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(57) ABSTRACT

A patient monitoring system can have a display screen or
portion thereof with graphic user interface for displaying
indications of a patient’s oxygen state. The indications can
include the patient’s SpO,, dissolved oxygen index, and/or
an increasing or decreasing trend of dissolved oxygen index.
The displays of oxygen state indications can be compact,
and/or able to provide direct visual information to a user of
various aspects of the patient’s oxygen state. The display
elements can be used to represent any other physiological
parameters.
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SYSTEM FOR DISPLAYING OXYGEN STATE
INDICATIONS

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] Any and all applications for which a foreign or
domestic priority claim is identified in the Application Data
Sheet as filed with the present application are hereby incor-
porated by reference under 37 CFR 1.57.

[0002] This application is a non-provisional of U.S. Pro-
visional Application No. 62/579,575, filed Oct. 31, 2017,
titled “SYSTEM FOR DISPLAYING OXYGEN STATE
INDICATIONS,” incorporated herein by reference in its
entirety.

FIELD

[0003] The present invention relates to the field of non-
invasive oxygen delivery measurement using optical based
sensors, and in particular, to displaying indication(s) of a
patient’s oxygen state.

BACKGROUND

[0004] The measurement of oxygen delivery to the body
and the corresponding oxygen consumption by the body’s
organs and tissues is vitally important to medical practitio-
ners in the diagnosis and treatment of various medical
conditions. Oxygen delivery is useful, for example, during
certain medical procedures, where artificially providing
additional oxygen to the patient’s blood stream may become
necessary. Patients may need supplemental oxygen in sur-
gery, conscious sedation, or the intensive care unit. For
example, during an intubation procedure, the patient will
stop breathing while the procedure is performed. The patient
is typically provided with oxygen before the intubation
procedure. However, because the patient stops breathing
during an intubation procedure, the patient’s blood oxygen
saturation level can fall. The medical practitioner must
ensure that the patient has sufficient reserves of oxygen in
the system before intubation so that suffocation is avoided
during the intubation procedure. At the same time, providing
oxygen at a high pressure to a patient can have its own
negative effects in some patients, some of which include
damages to the patient’s lungs, and in particular, to the
alveoli structures in the lungs. In some patients, for example
neonates, even oxygen levels on the high end of a normal
oxygenation range can cause blindness.

SUMMARY

[0005] When oxygen molecules come into contact with
blood, the majority of the oxygen molecules are bound to the
hemoglobin in red-blood cells and a small portion is dis-
solved directly in the blood plasma. The current standard of
care is to measure oxygen delivery through the use of a pulse
oximeter. Pulse oximeters noninvasively measure and dis-
play oxygen saturation (SpQ,), which is the percentage of
the patient’s hemoglobin bound to oxygen molecules.

[0006] Another possible indicator of oxygen delivery is
the partial pressure of oxygen (PaO,) in the arterial blood.
However, there are currently no reliable ways to measure
arterial PaO, noninvasively. Invasive PaO, measurements
require a blood gas analysis. The analysis may be needed
intermittently during a surgical procedure and can interrupt
and/or delay the surgical procedure. The analysis may
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require expensive sensors. Invasive Pa0, measurements
may also carry serious side effects that can harm the health
of a patient.

[0007] One of the challenges of commercially available
physiological monitors that provide SpO, readings is that the
relationship between a patient’s PaO, and SpO, is not linear.
Specifically, SpO, measured by pulse oximetry can be
reported as high as about 98% even when PaO, is as low as
about 70 mmHg. A patient can be in a hypoxic state when
the patient’s PaQ, falls below about 80 mmHg. Therefore,
SpO, may not provide advance warning of falling arterial
oxygenation until the patient’s PaO, is already in the
hypoxia range, which may not be adequate for providing
advance warning of impending hypoxia. In an effort to
prevent hypoxia, clinicians can provide supplemental oxy-
gen to maintain SpO, at greater than about 98% during
surgery to provide a “safety cushion” of oxygenation in the
event of unexpected changes in oxygen delivery. However,
the “safety cushion” can result in significant hyperoxia.
When the SpO, level reaches or is close to 100%, the PaO,
level can continue to rise if oxygen continues to be dissolved
in the plasma. SpO, is not able to inform clinicians or any
other users of an increasing amount of oxygen dissolved in
the patient’s blood beyond 100% SpQ,, when substantially
all the hemoglobin has been fully saturated with oxygen
modules. Hyperoxia have its own negative effects, including
those described above. Therefore, providing information of
the patient’s hypersaturation condition can be helpful in
allowing the clinician to stop delivery of supplemental
oxygen temporarily and resume oxygen delivery when it is
safe to do so.

[0008] Pulse oximeters according to the present disclosure
can provide an index indicative of oxygen dissolved in the
blood (hereinafter referred to as the “dissolved oxygen
index” or the “index”). Example methods of determining
such an index are described in U.S. Pat. No. 9,131,881, titled
“HYPERSATURATION INDEX” and issued Sep. 15, 2015,
the entirety of which is incorporated by reference herein. An
example of the index is the Oxygen Reserve Index™
(ORi™). The index can add to or supplement information
from SpO,, and/or invasive PaO, measurements using other
equipment. The index is configured to provide information
about oxygen dissolved in a patient’s blood, which can
indicate the patient’s oxygenation in a moderate hyperoxic
range. The moderate hyperoxic range can be, for example,
when the patient’s Pa0, is between about 100 mmHg to
about 200 mmHg. The pulse oximeter can be a standalone
device or docked to a multi-parameter medical hub. The
index can be displayed on a display screen of the standalone
device and/or on a display screen of the medical hub.

[0009] The present disclosure provides various displays of
indications of a patient’s oxygen state including a patient’s
blood oxygenation state, such as the index, a patient’s
impending hypoxia and/or hyperoxia, and/or SpO,. For
example, the displays can inform a user of the patient’s
index when SpO, is high, such as greater than about 98%.
Displaying various oxygen state indications on the same
screen can provide a more comprehensive picture of the
patient’s oxygen state than displaying only SpO,. The
displays can be useful for patients who are on supplemental
oxygen therapy. a ventilator or closed-loop positive pressure
delivery device, or for any other medical applications where
a patient’s oxygen state needs to be monitored.
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[0010] Another one of the challenges of commercially
available physiological monitors is the limited display
screen size, when patient monitors continue to expand in the
number and type of monitored parameters made available to
a user for review. Although a user is able to conveniently
access a large amount of a patient’s data from a single
display screen, the display can become cluttered with the
large number of parameters. It can also be challenging for
the user to quickly and accurately understand the various
oxygen state parameters shown on the display screen,
among other physiological parameters, so as to make deci-
sions about how to care for the patient.

[0011] The displays of oxygen state indications according
to the present disclosure can be compact, and/or able to
provide direct visual information of various aspects of the
patient’s oxygen state to a user reading the display screen.
Examples of the aspects of the patient’s oxygen state can
include graphs, symbols, numerical indications, and/or a
combination thereof, of SpO,, the index, such as ORI™,
and/or an increasing or decreasing trend of the index.

[0012] A noninvasive patient monitoring system for pro-
viding an indication of a patient’s oxygen state system for
providing an indication of a patient’s oxygen state can
comprise one or more sensors for outputting signals in
response to a plurality of a patient’s physiological param-
eters; one or more signal processors configured to receive
the signals and calculate a first indicator responsive to a
percentage of hemoglobin molecules bound to oxygen, a
second indicator responsive to a quantity of oxygen dis-
solved in the patient’s blood and not bound to any hemo-
globin molecule, the second indicator providing different
information to a caregiver than the first indicator, and a third
indicator responsive to an increasing or decreasing trend of
the second indicator; and a display responsive to output of
the one or more signal processors to display the first, second,
and third indicators. The first indicator can comprise the
patient’s oxygen saturation. The first indicator can be dis-
played as a graph and/or a numerical value. The second
indicator can comprise a noninvasive index of dissolved
oxygen in blood of the patient. The second indicator can be
displayed as a plurality of shapes, the number of shapes
being displayed corresponding to the patient’s noninvasive
index of dissolved oxygen in the blood. The shape can be a
rectangle, a circle, a triangle, or a diamond. No shape may
be displayed when the first indicator is below about 98%.
The third indicator can further comprise a rate of increase or
decrease of the patient’s noninvasive index of dissolved
oxygen in the blood. The third indicator can be displayed as
an arrow pointing at an angle, a direction of the arrow
corresponding to the increasing or decreasing trend of the
patient’s noninvasive index of dissolved oxygen in the blood
and a magnitude of the angle corresponding to the rate of
increase or decrease of the patient’s noninvasive index of
dissolved oxygen in the blood. The arrow can be displayed
as pointing generally horizontally when the first indicator is
below about 98%. The second indicator can be displayed as
a shape that is empty, partially filled, or fully filled, the
amount of filling corresponding to the patient’s noninvasive
index of dissolved oxygen in the blood. The shape can be
empty when the first indicator is below about 98%. The
shape can comprise a circle, a triangle, a rectangle, or a
diamond. The third indicator can be displayed as a pointer
placed at an angle, the pointer coupled with the shape to
form a dial, a clock direction of the pointer corresponding to
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the increasing or decreasing trend of the patient’s noninva-
sive index of dissolved oxygen in the blood and/or the rate
of increase or decrease of the patient’s noninvasive index of
dissolved oxygen in the blood. The dial can display about 3
o’clock when the first indicator is below about 98%. The one
or more sensors can comprise an optical sensor having at
least one light emitter emitting light of a plurality of wave-
lengths into the body of the patient and a light detector
detecting the light after attenuation of the body, wherein the
attenuation can be responsive to oxygenation of the patient’s
blood. The first indicator can be determined based at least in
part on the detected light. The second indicator can be
determined based at least in part on the detected light. The
third indicator can be determined based at least in part on the
detected light.

[0013] A noninvasive patient monitoring system for pro-
viding an indication of a patient’s oxygen state system for
providing an indication of a patient’s oxygen state can
comprise at least one light emitter emitting light of a
plurality of wavelengths into the body of the patient; a light
detector detecting the light after attenuation of the body,
wherein the attenuation can be responsive to oxygenation of
the patient’s blood, and outputting one or more signals from
the light detector, the one or more signals responsive to said
attenuation; one or more signal processors configured to
process the one or more signals to electronically calculate a
first indicator responsive to a quantity of oxygen dissolved
in the patient’s blood and not bound to any hemoglobin
molecule, and a second indicator responsive to an increasing
or decreasing trend of the first indicator; and a display
responsive to output of the one or more signal processors to
display the first and second indicators. The one or more
signal processors can be further configured to calculate a
third indicator responsive to a percentage of hemoglobin
molecules bound to oxygen, the third indicator providing
different information to a caregiver than the first or second
indicator, and the display can be configured to display the
third indicator. The third indicator can comprise the patient’s
oxygen saturation. The third indicator can be displayed as a
graph and/or a numerical value. The first indicator can
comprise the patient’s noninvasive index of dissolved oxy-
gen in the blood. The first indicator can be displayed as a
plurality of shapes, the number of shapes being displayed
corresponding to the patient’s noninvasive index of dis-
solved oxygen in the blood. The shape can be a rectangle, a
circle, a triangle, or a diamond. No shape may be displayed
when the patient’s oxygen saturation is below about 98%.
The second indicator can further comprise a rate of increase
or decrease of the patient’s noninvasive index of dissolved
oxygen in the blood. The second indicator can be displayed
as an arrow at an angle, a direction of the arrow correspond-
ing to the increasing or decreasing trend of the patient’s
noninvasive index of dissolved oxygen in the blood and a
magnitude of the angle corresponding to the rate of increase
or decrease of the patient’s noninvasive index of dissolved
oxygen in the blood. The arrow can be displayed as pointing
generally horizontally when the first indicator is below about
98%. The first indicator can be displayed as a shape that is
empty, partially filled, or fully filled, the amount of filling
corresponding to the patient’s noninvasive index of dis-
solved oxygen in the blood. The shape can be empty when
the patient’s oxygen saturation is below about 98%. The
shape can comprise a circle, a triangle, a rectangle, or a
diamond. The second indicator can be displayed as a pointer
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directed at an angle, the pointer coupled with the shape to
form a dial, a clock direction of the pointer corresponding to
an increasing or decreasing trend of the patient’s noninva-
sive index of dissolved oxygen in the blood and/or the rate
of increase or decrease of the patient’s noninvasive index of
dissolved oxygen in the blood. The dial can display about
three o’clock when the first indicator is below about 98%.

[0014] A noninvasive patient monitoring system for pro-
viding an indication of a physiological parameter can com-
prise one or more sensors for outputting signals in response
to a patient’s physiological conditions; one or more signal
processors configured to receive the signals and calculate a
first indicator responsive to a magnitude of a physiological
parameter, and a second indicator responsive to an increase
or decrease of the physiological parameter; and a display
responsive to output of the one or more signal processors to
display the first and second indications. The second indicator
can be further responsive to a rate of change of the physi-
ological parameter. The first indicator can comprise a plu-
rality of shapes, the number of shapes displayed correspond-
ing to the magnitude of the physiological parameter. No
shape may be displayed when the physiological parameter is
zero or cannot be calculated. The shape can comprise a
rectangle, a circle, a triangle, or a diamond. The second
indicator can comprises an arrow. An angle of the arrow can
correspond to the rate of change of the physiological param-
eter. The first indicator can comprise a shape that is empty,
partially filled, or fully filled, the amount of filling corre-
sponding to the magnitude of the physiological parameter.
The shape can be empty when the physiological parameter
is zero or cannot be calculated. The shape can comprise a
circle, a triangle, a rectangle, or a diamond. The second
indicator can comprise a pointer, the pointer coupled with
the shape to form a dial, a clock direction of the pointer
corresponding to the increase or decrease of the physiologi-
cal parameter and/or the rate of change of the physiological
parameter. The physiological parameter can be a patient’s
noninvasive index of dissolved oxygen in blood.

[0015] A noninvasive patient monitoring system for pro-
viding an indication of a patient’s oxygen state system for
providing an indication of a patient’s oxygen state can
comprise at least one light emitter emitting light of a
plurality of wavelengths into the body of the patient, a light
detector detecting the light after attenuation of the body,
wherein the attenuation is responsive to oxygenation of the
patient’s blood, and outputting one or more signals from the
light detector, the one or more signals responsive to said
attenuation, and one or more signal processors configured to
process the one or more signals to electronically calculate an
indicator responsive to a quantity of oxygen dissolved in the
patient’s blood and not bound to any hemoglobin molecule
and output an alert of the first indicator plateauing at a
maximum value in response to an increase in oxygen supply
to the patient. The system can further comprise a display
screen responsive to output of the one or more signal
processors to display the first indicator. The display can be
further configured to display the alert. The system can also
be configured to output the alert in an audio form. The first
indicator can comprise a plurality of shapes, the number of
shapes displayed corresponding to the magnitude of the
quantity of oxygen dissolved in the patient’s blood and not
bound to any hemoglobin molecule. The first indicator can
further comprise an indication of an increasing or decreasing
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trend of the magnitude. The increase in oxygen supply to the
patient can be determined by monitoring the patient’s FiO,.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The drawings and following associated descrip-
tions are provided to illustrate embodiments of the present
disclosure and do not limit the scope of the claims. Corre-
sponding numerals indicate corresponding parts, and the
leading digit of each numbered item indicates the first figure
in which an item is found.

[0017] FIG. 1A illustrates a perspective view of a patient
monitoring system having a user-interface displaying a
patient’s physiological parameter(s).

[0018] FIG. 1B illustrates a block drawing of an example
patient monitoring system.

[0019] FIG. 2A illustrates a perspective view of an
example medical monitoring hub having a user-interface
displaying a patient’s physiological parameter(s).

[0020] FIG. 2B illustrates an example display screen of a
medical monitoring hub.

[0021] FIG. 3 illustrates an example oxygen dissociation
curve of a human patient.

[0022] FIG. 4 illustrates an example graph of SpO, and a
patient’s hypersaturation indication versus the R/IR ratio.

[0023] FIGS. 5A-5F illustrate example display screens or
portion thereof with graphic user interface for displaying
indications of various oxygen states.

[0024] FIGS. 6A-6F illustrate additional example display
screens or portion thereof with graphic user interface for
displaying indications of various oxygen states.

[0025] FIG. 7A illustrates an example flow chart for
determining a “RESERVE FULL” status of the oxygen
states.

[0026] FIGS. 7B and 7C illustrate example display screens
or portion thereof with graphic user interface for displaying
the “RESERVE FULL” status of the oxygen states.

DETAILED DESCRIPTION

[0027] Aspects of the disclosure will now be set forth in
detail with respect to the figures and various embodiments.
One of skill in the art will appreciate, however, that other
embodiments and configurations of the devices and methods
disclosed herein will still fall within the scope of this
disclosure even if not described in the same detail as some
other embodiments. Aspects of various embodiments dis-
cussed do not limit the scope of the disclosure herein, which
is instead defined by the claims following this description.

[0028] FIG. 1A illustrates an example patient monitoring
system 100. The patient monitoring system 100 can include
a patient monitor 102 attached to a sensor 106 by a cable
104. The sensor 106 can be an optical based sensor including
one or more optical emitters and one or more optical
detectors. In addition to the sensor 106 as illustrated in FIG.
1A, other types of sensor(s) that can be coupled to the patient
monitor 102. The sensor 106 can monitor various physi-
ological data of a patient and send signals indicative of the
parameters to the patient monitor 102 for processing. For
example, the one or more optical detectors can detect a
plurality of wavelengths from the emitters after attenuation
by the patient’s body tissue. The patient monitoring system
100 can monitor SpO,, indications of hypersaturation, per-
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fusion index (PT), pulse rate (PR), hemoglobin count, and/or
other parameters based at least in part on the signals received
from the sensor(s).

[0029] The patient monitor 102 can include a display 108,
control button(s) 110, and a speaker 112 for audible alerts.
The display 108 can include a graphic user-interface, which
can be capable of displaying readings of various monitored
patient parameters. The readings can include numerical
readouts, graphical readouts, animations, and/or the like.
The display 108 can include a liquid crystal display (LCD),
a cathode ray tube (CRT), a plasma screen, a Light Emitting
Diode (LED) screen, Organic Light Emitting Diode (OLED)
screen, or any other suitable display.

[0030] FIG. 1B illustrates details of a patient monitoring
system 200 in a schematic form. A sensor 206 can include
energy emitters 216 and one or more detectors 220. The
energy emitters can be located on one side of a patient
monitoring site 218. The one or more detectors 220 can be
located generally opposite the energy emitters 216. The
patient monitoring site 218 can be a patient’s finger as
shown in FIG. 1B. The patient monitoring site 218 can also
be the patient’s toe, ear lobe, and/or the like. The energy
emitters 216 can include LEDs or any other suitable optical
emitters. The energy emitters 216 can emit various wave-
lengths of electromagnetic energy through the flesh of a
patient at the monitoring site 218. The emitted wavelengths
can be in the red and infrared ranges. The electromagnetic
energy signals can be attenuated as the signals travel through
the flesh of the patient at the monitoring site 218. The
detector(s) 220 can detect the attenuated energy and send
representative signals in response to the detected energy to
the patient monitor 202 for processing. The patient monitor
202 can include a processing board 222 and a host instru-
ment 223. The processing board 222 can include a sensor
interface 224, signal processor(s) 226, and an instrument
manager 228.

[0031] The host instrument can include one or more
displays 208, a keypad 210, a speaker 212 for audio mes-
sages, and a wireless signal broadcaster 234. The keypad
210 can comprise a full keyboard, a track wheel, control
buttons, and the like. The patient monitor 202 can also
include buttons, switches, toggles, check boxes, and the like
implemented in software and actuated by a mouse, trackball,
touch screen, joystick, or other input device.

[0032] The sensor interface 224 can receive the signals
from the sensor detector(s) 220 and pass the signals to the
processor(s) 226 for processing into representations of
physiological parameters. The representations of physiologi-
cal parameters can be passed to the instrument manager 228.
The instrument manager 228 can further process the param-
eters for display by the host instrument 223. The processor
(s) 226 can also communicate with a memory 230 located on
the sensor 106. The memory 230 can contain information
related to properties of the sensor 106 that can be used
during processing of the signals. A non-limiting example of
information stored in the memory 230 can be the wave-
lengths emitted by the emitter 216. The various elements of
the processing board 222 described above can provide
processing of the detected signals. Tracking medical signals
can be difficult because the signals may include various
anomalies that do not reflect an actual changing patient
parameter. The processing board 222 can apply filters and/or
algorithms to detect truly changing conditions from limited
duration anomalies. The host instrument 223 can display one
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or more physiological parameters according to instructions
from the instrument manager 228. Additionally, the physi-
ological parameter measurements can be sent to a remote
server (such as a cloud server) or to a remote monitoring
device, such as a cell phone, tablet, or laptop. The patient
monitoring system can include a data transmitter, such as a
wireless transmitter or transceiver, for electrically commu-
nicating with the remote server or remote monitoring device.

[0033] FIG. 2A illustrates a perspective view of an exem-
plary medical monitoring hub 300. The hub 300 can include
a display 304 and a docking station 306. The docking station
can be configured to mechanically and electrically mate with
a portable patient monitor, such as the patient monitor 102,
202 in FIGS. 1A-1B. The display 304 can present various
measurement and/or treatment data in numerical, graphical,
waveform, or other display indicia 310, such as illustrated in
FIG. 2B.

[0034] The display 304 can occupy a portion of a front
face of the housing 308, or comprise a tablet or tabletop
horizontal configuration, a laptop-like configuration or the
like. Display information and data can optionally be com-
municated to a table computer, smartphone, television, or
any other display system. The hub 300 can receive data from
a patient monitor while docked or undocked from the hub.

[0035] Examples of patient monitors that can be docked to
the hub 300 can include oximeters or co-oximeters, which
are can provide measurement data for a large number of
physiological parameters derived from signals output from
optical and/or acoustic sensors, electrodes, and/or the like.
The physiological parameters can include oxygen saturation,
a dissolved oxygen index (such as, for example, ORi™),
carboxy hemoglobin, methemoglobin, total hemoglobin,
glucose, pH, bilirubin, fractional saturation, pulse rate, res-
piration rate, components of a respiration cycle, indications
of perfusion including perfusion index, signal quality and/or
confidences, plethysmograph data, indications of wellness
or wellness indexes or other combinations of measurement
data, audio information responsive to respiration, ailment
identification or diagnosis, blood pressure, patient and/or
measurement site temperature, depth of sedation, organ or
brain oxygenation, hydration, measurements responsive to
metabolism, or combinations of thereof. The hub 300 can
also optionally output data sufficient to accomplish closed-
loop drug administration in combination with infusion
pumps or the like. Additional details of the medical hub 300
are described in U.S. application Ser. No. 14/512,237, filed
Oct. 10, 2014 and titled “SYSTEM FOR DISPLAYING
MEDICAL MONITORING DATA,” the entirety of which is
incorporated herein by reference and should be considered a
part of the specification.

[0036] FIG. 3 illustrates the nonlinear relationship
between the oxygen saturation and the partial pressure of
oxygen in blood. The graph in FIG. 3 illustrates how oxygen
saturation in the blood, SpO,, or in the arterial blood, SaO,,
changes with respect to the PaO, in the blood. In this
disclosure, SpO, is used interchangeably with SaO,. A
patient can be in a hypoxic state (less than normal oxygen-
ation) when the patient’s PaO, is below about 80 mmHg. A
patient can be in a normoxic state (normal oxygenation)
when the patient’s PaO, is between about 80 mmHg and
about 100 mmHg. A patient can be in a hyperoxic state
(higher than normal oxygenation) when the patient’s PaO,
exceeds about 100 mmHg. A patient can be in a moderate
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hyperoxic state when the patient’s PaO, is between about
100 mmHg to about 200 mmHg.

[0037] As shown in FIG. 3, SpO, initially increases as
Pa0, in the blood increases. After the SpO, and/or SaO,
level(s) reach about 100%, the PaO, level continues to rise,
but the SpO, and/or Sa0, level off. As a result, SpO,
measured using pulse oximetry can allow a user to monitor
a patient’s arterial blood oxygenation in hypoxia and/or
normoxia, but not in hyperoxia. In addition, the increase in
SpO, is small when a patient is in the normoxic and
hyperoxic states. The SpO, reading can exceed about 95%,
and be as high as about 98%, when PaQ, is as low as about
70 mmHg. Therefore, when PaO, is transiting from the
normoxic range to the hyperoxic range, SpO, reading may
not be sensitive enough to provide advance warning of
impending hypoxia. The patient can quickly be in hypoxia
after the patient’s dissolved oxygen is depleted without
warning to the user. It can be too late when the user realizes
that the patient is in hypoxia. The patient may continue to
have insufficient oxygen until an increased delivery of
oxygen brings the patient’s oxygenation back to the nor-
moxic range.

[0038] As described above, clinicians can deliver oxygen
to maintain the patient’s SpQ, at greater than about 98%
during surgery to have some reserve of oxygen in the blood
in the event of unexpected changes in oxygen delivery. Such
changes can occur due to, for example, cardiac depression,
rapid hemorrhage, and/or interrupted ventilation. However,
too much excess oxygen above about 98% SpO, can result
in significant hyperoxia, which cannot be known from SpO,
readings.

[0039] The patient monitoring system can be configured to
measure the patient’s hypersaturation conditions, that is,
when the patient is in hyperoxia, in addition to monitoring
SpQO, and/or invasive PaQ, measurements. The patient
monitoring system can also be configured to inform a user
of the patient’s impending hypoxia. The patient monitoring
system can be the patient monitor 102, 202 of FIGS. 1A and
1B, the patient monitor configured to be used with the
medical hub 300 of FIGS. 2A and 2B, or any other patient
monitoring devices.

[0040] As an example, the hypersaturation conditions can
be monitored using pulse oximetry according to the present
disclosure. Specifically, pulse oximetry can be used to
determine a dissolved oxygen index in addition to SpO,. The
index is a dimensionless and continuous parameter config-
ured to provide information about a patient’s reserve of
oxygen dissolved in the blood stream. This index can
provide an indication of the patient’s oxygenation in the
moderate hyperoxic range. The index can assist a uset, such
as a medical practitioner in exercising her judgment in
ensuring that the patient’s blood is not overly hypersaturated
with oxygen.

[0041] The index can be determined because the balance
between oxygen supply and demand can alter venous oxy-
gen saturation. As oxygen supply rises, venous oxygen
saturation also increases if the patient’s oxygen consumption
is stable. During situations in which the SpO, level is at
substantially 100%, the patient’s oxygen consumption is
stable if hemoglobin count and cardiac output are stable. The
patient’s oxygen consumption is substantially stable during
anesthesia, surgery and some other procedures where the
patient’s oxygen state needs to be monitored. Change in
venous oxygen saturation can result in changes in back-
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ground light absorption at the plurality of wavelengths
emitted by an optical sensor of a pulse oximeter in the
presence of hyperoxia. Examples of the plurality of emitted
wavelengths can include red and infrared wavelengths. The
ratios of light absorption at the plurality of emitted wave-
lengths can be mapped at varying degrees of hyperoxia to
allow calculation of the index based on SvQ,, which is the
patient’s oxygen saturation in the venous blood. Changes in
SvO, can be observed when the patient is in moderate
hyperoxia as defined herein and can be used to determine the
index.

[0042] FIG. 4 illustrates an example graph of SpO, 400
and the index 402 versus the red to infrared (R/IR) ratio 401.
In the illustrated example, the R/IR ratio 401 is at about 0.5
when the SpO, level 400 is at about 100%. Although the
SpO, level 400 maxes out at 100% saturation, the R/IR ratio
401 continues to decrease when more oxygen is dissolved in
the blood. The index 402 can be determined based on the
R/IR ratio after the point 403, where the R/IR ratio translates
to a SpQ, level of 100% saturation. The index can also be
determined when the SpO, level is slightly below 100%
saturation. For example, the index can be determined when
the SpO, level exceeds about 95%, about 97%, or about
98%.

[0043] FIGS. SA-5F and 6A-6F illustrates example dis-
plays or a portion thereof having a user-interface for dis-
playing indications of a patient’s oxygen state. The displays
500, 600 can be the display 108, 208 of FIGS. 1A and 1B,
the display 304 of FIGS. 2A and 2B, or any other display for
displaying physiological parameters. The indications dis-
played can include SpO,, the index, and/or an increasing or
decreasing trend of the index. SpO, can be displayed as a
numerical value 502, 602 and/or a graph 504, 604 with time
as the horizontal axis.

[0044] As shown in FIGS. 5A-5F, the index can be dis-
played as a plurality of bars 508 and/or a graph 510 with
time as the x-axis. The SpO, graph 504 and/or the index
graph 510 can be plotted along the same horizontal axis. For
example, the SpO, graph 504 can be plotted below the
horizontal axis and the index graph 510 can be plotted above
the horizontal axis, as shown in the illustrated example. The
graphs 504 and 510 can also be superposed on each other or
the graph 504 can be above the horizontal axis and the graph
510 can be below the horizontal axis. Using the same
horizontal axis can reduce a display area needed for dis-
playing both graphs 504 and 510, and/or allow direct com-
parison of the SpO, and index graphs 504, 510.

[0045] The plurality of bars 508 can be stacked generally
horizontally, vertically or at any other angle. As shown in
FIGS. 5A and 5F, the display 500 does not show any bars
when SpO, is below a threshold level. The threshold level
can be about 97%, about 98%, or any other level. The
threshold level can vary depending on ambient condition
and/or patients. The index graph 510 can be a substantially
flat baseline in FIGS. 5A and 5F.

[0046] As shown in FIGS. 5B to 5E, SpO, is above the
threshold level and a plurality of rectangular bars 508 are
displayed. The number of bars 508 can correspond to an
instantaneous index level as shown by a dot in the index
graph 510 and can inform the user of the patient’s current
oxygen reserve. The displays 500 in FIGS. 5B and 5E show
two bars. The display 500 in FIG. 5D shows three bars. The
display 500 in FIG. 5C shows four bars. Accordingly, the
instant index level can be the highest in FIG. 5C and the
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lowest in FIGS. 5B and 5E. Four bars can be the maximum
number of bars so that the index level is at the maximum in
FIG. 5C, although other number of bars can be displayed to
indicate the maximum index level. The plurality of bars 508
can have the same or different colors. The plurality of bars
508 can also optionally have the same or different shapes
and/or sizes. For example, the display 500 can show a
plurality of circles, triangles, diamonds, or any other shapes.
[0047] The increasing or decreasing trend of the index can
be displayed as an arrow 506. The trend of the index can
represent the instantaneous gradient of the graph 510. The
arrow 506 can be pointing at an angle. The direction of the
arrow can correspond to the increasing or decreasing trend
of the patient’s index. As shown in FIGS. 5A and 5F, when
no index bar is shown and/or when the index graph 510 is
a substantially flat baseline, the arrow 506 can be pointing
generally horizontally. In FIGS. 5B and 5C, when the index
is increasing as shown by the slope of the index graph 510,
the arrow 506 can be pointing generally upward. In FIGS.
5D and 5E, when the index is decreasing as shown by the
slope of the index graph 510, the arrow 506 can be pointing
generally downward. The generally upwardly pointing
arrow 506 can be on the left hand side of the plurality of bars
508. The generally downwardly pointing arrow 506 can be
on the right hand side of the plurality of bars 508. Alterna-
tively, the arrow 506 can always be displayed in the same
location relative to the plurality of bars 508, such as on the
left, right hand side, on the top, or below the plurality of bars
508.

[0048] A magnitude of the angle at which the arrow 506
points can correspond to a rate of increase or decrease of the
patient’s index. In FIGS. 5B, 5C, and 5D, the index level is
increasing or decreasing at a lower rate than the increase or
decrease of the index level in FIG. 5E, respectively, as
shown by the slope of the corresponding index graph 510.
Accordingly, the arrow 506 in FIG. 5E is steeper than the
arrow 506 in FIGS. 5B, 5C, and 5D. The rate of increase or
decrease of the patient’s index can be useful. For example,
a clinician to estimate the amount of time before the patient
returns from a hypersaturated state to a baseline saturation
state based on how quickly the index changes.

[0049] As further shown in FIGS. 5B to 5E, the plurality
of bars 508 can have incrementally greater lengths. The
varying lengths of the plurality of bars 508 can accommo-
date the arrow 506 at the angle. When the angle of the arrow
506 is small, the increments in the lengths of the plurality of
bars 508 can be big. When the angle of the arrow 506 is
larger. the increments in the lengths of the plurality of bars
508 can be smaller. The varying lengths of the plurality of
bars 508 can allow the display of the plurality of bars 508
and the arrow 506 to be more compact, thereby reducing a
display area required for the plurality of bars 508 and the
arrow 506. The varying lengths of the plurality of bars 508
can also provide visual indication of the rate of increase or
decrease of index. For example, when the plurality of bars
508 are shown as having substantially the same length, the
index level can be rapidly increasing or decreasing.

[0050] Turning to FIGS. 6A to 6F. the index can be
displayed as a circle 608 and/or a graph 610 with time as the
horizontal axis. The SpO, graph 604 and the index graph
610 can be plotted along the same horizontal axis. For
example, the SpQ, graph 604 can be plotted below the
horizontal axis and the index graph 610 can be plotted above
the horizontal axis, as shown in the illustrated example. The
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graphs 604 and 610 can also be superposed on each other or
the graph 604 can be above the horizontal axis and the graph
610 can be below the horizontal axis. Using the same
horizontal axis can reduce a display area for displaying both
graphs 604 and 610, and/or allow direct comparison of the
SpO, and the index graphs 604, 610. The SpO, and index
graphs 504, 604, 510, 610 can be optional, such as when the
display area of a patient monitoring device is too small
and/or crowded, or when a user selects a display mode in
which the graphs are hidden.

[0051] The circle 608 can be empty, partially filled, or
fully filled. The circle can also be a triangle, a rectangle, a
diamond, or any other shape. As shown in FIGS. 6A and 6F,
the circle 608 is substantially empty when SpO, is below a
threshold level. The threshold level can be about 97%, about
98% or any other suitable level. The graph 610 can be a
substantially flat baseline in FIGS. 6A and 6F.

[0052] As shown in FIGS. 6B to 6E, SpO, is above the
threshold level and the circle 608 is at least partially filled.
The amount or extent of filling of the circle 608 can
correspond to an instantaneous index level as shown by a dot
in the index graph 610 and can inform the user of the
patient’s current oxygen reserve. FIGS. 6B, 6D, and 6E
show the circle 608 as partially filled. The circles 608 in
FIGS. 6D and 6F are slightly more fully filled than the circle
608 in FIG. 6B. FIG. 6C shows the circle 608 as substan-
tially fully filled. Accordingly. the instant index level can be
the highest in FIG. 6C and the lowest in FIG. 6B. When the
circle 608 is substantially fully filled, the patient’s oxygen
state may have exceeded mild hyperoxia as defined herein
and may be in more severe hyperoxia.

[0053] The increasing or decreasing trend of index can be
displayed as a pointer 606. The trend of index can be the
instantaneous gradient of the index graph 610. The pointer
606 can be pointing at an angle. The direction of the pointer
606 can correspond to the increasing or decreasing trend of
the patient’s index. As shown in FIGS. 6A and 6F, when the
circle 608 is substantially empty and/or when the index
graph 610 is a substantially flat baseline, the pointer 606 can
be pointing generally horizontally. In FIGS. 6B and 6C,
when index is increasing as shown by the slope of the index
graph 610, the pointer 606 can be pointing generally
upward. In FIGS. 6D and 6E, when index is decreasing as
shown by the slope of the graph 610, the pointer 606 can be
pointing generally downward.

[0054] In FIGS. 6A to 6F, the pointer 606 can be located
along the perimeter of the circle 608. A dial 607 can be
formed by the circle 608 and the pointer 606. A radial or
clock position of the pointer 606 can correspond to an
increasing or decreasing trend of the index and/or a rate of
the increase or decrease. In FIGS. 6A, 6C, 6D, and 6F, where
index is leveling off as indicated by the substantially flat line
of the index graph 610, the pointer 606 is at about the three
o’clock. In FIG. 6B, where the index level is increasing as
indicated by an upward slope of the index graph 610, the
pointer 606 is at about the one o’clock. In FIG. 6E, where
the index level is decreasing rapidly as indicted by the steep
downward slope of the index graph 610, the pointer 606 is
at between about five 0’clock and about six o’clock.
[0055] The displayed indications of SpO,, the index, and/
or an increasing or decreasing trend of index on the same
display can provide direct visual information of the patient’s
oxygen state or other physiological parameters. The visual
information can be easy to understand by a user upon
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glancing at the display and/or can reduce the need for the
user to further mentally process the oxygen state indications.
[0056] In FIGS. 5A and 6A, the patient’s index is not
displayed when the patient’s SpO, is below a threshold. The
threshold can be about 97%, about 98%, or any other
suitable level. The threshold can be adjusted based on the
patient, the medical procedure being performed, and/or
ambient conditions. A user viewing the display 500, 600 in
FIGS. 5A and 6A can interpret the readings to indicate that
the patient is in a normoxic state. A user of the patient
monitoring system, such as a clinician, can safely provide
supplemental oxygen, or continue to provide supplemental
oxygen, to the patient monitored by the system.

[0057] In FIGS. 5B and 6B, the patient’s SpQO, is at its
maximum. The patient’s index is at a moderate level and is
increasing. The user viewing the display 500, 600 in FIGS.
5B and 6B can interpret the readings to indicate that patient
is in mild hyperoxia as defined herein. The user may reduce,
slow down, or stop supplemental oxygen delivery to the
patient.

[0058] In FIG. 5C, the patient’s SpO, is at its maximum.
The patient’s index is also at its maximum and is still
increasing. The user viewing the display 500 in FIG. 5C can
interpret the readings to mean that patient is in more severe
hyperoxia. The user may need to stop oxygen delivery to the
patient immediately. The user may also consider additional
interventional procedures to stop or mitigate damages to the
patient caused by the more severe hyperoxia.

[0059] In FIG. 6C, the patient’s SpO, and the index are
still at their maximum. However, the patient’s index has
stopped increasing and has leveled off. In some implemen-
tations, the leveling of index can be caused by the user
cutting off supplemental oxygen delivery to the patient.
[0060] In FIG. 5D, the patient’s SpQ, is still at its maxi-
mum. However, the patient’s index is no longer at its
maximum and is decreasing. The patient is back in the mild
hyperoxic state as defined herein. This can be cause by
reduced or cutting off of supplemental oxygen delivery. The
user may consider resuming supplemental oxygen delivery.
[0061] In FIG. 6D, the patient’s SpO, is still at its maxi-
mum. The patient’s index is no longer at its maximum, and
is neither increasing nor decreasing. This can be an oxygen
state that the user wants to maintain for the patient, such as
an adult patient.

[0062] InFIGS. 5E and 6, although the patient’s SpQO, is
still at its maximum, the patient’s index is no longer at its
maximum and is rapidly decreasing. This can be warning of
impending hypoxia. As described above, SpO, alone may be
inadequate and/or lack sufficient sensitivity in providing
warning of impending hypoxia. The user may need to
resume supplemental oxygen delivery or increase the
amount of oxygen delivery to the patient.

[0063] InFIGS.5F and 6F, the patient is SpO, is below an
optimal oxygen saturation level and the patient’s index is not
displayed. The patient can be in hypoxia. The user must
resume supplemental oxygen delivery or increase the
amount of oxygen delivery to the patient. The user may also
need to consider additional interventional procedures to stop
or mitigate damages to the patient due to hypoxia.

[0064] The displays as shown in FIGS. 5A-5F and 6A-6F
can save time needed for and/or improve accuracy in decid-
ing the amount of supplemental oxygen that needs to be
delivered to the patient. The patient’s safety during the
medical procedure can be improved due to better manage-
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ment of supplemental oxygen delivery. Certain damages,
including irreversible damages, to the patient due to hypoxia
and/or hyperoxia can be reduced and/or avoided. The
improved efficiency and accuracy can be critical for survival
of patients, such as patients in the intensive care unit or
major invasive surgeries.

[0065] In some implementations, the processor of the
patient monitoring system can monitor the plateaning of the
index. The processor can output alert(s) of the plateauing of
the index. As shown in FIG. 7A, at step 702 the processor
can receive sensor inputs from the sensor(s) coupled to the
system. At step 704, the processor can determine a plurality
of physiological parameters based on the sensor input,
including but not limited to the dissolved oxygen index,
oxygen saturation, or otherwise. At decision step 706, the
processor can determine whether the calculated dissolved
oxygen index is changing. The processor can determine that
the index is changing when fluctuations in the index exceeds
a predetermined percentage of the previously calculated
index value, such as about 1%, about 2%, about 5%, about
10%, or any ranges between those values, and that the index
is not changing when the fluctuations are within the prede-
termined percentage. The processor can also optionally
determine that the index is not changing after the index
remains substantially same for a predetermined period of
time, such as about 1 second, about 3 seconds, about 5
seconds, about 10 seconds, or any value between those
ranges. The delay can allow the processor to ignore tempo-
rarily stationary values of the index, which may not be
indicative of the physiological state of interest, such as the
plateauing of the index. If the index is determined to be
changing, the processor can return to step 702 to continue
receiving inputs from the coupled sensors. If the index is
determined to be not changing, at decision step 708, the
processor can determine whether the index is at its maxi-
mum value and/or when the index is plateaving at its
maximum value. If the index is not changing and not at its
maximum value, the processor can return to step 702 to
continue receiving inputs from the coupled sensors. If the
index is plateauing at its maximum value, at step 710, the
processor can determine whether oxygen supply to the
patient is increasing. If the oxygen supply to the patient is
not increasing (such as when oxygen supply to the patient
has been stopped or decreased), the processor can return to
step 702 to continue receiving inputs from the coupled
sensors. If the oxygen supply to the patient is increasing (for
example, if the fraction of oxygen inspired (FiO,) is increas-
ing, the flow rate of oxygen to the patient is increasing, or
otherwise), at step 712, the processor can output an indica-
tion of the plateauing of the dissolved oxygen index.

[0066] The indication of the plateauing of the dissolved
oxygen index can be presented in one or more forms, such
as via a visual indicator, text message, and/or audio message.
FIGS. 7B and 7C illustrate examples of display of the
indication. As shown, a text message of “RESERVE FULL”
512, 612 can be displayed in the display area for the
dissolved oxygen index when the index is plateauing and the
oxygen supply is still increasing. FIG. 7B also illustrates a
maximum number (for example, four, five, or more) of bars
508 and a generally horizontally pointing arrow 506 when
the index is plateauing and the oxygen supply is still
increasing. FIG. 7C also illustrates the pointer 606 pointing
generally horizontally and the circle 608 being substantially
full when the index is plateauing and the oxygen supply is
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still increasing. Additionally or alternatively to the example
displays in FIGS. 7B and 7C, the processor can also output
an audio message indicating that the index is plateauing
when the oxygen supply is increasing.

[0067] Inoneexample, the “RESERVE FULL” indication
can be used to indicate the completion of a nitrogen washout
performed on the patient. The nitrogen washout is a test for
estimating a patient’s functional residual capacity of the
lungs. As the anatomical dead space of the lungs are filled
(such as gradually filled) with oxygen after a nitrogen
washout, any addition increase in the partial pressure of
oxygen, for example, due to a higher FiO,, a higher flow rate
of oxygen supply to the patient, or otherwise, can be due to
more oxygen getting dissolved in the blood plasma. Accord-
ingly, when the index does not further increase despite an
increase in the oxygen supply to the patient, the nitrogen
washout is likely complete on the patient. The indication can
be in the form of a simple message, a visual alert, an audible
alert, a warning message, or any combination of the above.

[0068] The display elements disclosed herein, such as the
bar(s), arrow, circle, pointer, any of their variants, and any
combinations thereof, can represent any physiological
parameters, of which the dissolved oxygen index is one
example. The display elements disclosed herein can be used
to represent a magnitude, an increasing or decreasing trend,
and/or a rate of change of any physiological parameter.
When the physiological parameter is zero or outside a range
that can be calculated by the patient monitoring device, the
display area can show a generally horizontally pointing
arrow without a bar or its equivalent, or a dial having an
empty circle, or its equivalent, pointing at about 3 o’clock.
Displaying indications of the magnitude and/or changes of a
physiological parameter together can provide more compre-
hensive information about a patient’s physiological condi-
tions in a limited and/or crowded display area than display-
ing the magnitude and the changes of the physiological
parameter separately.

[0069] Although this disclosure has been described in the
context of certain embodiments and examples, it will be
understood by those skilled in the art that the disclosure
extends beyond the specifically disclosed embodiments to
other alternative embodiments and/or uses and obvious
modifications and equivalents thereof. In addition, while
several variations of the embodiments of the disclosure have
been shown and described in detail, other modifications,
which are within the scope of this disclosure, will be readily
apparent to those of skill in the art. It is also contemplated
that various combinations or sub-combinations of the spe-
cific features and aspects of the embodiments may be made
and still fall within the scope of the disclosure. For example,
features described above in connection with one embodi-
ment can be used with a different embodiment described
herein and the combination still fall within the scope of the
disclosure. It should be understood that various features and
aspects of the disclosed embodiments can be combined with,
or substituted for, one another in order to form varying
modes of the embodiments of the disclosure. Thus, it is
intended that the scope of the disclosure herein should not be
limited by the particular embodiments described above.
Accordingly, unless otherwise stated, or unless clearly
incompatible, each embodiment of this invention may com-
prise, additional to its essential features described herein,
one or more features as described herein from each other
embodiment of the invention disclosed herein.
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[0070] Features, materials, characteristics, or groups
described in conjunction with a particular aspect, embodi-
ment, or example are to be understood to be applicable to
any other aspect, embodiment or example described in this
section or elsewhere in this specification unless incompat-
ible therewith. All of the features disclosed in this specifi-
cation (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or process
so disclosed, may be combined in any combination, except
combinations where at least some of such features and/or
steps are mutually exclusive. The protection is not restricted
to the details of any foregoing embodiments. The protection
extends to any novel one, or any novel combination, of the
features disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any
novel one, or any novel combination, of the steps of any
method or process so disclosed.

[0071] Furthermore, certain features that are described in
this disclosure in the context of separate implementations
can also be implemented in combination in a single imple-
mentation. Conversely, various features that are described in
the context of a single implementation can also be imple-
mented in multiple implementations separately or in any
suitable subcombination. Moreover, although features may
be described above as acting in certain combinations, one or
more features from a claimed combination can, in some
cases, be excised from the combination, and the combination
may be claimed as a subcombination or variation of a
subcombination.

[0072] Moreover, while operations may be depicted in the
drawings or described in the specification in a particular
order, such operations need not be performed in the particu-
lar order shown or in sequential order, or that all operations
be performed, to achieve desirable results. Other operations
that are not depicted or described can be incorporated in the
example methods and processes. For example, one or more
additional operations can be performed before, after, simul-
taneously, or between any of the described operations.
Further, the operations may be rearranged or reordered in
other implementations. Those skilled in the art will appre-
ciate that in some embodiments, the actual steps taken in the
processes illustrated and/or disclosed may differ from those
shown in the figures. Depending on the embodiment, certain
of the steps described above may be removed, others may be
added. Furthermore, the features and attributes of the spe-
cific embodiments disclosed above may be combined in
different ways to form additional embodiments, all of which
fall within the scope of the present disclosure. Also, the
separation of various system components in the implemen-
tations described above should not be understood as requir-
ing such separation in all implementations, and it should be
understood that the described components and systems can
generally be integrated together in a single product or
packaged into multiple products.

[0073] For purposes of this disclosure, certain aspects,
advantages, and novel features are described herein. Not
necessarily all such advantages may be achieved in accor-
dance with any particular embodiment. Thus, for example,
those skilled in the art will recognize that the disclosure may
be embodied or carried out in a manner that achieves one
advantage or a group of advantages as taught herein without
necessarily achieving other advantages as may be taught or
suggested herein.
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[0074] Conditional language, such as “can,” “could,”
“might,” or “may,” unless specifically stated otherwise, or
otherwise understood within the context as used, is generally
intended to convey that certain embodiments include, while
other embodiments do not include, certain features, ele-
ments, and/or steps. Thus, such conditional language is not
generally intended to imply that features, elements, and/or
steps are in any way required for one or more embodiments
or that one or more embodiments necessarily include logic
for deciding, with or without user input or prompting,
whether these features, elements, and/or steps are included
or are to be performed in any particular embodiment.
[0075] Conjunctive language such as the phrase “at least
one of X, Y, and 7,” unless specifically stated otherwise, is
otherwise understood with the context as used in general to
convey that an item, term, etc. may be either X, Y, or Z.
Thus, such conjunctive language is not generally intended to
imply that certain embodiments require the presence of at
least one of X, at least one of Y, and at least one of Z.
[0076] Language of degree used herein, such as the terms
“approximately,” “about,” “generally,” and “substantially”
as used herein represent a value, amount, or characteristic
close to the stated value, amount, or characteristic that still
performs a desired function or achieves a desired result. For
example, the terms “approximately”, “about”, “generally,”
and “substantially” may refer to an amount that is within less
than 10% of, within less than 5% of, within less than 1% of,
within less than 0.1% of, and within less than 0.01% of the
stated amount. As another example, in certain embodiments,
the terms “generally parallel” and “substantially parallel”
refer to a value, amount, or characteristic that departs from
exactly parallel by less than or equal to 15 degrees, 10
degrees, 5 degrees, 3 degrees, 1 degree, 0.1 degree, or
otherwise.

[0077] The scope of the present disclosure is not intended
to be limited by the specific disclosures of preferred embodi-
ments in this section or elsewhere in this specification, and
may be defined by claims as presented in this section or
elsewhere in this specification or as presented in the future.
The language of the claims is to be interpreted broadly based
on the language employed in the claims and not limited to
the examples described in the present specification or during
the prosecution of the application, which examples are to be
construed as non-exclusive.

2«

1. A noninvasive patient monitoring system for providing
an indication of a patient’s oxygen state, the system com-
prising:

one or more sensors configured to output signals in

response to one or more physiological parameters of

the patient;

one or more signal processors configured to receive the

signals and calculate:

a first indicator responsive to a measure of oxygen
dissolved in the patient’s blood and not bound to any
hemoglobin molecule, and

a second indicator responsive to an increasing or
decreasing trend of the first indicator; and

a display responsive to output of the one or more signal

processors to display the first and second indicators.

2. The system of claim 55, wherein the third indicator
comprises the patient’s oxygen saturation.

3. The system of claim 2, wherein the third indicator is
displayed as a graph and/or a numerical value.

Jul. 4,2019

4. The system of claim 1, wherein the first indicator
comprises a noninvasive index of dissolved oxygen in blood
of the patient.

5. The system of claim 4, wherein the first indicator is
displayed as a plurality of shapes, the number of shapes
being displayed corresponding to the patient’s noninvasive
index of dissolved oxygen in the blood.

6. (canceled)

7. The system of claim 55, wherein the first indicator
displays no shape when the third indicator is below about
98%.

8. The system of claim 1, wherein the second indicator
further comprises a rate of increase or decrease of the
patient’s noninvasive index of dissolved oxygen in the
blood.

9. The system of claim 8, wherein the second indicator is
displayed as an arrow pointing at an angle, a direction of the
arrow corresponding to the increasing or decreasing trend of
the patient’s noninvasive index of dissolved oxygen in the
blood and a magnitude of the angle corresponding to the rate
of increase or decrease of the patient’s noninvasive index of
dissolved oxygen in the blood.

10. The system of claim 55, wherein the second indicator
comprises an arrow, the arrow being displayed as pointing
generally horizontally when the third indicator is below
about 98%.

11. The system of claim 4, wherein the first indicator is
displayed as a shape that is empty, partially filled, or fully
filled, the amount of filling corresponding to the patient’s
noninvasive index of dissolved oxygen in the blood.

12. (canceled)

13. (canceled)

14. (canceled)

15. (canceled)

16. The system of claim 1, wherein the one or more
sensors comprise an optical sensor having at least one light
emitter emitting light of a plurality of wavelengths into the
body of the patient and a light detector detecting the light
after attenuation of the body, wherein the attenuation is
responsive to oxygenation of the patient’s blood.

17. The system of claim 16, wherein at least one of the
first indicator or the second indicator is determined based at
least in part on the detected light.

18.-47. (canceled)

48. A noninvasive patient monitoring system for provid-
ing an indication of a patient’s oxygen state, the system
comprising:

at least one light emitter emitting light of a plurality of
wavelengths into the body of the patient;

a light detector detecting the light after attenuation of the
body, wherein the attenuation is responsive to oxygen-
ation of the patient’s blood, and outputting one or more
signals from the light detector, the one or more signals
responsive to said attenuation; and

one or more signal processors configured to:

process the one or more signals to electronically cal-
culate an indicator responsive to a measure of oxy-
gen dissolved in the patient’s blood and not bound to
any hemoglobin molecule, and

output an alert of the indicator plateauning at a maxi-
mum value in response to an increase in oxygen
supply to the patient.
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49. The system of claim 48, further comprising a display
screen responsive to output of the one or more signal
processors to display the indicator.

50. The system of claim 49, wherein the display is further
configured to display the alert.

51. The system of claim 48, wherein the system is
configured to output the alert in an audio form.

52. The system of claim 48, wherein the indicator com-
prises a plurality of shapes, the number of shapes displayed
corresponding to the magnitude of the measure of oxygen
dissolved in the patient’s blood and not bound to any
hemoglobin molecule.

53. The system of claim 52, wherein the first-indicator
further comprises an indication of an increasing or decreas-
ing trend of the magnitude.

54. The system of claim 48, wherein the increase in
oxygen supply to the patient is determined by monitoring the
patient’s FiO,.

55. The system of claim 1, wherein the one or more signal
processors is further configured to calculate a third indicator
responsive to a percentage of hemoglobin molecules bound
to oxygen, the third indicator providing different informa-
tion to a caregiver than the first or second indicator, and the
display configured to display the third indicator.

* % % k¥
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