at least one physiological
(2) Date: Sep. 17,2015 sensor is received that includes a current blood oxygen level
Publication Classification (230) of a patient and a time point (260) associated with the
measurement. Using the received data, the current blood oxy-
(51) Int.CL gen level for the patient overlaid on the blood oxygen graph at
A61B 5/145 (2006.01) the time point is displayed in the graphical user interface.
A61B 5/00 (2006.01) Related apparatus, systems, techniques, and articles are also
AG6IB 5/0205 (2006.01) described.
700
720
210 730 740
SENSOR COMPUTING DISPLAY / USER
SYSTEM INTERFACE
750
APGARTIMER




US 2016/0113559 A1

Apr. 28,2016 Sheet1 of9

Patent Application Publication

ATOHSTYHL V ONOAIE SI IN3ILVd FHL 1
40 NOLLYNIODAXO 00149 G3AI303d FHL NIHM WYY TV NV 3AIACHd “}/I 0L

JONIAIANOD 40 FHNSYIW FHL AVTdSIA ANV 13AITNIOAXO 1
QOOT8 40 FUNSYIW FONIAIANOD VONIZIFILOVEVHO VIVA AIF0TE | ~— 091

IN3ILVd FHL 40 SHILINYHVYL TYNOILIAAY IHL AVidSIA ANV ENSIEVd
dHL 40 SH31INVEVYd TYNOILIAAVY ONIZIH3 LOVEYHO VIV SAIZ03Y “/ 0Gl

S1NIOd 3WIL d314103dS 1SVd 1V HdYYO NOILYNIOAXO QOO 3HL
NO NIVTH3AO IN3ILVd FHL HO4 STIAFTNIDAXO A0O1d 1SVd AV'1dSId “I/ orl

INIOd JWIL A3i4103dS IHL 1V HAYHD IHL NO
AIVTH3A0 INTILVd FHL ¥04 T3ATTNIDAXO 00 19 INJHENI AV1dSId

A

INIOd JWIL
Y ONV IN3ILYd ¥ 40 N3DAXO 00018 ONIZIYILOVHYHD VIVE IAIZDTY

A

JANIL H3A0 ONIAGVA STONVY
NIDAXO 0074 SAHIOFAS LVHL HAVHO NIOAXO GOOTE H3ANIH




US 2016/0113559 A1

Apr. 28,2016 Sheet 2 of 9

Patent Application Publication

09¢

JAR]

Gl
|

7l
|

£l
|

¢l

Z "Old
(usw) awi].

ib 0Ol
| ]

6

8

.

8

00¢

|
s

— 00}




US 2016/0113559 A1

Apr. 28,2016 Sheet 3 of 9

Patent Application Publication

G

L

14

A A

g ‘oI
(uiw) awny

i 0l
]

6
i
I

8

-t

1 I




v 'old

(unw) awiy

US 2016/0113559 A1

gL /L 9L G ¥ ¢ 2 WO 6 8 L 9 § ¥ € ¢ |

il 1 i i 1 ] T i i i ]
\ L 0¢
09¢

A

bl

< of 96 QUL ~+-0F

= Ndg ¢6 918y HeaH

=

wn \ . 1 Om

2 0Ly

& <100 (%)
- .-q i 0

S ‘odg

S .

Ml -0/

= —1-08

.m

2 —+06

£

2 ey

m \ v

= - 022 062

= 00V

E

5

=™



US 2016/0113559 A1

Apr. 28,2016 Sheet5of9

Patent Application Publication

G "Ol4

(uiw) swiy

gl ZL 9L G ¥ € 2L W O 6 8 L 9 § ¥ € ¢ |
I I TSN S Sy A [ N R (S S SN L S B

<+ j T t t T f i 1 1
\ - (€
092

001

0¢e 06¢



US 2016/0113559 A1

Apr. 28,2016 Sheet 6 of 9

Patent Application Publication

8l

FA

gl
|

143
!

¢l
|

4

9 ‘Of4
(unw) sy

L0l

6

7
09¢

1

i t

009

!

- 001




US 2016/0113559 A1

Apr. 28,2016 Sheet 7 of 9

Patent Application Publication

L O

H3NIL HYOdY
052

JOVAYILNI
d3SN /7 AVdSId
ol

W3LSAS
ONILNANOD
0EL

HOSN3S

0bL

004



=

I 8 Old

W,

e

—

S

o

S

z NOSHYANOD IHL ONIZIMILOVHYHD YIVA 3AIAOYd ——_ 058
A

INIYA NIOAXO Q0C1d
AIUNSYIN ¥ OL INTVA NISAXO Q007E DINYNAG IHL ONIIVANOD | ~— 0t8

A

Apr. 28,2016 Sheet 8 of 9

JTOHSTHHL NIDAXO 0018 JINVYNACQ V ILVIEO
01 TOHSTYHL NIDAXO 0079 “FNIL NO AISvd "ONILNIWIHONI - — 028
A

HINWIL HYDdY 4O LHVLS ONIZIYILOVEVHO VIVA JAIZ03Y ——_

008

Patent Application Publication



US 2016/0113559 A1

Apr. 28,2016 Sheet9 of 9

Patent Application Publication

6 'Ol
(urw) swiy
el JL 9 SL ¥L € 2 M O 6 8 4 9 G ¥ £ T |
- | | | | | | | I I I 1 | | i | | i |
il T 1 I i T 1 ] ] I 1 | ] 1 1 | 1 [} I
\\x 1 o¢
092
.................................... \
0€Z /! \ P!

o 0ce 052
006

001



US 2016/0113559 A1

INTERFACE FOR DISPLAYING TEMPORAL
BLOOD OXYGEN LEVELS

TECHNICAL FIELD

[0001] The subject matter described herein relates to dis-
playing physiological parameters such as measured blood
oxygen levels for neonatal care.

BACKGROUND

[0002] The APGAR score is a simple and repeatable
method to assess the health of newborn children (i.e., neo-
nates) immediately after birth. A physician determines the
APGAR score by evaluating the neonate on five criteria. The
physician judges each criterion on a scale from zero to two,
and then sums the five values. The resulting APGAR score
ranges from zero to ten. The five criteria can summarize as
appearance, pulse, grimace, activity, and respiration (AP-
GAR). A physician generally performs the APGAR test at one
and five minutes after birth, and may repeat the test later if the
score is and remains low. Scores seven and above are normal,
scores four to six are low and three and scores below three are
critically low.

[0003] A low score on the one-minute test may show that
the neonate requires medical attention but is not necessarily
an indication that there will be long-term problems, particu-
larly if there is an improvement by the stage of the five-minute
test. If the APGAR score remains below three such as at 10,
15, or 30 minutes, there is a risk that the child will suffer
longer-term neurological damage. The purpose of the
APGAR test is to determine quickly whether a newborn needs
immediate medical care. An APGAR timer, in its simplest
form, is simply a stop watch or egg timer that is begun at the
time of birth to remind a physician to measure the neonates
APGAR score at 1, 5, and 10 minutes from birth.

SUMMARY

[0004] In one aspect, a blood oxygen graph that specifies
blood oxygen level ranges varying over a span of time is
displayed within a graphical user interface. Data from at least
one physiological sensor is received that includes a current
blood oxygen level of a patient and a time point associated
with the measurement. Using the received data, the current
blood oxygen level for the patient overlaid on the blood
oxygen graph at the time point is displayed in the graphical
user interface.

[0005] In another aspect, data characterizing a start of an
APGAR timer is received. In response to the received data
and based on time, a predetermined blood oxygen threshold
value is incremented to create a dynamic blood oxygen
threshold value that varies over time. The dynamic blood
oxygen threshold value is compared to a measured blood
oxygen level. Data characterizing the comparison is pro-
vided.

[0006] In yet another aspect, a system includes a physi-
ological sensor measuring a blood oxygen level of a patient,
a computing system receiving data from the physiological
sensor, and a display coupled to the computing system. A
blood oxygen graph that specifies blood oxygen level ranges
varying over a span of time is displayed within a graphical
user interface. Data from at least one physiological sensor
comprising a current blood oxygen level of a patient and a
time point associated with the measurement is received.
Usingthe received data, the current blood oxygen level for the
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patient overlaid on the blood oxygen graph at the time point is
displayed within the graphical user interface.

[0007] Inyetanotheraspect, asystem includes acomputing
system coupled to an APGAR timer. Data is received charac-
terizing a start of the APGAR timer. In response to the
received data and based on time, a predetermined blood oxy-
gen threshold value is incremented to create a dynamic blood
oxygen threshold value that varies over time. The dynamic
blood oxygen threshold value is compared to a measured
blood oxygen level. Data characterizing the comparison is
provided.

[0008] One or more of the following features can be
included. For example, the one or more blood oxygen level
ranges can include a lower threshold that varies over the span
of time. The one or more blood oxygen level ranges can
include an upper threshold. The one or more blood oxygen
level ranges can indicate at least one of the following: a
normal range, a caution range, and a critical range. One or
more past blood oxygen levels for the patient overlaid on the
blood oxygen graph at past time points can be displayed. The
span of time can be dynamic based at least on the received
time point. Data can be received from the at least one physi-
ological sensor characterizing a measure of confidence in the
blood oxygen level of the patient and, using the received data,
the measure of confidence in the blood oxygen level of the
patient overlaid on the blood oxygen graph at the time point
can be displayed in the graphical user interface. Data can be
received from at least one physiological sensor comprising an
additional parameter of the patient and, using the received
data, the additional parameter of the patient overlaid on the
blood oxygen graph can be displayed.

[0009] The blood oxygen graph can be selected from a
plurality of predetermined blood oxygen graphs. The selec-
tion of the blood oxygen graph can be based on a physiologi-
cal parameter of the patient. The blood oxygen graph can be
generated based on a physiological parameter of the patient.
The physiological parameter of the patient can include at least
one of heart rate, temperature, birth weight, gestational age,
and provided oxygen level (Fi02). The patient can be a neo-
nate having been born within twenty minutes of the time
point. The at least one physiological sensor includes a pulse
oximeter. The displaying can occur on a display device
remote from the physiological sensor. The displaying can
occur on a display integral with one or more of the following:
smart phone, tablet computer, bedside patient monitor, and
warmer.

[0010] The point in time can be measured from a start of an
appearance, pulse, grimace, activity, and respiration (AP-
GAR) timer. The time point can be synchronized to an
APGAR timer. The blood oxygen ranges can vary based on an
APGAR timer. Measured blood oxygen levels and associated
time points can be continually received, and the display can
be dynamically updated. The continually received measured
blood oxygen levels and associated time points can be
tracked, and past blood oxygen levels for the patient overlaid
on the blood oxygen graph at their associated time points can
be displayed. Measured blood oxygen levels can be continu-
ally received and continually compared to the dynamic blood
oxygen threshold value.

[0011] An alarm can be provided when the received blood
oxygen level of the patient at the time point is below the lower
threshold or above the upper threshold. Providing the alarm
can include one or more of the following: flashing a light,
displaying predetermined written instructions, providing a
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predetermined noise, and providing a pre-generated voice
message. Providing data characterizing the comparison can
include at least one of transmitting, storing, persisting, and
displaying. Providing data characterizing the comparison can
include displaying, using a graphical user interface, the
dynamic blood oxygen threshold and the measured blood
oxygen level. Providing data characterizing the comparison
can include providing an alarm when the measured blood
oxygen level is below the dynamic blood oxygen threshold
value. An alarm can be provided when the measured blood
oxygen level is out of bounds of the dynamic blood oxygen
threshold value. An alarm can be generated when the mea-
sured value is out of bounds of the dynamic blood oxygen
threshold.

[0012] Computer program products are also described that
comprise non-transitory computer readable media storing
instructions, which when executed by at least one data pro-
cessors of one or more computing systems, causes at least one
data processor to perform operations herein. Similarly, com-
puter systems are also described that may include one or more
data processors and a memory coupled to the one or more data
processors. The memory may temporarily or permanently
store instructions that cause at least one processor to perform
one or more of the operations described herein. In addition,
methods can be implemented by one or more data processors
either within a single computing system or distributed among
two or more computing systems.

[0013] The subject matter described herein provides many
advantages. For example, the current subject matter aids a
caregiver during the stabilization phase after birth by provid-
ing for a clear unambiguous indication of neonate status.
Further, a quantitative comparison of a specific neonate’s
blood oxygen ranges to healthy ranges is provided. Addition-
ally, the current subject matter enables quick response and
medical attention to neonates with abnormal blood oxygen
levels immediately after birth and educates health workers
that low blood oxygen levels in the recently born is common.
Also, the amount and frequency of unnecessary alarms from
patient monitoring equipment are reduced.

[0014] The details of one or more variations of the subject
matter described herein are set forth in the accompanying
drawings and the description below. Other features and
advantages of the subject matter described herein will be
apparent from the description and drawings, and from the
claims.

DESCRIPTION OF DRAWINGS

[0015] FIG. 1 is a process flow diagram illustrating a
method for displaying a patient’s physiological data such as
blood oxygen levels;

[0016] FIG. 2 is a drawing illustrating an example blood
oxygen graph with a lower threshold and upper threshold,
both of which vary over time;

[0017] FIG. 3 is a drawing illustrating another example
blood oxygen graph with multiple lower thresholds, and mul-
tiple upper thresholds;

[0018] FIG. 4 is a drawing illustrating another example
blood oxygen graph with additional displayed parameters;
[0019] FIG. 5 is a drawing illustrating another example
blood oxygen graph with displayed measures of blood oxy-
gen level confidence;

[0020] FIG. 6 is a drawing illustrating another example
blood oxygen graph showing past blood oxygen levels below
the lower threshold;
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[0021] FIG. 7 is a block diagram illustrating a system for
displaying a patient’s current blood oxygen;

[0022] FIG. 8 is a process flow diagram illustrating a
method for synchronizing an APGAR timer and a dynamic
blood oxygen threshold; and

[0023] FIG. 9 is a drawing illustrating an example blood
oxygen graph with a lower dynamic blood oxygen threshold
that increments in steps.

[0024] Like reference symbols in the various drawings
indicate like elements.

DETAILED DESCRIPTION

[0025] FIG. 1 is a process flow diagram illustrating a
method 100 for displaying a patient’s physiological data such
as blood oxygen levels. At 110, a blood oxygen graph is
displayed that specifies blood oxygen ranges varying over
time. The displaying can occur within a graphical user inter-
face. At 120, data is received characterizing (and/or includ-
ing) blood oxygen levels of the patient and a time point. The
data can be received from at least one physiological sensor.
The time point can be synchronized with a starting of an
APGAR timer. At 130, a current blood oxygen level for the
patient overlaid on the graph at the time point is displayed.
Optionally, at 140, past blood oxygen levels overlaid on the
blood oxygen graph at past time points can be displayed.

[0026] FIG. 2 is a drawing of one implementation of the
current subject matter illustrating an example blood oxygen
graph 200 with a lower threshold 210 and upper threshold
220, both of which vary over time. Stars indicate blood oxy-
gen levels. The current blood oxygen level is shown at 230
and past blood oxygen levels are shown at least at 240. The
vertical axis 250 coordinates are in units of blood oxygen
(SpO2) percentage and the horizontal axis 260 coordinates
are in units of time (i.e., minutes). In this example, the patient
is a neonate, that is, someone recently born. When the patient
is a neonate, time can be measured from approximately the
moment of birth and/or synchronized to the starting of an
APGAR timer. The horizontal axis 260 can dynamically
expand. The expansion can be based on the specified time
point. In this example, the patient was born less than twenty
minutes before the display of the current blood oxygen point
230.

[0027] In this example, the lower threshold 210 and upper
threshold 220 both monotonically increase over time. The
lower threshold 210 and upper threshold 220 variations
reflect outer bounds for normal blood oxygen level variations
of neonates shortly after birth. Once the upper threshold 220
reaches 100 percent blood oxygen level, the upper threshold
220 can remain constant over time. Each threshold can begin
to vary (e.g., increment) in response to a resetting (i.e., start-
ing) of an APGAR timer. Thus, in certain implementations,
the thresholds are synchronized to the APGAR timer.

[0028] Additionally, in this example, all displayed blood
oxygen levels reside above the lower threshold 210 and below
the upper threshold 220. The region between the lower thresh-
old 210 and upper threshold 220 can represent a normal,
healthy, and/or expected range of blood oxygen levels (at a
given time) and can indicate that the patient’s blood oxygen
level is at a healthy level. Regions below the lower threshold
210 and/or above the upper threshold 220 can represent
abnormal, unhealthy, and/or unexpected ranges of blood oxy-
gen levels, and can indicate that the patient is in need of
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medical care. One or more regions can be shaded or colored
(e.g., green, yellow, or red) to improve contrast and readabil-
ity.

[0029] Theblood oxygen graph 200 can be selected from a
plurality of predetermined blood oxygen graphs. The prede-
termined blood oxygen graphs can include different threshold
values (i.e., different variations over time and different abso-
lute threshold values). The selection can be manual (e.g., by a
physician or other person) or can be selected based on a
physiological parameter of the patient. The selection can be
automatic. The physiological parameter can include at least
one of the blood oxygen level, heart rate, temperature, birth
weight, and gestational age. Alternatively, the blood oxygen
graph can be generated based at least on a physiological
parameter of the patient. Predetermined threshold values and
variations can be selected. The selection can be manual or
automatic and can be based on a physiological parameter.
[0030] The measured blood oxygen levels can be continu-
ously received in regular or irregular time increments and the
display can be continuously and/or dynamically updated with
each received measured blood oxygen level. The display can
be updated after receiving several measured blood oxygen
levels. In the example shown in FIG. 2, past blood oxygen
levels are shown at 240. As the measured blood oxygen levels
are being continuously received they can be tracked (e.g.,
stored or recorded) and the display can be refreshed or the
most recently received data can be overlaid on the display. In
addition to or as an alternative to tracking the continuously
received data, the past blood oxygen levels can be received in
addition to the current blood oxygen level. This allows a
person viewing the display to ascertain the historical blood
oxygen levels of the patient.

[0031] FIG.3isadrawing of another implementation of the
current subject matter illustrating an example blood oxygen
graph 300 with multiple lower thresholds (310 and 320), and
multiple upper thresholds (330 and 340). Here each blood
oxygen level is shown as a dot. The region between the first
lower threshold 310 and the first upper threshold 330 can
represent a normal or expected range of blood oxygen levels
and can indicate that the patient’s blood oxygen level is at a
healthy or expected level. The region between the first lower
threshold 310 and second lower threshold 320 and/or between
the first upper threshold 330 and second upper threshold 340
can represent a caution region. Blood oxygen values dis-
played in the caution region can indicate that the patient
requires medical attention and/or close monitoring. Regions
below the second lower threshold 320 and above the second
upper threshold 340 can represent critical regions. Blood
oxygen values displayed in one of the critical regions can
indicate that the patient requires immediate medical care.
[0032] Referring again to FIG. 1, optionally, at 150, data
characterizing additional parameters of the patient can be
received and displayed. The additional parameters can
include a patient’s heart rate, temperature, gestational age,
birth weight, and provided oxygen level (Fi02). The patient’s
heart rate can be obtained, for example, from the physiologi-
cal sensor that is measuring the patient’s blood oxygen or
from another sensor (e.g., electrocardiogram, non-invasive
blood pressure, etc.). The patient’s heart rate can be received
or determined from data characterizing one or more patient
physiological parameters.

[0033] FIG.41is adrawing of another implementation of the
current subject matter illustrating an example blood oxygen
graph 400 with additional displayed parameters 410. Similar
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to FIG. 2, graph 300 includes a lower threshold 210, upper
threshold 220, current blood oxygen level 230, past blood
oxygen levels, vertical axis 250, and horizontal axis 260. In
this example, the upper threshold 220 is constant at 100
percent while the lower threshold 210 varies over time. The
upper threshold 220 need not be shown. The additional
parameters are displayed at 410, and can be relevant to deter-
mining a patient’s overall medical condition. The additional
parameters can also be displayed graphically, such as, for
example, overlaying FiO2 values on the blood oxygen graph
to show present and/or past Fi02 values over time. For Fi02,
in some variations, no additional axis scale (x-axis or y-axis)
would be required because Fi02 values can be displayed as a
percentage. The displayed blood oxygen levels and additional
parameters can be stored for later retrieval.

[0034] Referring again to FIG. 1, optionally, at 160, data
characterizing a confidence measure of the blood oxygen
levels can be received and displayed. The confidence measure
can be received from the physiological sensor.

[0035] FIG. 5isadrawing of another implementation of the
current subject matter illustrating an example blood oxygen
graph 500 with displayed measures of blood oxygen level
confidence. In this example, the displayed current blood oxy-
gen level 230 (and displayed past blood oxygen levels 240)
has an error bar 510 illustrating the measure of confidence of
the physiological parameter. The confidence can include a
certainty, likelihood, or probability that the patient’s actual
blood oxygen level is within the error bar (e.g., a 99% chance
that the patient’s blood oxygen falls within the bounds of the
error bar).

[0036] Referring again to FIG. 1, optionally, at 170, an
alarm or warning can be provided or generated when the
received blood oxygen levels of the patient is out of the
bounds of a threshold. For example, if the received blood
oxygen level of the patient is below the lower threshold 210 or
above the upper threshold 220, a light can flash, predeter-
mined written instructions can display, a predetermined noise
can sound, and/or a pre-generated voice message can be pro-
vided.

[0037] FIG. 6isadrawing of another implementation of the
current subject matter illustrating an example blood oxygen
graph 600 showing past blood oxygen levels 240 below the
lower threshold 210. In the example shown, after approxi-
mately one minute, at 610, the past blood oxygen levels 240
transitions from above the lower threshold 210 to below the
lower threshold 210. Optionally, when this occurs, an alarm
may sound indicating the patient may require medical atten-
tion. In the example shown, after approximately six minutes,
at 620, the blood oxygen level increases sharply. This can be
the result of resuscitation efforts (e.g., increasing FiO2) of a
physician. Resuscitation efforts can include, for example,
warming, clearing the patient’s airway, stimulation, ventila-
tion corrective steps, incubation, chest compressions, and
intravenous epinephrine. The implementation of FIG. 6 does
not include an upper threshold.

[0038] FIG. 8 is a process flow diagram illustrating a
method 800 for synchronizing an APGAR timer and a
dynamic blood oxygen threshold. Data is received at 810 that
characterizes a start of an APGAR timer. The APGAR timer
can include, for example, a device dedicated to monitoring
time, a software module in a blood oxygen measurement
device, a software module in a computing system, or a mod-
ule in a device that displays measured blood oxygen data. A
physician or other health care professional can start the
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APGAR timer. Typically, a physician starts the APGAR timer
approximately at the time of birth of a neonate.

[0039] Inresponse to the received data at 820 a blood oxy-
gen threshold is incremented to create a dynamic blood oxy-
gen threshold that varies over a time span. The dynamic blood
oxygen threshold can increment based on time. The incre-
menting can be performed continually to result in dynamic
blood oxygen thresholds similar to those illustrated in FIGS.
2-6. The dynamic blood oxygen threshold can increment in
steps (e.g., stepwise). FIG. 9 is a drawing of another imple-
mentation of the current subject matter illustrating an
example blood oxygen graph 900 showing past blood oxygen
levels 240 and a lower dynamic blood oxygen threshold 210
that increments in steps. The steps are shown in FIG. 9 as
being irregularly spaced in time, however, steps incrementing
at regularly spaced intervals, or according to a predetermined
or predefined incrementing schedule is also possible. Refer-
ring again to FIG. 8, optionally, data can be received at 830,
the data comprising a measured blood oxygen value.

[0040] Thedynamic blood oxygen threshold is compared at
840 to the measured blood oxygen level. The comparison can
include directly comparing values (e.g., to show the measured
level is greater than, less than, and/or equal to the threshold),
and displaying in a graphical user interface the dynamic blood
oxygen threshold and the measured blood oxygen level.
Additionally, measured blood oxygen levels can be continu-
ally received and continually compared to the dynamic blood
oxygen threshold value.

[0041] Data characterizing the comparison is provided at
850. Providing can include, for example, transmitting, stor-
ing, persisting, and displaying. An alarm can be provided. The
alarm can be in response to the comparison, such as when the
measured blood oxygen level is below (or above) the dynamic
threshold value for a given comparison. Providing can
include displaying, using a graphical user interface, the
dynamic blood oxygen threshold and the measured blood
oxygen level.

[0042] FIG. 7 is a block diagram illustrating a system 700
for displaying a patient’s current blood oxygen. A physiologi-
cal sensor 710 measures at least one physiological parameter
of a patient 710. The physiological sensor 710 can include a
pulse oximeter sensor. The sensor 710 is coupled to a com-
puting system 730. The coupling can be direct (e.g., over a
wire), or indirect (e.g., over a distributed hospital network).
The sensor 710 and computing system 730 can be remote
from each other. The computing system 730 is also coupled
directly or indirectly to a display and/or user interface 740.
The computing system 730 can also be coupled to, integrated
with, and/or in communication with an APGAR timer 750 to
receive a signal or data from the APGAR timer characterizing
a start of the APGAR timer and/or an elapsed time from the
start of the APGAR timer. Implementations of the computing
system 730 and/or display 740 can include a bedside patient
monitor, a smart phone, tablet, desktop PC, laptop, newborn
baby warmer, APGAR timer, and resuscitation unit.

[0043] Whileimplementations shown herein have included
between one and four thresholds, any number of thresholds
and/or regions are possible. Additionally, the blood oxygen
levels can be processed. For example, current and past blood
oxygen levels can be smoothed in time (e.g., a sliding aver-
age) or low pass filtered to remove high frequency compo-
nents. The incrementing of the dynamic blood oxygen thresh-
old can be performed by any of the modules in the system
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such as, for example, the sensor 710, the computing system
730, and the display 740, or by another module.

[0044] Various implementations of the subject matter
described herein may be realized in digital electronic cir-
cuitry, integrated circuitry, specially designed ASICs (appli-
cation specific integrated circuits), computer hardware, firm-
ware, software, and/or combinations thereof. These various
implementations may include implementation in one or more
computer programs that are executable and/or interpretable
on a programmable system including at least one program-
mable processor, which may be special or general purpose,
coupled to receive data and instructions from, and to transmit
data and instructions to, a storage system, at least one input
device, and at least one output device.

[0045] These computer programs (also known as pro-
grams, software, software applications or code) include
machine instructions for a programmable processor, and may
be implemented in a high-level procedural and/or object-
oriented programming language, and/or in assembly/ma-
chine language. As used herein, the term “machine-readable
medium” refers to any computer program product, apparatus
and/or device (e.g., magnetic discs, optical disks, memory,
Programmable Logic Devices (PLDs)) used to provide
machine instructions and/or data to a programmable proces-
sor, including a machine-readable medium that receives
machine instructions as a machine-readable signal. The term
“machine-readable signal” refers to any signal used to pro-
vide machine instructions and/or data to a programmable
processor.

[0046] To provide for interaction with a user, the subject
matter described herein may be implemented on a computer
having a display device (e.g., a CRT (cathode ray tube) or
LCD (liquid crystal display) monitor) for displaying infor-
mation to the user and a keyboard and a pointing device (e.g.,
a mouse, a trackball, or touchscreen) by which the user may
provide input to the computer. Other kinds of devices may be
used to provide for interaction with a user as well; for
example, feedback provided to the user may be any form of
sensory feedback (e.g., visual feedback, auditory feedback,
or tactile feedback); and input from the user may be received
in any form, including acoustic, speech, or tactile input.
[0047] The subject matter described herein may be imple-
mented in a computing system that includes a back-end com-
ponent (e.g., as a data server), or that includes a middleware
component (e.g., an application server), or that includes a
front-end component (e.g., a client computer having a graphi-
cal user interface or a Web browser through which a user may
interact with an implementation of the subject matter
described herein), or any combination of such back-end,
middleware, or front-end components. The components of
the system may be interconnected by any form or medium of
digital data communication (e.g., a communication network).
Examples of communication networks include a local area
network (“LAN”), a wide area network (“WAN”), and the
Internet.

[0048] The computing system may include clients and
servers. A client and server are generally remote from each
other and typically interact through a communication net-
work. The relationship of client and server arises by virtue of
computer programs running on the respective computers and
having a client-server relationship to each other.

[0049] Although a few variations have been described in
detail above, other modifications are possible. For example,
the logic flow depicted in the accompanying figures and
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described herein do not require the particular order shown, or
sequential order, to achieve desirable results. Other embodi-
ments may be within the scope of the following claims.

1.-26. (canceled)

27. A method comprising:

receiving data characterizing a start of an APGAR timer:

incrementing, in response to the received data and based on

time, a predetermined blood oxygen threshold value to
create a dynamic blood oxygen threshold value that
varies over time;

comparing the dynamic blood oxygen threshold value to a

measured blood oxygen level; and

providing data characterizing the comparison;

wherein at least one of receiving, incrementing, compar-

ing, or providing is performed by at least one data pro-
cessor forming part of one or more computing systems.

28. The method of claim 27, further comprising:

receiving data comprising the measured blood oxygen

level.

29. The method of claim 27 further comprising continually
receiving measured blood oxygen levels and continually
comparing the dynamic blood oxygen threshold value to the
received measured blood oxygen levels.

30. The method of claim 27, wherein providing data char-
acterizing the comparison includes at least one of transmit-
ting, storing, persisting, and displaying.

31. The method of claim 27, wherein providing data char-
acterizing the comparison includes displaying, using a
graphical user interface, the dynamic blood oxygen threshold
and the measured blood oxygen level.

32. The method of claim 27, wherein providing data char-
acterizing the comparison includes providing an alarm when
the measured blood oxygen level is below the dynamic blood
oxygen threshold value.

33. A non-transitory computer program product storing
instructions, which when executed by at least one data pro-
cessor of at least one computing system, implement a method
comprising:

receiving data characterizing a start of an APGAR timer:;

incrementing, in response to the received dataand based on

time, a predetermined blood oxygen threshold value to
create a dynamic blood oxygen threshold value that
varies over time;

comparing the dynamic blood oxygen threshold value to a

measured blood oxygen level; and

providing data characterizing the comparison;

wherein at least one of receiving, incrementing, compar-

ing, and providing is performed by at least one data
processor forming part of one or more computing sys-
tems.

34. A system comprising: at least one data processor; and
memory storing instructions, which when executed by the at
least one data processor, implement a method comprising:

receiving data characterizing a start of an APGAR timer;

incrementing, in response to the received dataand based on
time, a predetermined blood oxygen threshold value to
create a dynamic blood oxygen threshold value that
varies over time;

comparing the dynamic blood oxygen threshold value to a

measured blood oxygen level; and

providing data characterizing the comparison.

Apr. 28,2016

35. A system comprising;
a computing system coupled to an APGAR timer;
the computing system including at least one data pro-
cessor and memory storing instructions which, when
executed by the at least one data processor, causes the
at least one data processor to perform operations com-
prising:
receiving data characterizing a start of the APGAR
timer;
incrementing, in response to the received data and
based on time, a predetermined blood oxygen
threshold value to create a dynamic blood oxygen
threshold value that varies over time;
comparing the dynamic blood oxygen threshold value
to a measured blood oxygen level; and
providing data characterizing the comparison.

36. The system of claim 35, wherein providing data char-
acterizing the comparison includes providing an alarm when
the measured blood oxygen level is out of bounds of the
dynamic blood oxygen threshold value.

37.The system of claim 35, the method further comprising
generating an alarm when the measured value is out of bounds
of the dynamic blood oxygen threshold.

38. The computer program product of claim 33, the method
further comprising:

receiving data comprising the measured blood oxygen

level.

39. The computer program product of claim 33, the method
further comprising continually receiving measured blood
oxygen levels and continually comparing the dynamic blood
oxygen threshold value to the received measured blood oxy-
gen levels.

40. The computer program product of claim 33, wherein
providing data characterizing the comparison includes at
least one of transmitting, storing, persisting, and displaying.

41. The computer program product of claim 33, wherein
providing data characterizing the comparison includes dis-
playing, using a graphical user interface, the dynamic blood
oxygen threshold and the measured blood oxygen level.

42. The computer program product of claim 33, wherein
providing data characterizing the comparison includes pro-
viding an alarm when the measured blood oxygen level is
below the dynamic blood oxygen threshold value.

43. The system of claim 34, the method further comprising:

receiving data comprising the measured blood oxygen

level.

44.The system of claim 34, the method further comprising
continually receiving measured blood oxygen levels and con-
tinually comparing the dynamic blood oxygen threshold
value to the received measured blood oxygen levels.

45. The system of claim 34, wherein providing data char-
acterizing the comparison includes at least one of transmit-
ting, storing, persisting, and displaying.

46. The system of claim 34, wherein providing data char-
acterizing the comparison includes displaying, using a
graphical user interface, the dynamic blood oxygen threshold
and the measured blood oxygen level.

* #* * #* #®
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