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LIMB-WORN PATIENT MONITORING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority benefit to
U.S. Provisional Application No. 62/625,475, entitled
“Wrist-Worn Patient monitoring device,” filed Feb. 2, 2018,
which is hereby incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to the field
of patient monitoring devices. In particular, the present
disclosure relates to a patient monitoring device configured
to be worn on a limb of a patient, such as an arm or a leg.

BACKGROUND

[0003] Pulse oximetry is a widely accepted noninvasive
procedure for measuring the oxygen saturation level of
arterial blood, an indicator of a person’s oxygen supply. A
typical pulse oximetry system utilizes a sensor applied to
tissue of a patient. The sensor includes emitters that transmit
optical radiation into the tissue. A detector receives the
optical radiation after it is attenuated by pulsatile arterial
blood flowing within the tissue, and the detector generates a
signal responsive to the received optical radiation. Based at
least in part on the signal generated by the detector, a
processor can determine one or more physiological param-
eters, such as blood oxygen saturation (SpO,), pulse rate
(PR), pulse rate variability (PRV), etc., or can cause a
display to display visual indications, such as plethysmo-
graph waveform.

[0004] Noninvasive blood parameter monitors capable of
measuring blood parameters in addition to SpO,, such as
carboxyhemoglobin (HbCO), methemoglobin (HbMet) and
total hemoglobin (Hbt) and corresponding multiple wave-
length optical sensors are available from Cercacor Labora-
tories, Inc. (“Cercacor”) of Irvine, Calif. Noninvasive blood
parameter monitors and corresponding multiple wavelength
optical sensors are described in at least U.S. patent appli-
cation Ser. No. 11/367,013, filed Mar. 1, 2006 and entitled
Multiple Wavelength Sensor Emitters and U.S. patent appli-
cation Ser. No. 11/366,208, filed Mar. 1, 2006 and entitled
Noninvasive Multi-Parameter Patient Monitor, both
assigned to Cercacor and both incorporated by reference
herein.

SUMMARY

[0005] The present disclosure describes example systems,
methods, apparatuses, and medical devices for obtaining
physiological parameter data from a wearable patient moni-
toring device. An example patient monitoring device accord-
ing to the present disclosure can include a wearable housing,
an emitter, a detector, a first resilient member, and a second
resilient member. The wearable housing can be attached at
least partially around a forearm of a patient, and the wear-
able housing can support at least one of the emitter, the
detector, the first resilient member, or the second resilient
member. The emitter can emit light through tissue of the
forearm, and the detector can sense the light after it passes
through and is attenuated by the tissue and generate a signal
indicative of the sensed light. The first resilient member can
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exert a first force on the emitter. The force can be in a
direction of the tissue with respect to the emitter. The second
resilient member can exert a second force on the detector.
The second force can be in a direction of the tissue with
respect to the detector. When the housing is worn by the
patient, the emitter and detector are aligned such that the
light from the emitter travels through an opening between
radial and ulnar bones of the forearm prior to being sensed
by the detector.

[0006] The present disclosure also provides an example
patient monitoring device. The example patient monitoring
device can include an emitter and a detector. The emitter can
emit light through tissue of a patient. The detector can sense
the light after it passes through and is attenuated by the
tissue and can generate a signal indicative of the sensed
light. When the patient monitoring device is attached to or
worn by the patient, the emitter and detector are aligned such
that the light from the emitter travels through an opening
between a first bone and a second bone of the patient prior
to being sensed by the detector.

[0007] The example patient monitoring device of any of
the preceding paragraphs may also include any combination
of the following features described in this paragraph, among
others described herein. The tissue can correspond to a
forearm of the patient, the first bone can include a radial
bone of the forearm, and the second bone can include an ulna
bone of the forearm. The tissue can correspond to a lower leg
of the patient, the first bone can include a tibia bone of the
lower leg, and the second bone can include a fibula bone of
the lower leg. The emitter can be proximate to the tissue
relative to the detector. The device can further include a
resilient member that exerts a force on at least one of the
emitter or the detector. The force can be in a direction of the
tissue with respect to the at least one of the emitter or the
detector. The resilient member can include a spring coupled
to the at least one of the emitter or the detector. The resilient
member can include an inflatable bladder that, when
inflated, can secure the at least one of the emitter or the
detector to the tissue.

[0008] The example patient monitoring device of any of
the preceding paragraphs may also include any combination
of the following features described in this paragraph, among
others described herein. The device can include a hinge on
which at least a portion of the patient monitoring device is
configured to swing. The patient monitoring device can
attach completely around at least one of a forearm of the
patient or a lower leg of the patient. A shape of the patient
monitoring device can include at least one of an oval-shape
or an elliptical shape. The shape of the patient monitoring
device can limit radial movement about forearm of the
patient. The detector can include a large area photodetector.
[0009] The example patient monitoring device of any of
the preceding paragraphs may also include any combination
of the following features described in this paragraph, among
others described herein. The emitter can be a first emitter and
the light can be first light. The device can further include a
second emitter configured to emit second light towards the
tissue. The detector can detect the second light after it is
reflected, refracted, or both by the tissue and can generate a
signal indicative of the sensed second light. The second
emitter can consume less energy than the first emitter.
[0010] The present disclosure also provides a method of
determining a physiological parameter. The method can
include receiving a signal corresponding to a transmission
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pulse oximetry system of a wearable patient monitoring
device. The transmission pulse oximetry system can include
an emitter configured to emit light through tissue of a
patient. The transmission pulse oximetry system can further
include a detector configured to sense the light after it passes
through and is attenuated by the tissue and to generate the
signal indicative of the sensed light. When the wearable
patient monitoring device is worn by the patient, the emitter
and detector are aligned such that the light from the emitter
travels through an opening between a first bone and a second
bone of the patient prior to being sensed by the detector. The
method can further include determining a physiological
parameter based at least in part on the signal.

[0011] The method of the preceding paragraph may also
include any combination of the following features or steps
described in this paragraph, among others described herein.
The signal can be a first signal, the emitter can be a first
emitter, and the light can be first light. The method can
further include receiving a second signal corresponding to a
reflective pulse oximetry system of the wearable patient
monitoring device. The reflective pulse oximetry system can
include a second emitter configured to emit second light to
the tissue of a patient. The reflective pulse oximetry system
can further include the detector. The detector can be further
configured to sense the second light after it is reflected
and/or refracted at the tissue prior to being received by the
detector and to generate the second signal indicative of the
sensed second light. Said determining the physiological
parameter can be further based at least in part on the second
signal.

[0012] The method of any of the preceding two paragraphs
may also include any combination of the following features
or step described in this paragraph, among others described
herein. The second emitter can consume less energy than the
first emitter. The tissue can correspond to a forearm of the
patient, the first bone can include a radial bone of the
forearm, and the second bone can include an ulna bone of the
forearm. The tissue can correspond to a lower leg of the
patient, the first bone can include a tibia bone of the lower
leg, and the second bone can include a fibula bone of the
lower leg. The detector can include a large area photode-
tector.

[0013] For purposes of summarizing the disclosure, cet-
tain aspects, advantages and novel features are discussed
herein. It is to be understood that not necessarily all such
aspects, advantages or features will be embodied in any
particular embodiment of the invention and an artisan would
recognize from the disclosure herein a myriad of combina-
tions of such aspects, advantages or features.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The following drawings and the associated descrip-
tions are provided to illustrate embodiments of the present
disclosure and do not limit the scope of the claims.

[0015] FIG. 1 illustrates a block diagram of an example
patient monitoring system.

[0016] FIG. 2 illustrates a block diagram of an example
patient monitoring system.

[0017] FIG. 3 illustrates an example patient monitoring
device.
[0018] FIGS. 4A-4B illustrates a pictorial representation

of a cross section of an example patient monitoring device
being worn by a patient.
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[0019] FIGS. 5A-5B illustrate an example patient moni-
toring device.
[0020] FIG. 6 illustrates an example flow diagram for

determining a physiological parameter.

[0021] While the foregoing “Brief Description of the
Drawings” references generally various embodiments of the
disclosure, an artisan will recognize from the disclosure
herein that such embodiments are not mutually exclusive.
Rather, the artisan would recognize a myriad of combina-
tions of some or all of such embodiments.

DETAILED DESCRIPTION

Overview

[0022] Beer’s Law (also known as the Beer-Lambert Law)
relates the attenuation of light to properties of the material
through which the light is traveling. In particular, Beer’s law
states that the absorbance of a material is proportional to
both the length of the light path through the material and the
concentrations of the attenuating species in the material. The
relationship between these parameters can be expressed as:

A=eb*c (Equaticn 1)

where A is the absorbance of the material at a given
wavelength of light, ¢ is the molar absorptivity or extinction
coefficient (in L mol™" em™), unique to each molecule and
varying with wavelength, b is the length of the light path
through the material (in cm), and ¢ is the concentration of an
analyte of interest (in mol L ™). As illustrated by Equation 1,
the absorbance of a material can be affected by the length of
the light path through the material (sometimes referred to as
pathlength).

[0023] Pulse oximetry measurements can be taken on a
patient’s fingertip. For example, a fingertip pulse oximeter
can be clipped onto the patient’s finger to obtain the mea-
surements. In some cases, however, wearing a fingertip
pulse oximetry sensor can at least temporarily restrict the
patient from performing daily activities. For example, a
fingertip pulse oximeter may be connected to a patient
monitor, which can limit a patient’s ability to move. As
another example, in some cases, a fingertip pulse oximeter
can be prone to slip off a patient’s finger if the patient moves
around, which can cause inaccurate or null measurements.
Further still, in some cases, the mere placement of the sensor
onto the fingertip can restrict the patient’s ability to perform
typical hand functions, such as grasping or holding objects.
Accordingly, in some cases, it can be advantageous to obtain
a pulse oximetry measurement at other measurement sites,
such as on a patient’s forearm, lower leg, or the like.
[0024] In some cases, determining a physiological param-
eter from a pulse oximetry measurement at a measurement
site other than the fingertip can be more complicated that
determining the physiological parameter from a pulse oxi-
metry measurement at the fingertip. For example, a finger, a
forearm, and a lower leg are each different in both shape and
size. For instance, a forearm and/or a lower leg can be
magnitudes larger than a finger. As a result, a pathlength
associated with a forearm and/or a pathlength associated
with a lower leg can be an order of magnitude higher than
a pathlength associated with a fingertip. In some cases, as the
pathlength increases, so do the complexities associated with
accurately determining a physiological parameter. For
example, a larger pathlength can result in higher absorption
effects, which can necessitate a higher intensity of the light
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transmitted through the material. As another example, larger
pathlength can result in higher scattering effects, which can
increase an area over which the light scatters.

[0025] Furthermore, a bone layout of a measurement site
can also present obstacles in accurately determining a physi-
ological parameter. For example, in some cases, light that is
transmitted into a tissue site can collide with one or more
bones, which can result in inaccurate measurements. As an
example, the forearm includes the radius and ulna bones,
while the lower leg includes the tibia and the fibula bones.

[0026] In addition, a length or curvature of the measure-
ment site can present obstacles in accurately determining a
physiological parameter. For example, due to the length
and/or curvature of a forearm, when a patient monitoring
device is worn on the forearm, it may be susceptible to
movement (e.g., sliding along the forearm or rotating about
the forearm), which can cause misalignment of the emitter
and detector, and ultimately an inaccurate determination of
the physiological parameter. Similarly, due to the length
and/or curvature of a lower leg, when a patient monitoring
device is worn on the lower leg, it may be susceptible to
movement (e.g., sliding along the lower leg or rotating about
the lower leg), which can cause misalignment of the emitter
and detector, and ultimately an inaccurate determination of
the physiological parameter.

[0027] Embodiments of the patient monitoring device
described herein can address these and other obstacles. For
example, in some embodiments, a patient monitoring device
can be configured to be worn on a limb of a patient, rather
than a fingertip, which can improve a mobility of the patient
monitoring device. For instance, the patient monitoring
device can be configured to be worn on a wrist, a forearm,
an elbow, an upper arm, an ankle, a lower leg, a knee, or an
upper leg.

[0028] In some cases, the patient monitoring device can
include an emitter and a detector that are aligned such that
the light from the emitter completely or substantially avoids
a collision with a bone prior to being sensed by the detector.
For example, if the measurement site corresponds to a
forearm, when the patient monitoring device is attached to
the forearm the emitter and detector can be aligned such that
the light from the emitter travels through an opening
between radial and ulnar bones of the forearm prior to being
sensed by the detector. As another example, if the measure-
ment site corresponds to a lower leg, when the patient
monitoring device is attached to the lower leg the emitter
and detector can be aligned such that the light from the
emitter travels through an opening between tibia and fibula
bones of the lower leg prior to being sensed by the detector.

[0029] Furthermore, the patient monitoring device can
include features that can limit lateral movement along or
rotational movement about the patient’s limb, which can
reduce a likelihood of misalignment of the emitter and
detector. For instance, the patient monitoring device can
include a housing configured to fit securely on the patient’s
limb. As another example, the patient monitoring device can
have an oval or elliptical shape, which can decrease a
likelihood of movement about the patient’s limb.

[0030] As another example, the patient monitoring device
can include features configured to facilitate a coupling
between the emitter or detector and the patient skin, which
can increase a likelihood receiving a signal without motion
artefacts. For example, the patient monitoring device can
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include a resilient member that can facilitate good coupling
between the emitter and the patient’s skin and/or the detector
and the patient’s skin.

[0031] In some cases, the detector can be implemented as
a Large Area Detector (LAD), which can allow the detector
to sense the light emitted from the emitter despite the
increased scattering effects of the increases pathlength. In
some cases, The larger surface area of the LAD can allow
the detector to gather light scatter over a larger area, which
can improve a reliability of the received signal and, ulti-
mately, the accuracy of the physiological data.

System Overview

[0032] FIG. 1 illustrates a block diagram of an example
patient monitoring system 100. The patient monitoring sys-
tem 100 includes a patient monitor 102 communicatively
coupled to a sensor 104. As illustrated, the patient monitor
104 can include a processor 110 and a sensor interface 108.
During use, the sensor 104 can be proximate a tissue site
106. As described herein, the sensor 104 can generate a
signal indicative of one or more physiological parameters of
the patient.

[0033] A sensor type of the sensor 104 can vary across
embodiments. For example, the sensor 104 can include, but
is not limited to, an optical coherence tomography (OCT)
device, a spectrometer, a pulse oximetry device, a plethys-
mograph sensor, a pressure sensor, an electrocardiogram
sensor, or an acoustic sensor, among other sensors.

[0034] In some cases, the sensor 104 is a single sensor.
Alternatively, the sensor 104 can include multiple sensors,
such as multiple pulse oximetry sensors. For example,
sensor 104 can include a first pulse oximetry sensor config-
ured for transmittance pulse oximetry and a second pulse
oximetry sensor configured for reflectance pulse oximetry.
In some cases, the sensor 104 can include a single pulse
oximetry sensor configured for both reflectance and trans-
mittance pulse oximetry. In instances in which sensor 104
includes multiple sensors, the sensor 104 can be used to
detect physiological parameters at the same or a proximate
tissue site. For example, each sensor 104 can obtain mea-
surements at the same tissue site 106. Alternatively, in some
cases, the sensors 104 can obtain measurements at different
tissue sites.

[0035] As described herein, the tissue site 106 can include,
but is not limited to, a wrist, a forearm, an elbow, and upper
arm, an ankle, a lower leg, a back of the knee, or an upper
leg. In some cases, the sensor 104 and/or at least a portion
of the patient monitor 102 can be integrated into an appa-
ratus that can be worn by the patient, for example, on or
proximate to the tissue site 106. For example, the apparatus
can include, but is not limited to, an arm band, a watch, a
bracelet, a sleeve, a glove, a sock, an anklet, a wrap, or
another apparatus that can be worn or attached to the tissue
site 106.

[0036] The patient monitor 102 can include a sensor
interface 108 and a processor 110. In some cases, the sensor
interface 108 can communicate with the sensor 104. For
example, the sensor interface 108 can collect data from the
sensor 104 and can output data to the processor 100. For
instance, the sensor interface 108 can include a front end
component, such as the front end component 214 of FIG. 2.
As another example, the sensor interface 108 can provide
control signals to the sensor 104. For instance, the sensor
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interface 108 can include drivers or multiplexers, such as the
driver(s)/multiplexer(s) 216 of FIG. 2.

[0037] The patient monitor 102 can be in communication
with the sensor 104. For example, the patient monitor 102
can receive a signal from the sensor 104 and can determine,
based at least in part on the received signal, one or more
physiological parameters, such as, but not limited to, blood
oxygen saturation (Sp0O,), pulse rate (PR), pulse rate vari-
ability (PRV), SpHb®, SpOC™, PVi®, SpMet®, SpCOR®,
or RRa®. In some cases the physiological parameter can
include a concentration of an analyte, pulse pressure varia-
tion (PPV), stroke volume (SV), stroke volume variation
(SVV), mean arterial pressure (MAP), central venous pres-
sure (CVP), HbCO, HbMet, or Hbt, among other param-
eters. Further, in some cases, the patient monitor 102 can
derive one or more relationships from the determined
parameters, and the patient monitor 102 can utilize the
relationships to determine other parameters, such as the
patient’s glucose levels, systemic vascular resistance (SVR),
CO, or arterial blood pressure (BP).

[0038] The patient monitor 102 can be communicatively
coupled to the sensor 104. For example, the patient monitor
102 can receive a signal from the sensor 104. The received
signal may take various forms, such as a voltage, a current,
or charge. An operational amplifier (op-amp) of the patient
monitor 102 can increase the amplitude, as well as transform
the signal, such as from a current to a voltage. An anti-
aliasing filter (AAF) of the patient monitor 102 can then
process of the output signal from the op-amp to restrict a
bandwidth of the output signal from the op-amp to approxi-
mately or completely satisfy the sampling theorem over a
band of interest. An analog-to-digital convertor (ADC) of
the patient monitor 102 can convert the output signal from
the AAF from analog to digital. The output signal from the
ADC can then be sampled by a processor of the patient
monitor 102 at a relatively high speed. The result of the
sampling can next be downsampled by a processor of the
patient monitor 102, before waveform analysis may be
performed by a DSP.

[0039] FIG. 2 illustrates a block diagram of an example
patient monitoring system 200, which can be an embodi-
ment of the patient monitoring system 100. AS illustrated,
the patient monitoring system 200 includes a patient monitor
102 and a sensor 104. In this example the patient monitor
102 includes a digital signal processor (DSP) 212, drivers/
multiplexer 216, a front end 214, and one or more input or
output devices 220. Furthermore, the sensor 104 includes
emitters 202, 210 and detector(s) 208 (e.g., photo diode,
photo detector, etc.). As described herein, the sensor 104 can
obtain measurements from the tissue site 106.

[0040] In some cases, the sensor 104 can include a trans-
mission pulse oximetry system 250 configured for transmis-
sion pulse oximetry. For example, the transmission pulse
oximetry system 250 can include an emitter 202 and a
detector 208. The emitter 202 can emit light 232 through the
tissue site 106. The detector 208 can sense the light 232
emitted by the emitter 202 after it passes through and is
attenuated by the tissue site 106. Furthermore, the detector
208 can generate one or more composite analog light
intensity signals responsive to the light 232 sensed by the
detector 208. As illustrated in FIG. 2, in some cases, the
detector 208 is proximate the tissue site 106 relative to the
emitter 202. For example, if the tissue site 106 is a forearm,
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the detector 208 can be positioned on one side of the forearm
and the emitter 202 can be positioned on an opposite side of
the forearm.

[0041] As described herein, the tissue site 106 may be
associated with a larger pathlength than a pathlength asso-
ciated with a fingertip. This is due at least in part to the
increased thickness of the tissue site 106. For example, a
forearm and/or a lower leg can be magnitudes larger than a
finger. As a result, a pathlength associated with a forearm
and/or a pathlength associated with a lower leg can be an
order of magnitude higher than a pathlength associated with
a fingertip. The light 232 emitted by the emitter 202 can
include one or more wavelengths of light. For example, the
emitter 202 can emit red light (e.g., approximately 660 nm),
infrared light (e.g., approximately 905 nm), near-infrared
light, or other wavelengths. In some cases, the larger path-
length can result in higher absorption effects, which can
necessitate a relatively higher intensity of the light trans-
mitted through the tissue site 106. Accordingly, in some
cases, the emitter 202 can include a plurality of LEDs
connected in series so as to generate sufficient light to
traverse through the tissue site 106. Furthermore, in some
cases, lower wavelengths can be more susceptible to attenu-
ation or absorption over the large pathlength. For example,
due to the higher absorption at Red compared to Infrared, the
emitter 202 can include multiple Red LEDs connected in
series, which can help the emitter 202 generate sufficient
light to traverse through the tissue site 106.

[0042] As described herein, in some cases, the larger
pathlength can result in higher absorption effects. In some
cases, the detector 208 can gather light scatter over a large
area, which can improved the signal generated by the
detector 208. For example, the detector 208 can be imple-
mented as a Large Area Detector (LAD), which can be used
to integrate light over a larger area as compared to a
traditional detector.

[0043] In some cases, the sensor 104 and/or the transmis-
sion pulse oximetry system 250 can include one or more
optical elements to increase an amount of light 232 that
reaches the detector 208. For example, as illustrated in FIG.
2, the sensor 104 can include a lens 282 positioned between
the emitter 202 and the tissue site 106. In some cases, at least
some of the light 232 from the emitter 202 passes through
the lens 282 and the lens 282 focuses the light 232, thereby
increasing strength of the signal and the amount of light 232
that reaches the detector 208. It will be understood that other
optical elements can be utilized to increase the strength of
one or more intensity signals emitted by the emitter 202. For
example, in some cases, multiple lenses or one or more
meta-materials can be positioned between the emitter 202
and the tissue site 106 to increase an amount of light
received by the detector 208.

[0044] As another example, the sensor 104 and/or the
transmission pulse oximetry system 250 can include one or
more devices or apparatuses to facilitate collection of the
light 232 after it has been attenuated by the tissue site 106.
For example, as illustrated in FIG. 2, the sensor 104 can
include a lens 284, which can collect attenuated light exit-
ing, reflecting off, and/or refracting off the tissue site and can
focus the light the detector 208. In some cases, the lens 284
can advantageously focus the light 232 onto a smaller area
such that the detector 208 can include fewer detectors to
detect the light, which can increase an amount of light
received by the detector 208. In some cases, the lens 284
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advantageously allows the sensor 104 to use fewer or
smaller detectors to capture the same amount of light. It will
be understood that other optical elements can be utilized to
increase the amount of light received by the detector 208.
For example, in some cases, multiple lenses or one or more
meta-materials can be positioned between the detector 208
and the tissue site 106 to increase an amount of light
received by the detector 208.

[0045] In some cases, the sensor 104 can include a reflec-
tance pulse oximetry system 260 configured for reflectance
pulse oximetry. For example, the reflectance pulse oximetry
system 260 can include an emitter 210 and a detector 208.
The emitter 210 can emit light 234 to the tissue site 106. The
light 234 emitted by the emitter 210 can include one or more
of a plurality of wavelengths, such as Red, Infrared, or
near-infrared wavelengths or wavelengths in the visible light
spectra. The detector 208 can sense the light 234 emitted by
the emitter 210 after it reflects and/or refracts off the tissue
site 106. The detector 208 can generate one or more com-
posite analog light intensity signals responsive to the light
sensed by the detector 208. As illustrated in FIG. 2, in some
cases, the detector 208 and the emitter 210 are proximate
each other. For example, if the tissue site 106 is a forearm,
the detector 208 can be positioned on one side of the forearm
and the emitter 210 can be positioned on the same side of the
forearm.

[0046] In some cases, the reflectance pulse oximetry sys-
tem 260 can include one or more optical elements to increase
an amount of light received by the detector 208. For
example, as illustrated in FIG. 2, the reflectance pulse
oximetry system 260 can include a lens 286 positioned
between the emitter 210 and the tissue site 106. In some
cases, at least some of the light 234 from the emitter 210
passes through the lens 286 and the lens 286 focuses the
light 234, thereby increasing strength of the light signal and
increasing an amount of light received by the detector 208.
Similarly, as described herein, the reflectance pulse oximetry
system 260 can include the lens 284 to facilitate collection
of the light 234 after the light 234 has reflected and/or
reflected off the tissue site 106. It will be understood that
other optical elements can be utilized to increase an amount
of light received by the detector 208. For example, in some
cases, multiple lenses or one or more meta-materials can be
positioned between the emitter 210 and the tissue site 106 to
increase an amount of light received by the detector 208.
[0047] In some cases, the sensor 104 can include a plu-
rality of sensors. For example, the sensor 104 can include a
sensor that includes a transmission pulse oximetry system
250 and a sensor that includes a reflectance pulse oximetry
system 260. In some cases, detector 208 is configured to
receive light from each of the emitters 202 and 210. For
example, the emitters 202, 210 may be configured to emit
light during non-overlapping time periods. In some cases,
detector 208 can include two or more detectors, such as one
for detecting light from emitter 202 and one for detecting
light from emitter 210. In some cases, the emitter 202 can be
multiplexed with the emitter 210, and after collecting this
data from the detector 208, converted to separate streams of
data.

[0048] As described herein, in some cases, the reflectance
pulse oximetry system 260 generates a higher intensity light
234 than the transmission pulse oximetry system 250 gen-
erates. This can be due at least in part to the fact that the light
232 emitted from the emitter 202 must traverse a longer path
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through the tissue site 106, while the light 234 emitted from
the emitter 210 does not need to traverse as long of a path
in the tissue site 106. Accordingly, in some cases, the
reflectance pulse oximetry system 260 can operate at lower
power than the transmission pulse oximetry system 250. For
example, the emitter 210 can utilize less energy than emitter
202. Accordingly, in some cases, the reflectance pulse oxi-
metry system 260 can be operated more than the transmis-
sion pulse oximetry system 250. For example, in some cases,
the reflectance pulse oximetry system 260 can be operated
continuously, while the transmission pulse oximetry system
250 is operated periodically. In some cases, the reflectance
pulse oximetry system 260 can be utilized for a measure-
ment of PR and/or PRV, while the transmission pulse oxi-
metry system 250 is used for other measurements.

[0049] The DSP 212 can communicate with the sensor 104
via driver(s)/multiplexer(s) 216 and the front-end 214. For
example, the DSP 212 can provide the driver(s)/multiplexer
(s) 216 with digital control signals and the driver(s)/multi-
plexer(s) 216 can convert digital control signals into analog
drive signals capable of driving emitters 202, 210. In some
cases, the driver(s)/multiplexer(s) 216 act as a multiplexer
and can select which emitter 202 or 210, if any, to drive or
turn on. Furthermore, the DSP 212 can receive the one or
more signals generated by the detector 208 via the front-end
214. In some cases, the signals generated by the detector 208
are light intensity signals indicative of one or more physi-
ological parameters of the patient. For example, the signals
can include a signal indicative of an amount or percentage
of light reflected, absorbed, or transmitted at a tissue site
106.

[0050] The front-end 214 can convert the one or more
composite analog light intensity signals from the detector
208 into digital data and input the digital data into the DSP
212. The digital data from the front-end 214 can correspond
to at least one of a plurality of physiological parameters as
described herein. For example, the digital data from the
front-end 214 can be representative of a change in the
absorption of particular wavelengths of light as a function of
the changes in the tissue site 206 resulting from pulsing
blood.

[0051] The DSP 212 can include one or more data or
signal processors configured to execute one or more pro-
grams for determining physiological parameters from input
data. The DSP 212 can perform operations that include
calculating and outputting one or more physiological mea-
sures, such as SpO,, PR, PRV, Pi, SpHb®, SpOC™, PVi®,
SpMet®, SpCO®, or RRa®, or other parameters described
herein. The operations performed by the DSP 212 can be
implemented in software, firmware or other form of code or
instructions, or logic or other hardware, or a combination of
the above.

[0052] The DSP 212 can communicate with one or more
input or output devices 220. The one or more input or output
devices 220 can include a user interface 222, controls 224,
a transceiver 226, and a memory device 228.

[0053] The user interface 222 can include a numerical or
graphical display that provides readouts of measures or
parameters, trends and bar graphs of measures or param-
eters, visual indications that measures are, say, above a
threshold, visual indicators like LEDs of various colors that
signify measure magnitude, or device management inter-
faces, which can be generated by LEDs, LCDs, or CRTs, for
example. The user interface 222 can include an audible
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output device that provides readouts or audible indications
that measures are, say, above a threshold. The user interface
222 can include one or more input devices like a keypad,
touch screen, pointing device, voice recognition device, and
computer that can be used to supply control or configuration
data, such as initialization settings, from the user interface
222 to the instrument manager 210. In some implementa-
tions, the user interface 222 can be an interface for devices
as well as users.

[0054] The controls 224 can be outputs to medical equip-
ment, such as drug administration devices, ventilators, or
fluid Ws, so as to control the amount of administered drugs,
ventilator settings, or the amount of infused fluids. The
patient monitor 102 can use the controls 224 to automati-
cally treat the patient (for instance, provide fluid to the
patient, provide medication to the patient, turn on a fan to
cool the patient, or adjust a temperature of a room to heat or
cool the patient) in response to determining that the patient
may benefit from treatment.

[0055] The transceiver 226 via an antenna can transmit
information about operation of the patient monitor 102 to an
electronic device or receive control or configuration data for
operating the patient monitor 102. The transceiver can, for
example, communicate via a computer network or interme-
diary device or directly with the electronic device using
electromagnetic radiation.

[0056] The memory device 228 can be used to store
information about operation of the patient monitor 102. This
information can, for example, include readouts of measures
or parameters, trends and bar graphs of measures or param-
eters, visual indications or indicators.

[0057] One or more of the components relating to signal
acquisition and/or processing (for example, front end 214,
drivers/multiplexer 216, DSP 212, etc.) can be incorporated
into one or more connecting cables, the sensors themselves,
or are otherwise closer to the sensor sites. As such, in some
cases, the patient monitor 102 can primarily include the
input or output devices 220, while the sensor 104 can
include components related to signal acquisition and/or
processing. By reducing the number of components included
in the patient monitor 102, 202, the monitor can, in some
instances, be smaller in size and/or more portable, which can
be more convenient for home or “spot check” use. Although
some of the components are illustrated as single units, in
some cases these components can be separated into two or
more components. For example, the system 200 can include
a front end, driver, or DSP for each of the emitters and/or
detectors.

[0058] Although not illustrated in FIG. 1 or 2, patient
monitor 102 or cables connecting the patient monitor 102 to
the sensor 104 can further include one or more outputs that
supply the signal(s) from the sensor 104 to one or more other
electronic devices for further processing. As one example,
signal(s) from the sensor 104 can be output in parallel by the
sensor 104 or the cables that couple the sensor 104 to the
patient monitor 102. In another example, the patient monitor
102 can include one or more outputs for outputting copy(ies)
of the signal(s) from the sensor 104. In some instances, the
copy(ies) of the signal(s) may be adjusted relative to the
original(s) with filtering, scaling, or other changing prior to
being provided to the one or more other electric devices.
[0059] FIG. 3 illustrates an example patient monitoring
device 300. The patient monitoring device 300 can be an
embodiment of the patient monitoring system 100 or 200, or
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a subset thereof. As illustrated, the patient monitoring device
300 can include a first emitter 202, a second emitter 210, a
detector 208, a wearable housing 314, and a plurality of
resilient members 302, 304, 306. In the illustrated embodi-
ment, the wearable housing 320 is shown as being worn the
patient’s wrist or forearm. However, the size or shape of the
wearable housing 320 can vary across embodiments such
that the wearable housing 320 can be configured to be worn
on other areas, such as, but not limited to, an ankle, lower
leg, knee, upper leg, upper arm, or the like.

[0060] As described herein, the first emitter 202 and the
second emitter 210 can each be configured to emit light. For
example, the emitters 202, 210 can be configured to transmit
optical radiation having red, infrared (IR), near IR, wave-
lengths in the visible light spectra or another wavelength
into tissue. The detector 208 can be configured to receive
light after the light interacts with the tissue. For example, the
detector 208 can receive light emitted from the first emitter
202 after the light passes through the tissue. As another
example, the detector 208 can receive light emitted from the
second emitter 210 after the light reflects or refracts off of
the tissue.

[0061] Inthis example, the tissue includes the forearm 312
of the patient’s right arm. As illustrated, the first emitter 202
and detector 208 are aligned on or within the wearable
housing 314 such that at least some of the light that is
emitted from the first emitter 202 travels between the radial
and ulnar bones in the forearm 312 and is received by the
detector 208. In some cases, as the light from the first emitter
202 passes through the radial and ulnar bones, some of the
light 1s absorbed or otherwise does not pass through the
tissue. The detector 208 can generate a signal responsive to
the intensity of the light it receives after the light travels
between the radial and ulnar bones and is attenuated by the
tissue. Based at least in part on this signal, a processor can
determine one or more physiological parameters.

[0062] Furthermore, in the illustrated example, the second
emitter 210 is aligned with the detector 208 such that the
detector 208 can receive at least some of the light that is
emitted from the second emitter 210 after the light from the
second emitter 210 is reflected or refracted by the tissue. The
detector 208 can generate a signal responsive to the intensity
of the reflected and/or refracted light. Based at least in part
on this signal, a processor can determine one or more
physiological parameters.

[0063] The patient monitoring device 300 can include one
or more resilient members 302, 304 or 306. For example, in
the illustrated embodiment, the resilient members 302, 304
or 306 are springs that are coupled to the emitter 210, emitter
202, and detector 208, respectively. In this example, the
resilient members 302, 304 or 306 make the emitter 210,
emitter 202, and detector 208 spring loaded, which allows
for flexible or dynamic vertical, linear, or other movement
by the emitter 210, emitter 202, and detector 208. For
example, each of the resilient members 302, 304 or 306 can
exert a force on its respective emitter 210, emitter 202, or
detector 208. In some cases, the force exerted by the resilient
members 302, 304 or 306 can be in a direction of the tissue.
In other words, the resilient members 302, 304 or 306 can
extend the emitter 210, emitter 202, and detector 208
towards the forearm 312 so that the emitter 210, emitter 202,
and detector 208 can achieve good coupling with the fore-
arm 312. In some cases, the resilient members 302, 304 or
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306 can allow up to about 2, 5, 10, or 20 mm of movement
by the emitters 202, 210 or the detector 208.

[0064] In some cases, the resilient members 302, 304 or
306 can allow the emitter 210, emitter 202, and detector 208
to stay in constant contact with the patient’s forearm 312 as
long as the patient is wearing the housing 314. For example,
the housing 314 can be approximately fitted to the size of the
patient’s forearm 312 such that the patient’s forearm 312
pushes back against the emitter 202, emitter 210, or detector
208 while the patient is wearing the housing 314.

[0065] In some cases, one or more of the resilient mem-
bers 302, 304 or 306 are coupled to housing 314 to the
emitter 210, emitter 202, or detector 208. In some cases,
when the user wears the housing 314, the patient’s forearm
312 is sufficiently close to the housing 314 such that the
patient’s forearm 312 presses back against the emitter 210,
emitter 202, or detector 208 to compress the resilient mem-
ber 302, 304 or 306 between the emitter 210, emitter 202, or
detector 208 and the housing 314. While the spring the
resilient member 302, 304 or 306 is compressed between the
housing 314 and the emitter 202, the resilient member 302,
304 or 306 exerts a force on the emitter 210, emitter 202, or
detector 208 in a direction towards the forearm 312 of the
patient. In some cases, as long as the patient’s forearm 312
is closer to the housing 314 than the size of the resilient
member 302, 304 or 306 (e.g., a length of a spring), the
resilient member 302, 304 or 306 will exert the force on the
emitter 210, emitter 202, or detector 208 to cause the emitter
210, emitter 202, or detector 208 to stay in contact with the
forearm 312.

[0066] FIG. 4A illustrates a pictorial representation of a
cross section of an example patient monitoring device 400A
being worn by a patient. The patient monitoring device 400
can be an embodiment of the patient monitoring system 100
or 200, the patient monitoring device 300, or a subset
thereof. As described herein, the patient monitoring device
400 can include a first emitter 202, a second emitter 210, a
detector 208, a wearable housing 314, and a plurality of
resilient members 302, 304 or 306. In this example, the
wearable housing 304 is coupled around the forearm 312 of
a patient, and the plurality of resilient members 302, 304 or
306 include a plurality of springs.

[0067] As illustrated, the first emitter 202 and the detector
208 are positioned in or on the housing 314 such that when
the housing 314 is worn by the patient, the first emitter 202
and the detector 208 are aligned to transmit light 406
through the tissue site (e.g., the forearm 312), between the
radial 404 and ulnar 402 bones in the forearm 312. However,
in some cases, it may be appropriate to transmit light from
the emitter 202 in a direction other than between the radial
404 and ulnar 402 bones. For example, the first emitter 202
and the detector 208 can be aligned so as to substantially
avoid the light from the first emitter 202 colliding with any
bones of the tissue site.

[0068] In some cases, the physiological monitoring system
400, such as the pulse oximetry sensor itself or an associated
processor, can monitor and/or detect an alignment between
the first emitter 202 and the detector 208. Alignment in this
instance can include, but is not limited to, a determination
that the detector 208 is oriented or positioned to receive light
from the first emitter 202. Alignment can additionally or
alternatively include a determination that the first emitter
202 and the detector 208 are aligned with an opening
between bones. Alignment can additionally or alternatively

Aug. 8,2019

include a determination that the first emitter 202 and the
detector 208 are aligned such that no bones are in the way
of the light path. In some cases, based at least in part on the
monitored and/or detected alignment or misalignment, the
physiological monitoring system can cause a notification to
be delivered to the patient or a caregiver. For example,
physiological monitoring system can notify (for example,
via vibration, an audible noise, via a display, etc.) the patient
or caregiver when the first emitter 202 and the detector 208
are not aligned.

[0069] As described herein, the resilient members 302,
304 or 306 can, among other things, ensure good contact
between the emitter 210, emitter 202, or detector 208 and the
patient’s skin. Furthermore, the resilient members 302, 304
or 306 can facilitate a coupling of the emitter 210, emitter
202, or detector 208 with the patient’s skin without requiring
that the wearable housing 304 be tightly secured on the
forearm, thereby avoiding a risk of injury or occlusion of
blood flow. For example, housing 314 could be configured
to fit loosely on the patient’s arm, and the resilient member
(s) can ensure that the emitter 210, emitter 202, or detector
208 make contact with patient’s tissue, despite the loose fit
of the housing 314. In some cases, although forearms come
in various shapes and sizes, the resilient members 302, 304
or 306 can allow a particular device to fit on various sizes of
forearms. Accordingly, in some cases, the utilization of one
or more resilient members 302, 304 or 306 can allow for a
production of fewer housing sizes. For example, the device
can be a one-size fits all, one-size fits most, etc.

[0070] Although FIGS. 3 and 4A illustrated the resilient
members 302, 304 or 306 as springs, the resilient members
302, 304 or 306 can include various other resilient members
and/or mechanisms, such as, but not limited to, an inflatable
bladder or a foam pad. For example, FIG. 4B illustrates a
pictorial representation of a cross section of an example
patient monitoring device 400B that includes an inflatable
bladder as the resilient member 302. For example, as illus-
trated, the inflatable bladder can be coupled between the
housing 314 and the emitter 210, emitter 202, or detector
208. Furthermore, the inflatable bladder can be inflated by a
user to securely couple at least one of the emitter 210,
emitter 202, or detector 208 to the forearm. In some cases,
the inflatable bladder can also secure the housing 314 to the
forearm so that the housing 314 is less likely to rotate about
or slide along the forearm.

[0071] Similar to a resilient member 302, 304 or 306, in
some cases, the patient monitoring device 400A or 400B can
include various other elements that facilitate good contact
between the detector 208, emitter 202, or emitter 210 and the
patient’s skin. For example, the patient monitoring device
400A or 400B can include a magnetic element that is
configured to provide an opposing magnetic force to the
detector 208, emitter 202, or emitter 210 to keep it in contact
with the patient’s skin. Similarly, one or more portions of the
housing 314 can be configured to inflate, thereby causing the
detector 208, emitter 202, or emitter 210 to retain contact
with the patient’s skin. For example, the housing can include
one or more inflatable portions that, when inflated (for
example, by an air pump), cause the housing to expand and
the detector 208, emitter 202, or emitter 210 to contact the
patient’s skin.

[0072] FIGS. 5A-5B illustrate an example patient moni-
toring device 500. As described herein, the patient monitor-
ing device 500 can include an emitter 202, an emitter 210,
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and a detector 208. Furthermore, the patient monitoring
device 500 can include a hinge 504 and fastening portions
502, 506.

[0073] As described herein, the detector 208 can be imple-
mented as a Large Area Detector (LAD), which can incor-
porate a larger surface area as compared to typical photo-
detectors. For example, the path length through a forearm is
an order of magnitude higher than a path length through a
fingertip. This larger path length can result in increased
scattering effects. The larger surface area of the LAD can
allow the detector 208 to gather light scatter over a larger
area, which can improve the received signal, either from
emitter 202 or emitter 210.

[0074] As described herein, due to the higher absorption
and scattering effects associated with the forearm, it may be
advantageous to utilize an emitter 202 that can emit a higher
light output than that of traditional emitters incorporated in
fingertip pulse oximeters. Thus, the emitter 202 can be
implemented as one or more high efficiency LEDs, such as
those configured to emit light at Red (e.g., about 660 nm),
Infrared (e.g., about 905 nm), or near Infrared wavelengths,
or wavelengths in the visible light spectra.

[0075] The higher absorption of Red light as compared to
Infrared light can be further accentuated by the larger path
length at the forearm (as compared to the path length at a
finger). Thus, in some cases, multiple Red (e.g., 660 nm)
LEDs are connected in series to generate sufficient light that
can traverse through the forearm. Similarly, the emitter 210
can be an LED, such as a high efliciency LED.

[0076] The housing 314 of the patient monitoring device
300 can be rigid such that the housing is relatively inflexible
and/or stiff. In some cases, the housing 314 can include
movable joint or hinge 504, which can ensure that the
emitter 202 and detector 208 are aligned when the housing
314 is snapped closed via fastening portions 502, 506. For
example, at least a portion of the housing 314 can swing on
hinge 504 and the housing 314 can be closed via fastening
portions 502, 506. The shape of the housing 314 and/or the
position of the joint 504 can be designed such that the patient
monitoring device 500 fits securely on the patient. For
example, the housing 314 can have a generally oval shape
that corresponds to a shape of the patient’s forearm, and the
hinge 504 can be located such that it will be positioned on
a side of the patient’s forearm when the patient monitoring
device 500 is worn by the patient. This shape of the housing
314 and placement of the hinge 504 can allow for a secure
fit on the patient’s arm, while also aligning the emitter 202
and detector 208. For example, the emitter 202 and the
detector 208 can be aligned such that a light path from the
emitter 202 to the detector 208 does not hit any bones in the
measurement site.

[0077] In some cases, the patient monitoring device 500
performs a calibration and can successfully calibrate when
the emitter 202 and detector 208 are appropriately aligned.
For example, the emitter 202 and detector 208 can be
appropriately aligned when aligned opposite to each other
when the housing 314 is worn around the forearm. For
example, the patient monitoring device 500 can identify or
determine one or more expected profiles for a ratio of the
collected wavelengths. At least one profile can include a
range of expected ratios or wavelengths that correspond to
instances when the detector 208 and emitter 202 are properly
aligned (e.g., the light path is not obstructed by bone). The
system or device can collect and or determine alignment
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data in real-time and can compare the alignment data to the
one or more profiles to determine if alignment is good,
acceptable, unacceptable, or the like.

[0078] The illustrated example of FIGS. 5A and 5B further
include a cable 508 configured to provide communication
between the patient monitoring device 500 and a data
collection system. For example, the patient monitoring
device 500 can include a processor that can determine
various physiological parameters based at least in part on
signals from the detector 208. A data collection system (not
shown) can connect to the patient monitoring device 500 via
cable 508 to retrieve at least an indication of a physiological
parameter. In some cases, communication between patient
monitoring device 500 and a data collection system can be
over wireless communications (e.g., Wi-Fi, Bluetooth, Cel-
lular, etc.).

Physiological Parameter Determination

[0079] FIG. 6 illustrates a flow diagram illustrative of an
embodiment of a routine implemented by a patient moni-
toring system for determining a physiological parameter.
One skilled in the relevant art will appreciate that the
elements outlined for routine 600 may be implemented by
one or many computing devices or components, such as in
hardware, with a front end component, with a sensor inter-
face, or with a processor, such as one or more processors
housed in a patient monitor, one or more remote processors,
one or more processors housed in a limb-worn sensor, etc.
Accordingly, routine 600 has been logically associated as
being generally performed by a processor 100, and thus the
following illustrative embodiments should not be construed
as limiting.

[0080] At block 602, a processor 100 receives a first signal
corresponding to a transmission pulse oximetry system of a
non-invasive sensor, such as transmission pulse oximetry
system 250 FIG. 2. As described herein, the non-invasive
sensor can be part of a warble apparatus, such as patient
monitoring device 300, 4004, 400B, or 500 that can worn by
the patient, such as on a patient’s wrist, forearm, elbow,
upper arm, ankle, lower leg, back of the knee, or upper leg.
[0081] At block 604, the processor 100 receives a second
signal corresponding to a reflective pulse oximetry system of
a non-invasive sensor, such as reflective pulse oximetry
system 260 FIG. 2.

[0082] At block 606, the processor can determine one or
more physiological parameters based at least in part on at
least one of the first signal or the second signal. For example,
as described herein, the processor can determine SpQO,, PR,
PRV, Pi, SpHb®, SpOC™, PVi®, SpMet®, SpCO®, or
RRa®, among other physiological parameters. As described
herein, in some cases, the transmission pulse oximetry
system consumes more power than the reflectance pulse
oximetry systern. Thus, in some cases, the reflectance pulse
oximetry system can be utilized more often than the trans-
mission pulse oximetry system. For example, the reflectance
pulse oximetry system can be used continuously or at a
higher frequency than the transmission pulse oximetry sys-
tem.

[0083] Depending on the embodiment, certain acts,
events, blocks, communications or functions identified
above can be performed in a different sequence, can be
added, merged, or left out altogether (non-limiting example:
not all described operations or events are necessary). For
example, block 604 may additionally or alternatively occur
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prior to or currently with any of events 602 or 606. In
addition, in some cases, any one or any combination of
events 602, 604, or 606 can be omitted. Furthermore, any
one or any combination of the activities described above can
occur automatically and/or without user input.

[0084] Embodiments of the present disclosure can be
described in view of the following clauses:

[0085] Clause 1. A wearable patient monitoring device
configured to be worn on a forearm of a user, the patient
monitoring device comprising:

[0086] a housing configured to attach at least partially
around the forearm of the user, wherein a shape of the
housing limits radial movement of the patient monitoring
device about the forearm;

[0087] an emitter configured to emit light through tissue of
the forearm;
[0088] a detector configured to sense the light after it

passes through and is attenuated by the tissue and to generate
a signal indicative of the sensed light,

[0089] a first resilient member configured to exert a first
force on the emitter, wherein the first force is in a direction
of the tissue with respect to the emitter; and

[0090] a second resilient member configured to exert a
second force on the detector, wherein the second force is in
a direction of the tissue with respect to the detector,
[0091] wherein the housing is configured to support the
emitter, the detector, the first resilient member, and the
second resilient member,

[0092] wherein when the housing is attached at least
partially around the forearm the emitter and detector are
aligned such that the light from the emitter travels through
an opening between radial and ulnar bones of the forearm
prior to being sensed by the detector.

[0093] Clause 2. A wearable patient monitoring device
comprising:

[0094] an emitter configured to emit light; and

[0095] a detector configured to sense the light after it

passes through and is attenuated by tissue of a patient and to
generate a signal indicative of the sensed light,

[0096] wherein, when the patient monitoring device is
attached to the patient, the emitter and detector are aligned
such that the light from the emitter travels through an
opening between a first bone and a second bone of the
patient prior to being sensed by the detector.

[0097] Clause 3. The wearable patient monitoring device
of any of the previous clauses, wherein the tissue corre-
sponds to a forearm of the patient, wherein the first bone
comptises a radial bone of the forearm and the second bone
comprises an ulna bone of the forearm.

[0098] Clause 4. The wearable patient monitoring device
of any of the previous clauses, wherein the tissue corre-
sponds to a lower leg of the patient, wherein the first bone
comprises a tibia bone of the lower leg and the second bone
comprises a fibula bone of the lower leg.

[0099] Clause 5. The wearable patient monitoring device
of any of the previous clauses, wherein the emitter is
proximate to the tissue relative to the detector.

[0100] Clause 6. The wearable patient monitoring device
of any of the previous clauses, further comprising a resilient
member configured to exert a force on at least one of the
emitter or the detector, wherein the force is in a direction of
the tissue with respect to the at least one of the emitter or the
detector.
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[0101] Clause 7. The wearable patient monitoring device
of any of the previous clauses, wherein the resilient member
comprises a spring coupled to the at least one of the emitter
or the detector.

[0102] Clause 8. The wearable patient monitoring device
of any of the previous clauses, wherein the resilient member
comprises an inflatable bladder, wherein the inflatable blad-
der is configured to inflate to secure the at least one of the
emitter or the detector to the forearm.

[0103] Clause 9. The wearable patient monitoring device
of any of the previous clauses, further comprising a hinge on
which at least a portion of the patient monitoring device is
configured to swing.

[0104] Clause 10. The wearable patient monitoring device
of any of the previous clauses, wherein the patient moni-
toring device is configured to attach completely around at
least one of a forearm of the patient or a lower leg of the
patient.

[0105] Clause 11. The wearable patient monitoring device
of any of the previous clauses, wherein a shape of the patient
monitoring device comprises at least one of an oval-shape or
an elliptical shape, wherein the shape of the patient moni-
toring device limits radial movement about forearm of the
patient.

[0106] Clause 12. The wearable patient monitoring device
of any of the previous clauses, wherein the detector com-
prises a large area photodetector.

[0107] Clause 13. The wearable patient monitoring device
of any of the previous clauses, wherein the emitter is a first
emitter and the light is first light, the patient monitoring
device further comprising a second emitter configured to
emit second light towards the tissue, wherein the detector is
configured to detect the second light after it is reflected,
refracted, or both by the tissue and to generate a signal
indicative of the sensed second light.

[0108] Clause 14. The wearable patient monitoring device
of any of the previous clauses, further comprising a multi-
plexor configured to select between the first emitter and the
second emitter, wherein the selection causes the selected one
of the first emitter or the second emitter to turn on.

[0109] Clause 15. The wearable patient monitoring device
of any of the previous clauses, wherein the second emitter
consumes less energy to emit the first light than the first
emitter consumes to emit the second light.

[0110] Clause 16. The wearable patient monitoring device
of any of the previous clauses, further comprising a lens,
wherein at least a portion of the light passes through the lens.
[0111] Clause 17. The wearable patient monitoring device
of any of the previous clauses, wherein the lens is positioned
between the tissue site and at least one of the emitter or
detector.

[0112] Clause 18. The wearable patient monitoring device
of any of the previous clauses, wherein the lens is configured
to increase an amount of the light received by the detector.

[0113] Clause 19. A wearable patient monitoring device
comprising:
[0114] a transmission pulse oximetry system configured to

emit first light and generate a first signal;

[0115] a reflective pulse oximetry system configured to
emit second light and generate a second signal, wherein
power consumed by the reflective pulse oximetry system to
emit the second light is less than power consumed by the
transmission pulse oximetry system to emit the first light;
and
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[0116] a processor in communication with the transmis-
sion pulse oximetry system and the transmission pulse
oximetry system, the processor configured to determine a
physiological parameter based at least in part on at least one
of the first signal or the second signal.

[0117] Clause 20. The wearable patient monitoring device
of any of the previous clauses, wherein the physiological
parameter comprises at least first and second physiological
parameters, wherein the processor is configured to deter-
mine the first physiological parameter based at least in part
on the first signal, wherein the processor is configured to
determine the second physiological parameter based at least
in part on the second signal.

[0118] Clause 21. The wearable patient monitoring device
of any of the previous clauses, wherein the first physiologi-
cal parameter comprises at least one of blood oxygen
saturation (SpO,) or pulse rate (PR), and wherein the second
physiological parameter comprises pulse rate variability
(PRV).

[0119] Clause 22. The wearable patient monitoring device
of any of the previous clauses, wherein the transmission
pulse oximetry system comprises:

[0120] a first emitter configured to emit first light through
tissue of a patient, and

[0121] a first detector configured to sense the first light
after it passes through and is attenuated by the tissue and to
generate the first signal, wherein the first signal is indicative
of the sensed first light.

[0122] Clause 23. The wearable patient monitoring device
of any of the previous clauses, wherein the transmission
pulse oximetry system further comprises a lens, wherein at
least a portion of the light passes through the lens.

[0123] Clause 24. The wearable patient monitoring device
of any of the previous clauses, wherein the lens is positioned
between the tissue and at least one of the first emitter or first
detector.

[0124] Clause 25. The wearable patient monitoring device
of any of the previous clauses, wherein when the patient
monitoring device is attached to the patient, the first emitter
and the first detector are aligned such that the first light from
the first emitter travels through an opening between a first
bone and a second bone of the patient prior to being sensed
by the first detector.

[0125] Clause 26. The wearable patient monitoring device
of any of the previous clauses, wherein the tissue corre-
sponds to a forearm of the patient, wherein the first bone
comprises a radial bone of the forearm and the second bone
comprises an ulna bone of the forearm.

[0126] Clause 27. The wearable patient monitoring device
of any of the previous clauses, wherein the tissue corre-
sponds to a lower leg of the patient, wherein the first bone
comprises a tibia bone of the lower leg and the second bone
comprises a fibula bone of the lower leg.

[0127] Clause 28. The wearable patient monitoring device
of any of the previous clauses, wherein the reflective pulse
oximetry system comprises:

[0128] a second emitter configured to emit second light to
tissue of a patient, and

[0129] a second detector configured to sense the second
light after it is reflected and/or refracted at the tissue and to
generate second signal, wherein the second signal is indica-
tive of the sensed second light.

[0130] Clause 29. The wearable patient monitoring device
of any of the previous clauses, wherein the reflective pulse
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oximetry system further comprises a lens, wherein at least a
portion of the light passes through the lens.

[0131] Clause 30. The wearable patient monitoring device
of any of the previous clauses, wherein the lens is positioned
between the tissue and at least one of the second emitter or
second detector.

[0132] Clause 31. The wearable patient monitoring device
of any of the previous clauses, further comprising a housing
configured to attach at least partially around at least a portion
of a limb of a patient.

[0133] Clause 32. The wearable patient monitoring device
of any of the previous clauses, wherein the at least a portion
of the limb comprises at least one of a forearm of the patient
or a lower leg of the patient.

[0134] Clause 33. The wearable patient monitoring device
of any of the previous clauses, wherein first physiological
parameter is different from the second physiological param-
eter.

[0135] Clause 34. A patient monitoring device comprising:
[0136] an emitter configured to emit light;
[0137] a detector configured to sense the light after it

interacts with tissue of a patient and further configured to
generate a signal indicative of the sensed light;

[0138] a housing supporting the emitter and the detector
and configured to attach at least partially around at least a
portion of a limb of a patient; and

[0139] a resilient member coupled between the housing
and at least one of the emitter or the detector, wherein the
resilient member is configured to exert a force on the at least
one of the emitter or the detector, wherein the force is in a
direction of the tissue with respect to the at least one of the
emitter or the detector.

[0140] Clause 35. The patient monitoring device of any of
the previous clauses, wherein, when the housing is attached
to the patient, the emitter and the detector are aligned such
that the light from the emitter travels through an opening
between a first bone and a second bone of the patient prior
to being sensed by the detector.

[0141] Clause 36. The patient monitoring device of any of
the previous clauses, wherein the tissue corresponds to a
forearm of the patient, wherein the first bone comprises a
radial bone of the forearm and the second bone comprises an
ulna bone of the forearm.

[0142] Clause 37. The patient monitoring device of any of
the previous clauses, wherein the tissue corresponds to a
lower leg of the patient, wherein the first bone comprises a
tibia bone of the lower leg and the second bone comprises
a fibula bone of the lower leg.

[0143] Clause 38. The patient monitoring device of any of
the previous clauses, wherein the detector is configured to
sense the light after it passes through the tissue and is
attenuated by the tissue.

[0144] Clause 39. The patient monitoring device of any of
the previous clauses, wherein the detector is configured to
sense the light after it reflects and/or refracts off the tissue.
[0145] Clause 40. The patient monitoring device of any of
the previous clauses, wherein the resilient member com-
prises a spring.

[0146] Clause 41. The patient monitoring device of any of
the previous clauses, wherein the resilient member com-
prises an inflatable bladder, wherein the inflatable bladder is
configured to inflate to couple the at least one of the emitter
or the detector to the tissue.
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[0147] Clause 42. A system comprising the device of any
one or more of the preceding clauses.

[0148] Clause 43. A method comprising;

[0149] receiving a signal corresponding to a transmission
pulse oximetry system of a wearable patient monitoring
device, wherein the transmission pulse oximetry system
comprises:

[0150] an emitter configured to emit light through tissue of
a patient, and

[0151] a detector configured to sense the light after it
passes through and is attenuated by the tissue and to generate
the signal indicative of the sensed light,

[0152] wherein, when the wearable patient monitoring
device is worn by the patient, the emitter and detector are
aligned such that the light from the emitter travels through
an opening between a first bone and a second bone of the
patient prior to being sensed by the detector; and

[0153] determining a physiological parameter based at
least in part on the signal.

[0154] Clause 44. The method of clause 43, wherein the
signal is a first signal, the emitter is a first emitter, and the
light is first light, the method further comprising:

[0155] receiving a second signal corresponding to a reflec-
tive pulse oximetry system of the wearable patient monitor-
ing device, wherein the reflective pulse oximetry system
comptrises:

[0156] a second emitter configured to emit second light to
the tissue of a patient, and

[0157] the detector, wherein the detector is further con-
figured to sense the second light after it is reflected and/or
refracted at the tissue prior to being received by the detector
and to generate the second signal indicative of the sensed
second light,

[0158] wherein said determining the physiological param-
eter is further based at least in part on the second signal.
[0159] Clause 45. The method of any of clause 43 or 44,
wherein the second emitter consumes less energy than the
first emitter.

[0160] Clause 46. The method of any of clauses 43-45,
wherein the tissue corresponds to a forearm of the patient,
wherein the first bone comprises a radial bone of the forearm
and the second bone comprises an ulna bone of the forearm.
[0161] Clause 47. The method of any of clauses 43-46,
wherein the tissue corresponds to a lower leg of the patient,
wherein the first bone comprises a tibia bone of the lower leg
and the second bone comprises a fibula bone of the lower
leg.

[0162] Clause 48. The method of any of clauses 43-47,
wherein the detector comprises a large area photodetector.

Terminology

[0163] Conditional language, such as, among others,
“can,” “could,” “might,” or “may,” unless specifically stated
otherwise, or otherwise understood within the context as
used, is generally intended to convey that certain embodi-
ments include, while other embodiments do not include,
certain features, elements, and/or steps. Thus, such condi-
tional 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.
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[0164] The foregoing description is merely illustrative in
nature and is in no way intended to limit the disclosure, its
application, or uses. For purposes of clarity, in some cases,
the same reference numbers will be used in the drawings to
identify similar elements. It should be understood that steps
within a method may be executed in different order without
altering the principles of the present disclosure.

[0165] The terms “comprising,” “including,” “having,”
and the like are synonymous and are used inclusively, in an
open-ended fashion, and do not exclude additional elements,
features, acts, operations, and so forth. Also, the term “or”
is used in its inclusive sense (and not in its exclusive sense)
so that when used, for example, to connect a list of elements,
the term “or” means one, some, or all of the elements in the
list. Likewise the term “and/or” in reference to a list of two
or more items, covers all of the following interpretations of
the word: any one of the items in the list, all of the items in
the list, and any combination of the items in the list. Further,
the term “each,” as used herein, in addition to having its
ordinary meaning, can mean any subset of a set of elements
to which the term “each” is applied. Additionally, the words
“herein,” “above,” “below,” and words of similar import,
when used in this application, refer to this application as a
whole and not to any particular portions of this application.
[0166] Unless the context clearly requires otherwise,
throughout the description and the claims, the words “com-
prise,” “comprising,” and the like are to be construed in an
inclusive sense, as opposed to an exclusive or exhaustive
sense; that is to say, in the sense of “including, but not
limited to.” As used herein, the terms “connected,”
“coupled,” or any variant thereof means any connection or
coupling, either direct or indirect, between two or more
elements; the coupling or connection between the elements
can be physical, logical, or a combination thereof. Addition-
ally, the words “herein,” “above,” “below,” and words of
similar import, when used in this application, refer to this
application as a whole and not to any particular portions of
this application. Where the context permits, words in the
above Detailed Description using the singular or plural
number may also include the plural or singular number
respectively. The word “or” in reference to a list of two or
more items, covers all of the following interpretations of the
word: any one of the items in the list, all of the items in the
list, and any combination of the items in the list. Likewise
the term “and/or” in reference to a list of two or more items,
covers all of the following interpretations of the word: any
one of the items in the list, all of the items in the list, and any
combination of the items in the list.

[0167] Depending on the embodiment, certain operations,
acts, events, or functions of any of the algorithms described
herein can be performed in a different sequence, can be
added, merged, or left out altogether (non-limiting example:
not all are necessary for the practice of the algorithms).
Moreover, in certain embodiments, operations, acts, func-
tions, or events can be performed concurrently, e.g., through
multi-threaded processing, interrupt processing, or multiple
processors or processor cores or on other parallel architec-
tures, rather than sequentially.

[0168] The various illustrative logical blocks, modules,
routines, and algorithm steps described in connection with
the embodiments disclosed herein can be implemented as
electronic hardware, or as a combination of electronic hard-
ware and executable software. To clearly illustrate this
interchangeability, various illustrative components, blocks,
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modules, and steps have been described above generally in
terms of their functionality. Whether such functionality is
implemented as hardware, or as software that runs on
hardware, depends upon the particular application and
design constraints imposed on the overall system. The
described functionality can be implemented in varying ways
for each particular application, but such implementation
decisions should not be interpreted as causing a departure
from the scope of the disclosure.

[0169] Moreover, the various illustrative logical blocks
and modules described in connection with the embodiments
disclosed herein can be implemented or performed by a
machine, such as a processor device, a digital signal pro-
cessor (DSP), an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof
designed to perform the functions described herein. A pro-
cessor device can be a microprocessor, but in the alternative,
the processor device can be a controller, microcontroller, or
combinations of the same, or the like. A processor device can
include electrical circuitry configured to process computer-
executable instructions. In another embodiment, a processor
device includes an FPGA or other programmable device that
performs logic operations without processing computer-
executable instructions. A processor device can also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
Mmicroprocessors, one or more Microprocessors in conjunc-
tion with a DSP core, or any other such configuration.
Although described herein primarily with respect to digital
technology, a processor device may also include primarily
analog components. For example, some or all of the signal
processing algorithms described herein may be implemented
in analog circuitry or mixed analog and digital circuitry. A
computing environment can include any type of computer
system, including, but not limited to, a computer system
based at least in part on a microprocessor, a mainframe
computer, a digital signal processor, a portable computing
device, a device controller, or a computational engine within
an appliance, to name a few.

[0170] The elements of a method, process, routine, or
algorithm described in connection with the embodiments
disclosed herein can be embodied directly in hardware, in a
software module executed by a processor device, or in a
combination of the two. A software module can reside in
RAM memory, flash memory, ROM memory, EPROM
memory, EEPROM memory, registers, hard disk, a remov-
able disk, a CD-ROM, or any other form of a non-transitory
computer-readable storage medium. An exemplary storage
medium can be coupled to the processor device such that the
processor device can read information from, and write
information to, the storage medium. In the alternative, the
storage medium can be integral to the processor device. The
processor device and the storage medium can reside in an
ASIC. The ASIC can reside in a user terminal. In the
alternative, the processor device and the storage medium can
reside as discrete components in a user terminal.

[0171] Further, the processing of the various components
of the illustrated systems can be distributed across multiple
machines, networks, and other computing resources. In
addition, two or more components of a system can be
combined into fewer components. Various components of
the illustrated systems can be implemented in one or more
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virtual machines, rather than in dedicated computer hard-
ware systems and/or computing devices.

[0172] 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 herein
unless incompatible therewith. All of the features disclosed
in this specification (including any accompanying claims,
abstract and drawings), 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 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.

[0173] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of protection.
Indeed, the novel methods and systems described herein
may be embodied in a variety of other forms. Furthermore,
various omissions, substitutions and changes in the form of
the methods and systems described herein may be made.
Those skilled in the art will appreciate that in some embodi-
ments, the actual steps taken in the processes illustrated 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. For
example, the actual steps or order of steps taken in the
disclosed processes may differ from those shown in the
figure. Depending on the embodiment, certain of the steps
described above may be removed, others may be added. For
instance, the various components illustrated in the figures
may be implemented as software or firmware on a processor,
controller, ASIC, FPGA, or dedicated hardware. Hardware
components, such as processors, ASICs, FPGAs, and the
like, can include logic circuitry. Furthermore, the features
and attributes of the specific embodiments disclosed above
may be combined in different ways to form additional
embodiments, all of which fall within the scope of the
present disclosure.

[0174] User interface screens illustrated and described
herein can include additional or alternative components.
These components can include menus, lists, buttons, text
boxes, labels, radio buttons, scroll bars, sliders, checkboxes,
combo boxes, status bars, dialog boxes, windows, and the
like. User interface screens can include additional or alter-
native information. Components can be arranged, grouped,
displayed in any suitable order.

[0175] Although the present disclosure includes certain
embodiments, examples and applications, it will be under-
stood by those skilled in the art that the present disclosure
extends beyond the specifically disclosed embodiments to
other alternative embodiments or uses and obvious modifi-
cations and equivalents thereof, including embodiments
which do not provide all of the features and advantages set
forth herein. Accordingly, the scope of the present disclosure
is not intended to be limited by the specific disclosures of
preferred embodiments herein, and may be defined by
claims as presented herein or as presented in the future.
[0176] Conjunctive language such as the phrase “at least
one of X, Y, and 7,” unless specifically stated otherwise, is
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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 7.
[0177] 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, or 0.1 degree.
[0178] 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
at least in part on the language employed in the claims and
not limited to the examples described in the present speci-
fication or during the prosecution of the application, which
examples are to be construed as non-exclusive.

1-48. (canceled)

49. A wearable patient monitoring device comprising:

an emitter configured to emit light; and
a detector configured to sense the light after it passes
through and is attenuated by tissue of a patient and to
generate a signal indicative of the sensed light,

wherein, when the patient monitoring device is attached
to the patient, the emitter and detector are aligned such
that the light from the emitter travels through an
opening between a first bone and a second bone of the
patient prior to being sensed by the detector.
50. The wearable patient monitoring device of claim 49,
wherein at least one of:
the tissue corresponds to a forearm of the patient, the first
bone comprises a radial bone of the forearm, and the
second bone comprises an ulna bone of the forearm; or

the tissue corresponds to a lower leg of the patient, the
first bone comprises a tibia bone of the lower leg, and
the second bone comprises a fibula bone of the lower
leg.

51. The wearable patient monitoring device of claim 49,
further comprising a resilient member configured to exert a
force on at least one of the emitter or the detector, wherein
the force is in a direction of the tissue with respect to the at
least one of the emitter or the detector.

52. The wearable patient monitoring device of claim 51
wherein the resilient member comprises a spring coupled to
the at least one of the emitter or the detector.

53. The wearable patient monitoring device of claim 49,
wherein the detector comprises a large area photodetector.

54. The wearable patient monitoring device of claim 49,
wherein the emitter is a first emitter and the light is first light,
the patient monitoring device further comprising a second
emitter configured to emit second light towards the tissue,
wherein the detector is configured to detect the second light
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after it is reflected, refracted, or both by the tissue and to
generate a signal indicative of the sensed second light.

55. The wearable patient monitoring device of claim 54,
further comprising a multiplexor configured to select
between the first emitter and the second emitter, wherein the
selection causes the selected one of the first emitter or the
second emitter to turn on.

56. The wearable patient monitoring device of claim 54,
wherein the second emitter consumes less energy to emit the
second light than the first emitter consumes to emit the first
light.

57. A wearable patient monitoring device comprising:

a transmission pulse oximetry system configured to emit

first light and generate a first signal;

a reflective pulse oximetry system configured to emit
second light and generate a second signal, wherein
power consumed by the reflective pulse oximetry sys-
tem to emit the second light is less than power con-
sumed by the transmission pulse oximetry system to
emit the first light; and

a processor in communication with the transmission pulse
oximetry system and the transmission pulse oximetry
system, the processor configured to determine a physi-
ological parameter based at least in part on at least one
of the first signal or the second signal.

58. The wearable patient monitoring device of claim 57,
wherein the physiological parameter comprises at least first
and second physiological parameters, wherein the processor
is configured to determine the first physiological parameter
based at least in part on the first signal, wherein the
processor is configured to determine the second physiologi-
cal parameter based at least in part on the second signal.

59. The wearable patient monitoring device of claim 57,
wherein the first physiological parameter comprises at least
one of blood oxygen saturation (SpO,) or pulse rate (PR),
and wherein the second physiological parameter comprises
pulse rate variability (PRV).

60. The wearable patient monitoring device of claim 57,
wherein the transmission pulse oximetry system comprises:

a first emitter configured to emit first light through tissue
of a patient, and

a first detector configured to sense the first light after it
passes through and is attenuated by the tissue and to
generate the first signal, wherein the first signal is
indicative of the sensed first light.

61. The wearable patient monitoring device of claim 57,
wherein the transmission pulse oximetry system further
comprises a lens, wherein at least a portion of the first light
passes through the lens.

62. The wearable patient monitoring device of claim 57,
wherein when the patient monitoring device is attached to
the patient, the first emitter and the first detector are aligned
such that the first light from the first emitter travels through
an opening between a first bone and a second bone of the
patient prior to being sensed by the first detector.

63. The wearable patient monitoring device of claim 57,
wherein at least one of:

the tissue corresponds to a forearm of the patient, the first
bone comprises a radial bone of the forearm, and the
second bone comprises an ulna bone of the forearm; or

the tissue corresponds to a lower leg of the patient, the
first bone comprises a tibia bone of the lower leg, and
the second bone comprises a fibula bone of the lower
leg.
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64. The wearable patient monitoring device of claim 57,
wherein the reflective pulse oximetry system comprises:
a second emitter configured to emit second light to tissue
of a patient, and
a second detector configured to sense the second light
after it is reflected and/or refracted at the tissue and to
generate second signal, wherein the second signal is
indicative of the sensed second light.
65. A method comprising:
receiving a signal corresponding to a transmission pulse
oximetry system of a wearable patient monitoring
device, wherein the transmission pulse oximetry sys-
tem comprises:
an emitter configured to emit light through tissue of a
patient, and
a detector configured to sense the light after it passes
through and is attenuated by the tissue and to gen-
erate the signal indicative of the sensed light,
wherein, when the wearable patient monitoring device
is worn by the patient, the emitter and detector are
aligned such that the light from the emitter travels
through an opening between a first bone and a
second bone of the patient prior to being sensed by
the detector; and
determining a physiological parameter based at least in
part on the signal.

14

Aug. 8,2019

66. The method of claim 65, wherein the signal is a first
signal, the emitter is a first emitter, and the light is first light,
the method further comprising:

receiving a second signal corresponding to a reflective
pulse oximetry system of the wearable patient moni-
toring device, wherein the reflective pulse oximetry
system comprises:

a second emitter configured to emit second light to the
tissue of a patient, and

the detector, wherein the detector is further configured
to sense the second light after it is reflected and/or
refracted at the tissue prior to being received by the
detector and to generate the second signal indicative
of the sensed second light,

wherein said determining the physiological parameter is
further based at least in part on the second signal.

67. The method of claim 65, wherein the second emitter
consumes less energy when emitting the second light than
the first emitter consumes when emitting the first light.

68. The method of claim 65, wherein the tissue corre-
sponds to a forearm of the patient, wherein the first bone
comprises a radial bone of the forearm and the second bone
comprises an ulna bone of the forearm.

L S T T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCH %5
CPCH %5
£ %X
HhEREESE

BEG®)

ARFFHERT ATNTZHEBELEN RZEREGEESHBEENRHIR
&, 5%, RENETREZ. RAMESEENRETIFHRFRNQN
o REBRTLUBE BENARRNK. KNEF AN ED 5N K H
BWALARMHA BT UL RPN ENES, HBEENREH
BEIBERABEMBN , RFB[ARNEBENHE | EERERFRAN
EHRRNB[BA < THBESBENE —BNE - 2B O,

B mE R B E i = E
US20190239787A1 K (AE)B
US16/265733 FER

CERCACOR LAB

CERCACOR LABORATORIES , INC.

CERCACOR LABORATORIES , INC.

VO HUNG THE
PAUL MATHEW

PAULEY, KEVIN HUGHES
VO, HUNG THE
PAUL, MATHEW

A61B5/1455 A61B5/00 A61B5/0205

patsnap

2019-08-08

2019-02-01

A61B5/14552 A61B5/6824 A61B5/6828 A61B5/6838 A61B5/0205 A61B5/02405

62/625475 2018-02-02 US

Espacenet USPTO

36 302


https://share-analytics.zhihuiya.com/view/c1c8dda2-7bcf-4c1b-aaa9-5f6630457cbe
https://worldwide.espacenet.com/patent/search/family/067476210/publication/US2019239787A1?q=US2019239787A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190239787%22.PGNR.&OS=DN/20190239787&RS=DN/20190239787

