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SYSTEM AND METHOD FOR
NON-INVASIVE MONITORING OF
HEMOGLOBIN

TECHNICAL FIELD

[0001] This invention relates generally to patient diagno-
sis and monitoring, and in particular non-invasive diagnosis
and monitoring of hemoglobin concentrations.

BACKGROUND

[0002] Hemoglobin (Hb) is the iron-containing protein
found in blood and is the component responsible for trans-
porting gases throughout the body, such as oxygen and
carbon dioxide. Measuring hemoglobin concentration is a
useful tool in screening patients for diseases such as anemia.
Typically, hemoglobin concentration measurements require
a blood sample to be taken from a patient, which is sent to
alab for analysis to isolate and measure the concentration of
Hb in the patient’s blood. Results typically take 1-2 days to
obtain, and are based on the Hb levels in the patient at the
time blood is drawn. As a result, it is not feasible to monitor
Hb levels continuously over long periods of time.

[0003] It would therefore be advantageous to develop a
device that is capable of detection and long-term monitoring
of Hb concentration (as well as other blood components
such as hematocrit, HbA1C, advanced glycation end (AGE)
products), which would allow for the detection of acute
conditions as well as chronic conditions that change slowly
over time.

SUMMARY

[0004] A method of non-invasively monitoring hemoglo-
bin concentration includes providing incident light to patient
tissue at a first excitation wavelength. The method further
includes monitoring a first emission response at a first
emission wavelength, wherein the first emission wavelength
is selected to correspond with a maximum or dominant
wavelength of the emission response, and monitoring a
second emission response at a second emission wavelength,
wherein the second emission wavelength is selected to
correspond with a minimum or a significant wavelength of
the emission response. A hemoglobin concentration is cal-
culated based on a ratio of the first emission response to the
second emission response.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 illustrates a schematic view of a patient and
a patient monitoring system, according to some embodi-
ments.

[0006] FIGS. 2A-2C are perspective views of an adherent
monitoring device according to some embodiments.

[0007] FIG. 3 is a perspective view of an insertable
monitoring device according to some embodiments.

[0008] FIG. 4 is a block diagram illustrating components
utilized to monitor optical signals and processing optical
signals according to some embodiments.

[0009] FIG. 5 is a flowchart that illustrates steps utilized to
measure hemoglobin concentrations according to some
embodiments.

[0010] FIG. 6 is a graph that illustrates relative absorbance
of hemoglobin at various wavelengths, and minimum and
maximum wavelengths utilized to measure hemoglobin con-
centrations according to some embodiments.
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[0011] FIG. 7 is a flowchart that illustrates steps utilized to
measure hemoglobin concentrations by utilizing an isos-
bestic wavelength according to some embodiments.

[0012] FIG. 8isa graph that illustrates relative absorbance
of hemoglobin at various wavelengths, and utilization of an
isosbestic wavelength as a significant wavelength for both
oxyhemoglobin and deoxyhemoglobin maximum wave-
lengths according to some embodiments.

[0013] FIG. 9is a flowchart that illustrates steps utilized to
measure hemoglobin concentrations using two light sources
and a single detector according to some embodiments.
[0014] FIG. 10 is a flowchart that illustrates long-term
monitoring and storage of hemoglobin concentrations and
one or more physiological signals to detect patient condi-
tions according to some embodiments.

[0015] FIG. 11 is a flowchart that illustrates dynamic
monitoring and storage of hemoglobin concentrations and
one or more physiological signals to detect patient condi-
tions according to some embodiments.

DETAILED DESCRIPTION

[0016] FIG. 1 illustrates a patient P and a monitoring
system 10 for non-invasive monitoring of blood concentra-
tion levels (e.g., hemoglobin, oxyhemoglobin, deoxyhemo-
globin, etc.) In the embodiment shown in FIG. 1, monitoring
system 10 comprises a patient medical device 100 and/or
110, gateway 102, and remote monitoring center 106. In the
embodiment shown in FIG. 1, patient medical device 100 is
an adherent device that attaches to the skin of the patient,
and patient medical device 110 is a clip that fits over a
patient’s finger. In other embodiments, patient medical
device may include implantable devices, insertable devices,
injectable devices, and/or wearable devices such as a Holter
monitor (collectively referred to as a medical device). In
each example, the patient medical device utilizes optical
components to monitor blood concentration levels of the
patient. In some embodiments, patient medical device 100
includes one or more additional sensors for monitoring one
or more additional physiological parameters of the patient,
such as activity, orientation, cardiac activity, hydration, etc.
[0017] In the embodiment shown in FIG. 1, medical
device 100 is adhered to the thorax T of patient P, which
allows for the monitoring of additional physiological param-
eters, such as ECG, hydration, activity, etc. In many embodi-
ments, the device may adhere to one side of the patient, from
which side data can be collected. A benefit of utilizing an
adherent device, implantable, injectable, and/or wearable
device is that it may be utilized to collect physiological data
from the patient while the patient goes about normal day-
to-day activities outside of a hospital setting. A medical
device clipped to a patient’s finger, such as medical device
110, is not worn throughout the day by a patient, but may be
useful in applications such as these due to the relative ease
in applying the clip to a patient’s finger in order to take a
reading. That is, rather than wearing the device for an
extended period of time, a patient may periodically clip the
device to the patient’s finger for a few moments (e.g.,
seconds) in order to non-invasively measure a blood con-
centration level (e.g., oxy-Hb, deoxy-Hb), and then remove.
[0018] As discussed above, in some embodiments, the
medical device may monitor a number of physiological
parameters associated with patient P, including optical sig-
nals utilized to determine blood concentration levels, elec-
trocardiogram (ECG) signals utilized to detect rhythm



US 2019/0209060 A1

abnormalities such as tachycardia and/or bradycardia as well
as activity level data, posture, bio-impedance, etc. Analysis
of one or more of these physiological parameters may be
done locally by the medical devices 100 or 110, or remotely
by gateway 102 and/or remote monitoring center 106 (or
similar platform separate from the local medical device
100). In one embodiment, gateway 102 is a stand-alone
device installed —typically—in the patient’s home. In other
embodiments, gateway 102 may be a patient device (such as
a smartphone, tablet, or computer) capable of storing and
executing one or more applications designed to process
signals received from medical devices 100 and/or 110.
Non-invasive monitoring of blood concentration levels
relies on one or more optical sensors positioned on the
medical device to provide an excitation source (e.g., light) to
patient tissue and monitor the emission response (e.g., light
emitted by the patient tissue as a result of reflection, fluo-
rescence, absorbance of the incident light). For example, in
one embodiment one or more light sources associated with
the medical device direct incident light to patient tissue. In
addition, one or more photodetectors associated with the
medical device receives light emitted from the patient at a
particular emission wavelength associated with the photo-
detector (e.g., wavelengths of 590 nm). The photodetector
converts the measured emission (i.e., optical signal) to an
electrical signal that is representative of the amplitude or
strength of the emitted light. As discussed in more detail
below, analysis of the detected optical signal can be utilized
to monitor blood concentration levels. In some embodi-
ments, the analysis is performed locally by the medical
device 100 or 110, while in other embodiments the moni-
tored optical signal is transmitted to a gateway 102 or remote
center 106 for analysis to detect blood concentration levels.

[0019] In one embodiment, gateway 102 comprises com-
ponents of the zILink™, a small portable device similar to a
cell phone that wirelessly transmits information received
from medical device 100 to remote monitoring center 106.
The gateway 102 may consist of multiple devices, which can
communicate wired or wirelessly with remote center 106 in
many ways, for example with a connection 104 which may
comprise an Internet connection and/or with a cellular
connection. Remote center 106 may comprise a hosted
application for data analysis and storage that also includes a
website, which enables secure access to physiological trends
and clinical event information for interpretation and diag-
nosis. Remote center 106 may further or alternatively com-
prise a back-end operation where physiological data from
adherent devices 100 or 110 are read by human experts to
verify accuracy. Reports may then be generated at remote
monitoring center 106 for communication to the patient’s
physician or care provider. As discussed above, in other
embodiments gateway 102 may be implemented with a user
device such as a smartphone, tablet, or computer capable of
storing and executing one or more applications capable of
processing data received from medical devices 100 and/or
110, as well as communicating the received data to remote
monitoring center 106.

[0020] In an exemplary embodiment, the monitoring sys-
tem comprises a distributed processor system with at least
one processing module (not shown) included as part of
adherent device 100, at least one processor 102P of gateway
102, and at least one processor 106P at remote center 106,
each of which processors can be in electronic communica-
tion with the other processors. At least one processor 102P
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comprises a tangible medium 102T, and at least one pro-
cessor 106P comprises a tangible medium 106T. Remote
processor 106P may comprise a backend server located at
the remote center. Physiological parameters—including
optical signals—monitored by medical device 100 may be
analyzed by one or more of the distributed processors
included as part of medical device 100, gateway 102, and/or
remote monitoring center 1086.

[0021] FIGS. 2A-2C are perspective views of an adherent
monitoring device according to some embodiments. Adher-
ent devices are adhered to the skin of a patient, and include
one or more sensors utilized to monitor physiological
parameters of the patient. Adherent devices are often-times
utilized for long-term monitoring of ambulatory patients,
allowing physiological parameters of the patient to be moni-
tored over a period of time (e.g., days, weeks, months).
Adherent devices therefore allow for both long-term moni-
toring of patients with chronic conditions (e.g., anemia) as
well as monitoring and detection of acute incidences (e.g,,
carbon monoxide poisoning). This is in contrast with typical
blood tests, which require blood be drawn by a lab and
therefore do not allow for either long-term monitoring or
detection of acute conditions.

[0022] The adherent device 200 illustrated in FIG. 2A
illustrates the relatively low profile of adherent devices,
which allows patients to wear the devices comfortably over
a long period of time.

[0023] In the embodiment shown in FIG. 2B, a bottom
surface 202 of adherent device 200 is shown, which includes
a plurality of electrodes 204a-2044, at least one light emitter
206, and two photodetectors 208a, 2085. Electrodes 204a-
2044 are utilized to monitor electrical activity associated
with the patient, including monitoring electrocardiogram
(ECG) information and bio-impedance. The at least one light
emitter 206 is utilized to generate an excitation signal (e.g,,
incident light) provided incident to patient tissue. Light
provided by emitter 206 may be comprised of a plurality of
wavelengths, including visible light, ultraviolet light
(shorter wavelengths than visible light), and infrared light
(longer wavelengths than visible light). In other embodi-
ments, light provided by emitter 206 may be comprised of
one or more selected wavelengths. Depending on the par-
ticular aspect/component of blood to be monitored (e.g.,
hemoglobin, oxyhemoglobin, deoxyhemoglobin, glycosy-
lated hemoglobin Alc (HbAlc), hematocrit levels, etc.),
different wavelengths of light may be selected in order to
generate a particular emission response, which refers to how
the incident light at a particular wavelength interacts with
blood components via reflectance, absorbance, fluorescence,
etc., which is represented by the light emitted from the
patient. For example, hemoglobin is defined by an emission
response to incident light provided at a particular wave-
length.

[0024] In addition, the embodiment shown in FI1G. 2B, the
bottom surface 202 of adherent device 200 includes two or
more photodetectors 208a, 2084. In this embodiment, each
photodetector is configured to detect light at a particular
emission wavelength. The wavelength selected is based on
the emission response or morphology of the blood compo-
nent being analyzed (e.g., hemoglobin, hematocrit, platelets,
etc.). In a lab environment, the entire spectral response (e.g,,
all wavelengths) may be measured and analyzed. This is cost
prohibitive though in an adherent device. Instead of moni-
toring all wavelengths, the embodiment shown in FIG. 2B
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selects two or more wavelengths to monitor. The wave-
lengths are selected based on the particular blood component
being analyzed, and are selected to correlate with at least one
maximum and at least one minimum of the emission
response. Alternatively, the emission wavelength could be
selected to reflect significant wavelength from the absor-
bance spectra of Hb. For example, hemoglobin is defined by
a spectral response that includes a maximum at a wavelength
of approximately 575 nm, and a minimum at a wavelength
of approximately 560 nm. In this example, photodetector
208a may be configured to monitor an attribute (e.g., ampli-
tude) of the emission response provided at 575 nm, and
photodetector 2085 may be configured to monitor an attri-
bute (e.g., amplitude) of the emission response provided at
560 nm.

[0025] Based on the measured attribute of emitted light at
select wavelengths, a ratio of the measured attributes is
calculated, wherein the ratio provides a measure of the blood
concentration component. A benefit of utilizing a ratio is that
the measure is relatively immune to noise and external
factors such as change in ambient light intensity, molecule
concentrations, artifacts, light source instability, detector
instability, and/or changes in placement of the sensor. For
example, a measurement taken during the night in which
little or no external light is available may provide an
amplitude that is much lower than the amplitude measured
if the patient is outside in the sun—in which light from the
sun increases the measured amplitude at both the minimum
and the maximum.

[0026] Although in the embodiment shown in FIG. 2B, a
single emitter 206 is shown along with a pair of detectors
208a and 2085, in other embodiment a plurality of emitters
may be utilized along with more than two detectors. In
addition, although each emitter and detector is illustrated as
a separate entity, in some embodiments the functions of an
emitter and detector are included in a single device. There-
fore, on one embodiment light source 206 may also include
a photodetector 208. Photodetectors may be implemented
with well-known imaging sensors such as CCD or CMOS
image sensors.

[0027] Incontrast with the embodiment shown in FIG. 2B,
in which the number of detectors 208 was greater than the
number of emitters 206, in other embodiments the number
of emitters 206 may be greater than the number of detectors
208. For example, in the embodiment shown in FIG. 2C,
rather than utilize a single light source or emitter and two or
more detectors, adherent device 210 includes a pair of
emitters 2124 and 2125 and a single photodetector 214. In
this embodiment, each light source or emitter 212a and 2125
provides incident light at a unique wavelength. Photodetec-
tor 214 monitors emissions at a single wavelength, selected
to correspond with an emission response associated with
first excitation wavelength, and an emission response asso-
ciated with the second excitation wavelength.

[0028] In some embodiments, emitters 212a and 2125 are
controlled to generate incident light mutually exclusive of
one another (e.g., one at a time). This allows detector 214 to
measure the emission response associated with the first
excitation wavelength and the emission response associated
with the second excitation wavelength, separately. For
example, in one embodiment emitter 212a is activated to
provide incident light at a first wavelength. Photodetector
214 measures an attribute (e.g., amplitude) relating to the
emission response at a given emission wavelength. Subse-
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quently, emitter 212a is deactivated and emitter 2125 is
activated to provide incident light at a second wavelength.
Photodetector 214 measures the attribute (e.g., amplitude)
relating to the emission response at the same given emission
wavelength. The ratio of the measured amplitudes is utilized
to measure a blood concentration component (e.g., hemo-
globin).

[0029] In other embodiments, more than two light sources
(e.g., emitters) may be utilized to provide incident light at
more than two unique wavelengths. In addition, more than
a single photodetector may be utilized in order to measure
attributes of the emission response at a plurality of emission
wavelengths. Similarly, although a pair of emitters 2124 and
212b and a single photodetector 214 are utilized in FIGS.
2C, in other embodiments more than two emitters may be
utilized along with a plurality of photodetectors. In addition,
although each emitter and photodetector is illustrated as a
separate entity, in some embodiments the functions of an
emitter and photodetector are included in a single element.

[0030] FIG. 3 is a perspective view of an insertable
monitoring device 300 according to some embodiments. In
contrast with an adherent device, which is secured to the
skin of a patient, insertable monitoring devices 300 are
inserted subcutaneously. Insertable device 300 includes at
least first and second electrodes 302a and 3025, at least one
emitter 304 and at least one photodetector 308. As discussed
above, in order to generate the desired ratio, at least two
emitters 304 are required in combination with at least one
detector 308, or at least two photodetectors 308 are required
in combination with at least emitter 304. For example, in one
embodiment insertable monitoring device 300 utilizes first
and second photodetectors, each measuring attributes at
unique emission wavelengths and at least one emitter pro-
viding light at a desired excitation wavelength. In this
embodiment, the emission wavelengths selected for first and
second photodetectors 308 is based on the particular blood
component being analyzed, and are selected to correlate with
at least one maximum and at least one minimum of the
emission response of the component being monitored. For
example, oxyhemoglobin is defined by an emission response
that includes a maximum at a wavelength of approximately
575 nm, and a minimum at a wavelength of approximately
560 nm. In one embodiment, first photodetector 308 may be
configured to monitor the amplitude of light provided at 575
nm, and second photodetector 308 may be configured to
monitor the amplitude of light provided at 560 nm.

[0031] Likewise, in another embodiment insertable moni-
toring device 300 utilizes two or more emitters (i.e., a
second emitter in addition to emitter 304) and at least one
photodetector 308. In this embodiment, a first emitter pro-
vides light at a first excitation wavelength and second
emitter provides light at a second excitation wavelength. The
first and second emitters are controlled so that incident light
is provided at different times. For example, the first emitter
may generate incident light for a first period of time, and the
second emitter may generate incident light for a second
period of time following the first period of time. Photode-
tector 308 measures one or more attributes associated with
the emission response at each of the excitation wavelengths.
A ratio 1s calculated based on the measured attributes and
utilized to determine the desired ratio utilized to determine
the blood component concentration. A benefit of utilizing
ratios is that placement of the insertable device may have an
impact on the magnitude of the attributes measured. For
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example, placement over a vein may increase the absolute
value of measured attributes. By utilizing a ratio, variation
in absolute values based on placement is mitigated.

[0032] FIG. 4 is a block diagram illustrating components
utilized to monitor optical signals and processing optical
signals according to some embodiments.

[0033] Medical device 400 includes at least one light
source 402, at least one detector 404, filter/amplifier 406,
processor/microcontroller 408, memory 410, and commu-
nication/output 412. As described above, medical device 400
may be adhered to the patient’s skin, clipped onto a patient’s
finger, attached via an arm cuff, inserted subcutaneously, or
implanted within the patient. Light source 402 emits light
that is provided incident to the patient’s tissue, referred to
herein as “excitation”. In some embodiments, excitation
may be provided at a plurality of wavelengths or at a
selected wavelength. For example, the wavelength of the
emitted light may be selected based on the blood component
(e.g., particular protein) to be analyzed, wherein different
wavelengths of light interact differently with particular
proteins. In some embodiments, light source 402 includes a
plurality of light sources each capable of emitting at a
particular unique wavelength.

[0034] Light from light source 402 interacts with patient
tissue 414 or patient fluid, protein or photo-active molecule.
The interaction is a result of one or more processes, includ-
ing autofluorescence, absorption, transmittance and reflec-
tance that results in the emission of light from the tissue,
referred to as the emission response. The emission response
is detected by the one or more photodetectors 404, which
may be place adjacent to the light source 402 (as shown in
FIGS. 2B, 2C and 3) or on the opposite side of patient tissue
as is common in pulse oximeters. In some embodiments,
photodetector 404 may utilize well-known optical sensors,
such as complimentary  metal-oxide-semiconductor
(CMOS) sensor or a charge-coupled device (CCD) sensor.
Each of the one or more photodetectors 404 is configured to
detect light at a particular emission wavelength. For embodi-
ments in which a plurality of emission wavelengths are
monitored, a plurality of photodetectors 404 are required,
each configured to monitor one of the desired emission
wavelengths. The emission wavelengths monitored by the
one or more photodetectors 404 are selected based on the
particular blood component being monitored. For example,
the emission response morphology (i.e., amplitude of the
emission response across the entire wavelength spectrum)
depends on how light interacts with the blood component
being monitored, with emission responses for each blood
component providing different emission response morphol-
ogy. In particular, emission wavelengths monitored by the
one or more photodetectors are selected to correspond with
maximum and/or minimum values associated with the emis-
sion response spectrum being monitored, or with wave-
length(s) of significance on the emission spectrum.

[0035] The one or more photodetectors convert the moni-
tored optical signal (i.e., the emission response) to an
electrical signal representative of the amplitude of the emis-
sion wavelength being monitored. Filter/amplifier 406 filters
and amplifies the signal to provide a clean signal to proces-
sor/microcontroller 408.

[0036] Processor/microcontroller 408 operates in conjunc-
tion with memory 410 and communication output 412. In
some embodiments, processor/microcontroller 408 provides
the measured emission response signals monitored by the
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photodetectors to an intermediate gateway 102 and/or
remote monitoring center 106 (shown in FIG. 1) for subse-
quent processing. In other embodiments, processor/micro-
controller 408 executes instructions locally to perform
analysis on the monitored emission response. This may
include calculating ratios associated with two or more
monitored emission responses, calculating blood component
concentrations based on the calculated ratios, comparing the
ratios and/or blood component concentrations to threshold
values, and/or storing calculated ratios and/or blood com-
ponent concentrations to memory 410. Results of any analy-
sis performed locally by processor/microcontroller may then
be communicated to intermediate device 102, gateway 106,
or provided as an alert to the patient (e.g., audio alert).

[0037] FIG. 5isa flowchart that illustrates steps utilized to
measure hemoglobin concentrations according to some
embodiments. Reference is made to FIG. 6, which is a graph
that illustrates relative absorbance of oxy-Hb (line 600) and
deoxy-Hb (line 602) at various wavelengths, and minimum
and maximum wavelengths utilized to measure hemoglobin
concentrations according to some embodiments. The change
in relative absorbance is a result of changes in the molecular
structure when an oxygen molecule is attached to the
hemoglobin versus when no oxygen molecule is attached. A
typical pulse oximeter utilizes a wavelength in which the
relative absorption of oxy-Hb and deoxy-Hb differ signifi-
cantly and utilizes the measured amplitude to determine the
concentration of oxy-Hb to deoxy-Hb. For example, at a
wavelength of approximately 660 nm (far right of FIG. 6),
the relative absorbance varies significantly between oxy-Hb
and deoxy-Hb. Measuring the amplitude of light transmitted
at 660 nm and measuring the amplitude of transmitted light
allows for a determination to be made regarding concentra-
tion of oxy-Hb and/or deoxy-Hb. However, as an absolute
measurement, this measurement is highly susceptible to
noise and outside influence. For example, a change in
ambient light levels will have an effect on the measured
amplitude, resulting in errors in the measurement. In con-
trast, the present invention utilizes minimums and maxi-
mums in the known emission response to generate one or
more ratios, as discussed in more detail below.

[0038] At step 500, one or more light sources are utilized
to illuminate patient tissue at one or more excitation wave-
lengths. In one embodiment, the light source is provided at
a wavelength selected based on the blood concentration
component to be measured. For example, typically a wave-
length is selected in the ultraviolet (UV), visible, or infrared
(IR) spectrums in order to generate an absorbance, reflec-
tance, transmittance and/or fluorescence response (i.e.,
emission response) having the desired spectral morphology.
In the embodiment shown in FIGS. 5 and 6, light is provided
at a single excitation wavelength (e.g., red visible light,
infrared light), but in other embodiments may be provided at
a plurality of wavelengths (e.g., visible white light).

[0039] In response to the excitation provided by the light
source, an emission response is generated that is a function
of, at least in part, the concentration of oxy-Hb and deoxy-
Hb in the patient’s tissue. A full spectrum sweep of each of
the wavelengths shown in FIG. 6 and measurement of the
resulting emission response is one method of determining
the concentration of oxy-Hb and deoxy-Hb, but as discussed
above this is prohibitive in terms of computational and
battery power requirement. To overcome the cost of a full
spectrum wavelength sweep to measure the co ncentration
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levels of various blood components, wavelength measure-
ments are limited to monitoring two emission wavelengths.

[0040] At step 502, first and second photodetectors mea-
sure emission at a first wavelength A, and a second wave-
length A,, respectively. The first emission wavelength A, is
selected to correspond with a known maximum of the
emission response. For example, in the embodiment shown
in FIG. 6, the maximum associated with oxy-Hb occurs at
approximately A, (e.g., wavelength of 578 nm). The second
emission wavelength A, is selected to correspond with a
known minimum of the oxy-Hb emission response. For
example, in the embodiment shown in FIG. 6, 2 minimum
associated with oxyhemoglobin occurs at approximately any
wavelength greater than 620 nm (e.g., 640 nm is selected in
this embodiment). If deoxy-Hb is to be monitored, then
emission wavelengths are selected that correspond with
maximum and minimum values of the deoxy-Hb emission
response. For example, an emission wavelength A, corre-
sponding with a maximum of the deoxy-Hb emission
response is selected (e.g., wavelength of approximately 555
nm) and a second emission wavelength A, corresponding
with a minimum of the deoxy-Hb emission response is
selected (e.g., wavelength greater than approximately 640
nm, 650 utilized in this embodiment). In some embodi-
ments, the minimum value associated with oxy-Hb and
deoxy-Hb may utilize the same emission wavelength (e.g.,
wavelength of 640 nm).

[0041] The measurement taken at step 502 is a measure-
ment of an attribute (e.g., intensity, amplitude, phase, etc.) of
the emission response. In general, the photodetector respon-
sible for measuring the attribute at a particular emission
wavelength converts the detected light into an electrical
signal representative of the measured attribute. In the
embodiment shown in FIG. 6, the measured amplitude is
analyzed based on relative absorbance spectrum, but may
take into account one or more other processes that affect
emissions of light from the tissue in response to the incident
light. In general, the concentration of blood at any particular
time is a combination of oxy-Hb and deoxy-Hb, such that
the amplitude measured is a combination of absorbance
resulting from the oxy-Hb concentration and the deoxy-Hb
concentration. At the minimum wavelength selected (e.g.,
A,), both oxy-Hb and deoxy-Hb exhibit a relatively low
absorbance. In contrast, a large difference in relative absor-
bance of oxy-Hb and deoxy-Hb is exhibited at the maximum
wavelength selected (e.g., A,). This difference in relative
absorbance is required in order to utilize the measured
amplitudes to determine the relative concentration levels of
oxy-Hb and deoxy-Hb. For example, the amplitude of the
emission response at wavelength A, will decrease as the
concentration of oxy-Hb concentration increases due to the
difference in relative absorbance of oxy-Hb to deoxy-Hb at
this wavelength, with oxy-Hb exhibiting greater relative
absorbance. However, the emission response at wavelength
A, will also decrease in response to ambient conditions
changing, such as the patient walking from an outdoor
environment to an indoor environment, which cannot be
known simply by measuring the raw amplitude at a particu-
lar wavelength, resulting in erroneous determinations of
oxy-Hb. To address this change in absolute amplitudes in
response to external conditions (e.g., ambient light condi-
tions), one or more ratios are utilized. Other factors that
could introduce an error to the absolute raw amplitude
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include body motion, muscle flexing, circulatory perfusion,
movement of the incident light relative to the patient tissue,
etc.

[0042] At step 504, one or more ratios R are calculated
based on the emissions measured at the first and second
wavelengths A, and A, (e.g., R;=A,/A,). The calculated ratio
may be calculated on the medical device 100, 110 (shown in
FIG. 1), or may be measured at an intermediate device 102
(as shown in FIG. 1) or remotely at a remote monitoring
center 106 (as shown in FIG. 1). A benefit of utilizing a ratio
R as opposed to an absolute measure at a particular emission
wavelength is that use of the ratio R decreases the effect of
noise on the measured blood concentration. For example, the
effect of changes in ambient light (which also interacts with
the patient’s tissue) are negated through the use of a ratio of
maximum and minimum values. For example, in the
embodiment shown in FIG. 6 in which oxy-Hb is being
monitored, the ratio R may be calculated based on the
amplitude measured at wavelengths A, divided by the ampli-
tude measured at wavelength A,. A change in ambient light
that decreases the amplitude of the emission response at
wavelength A, similarly and proportionally decreases the
amplitude of the emission response at wavelength A.,.
[0043] In one embodiment, the ratio R is defined as the
amplitude measured at wavelength A, divided by the ampli-
tude measured at wavelength A, (e.g., R=A, /A, ). As
oxy-Hb concentrations increase, the amplitude measured at
wavelength A, decreases in response to the higher absorption
of increasing oxy-Hb concentrations. The amplitude mea-
sured at wavelength A, may increase slightly as deoxy-Hb
absorbs more light at wavelength A,, however, the relative
absorbance of both oxy-Hb or deoxy-Hb are fairly low at
wavelength A, and therefore the amplitude measured at
wavelength A, will remain relatively unchanged. The net
result is a decrease in the ratio R in response to increasing
oxy-Hb concentrations. Furthermore, no substantial change
in the ratio R results from a change in ambient light. For
example, if a patient moves from outdoors (e.g., sunny
environment) to indoors, the corresponding decrease in
measured amplitudes is relatively the same at wavelengths
A, and A, resulting in the ratio remaining relatively constant
in light of changing ambient conditions.

[0044] In other embodiments, various other ratios R may
be calculated based on the emission wavelengths measured.
For example, the ratio may be defined as the amplitude
measured at wavelength A; (maximum) and wavelength A,
(minimum), which provides information on deoxy-Hb con-
centration levels. In other embodiments, the ratio may be
defined as the amplitude measured at wavelength A, (oxy-
Hb maximum) and wavelength ., (deoxy-Hb maximum), to
provide a ratio of oxy-Hb concentration levels to deoxy-Hb
concentration levels.

[0045] At step 506, the calculated ratio R is utilized to
determine the blood component concentration level (e.g.,
oxy-Hb concentration, deoxy-Hb concentration, etc.). In one
embodiment, the concentration levels may be correlated
with various ratios R. For example, the medical device (or
remote monitoring center) may include a stored table that
correlates measured ratios with concentration levels. In
other embodiments, a plurality of ratios may be utilized to
determine concentration levels. For example, in the embodi-
ment shown in FIG. 6, a first ratio R, may be calculated
based on the maximum/minimum associated with oxy-Hb
and a second ratio R, may be calculated based on maximum/
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minimum associated with deoxy-Hb. The plurality of ratios
may be utilized alone or in conjunction with one another to
determine concentration levels. For example, the combina-
tion of ratios R and R, may be utilized to determine the total
concentration of hemoglobin (e.g., combination of oxy-Hb
and deoxy-Hb).

[0046] In one embodiment, determining one or more
blood component concentration levels is performed locally
by the medical device (e.g., adherent device 100, 200 shown
in FIGS. 1 and 2A-2C, monitoring clip 110 shown in FIG.
1, insertable device 300 shown in FIG. 3, etc.). In other
embodiment, measured amplitude and/or ratios are commu-
nicated to an intermediate device and/or remote monitoring
center and determination of concentration levels is per-
formed by the intermediate and/or remote monitoring center.
[0047] At step 508, the determined concentration level is
stored and/or analyzed to detect patient conditions. For
example, in one embodiment the determined concentration
level (e.g., hemoglobin concentration level) is compared to
a threshold level to detect conditions such as anemia. In
some embodiments, the threshold level is an absolute value,
while in other embodiments the threshold level is initialized
with respect to the patient. For example, to calculate an
initialized value, a concentration level may be determined at
an initial period (via optical monitoring or via blood test).
Having determined an initial value, the threshold level is
determined based on the initial value and is utilized to detect
conditions such as anemia.

[0048] In one embodiment, storage of the concentration
level and/or comparison of the concentration level to a
threshold level to detect a patient condition is done locally
on the medical device (e.g., adherent device, insertable
device, etc.). In other embodiments, storage of the concen-
tration level and/or comparison of the concentration level to
a threshold level to detect a patient condition is done
remotely at an intermediate device and/or remote monitoring
center. In response to a detected condition, such as anemia
and/or other hemoglobin related conditions, an alert or alarm
may be generated and communicated to the patient and/or a
monitoring party (e.g., physician, hospital, etc.).

[0049] A benefit of the method described in FIGS. 5 and
6 is the ability to provide long-term monitoring of blood
component concentration levels. In contrast with typical lab
tests, which monitor concentration levels at the instant in
time in which blood is drawn, the present invention allows
concentration levels to be monitored for long periods of time
(e.g., days, weeks). Benefits of long-term monitoring
include the ability to detect acute conditions throughout the
monitoring period and to alert the patient of the acute
condition to reduce the amount of time it takes the patient to
receive a diagnosis. Benefits of long-term monitoring further
include the ability to average concentration levels over a
period of time to account for variations in blood component
concentration levels (which vary on short time-tables related
to patient heart-beat, as well as longer time tables in
response to patient condition). In addition, long-term moni-
toring allows concentration trends to be detected and utilized
to determine whether a condition is improving or worsening.
For example, long-term monitoring can be utilized to moni-
tor the efficacy of treatment, and/or monitor progression or
worsening of a condition.

[0050] FIG. 7 is a flowchart that illustrates steps utilized to
measure hemoglobin concentrations by utilizing an isos-
bestic wavelength according to some embodiments. FIG. 7
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is a graph that illustrates relative absorbance of hemoglobin
at various wavelengths, and utilization of an isosbestic
wavelength as a minimum for both oxy-Hb and deoxy-Hb
maximum wavelengths according to some embodiments.

[0051] In general, the embodiment shown in FIGS. 7 and
8 is similar to that described with respect to FIGS. 5 and 6.
The main difference is in selection of the emission wave-
length minima (e.g., the emission wavelength corresponding
with an emission response minimum). In contrast with the
embodiments shown in FIGS. 5 and 6, in the embodiment
shown in FIGS. 7 and 8 the emission wavelength minimum
is selected at an isosbestic point that represents a point at
which the total absorbance of a sample does not change
during a chemical reaction or a physical change of the
sample. For example, as illustrated in FIG. 8, an isosbestic
point exists at an emission wavelength As (e.g., wavelength
of approximately 510 nm). At the isosbestic point, the
emission response of both oxyhemoglobin (line 800) and
deoxyhemoglobin (line 802) are equal to one another. By
utilizing an isosbestic point as the emission wavelength
minimum, ratios can be calculated for measuring both
oxyhemoglobin and deoxyhemoglobin via monitoring of
only three emission wavelengths (rather than the four uti-
lized in the embodiment shown in FIGS. 5 and 6).

[0052] At step 700, one or more light sources are utilized
to illuminate tissue at one or more excitation wavelengths.
As discussed above, the excitation wavelength may be
selected based on the blood component to be measured (i.e.,
the excitation wavelength is selected to generate an emission
response having the desired morphology). For monitoring
blood component concentrations, typically the excitation
wavelength utilized is in the visible red spectrum or infrared
spectrum. In other embodiments, the light source is provided
at a plurality of wavelengths (e.g., white light).

[0053] At step 702, one or more photodetectors are uti-
lized to measure emissions at a first wavelength A, a second
wavelength A4, and a third wavelength A.,. In some embodi-
ments, only two emission wavelengths need to be monitored
in order to measure either oxy-Hb or deoxy-Hb, but in this
example three emission wavelengths are monitored and
utilized to measure two blood component concentrations. As
discussed above, measuring the entire emission response
(e.g., measuring at all wavelengths) is prohibitive. However,
information about the Oxy-Hb blood component concentra-
tion can be determined by measuring the emission response
at isosbestic wavelength . and a second wavelength A. The
first emission wavelength A5 is selected to correspond with
a significant wavelength of the emission response that also
corresponds with an isosbestic point between the oxy-Hb
emission response and the deoxy-Hb emission response. For
example, in the embodiment shown in FIG. 8, an isosbestic
point exists at an emission wavelength of approximately 510
nm. In addition to an isosbestic point, second and third
emission wavelengths A, and A, are selected to correspond
with maximums associated with the oxy-Hb emission
response and the deoxy-Hb emission response. In the
embodiment shown in FIG. 8, the maximum emission
response associated with oxyhemoglobin occurs at wave-
length A, (e.g.., wavelength of approximately 578 nm, or
alternatively a local maximum at 540 nm may be utilized)
and the maximum emission response associated with deoxy-
hemoglobin occurs at wavelength A, (e.g., wavelength of
approximately 555 nm).
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[0054] The measurement taken at step 702 is a measure-
ment of the intensity/amplitude of the emission response. As
discussed above, the photodetector responsible for measur-
ing the amplitude at a particular emission wavelength con-
verts the detected light into an electrical signal representa-
tive of the measured amplitude. In the embodiment shown in
FIG. 7, the measured amplitude is a measure of the relative
absorbance, but may be related to one or more other pro-
cesses that results in the emission of light from the tissue in
response to the incident light.

[0055] At step 704, one or more ratios R are calculated
based on the emissions measured at the first, second, and
third wavelengths A, A and A,. A first calculated ratio R,
is calculated based on first and second wavelengths A and
A, and provides information on oxy-Hb concentrations. A
second calculated ratio R, is calculated based on first and
third wavelengths A5 and 2., and provides information on
deoxy-Hb concentrations. As discussed above, utilizing an
isosbestic point allows ratios to be calculated for both
oxyhemoglobin and deoxyhemoglobin concentrations via
monitoring of three emission wavelengths, rather than four.
[0056] At step 706, the calculated ratios R, and R, is
utilized to determine two or more concentration levels (e.g.,
oxy-Hb concentration, deoxy-Hb concentration, etc.). In
other embodiments, a plurality of ratios may be utilized to
determine concentration levels. For example, in the embodi-
ment shown in FIG. 8, a first ratio R, may be calculated
based on the maximum/minimum associated with oxy-Hb
and a second ratio R, may be calculated based on maximum/
minimum associated with deoxy-Hb. In this way, measure-
ment of the first and second ratios allows for the discrimi-
nation of the two components of hemoglobin and their
relative values. The plurality of ratios may be utilized alone
or in conjunction with one another to determine concentra-
tion levels. For example, the combination of ratio R, and R,
may be utilized to determine the total concentration of
hemoglobin (e.g., combination of oxyhemnoglobin and
deoxyhemoglobin).

[0057] In one embodiment, determining one or more
blood component concentration levels is performed locally
by the medical device (e.g., adherent device, insertable
device, etc.). In other embodiment, measured amplitude
and/or ratios are communicated to an intermediate device
and/or remote monitoring center and determination of con-
centration levels is performed by the intermediate and/or
remote monitoring center.

[0058] At step 708, the determined concentration level is
stored and/or analyzed to detect patient conditions. For
example, in one embodiment the determined concentration
level (e.g., hemoglobin concentration level) is compared to
a threshold level to detect conditions such as anemia. In
some embodiments, the threshold level is an absolute value,
while in other embodiments the threshold level is initialized
with respect to the patient. For example, to calculate an
initialized value, a concentration level may be determined at
an initial period (via optical monitoring or via blood test).
Having determined an initial value, the threshold level is
determined based on the initial value and is utilized to detect
conditions such as anemia.

[0059] As discussed above with respect to FIGS. 5 and 6,
in some embodiments, storage of the concentration level
and/or comparison of the concentration level to a threshold
level to detect a patient condition is done locally on the
medical device (e.g., adherent device, insertable device,
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etc.). In other embodiments, storage of the concentration
level and/or comparison of the concentration level to a
threshold level to detect a patient condition is done remotely
at an intermediate device and/or remote monitoring center.
In response to a detected condition, such as anemia and/or
other hemoglobin related conditions, an alert or alarm may
be generated and communicated to the patient and/or a
monitoring party (e.g., physician, hospital, etc.).

[0060] FIG. 9isa flowchart that illustrates steps utilized to
measure hemoglobin concentrations using two light sources
and a single detector according to some embodiments, such
as the embodiment shown in FIG. 2C.

[0061] At step 900, a first light source is utilized to
illuminate patient tissue at a first excitation wavelength. As
discussed above, the excitation wavelength may be selected
based on the blood component to be measured (i.e., the
excitation wavelength is selected to generate an emission
response having the desired morphology). For monitoring
blood component concentrations, typically the excitation
wavelength utilized is in the ultraviolet, visible or infrared
spectrum. While the first light source is turned ON or
emitting light, the second light source remains OFF, such
that only a single light source is emitting light at a given
time.

[0062] At step 902, at least one photodetector is utilized to
measure emissions in response to the first excitation wave-
length. In contrast with embodiments described with respect
to FIGS. 5-8. in some embodiments only a single emission
wavelength is monitored. The emission wavelength utilized
by the at least one photodetector is selected to correspond
with a known minimum and/or maximum of the emission
response associated with the excitation wavelength of the
first light source. As discussed above, the emission response
may be a result of one or more of tissue absorbance,
fluorescence, reflectance, etc., and the emission response
morphology (e.g., measured amplitude at all wavelengths) is
a result of the excitation wavelength provided by the first
light source. Selecting a minimum/maximum along the
emission response allows information regarding the blood
component being analyzed to be determined without requir-
ing monitoring the entire spectrum of emission wavelengths.
[0063] As discussed above, the measurement taken at step
902 is a measurement of the intensity/amplitude of the
emission response to the first excitation wavelength. The
photodetector responsible for measuring the amplitude at a
particular emission wavelength converts the detected light
into an electrical signal representative of the measured
amplitude.

[0064] At step 904, a second light source is utilized to
illuminate patient tissue at a second excitation wavelength.
As discussed above, the excitation wavelength may be
selected based on the blood component to be measured (i.e.,
the excitation wavelength is selected to generate an emission
response having the desired morphology). For monitoring
blood component concentrations, typically the excitation
wavelength utilized is in the ultraviolet, visible or infrared
spectrum. However, both the first excitation wavelength and
second excitation wavelengths must be unique in order to
generate unique emission responses. With the second light
source ON; the first light source is turned OFF, such that
only a single light source is emitting light at a given time.
[0065] The excitation wavelength of the second light
source is selected based on the blood component to be
measured, such that the emission response provides the
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desired morphology. However, whereas the first excitation
wavelength was selected to generate an emission response
having a maximum at the monitored emission wavelength,
the second excitation wavelength is selected to generate an
emission response providing something other than a maxi-
mum at the monitored emission wavelength, preferably a
minimum, based on the blood component concentration to
be measured.

[0066] At step 906, the at least one photodetector is
utilized to measure emissions in response to the second
excitation wavelength. In this embodiment, because it is the
excitation wavelength that is being modified—not the emis-
sion or monitored wavelength—it is important that the
emission wavelength monitored by the at least one photo-
detector be selected to correspond with a maximum associ-
ated with the first excitation wavelength and a minimum or
value relatively close to a minimum at the second excitation
wavelength. In other embodiments, a second photodetector
may be utilized that measures emissions at a second wave-
length. However, for purposes of the embodiment shown in
FIG. 8, only a single emission wavelength is measured.
[0067] At step 908, a ratio R is calculated based on the
amplitude measured at the first emission wavelength mea-
sured in response to first excitation wavelength and the
amplitude measured at the first emission wavelength in
response to the second excitation wavelength. As discussed
above, the ratio represents the relationship between the
amplitude measured with respect to the maximum of the
emission response and the amplitude measured with respect
to the minimum of the emission response. Utilizing this type
of ratio allows external effects such as ambient light and
noise to be minimized and allows for accurate determination
of blood component concentration levels without requiring
monitoring of the entire spectrum of emission wavelengths.
[0068] FIG. 10 is a flowchart that illustrates long-term
(e.g., chronic) monitoring and storage of hemoglobin con-
centrations and one or more physiological signals to detect
patient conditions.

[0069] At step 1000, a plurality of ratios are measured
based on first and second amplitudes measured by one or
more photodetectors over a first monitoring period (e.g.,
initialization period). A single light source may be utilized
along with multiple photodetectors associated with multiple
emission wavelengths, or a plurality of light sources may be
utilized at two or more excitation wavelengths, along with
one or more photodetectors associated with one or more
emission wavelengths. In general, at least one of the emis-
sion wavelengths is selected to correspond with a maximum
of the emission response and at least one of the emission
wavelengths is selected to correspond with a minimum of
the emission response. This may be accomplished by select-
ing by properly selecting the emission wavelength(s) and/or
properly selecting the excitation wavelength(s).

[0070] The initialization period requires a period of time
long enough to determine a baseline of the blood concen-
tration value to be monitored. This may mean several
minutes of monitoring, or several days of monitoring. A
plurality of ratio measurements are taken during the moni-
toring period, allowing for averages and deviations associ-
ated with the blood concentration value to be monitored. A
benefit of utilizing an initialization period, is measurements
may vary from patient to patient based on factors such as
device placement—including general placement as well as
factors such as placement adjacent to a blood vessel—body
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type of the patient, skin color, etc. Each of these factors may
modify how light interacts with the patient and the resultant
emission response from the patient.

[0071] In one embodiment, a plurality of unique ratios are
collected in order to monitor different blood concentration
levels (e.g., oxyhemoglobin, deoxyhemoglobin, etc.). For
example, a first unique ratio may be related to oxy-Hb levels,
and at step 1000 a plurality of measurements are taken
during the first monitoring period with respect to the first
unique ratio. A second unique ratio may be related to
deoxy-Hb levels, and at step 1000 a plurality of measure-
ments may be taken during the first monitoring period with
respect to the second unique ratio.

[0072] At step 1002, for each unique ratio monitored, the
plurality of ratios corresponding with each unique ratio
measured during the first monitoring period are averaged to
develop a personalized ratio for the patient. For example, a
plurality of ratios associated with oxyhemoglobin concen-
tration levels taken during the initialization period are aver-
aged utilized to generate a baseline or initial ratio represent-
ing the average oxyhemoglobin level of the patient. The
personalized ratio may represent a true averaging of the
oxyhemoglobin levels, a mean of the monitored ratios, or
other statistical tools utilized to determine a personalized
ratio value or values.

[0073] At step 1004, the personalized ratio is utilized to set
alarm/warning thresholds. In one embodiment, the threshold
may be calculated at a predefined magnitude above and/or
below the personalized ratio. For example, a personalized
ratio related to oxy-Hb concentration (e.g., oxygenated
blood) may result in a threshold being set at fixed amounts
above and below the personalized ratio, creating a monitor-
ing envelope around the personalized ratio. In other embodi-
ments, rather than a predetermined or fixed threshold above
and/or below the personalized ratio, the envelope is defined
by statistical tools such as standard deviation. In other
embodiment, the threshold is defined by a percentage
change in the personalized ratio, and in other embodiments
may be defined by a rate of deviation from the personalized
ratio (e.g., warning threshold reached if oxy-Hb levels
change rapidly from a personalized ratio). For each person-
alized ratio monitored, an individual monitoring envelope
may be created.

[0074] At step 1006, one or more ratios are monitored and
compared to the alarm/warning thresholds to detect patient
conditions. The one or more ratios may be individual
measurements, or may be based on averaging as well. For
example, if ratio related to hemoglobin concentrations fall
below a threshold value, this is an indication that the person
may be anemic or experiencing blood loss, and requires
medical attention. In other embodiments, the ratio may be
monitored for changes from an initial value (e.g., percentage
change), rate of change, etc.

[0075] At step 1008, an alert is generated in response to
the monitored ratio exceeding or falling below one or more
of the thresholds. In some embodiments, when a threshold is
crossed, this triggers additional measurements in order to
confirm the accuracy of the result. This may include increas-
ing the frequency at which readings are taken, or simply
continuing to monitor to ensure that the measured ratios are
accurate.

[0076] The alert may be provided to the patient in the form
of an audio or visual alert. The alert may also be commu-
nicated to the intermediate gateway 102 or remote monitor-



US 2019/0209060 A1

ing center 106 (shown in FIG. 1). The alert may be provided
to a physician or expert for analysis and confirmation of the
detected patient condition.

[0077] One of the benefits of the embodiment described
with respect to FIG. 10, in combination with adherent and/or
insertable devices is that they allow for long-term monitor-
ing of trends in blood concentration levels. In particular, the
utilization of ratios minimizes the effect of external influ-
ences and noise (such as changing ambient light conditions,
etc.), and initialization of the ratio to an average value
monitored over an initial monitoring period allows the ratios
to be personalized for each patient (to account for differ-
ences in the physiology of each patient).

[0078] FIG. 11 is a flowchart that illustrates dynamic
monitoring and storage of hemoglobin concentrations and
one or more physiological signals to detect patient condi-
tions. In this embodiment, one or more physiological param-
eters are measured and utilized to determine a patient state
that triggers measurement of one or more ratios related to
blood concentration levels.

[0079] At step 1100, one or more physiological parameters
are monitored. Examples of physiological parameters being
monitored include ECG related signals (e.g., heart rate),
bioimpedance, respiration rates, activity level, and/or pos-
ture.

[0080] At step 1102, patient states are detected based on
the one or more physiological parameters. For example,
patient states may include heart-related patient states, such
as various arrhythmic states (e.g., tachycardia, bradycardia,
efc.), active or resting states (based on posture, respiration
rates, heart rate, activity level, etc.), and others. Depending
on the patient state detected, it may be beneficial to monitor
one or more ratios related to one or more blood concentra-
tion levels (e.g., oxyhemoglobin, deoxyhemoglobin, etc.).
For example, for heart failure patients, it may be important
to monitor oxy-Hb levels while the patient is exercising to
ensure they do not fall below threshold levels. The one or
more physiological signals are utilized to detect that a
patient is exercising (e.g., based on one or more of posture,
heart rate, breathing rate, activity level, etc.). In response to
a detected activity level, optical signals are generated and
emissions measured to calculate a ratio related to oxyhemo-
globin concentration levels. One of the benefits of increasing
the level of optical monitoring or triggering optical moni-
toring based on patient state, is resources (battery, memory,
processing bandwidth, data transmission, etc) are conserved
until it is useful to monitor.

[0081] At step 1104, one or more excitation sources are
utilized to illuminate tissue and one or more emission
wavelengths are monitored to detect one or more ratios
related to one or more blood concentration levels.

[0082] At step 1106, a patient state is determined based on
the one or more measured ratios and one or more physi-
ological parameters. For example, if it is determined that the
patient is exercising, and the monitored ratio indicates that
oxyhemoglobin concentrations have fallen below a thresh-
old value, this may indicate a dangerous condition for a
patient with heart failure. In response to detecting a condi-
tion such as this, at step 1108, an alert is generated and
provided to the patient. The alert may indicate the detected
condition, and may provide instructions to the patient on
mitigating the risk. In other embodiments, the alert may be
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communicated to an intermediate device 102 and/or remote
monitoring center for review by a physician/technical
expert.

[0083] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be understood
by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addi-
tion, many modifications may be made to adapt a particular
situation or material to the teachings of the invention with-
out departing from the essential scope thereof. Therefore, it
is intended that the invention not be limited to the particular
embodiment(s) disclosed, but that the invention will include
all embodiments falling within the scope of the appended
claims.

1. A system for non-invasive monitoring of hemoglobin,
the system comprising:

a medical device comprising:

at least one light source configured to provide light to
patient tissue;

a first photodetector configured to monitor an emission
response at a first emission wavelength, wherein the
first emission wavelength is selected to correspond
with a maximum of the emission response; and

a second photodetector configured to monitor the emis-
sion response at a second emission wavelength,
wherein the second emission wavelength is selected
to correspond with a minimum of the emission
response; and

a processing module configured to receive emission

responses measured at the first emission wavelength
and the second emission wavelength, wherein the pro-
cessing module calculates a ratio based on the received
emission responses and utilizes the calculated ratio to
determine the hemoglobin concentration level.

2. The system of claim 1, wherein the hemoglobin con-
centration level is an oxyhemoglobin concentration level,
wherein the first emission wavelength is selected to corre-
spond with a maximum of an oxyhemoglobin emission
response and the second emission wavelength is selected to
correspond with a minimum of the oxyhemoglobin emission
response.

3. The system of claim 1, wherein the hemoglobin con-
centration level is a de-oxyhemoglobin concentration level,
wherein the first emission wavelength is selected to corre-
spond with a maximum of a de-oxyhemoglobin emission
response and the second emission wavelength is selected to
correspond with a minimum of the de-oxyhemoglobin emis-
sion response.

4. The system of claim 1, further including a third
photodetector configured to monitor an emission response at
a third emission wavelength, wherein the first emission
wavelength is selected to correspond with a maximum of a
oxyhemoglobin emission response, the third emission wave-
length is selected to correspond with a maximum of a
deoxyhemoglobin emission response, and the second emis-
sion wavelength is selected to correspond with an isosbestic
point of the oxyhemoglobin emission response and the
deoxyhemoglobin emission response.

5. The system of claim 1, wherein the processing module
generates an alert in response to the hemoglobin concentra-
tion level falling below a threshold value, indicating anemia
or change in hemoglobin species.
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6. The system of claim 1, wherein the hemoglobin con-
centration level is determined in real-time ot near real-time
by the processing module.

7. The system of claim 1, wherein the processing module
collects and stores a plurality of determined hemoglobin
concentration levels over a first monitoring period, and
provides an output of trends in monitored hemoglobin
concentration levels.

8. The system of claim 7, wherein the medical device
further includes sensors for monitoring physiological
parameters associated with the patient, including one or
more of electrocardiogram (ECG) signals, respiration rates,
bio-impedance levels, activity level, postures, and tempera-
ture.

9. The system of claim 8, wherein the processing module
utilizes at least one of the monitored physiological param-
eters in combination with stored hemoglobin concentration
levels to determine patient condition.

10. A method of non-invasively monitoring hemoglobin
concentration, the method comprising:

providing incident light to patient tissue at a first excita-

tion wavelength;

monitoring an emission response at a first emission wave-

length, wherein the first emission wavelength is
selected to correspond with a maximum of the emission
response;

monitoring the emission response at a second emission

wavelength, wherein the second emission wavelength
is selected to correspond with a minimum of the
emission response; and

calculating a hemoglobin concentration based on a ratio

of the emission response measured at the first emission
wavelength to the emission response measured at the
second emission wavelength.

11. The method of claim 10, wherein the hemoglobin
concentration is an oxyhemoglobin concentration, wherein
the first emission wavelength is selected to correspond with
a maximum of an oxyhemoglobin emission response and the
second emission wavelength is selected to correspond with
a minimum of the oxyhemoglobin emission response.

12. The method of claim 10, wherein the hemoglobin
concentration is a de-oxyhemoglobin concentration,
wherein the first emission wavelength is selected to corre-
spond with a maximum of a de-oxyhemoglobin emission
response and the second emission wavelength is selected to
correspond with a minimum of the de-oxyhemoglobin emis-
sion response.
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13. The method of claim 10, further including monitoring
the emission response at a third emission wavelength,
wherein the first emission wavelength is selected to corre-
spond with a maximum of a oxyhemoglobin emission
response, the second emission wavelength is selected to
correspond with an isosbestic point of the oxyhemoglobin
emission response and a deoxyhemoglobin emission
response, and the third emission wavelength is selected to
correspond with a maximum of a deoxyhemoglobin emis-
sion response.

14. The method of claim 10, wherein further including
detecting anemia based on the calculated hemoglobin con-
centration falling below a threshold level.

15. The method of claim 10, wherein the monitoring and
calculating a hemoglobin concentration is performed in
real-time or near real-time.

16. The method of claim 10, further including monitoring
physiological parameters associated with the patient, includ-
ing one or more of electrocardiogram (ECQG) signals, respi-
ration rates, bio-impedance levels, activity level, postures,
and temperature.

17. The method of claim 16, further including utilizing at
least one of the monitored physiological parameters in
combination with stored hemoglobin concentration levels to
determine patient condition.

18. A method of non-invasively monitoring hemoglobin
concentration, the method comprising:

providing incident light to patient tissue at a first excita-

tion wavelength;

monitoring emissions in response to the first excitation

wavelength;

providing incident light to patient tissue at a second

excitation wavelength;

monitoring emissions in response to the second excitation

wavelength; and

calculating a hemoglobin concentration based on a ratio

of emissions monitored in response to the first excita-
tion wavelength and in response to the second excita-
tion wavelength.

19. The method of claim 18, wherein the emissions in
response to the first excitation wavelength are monitored at
a first emission wavelength, and wherein emissions in
response to the second excitation wavelength are monitored
at the first emission wavelength.

20. The method of claim 18, wherein the monitoring and
calculating a hemoglobin concentration is petformed in
real-time or near real-time.
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