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7) ABSTRACT

Methods, systems, and devices for determining an adaptive
health score are described. Methods may include receiving
physiological information at a medical device and determin-
ing first and second patient health scores based in part on
historical patient data and data associated with a larger
population. The method may also include assigning com-
plimentary first and second weighted values to the respective
scores and, ultimately, determining an adaptive health score
for the patient. In addition the method may update, or
calculate a new adaptive health score, based on predeter-
mined time intervals, or changes in the type or quantity of
physiological data.
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ADAPTIVE HEALTH SCORE

CROSS REFERENCES

[0001] The present Application for Patent claims priority
U.S. Provisional Patent Application No. 62/621,736 by
Mukherjee et al., entitled “ADAPTIVE HEALTH SCORE”,
filed Jan. 25, 2018, assigned to the assignee hereof.

BACKGROUND

[0002] The following relates generally to determining an
adaptive health score associated with a patient.

[0003] In a healthcare facility such as a hospital, physi-
ological parameters of the patient (e.g., heart rate, respira-
tory rate, blood pressure) may be monitored by one or more
medical devices. The medical devices may be battery pow-
ered and may wirelessly transmit measured patient data over
a wireless network within the hospital, thereby allowing the
patient to move freely through the hospital while being
monitored. Clinicians may remotely monitor the patient by
accessing the patient data at a central nurse station or on any
web enabled device connected to the network (e.g., smart-
phone or tablet).

[0004] In some cases, patient monitoring devices may
provide instantaneous patient health scores based on the
patient’s condition at a specific time. Consequently, the
patient’s health may not be comprehensively assessed based
on his or her medical history, which may result in an
inaccurate or incomplete assessment of the patient. While
clinicians may attempt to assess a patient’s condition at a
specific time based on his or her medical history, the
assessment may be both time consuming and highly-com-
plex based on the amount of historical patient data readily
available. Therefore, improvements in adaptive patient
monitoring are desired.

SUMMARY

[0005] The described features generally relate to methods,
systems, devices, or apparatuses that support determining an
adaptive health score associated with a patient. A medical
device may receive first physiological data associated with
a patient. Upon receiving the first physiological data asso-
ciated with the patient, the medical device may determine a
first patient health score, the first patient health score deter-
mination comprising calculating a difference between at
least one characteristic of the first physiological data and at
least one characteristic of historic physiological data asso-
ciated with the patient. The medical device may then deter-
mine a second patient health score, the second patient health
score determination comprising calculating a difference
between the at least one characteristic of the first physi-
ological data and at least one characteristic of population
physiological data associated with a population of patients,
wherein each of the patient and the population of patients
comprise at least one similar biological, environmental, or
behavioral characteristic. Upon determining the second
patient health score, the medical device may assign a first
weighted value to the first patient health score as a function
of an amount of the historic physiological data and assign a
second weighted value to the second patient health score as
a compliment function of the first weighted value. The
medical device may then determine the adaptive health score
based at least in part on the assigning of the first and second
weighted values.
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[0006] Methods and apparatuses are described for deter-
mining an adaptive health score associated with a patient. A
method may include re-assigning the first weighted value
and the second weighted value to each of the first patient
health score and the second patient health score based at
least in part on a change in the first physiological data.
Additionally, the method may include re-determining the
adaptive health score based at least in part on the re-
assignment of the first weighted value and the second
weighted value. In some examples, the method may include
receiving the first physiological data associated with the
patient at a first time and receiving the first physiological
data associated with the patient at a second time different
from the first time, wherein the re-assignment of the
weighted value to the first patient health score and the
second patient health score is based at least in part on a
change in the first physiological data from the first time to
the second time.

[0007] In some examples, the method may further include
receiving, at the medical device, second physiological data
associated with the patient that is different from the first
physiological data, wherein the determination of the first
patient health score and the second patient health score are
based at least in part on the second physiological data
received. Additionally, the method may include aggregating
the adaptive health score with one or more additional
adaptive health scores to form an aggregated adaptive health
score, wherein the one or more additional adaptive health
scores are determined using a same type of first physiologi-
cal data as the adaptive health score. In some examples, the
one or more additional adaptive health scores are determined
using a different type of first physiclogical data as the
adaptive health score.

[0008] In some examples, the assigned first weighted
value is increased as the amount of the historic physiological
data increases. In some examples, the adaptive health score
is a weighted average of the first patient health score and the
second patient health score. In some examples, the at least
one similar biological, environmental, or behavioral char-
acteristic comprises an age, a gender, a height, a weight, an
activity level, a patient demographic, a patient posture, or a
combination thereof of each of the patient and the popula-
tion of patients.

[0009] In some examples, the first physiological data
comprises heart rate information. In some examples, the first
physiological data associated with the patient is continually
received at the medical device. In some examples, a fre-
quency of receiving the first physiological data is based at
least in part on a type of the first physiological data.
[0010] Certain examples of the present disclosure may
include some, all, or none of the above advantages or
features. One or more other technical advantages or features
may be readily apparent to those skilled in the art from the
figures, descriptions, and claims included herein. Moreover,
while specific advantages or features have been enumerated
above, various examples may include all, some, or none of
the enumerated advantages or features.

[0011] Further scope of the applicability of the described
methods and systems will become apparent from the fol-
lowing detailed description, claims, and drawings. The
detailed description and specific examples are given by way
of illustration only, since various changes and modifications
within the spirit and scope of the description will become
apparent to those skilled in the art.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 illustrates an example of a system for
determining an adaptive health score associated with a
patient in accordance with aspects of the present disclosure.
[0013] FIG. 2 illustrates an example system for determin-
ing an adaptive health score associated with a patient in
accordance with aspects of the present disclosure.

[0014] FIG. 3illustrates a flow diagram for determining an
adaptive health score associated with a patient in accordance
with aspects of the present disclosure.

[0015] FIGS. 4 through 6 show block diagrams of a device
that supports adaptive health score in accordance with
aspects of the present disclosure.

[0016] FIG. 7 illustrates a block diagram of a system
including a medical device that supports adaptive health
score in accordance with aspects of the present disclosure.

[0017] FIGS. 8 through 10 illustrate methods for adaptive
health score in accordance with aspects of the present
disclosure.

DETAILED DESCRIPTION

[0018] In a healthcare facility, a variety of monitoring
devices may monitor physiological parameters of a patient
such as heart rate, blood oxygen saturation levels, respira-
tory rate, glucose level, etc. A clinical decision support
algorithm (e.g., a Modified Early Warning Score (MEWS))
may asses a medical status of a patient, in the form of a
score, based on one or more of these physiological param-
eters. However, such algorithms typically only take into
account the patient’s current physiological parameters (e.g.,
the patient’s current heart rate). That is, such algorithms do
not account for the patient’s medical history. Consequently,
typical scoring techniques may not provide a comprehensive
or accurate assessment of the patient’s health. Accordingly,
a patient monitoring device capable of assessing one or more
physiological parameters of the patient in view of his or her
medical history, as well as the medical history of patients
sharing one or more similar characteristics, and outputting
such an assessment in the form of a score, may result in
improved patient monitoring, as well as a more compressive
analysis of the patient’s health.

[0019] In a first example, a medical device may receive
first physiological data associated with a patient. The physi-
ological data may include, for example, the patient’s heart
rate. Upon receiving the physiological data, a first patient
health score may be determined. The score may be deter-
mined (e.g., calculated) based on a difference between at
least one characteristic of the first physiological data and at
least one characteristic of historic physiological data asso-
ciated with the patient. Additionally, for example, a second
patient health score may be determined that is based in part
on a difference between the at least one characteristic of the
first physiological data and at least one characteristic of
population physiological data associated with a population
of patients. In some examples, each of the patient and the
population of patients comprise at least one similar biologi-
cal, environmental, or behavioral characteristic. A first and
second weighted value may be assigned to the first and
second patient health scores, respectively. The first weighted
value may be assigned as a function of an amount of the
historic physiological data and the second weighted value
may be assigned as a compliment function of the first
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weighted value. An adaptive health score for the patient may
then be determined based in part on assigning the first and
second weighted values.

[0020] In an additional example, a medical device may
receive first physiological data associated with a patient and
subsequently determine a first patient health score. The score
may be determined (e.g., calculated) based on a difference
between at least one characteristic of the first physiological
data and at least one characteristic of historic physiological
data associated with the patient. In another example, a
second patient health score may be determined that is based
in part on a difference between the at least one characteristic
of the first physiological data and at least one characteristic
of population physiological data associated with a popula-
tion of patients. A first and second weighted value may be
assigned to the first and second patient health scores, respec-
tively. The first weighted value may be assigned as a
function of an amount of the historic physiological data and
the second weighted value may be assigned as a compliment
function of the first weighted value. An adaptive health score
for the patient may then be determined based in part on
assigning the first and second weighted values. In some
examples, the first and second weighted values may be
re-assigned based in part on a change in the physiological
data. Subsequently, for example, the adaptive health score
for the patient may be re-determined based in part on the
re-assignment of the first and second weighted values. In
another example, the adaptive health score may be aggre-
gated with one or more additional adaptive health scores to
form an aggregated adaptive health score. In some
examples, the one or more additional adaptive health scores
may be determined using a same type of first physiological
data as the adaptive health score.

[0021] Aspects of the disclosure are initially described in
the context of a wireless patient monitoring system. Aspects
of the disclosure are further illustrated by and described with
reference to apparatus diagrams, system diagrams, and flow-
charts that relate to determining an adaptive health score
associated with a patient.

[0022] FIG. 1 illustrates an example of a patient monitor-
ing system 100 in accordance with various examples of the
present disclosure. The patient monitoring system 100 may
include a patient 105 wearing, carrying, or otherwise
coupled with a medical device 110. Although a single
medical device 110 is shown, multiple medical devices 110
may be coupled to the patient 105. The patient 105 may be
a patient in a hospital, nursing home, home care, a medical
facility, or another care facility. The medical device 110 may
transmit signals via wired or wireless communications links
150 to computing devices 115 or to a network 125.

[0023] The medical device 110 may include one or more
sensors configured to collect a variety of physiological
parameters (e.g., first physiological data) as well as infor-
mation related to the location and movement of the patient
105. For example, the medical device 110 may include a
pulse oximetry (SpO2) sensor, a capnography sensor, a heart
rate sensot, a blood pressure sensor, an electrocardiogram
(ECG) sensor, a respiratory rate sensor, a glucose level
sensor, a depth of consciousness sensor, a body temperature
sensor, an accelerometer, a global positioning sensor, a
sensor which triangulates position from multiple local com-
puting devices 115, or any other sensor configured to collect
physiological, location, or motion data associated with the
patient 105.
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[0024] The medical device 110 may be coupled with the
patient 105 in a variety of ways depending on the data being
collected. For example, the medical device 110 may be
directly coupled with the patient 105 (e.g., physically con-
nected to the patient’s chest, worn around the patient’s wrist,
attached to the patient’s finger, or positioned over the
patients nose or mouth). The data collected by the medical
device 110 may be transmitted to either the computing
devices 115 or to the remote computing device 145 (via the
network 125 and central station 135). Data transmission may
occur via, for example, frequencies appropriate for a per-
sonal area network (such as Bluetooth, Bluetooth Low
Energy (BLE), or IR communications) or local (e.g., wire-
less local area network (WLAN)) or wide area network
(WAN) frequencies such as radio frequencies specified by
IEEE standards (e.g., IEEE 802.15.4 standard, IEEE 802.11
standard (Wi-Fi), IEEE 802.16 standard (WiMAX), etc.)
Wired data transmissions may occur over Ethernet connec-
tions or any other appropriate wired data connection type.

[0025] Computing device 115 may be a wireless device
such as a tablet, cellular phone, personal digital assistant
(PDA), a dedicated receiver, or other similar device or a
spatially distributed network of devices configured to
receive signals from the medical device 110. In some cases,
computing device 115 may be a wireless laptop computer, a
clinician Workstation on Wheels, or a smart hospital bed
configured to receive signals from the medical device 110.
The computing devices 115 may be in communication with
a central station 135 via network 125.

[0026] The medical device 110 may also communicate
directly with the central station 135 via the network 125. The
central station 135 may be a server or a central nurse station
located within the hospital or in a remote location. The
central station 135 may be in further communication with
one or more remote computing devices 145, thereby allow-
ing a clinician to remotely monitor the patient 105. The
cenfral station 135 may also be in communication with
various remote databases 140 where the collected patient
data may be stored. In some cases, the remote databases 140
include electronic medical records (EMR) applications for
storing and sharing patient data.

[0027] Insome examples, medical device 110 may receive
first physiological data associated with patient 105. As
described above, first physiological data may include, for
example, data received from a pulse oximetry (SpO2) sen-
sor, a capnography sensor, a heart rate sensor, a blood
pressure sensor, an electrocardiogram (ECG) sensor, a respi-
ratory rate sensor, a glucose level sensor, a depth of con-
sciousness sensor, a body temperature sensor, an acceler-
ometet, a global positioning sensor, or a combination thereof
associated with patient 105. In some examples, the medical
device 110 may transmit the received physiological data to
central station 135 via communication link 150 and network
125.

[0028] Upon receiving the first physiological data, the
central station 135 may determine a first patient health score
of patient 105. In some examples, the first patient health
score may include calculating a difference between at least
one characteristic of the first physiological data and at least
one characteristic of historic physiological data associated
with the patient 105. The central station 135 may also
determine a second patient health score by calculating a
difference between the at least one characteristic of the first
physiological data and at least one characteristic of popu-
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lation physiological data associated with a population of
patients 105. In some examples, each of the patient 105 and
the population of patients 105 may include at least one
similar biological, environmental, or behavioral character-
istic. The central station may utilize one or more remote
databases 140 in calculating the first and second patient
health scores. For example, one or more remote databases
140 may include or may store historic physiological data
associated with the patient and/or population physiological
data associated with a population of patients.

[0029] Insome examples, the central station 135 may then
assign a first weighted value to the first patient health score
as a function of an amount of the historic physiological data.
In some examples, the central station 135 may then assign
a second weighted value to the second patient health score
as a compliment function of the first weighted value. The
first and second weighted value may, for example, aid in the
central station 135 determining the adaptive health score.
Stated alternatively, the central station 135 may determine
the adaptive health score based at least in part on the
assigning of the first and second weighted values. The
central station 135 may transmit the adaptive health score—
or an indication of the adaptive health score—to one or more
remote computing devices 145.

[0030] FIG. 2 illustrates an example of a patient monitor-
ing system 200 that supports determining an adaptive health
score associated with a patient. The patient monitoring
system 200 may be an example of aspects of patient moni-
toring system 100 and may include a patient 105-g wearing,
carrying, or otherwise coupled with a medical device 110-a.
The medical device 110-a may be an example of medical
device 110 as described with reference to FIG. 1, and may
include one or more sensors configured to measure a variety
of physiological parameters associated with the patient
105-a . Medical device 110-g may also aid in the determi-
nation of an adaptive health score associated with the patient
105-a. In some examples, the patient monitoring system 200
may also include a clinician 205; a computing device 115-q,
which may be an example of computing device 115 as
described with reference to FIG, 1; a remote computing
device 145-a, which may be an example of remote comput-
ing device 145 as described with reference to FIG. 1; a
network 125-a, which may be an example of network 125 as
described with reference to FIG. 1; and a central station
135-a, which may be an example of central station 135-a as
described with reference to FIG. 1. Each of the components
illustrated may be connected via communication links 150-
a, which may be examples of communication links 150 as
described with reference to FIG. 1.

[0031] In some examples, medical device 110-¢ may
receive first physiological data associated with the patient
105-a. The data may be received, for example, continuously
from the patient 105-a, or at one or more specific times. In
some examples, the first physiological data may include
heart rate information of the patient 105-a. In other
examples, the first physiological data may include data
received from a pulse oximetry (SpO2) sensor, a capnogra-
phy sensor, a heart rate sensor, a blood pressure sensor, an
electrocardiogram (ECG) sensor, a respiratory rate sensor, a
glucose level sensor, a depth of consciousness sensor, a body
temperature sensor, an accelerometer, a global positioning
sensor, or a combination thereof associated with the patient
105-a. Additionally, as described above, the medical device
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110-a may be directly coupled with the patient 105-a to
receive the first physiological data.

[0032] The medical device 110-a may transmit the first
physiological data to, for example, central station 135-a. In
some examples, the medical device 110-g may transmit the
first physiological data to central station 135-a through the
network 125-a (e.g., wirelessly via communication link
150-a). Transmitting the first physiological data to the
central station 135-a may, for example, aid in the determi-
nation of an adaptive health score. In other examples, the
medical device 110-a may transmit the first physiological
data directly to computing device 115-a through the network
125-a (e.g., wirelessly via communication link 150-@). The
computing device 115-a may receive the first physiological
data and, in some examples, may display the data instanta-
neously (e.g., display the heart rate of patient 105-a).

[0033] As described above, in some examples, the medical
device 110-a may transmit the first physiological data to
central station 135-a through the network 125-a. The central
station 135-a may receive the first physiological data and
determine a first patient health score. In some examples, the
first patient health score may be determined based on
calculating a difference between at least one characteristic of
the first physiological data and at least one characteristic of
historic physiological data associated with the patient. For
example, the medical device 110-¢ may be monitoring the
heart rate of patient 105-a. Thus, upon receiving the data
associated with the heart rate of the patient 105-a, the central
station 135-a may compare the received heart rate data with
historical heart rate data of patient 105-a. In some examples,
the comparison may be based on at least one characteristic
of the data. Meaning that, in some examples, a same or
similar data point or a same or similar set of the received
data may be compared with historical data associated with
the patient 105-a. For example, the received physiological
data may be compared with the historical physiological data
over a same time-period (e.g., comparing heart rate data over
a same time interval). In some examples, the historical heart
rate data of patient 105-a may be stored at and received from
a database (e.g., remote database 140 as described with
reference to FIG. 1) in communication with the central
station 135-a.

[0034] In some examples, the central station 135-¢ may
determine a second patient health score associated with the
received first physiological data. For example, the central
station 135-a may determine the second patient health score
based on calculating a difference between the at least one
characteristic of the first physiological data and at least one
characteristic of population physiological data associated
with a population of patients. In some examples, each of the
patient and the population of patients include at least one
similar biological, environmental, or behavioral character-
istic. For example, as described above, the medical device
110-a¢ may be monitoring the heart rate of patient 105-a.
Thus, upon receiving the data associated with the heart rate
of the patient 105-a, the central station 135-a may compare
the received heart rate data with historical heart rate data of
a population of patients, In some examples, the comparison
may be based on patient 105-a and the population of patients
sharing at least one similar biological, environmental, or
behavioral characteristic. The similar biological, environ-
mental, or behavioral characteristic may include, for
example, a similar age, gender, height, weight, activity level,
patient demographic, patient posture, or a combination
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thereof. Thus the received physiological data may be com-
pared with the population physiological data in the instance
that some similarity exists between patient 105-a and the
patient or patients to which the physiological data is being
compared. This may lead to a more accurate score predic-
tion, as patients that share similar biological, environmental,
or behavioral characteristics may experience the same or
similar health-related attributes. In some examples, the
patient population data may be stored at and receive from a
database (e.g., remote database 140 as described with ref-
erence to FIG. 1) in communication with the central station
135-a.

[0035] Upon determining the first and second patient
health scores, the central station 135-¢ may assign a first
weighted value to the first patient health score as a function
of an amount of the historic physiological data. Stated
alternatively, the first weighted value may be assigned based
on an amount of historic physiological data available or an
amount of historic physiological data used in the determi-
nation of the first patient health score. In some examples, the
first weighted value may increase as the amount of historic
physiological data increases. For example, of more historical
data was used or was available to be used, the weighted
value might differ than if less historical data was used or was
available to be used. In some examples, upon assigning the
first weighted value, the central station 135-a may assign a
second weighted value to the second patient health score as
a compliment function of the first weighted value. Meaning
that, in some examples, the sum of the first patient health
score and the second patient health score may not exceed a
value of “1.” Thus, in some examples, assigning the second
weighted value to the second patient health score may be
described as an inverse function of the first weighted value.
In either example, the central station 135-a may determine
the adaptive health score based at least in part on the
assigning of the first and second weighted values. For
example, the adaptive health score may be an average of the
first patient health score and the second patient health score.
In some examples, the central station 135-a may transmit—
via network 125-a¢—the adaptive health score to, for
example, a remote computing device 145-a such that the
score may be viewed and/or monitored by a clinician 205.

[0036] Additionally or alternatively, for example, the cen-
tral station 135-a may re-assign the first weighted value and
the second weighted value to each of the first patient health
score and the second patient health score based at least in
part on a change in the first physiological data. In some
examples, the change may be based on the medical device
110-a receiving additional physiological data (e.g., addi-
tional heart rate data). In other examples, the change may be
based on the medical device 110-q receiving different physi-
ological data (e.g., receiving blood pressure data instead of
heart rate data). In some examples, the central station 135-a
may re-determine the adaptive health score based at least in
part on the re-assignment of the first weighted value and the
second weighted value. Thus, in some examples, to re-
determine the adaptive health score, the central station 135-a
may also re-determine the first and second patient health
scores based in part on the change in physiological data.

[0037] In some examples, the central station 135-¢ may
receive the first physiological data associated with the
patient 105-¢ at a first time and may also receive the first
physiological data associated with the patient at a second
time different from the first time. In some examples, the
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re-assignment of the weighted value to the first patient
health score and the second patient health score may be
based at least in part on a change in the first physiological
data from the first time to the second time. A mechanism
such as a timer may be activated to determine that a
predetermined time interval has been exceeded. For
example, the adaptive health score of patient 105-a may be
determined at predetermined intervals (e.g., every ten min-
utes). Thus, the adaptive health score of patient 105-a may
be calculated and a timer may begin.

[0038] After a predetermined amount of time, the first
physiological data of patent 105-a may be re-received (e.g.,
by medical device 110-a) and transmitted to central station
135-a. After the transmission, the central station 135-a may
recalculate the first and second patient health scores and, in
some examples, re-assign the first and second weighted
values. Thus, the central station 135-¢ may ultimately re-
determine the adaptive health score based in part on a
change in the physiological data from the first time to the
second time.

[0039] Additionally or alternatively, for example, the
medical device 110-a may receive second physiological data
associated with the patient 105-a that is different from the
first physiological data. In some examples, the determination
of the first patient health score and the second patient health
score may be based at least in part on the second physi-
ological data received. Stated alternatively, the medical
device 110-a may receive different physiological informa-
tion and determine the first and second patient health scores
based on the different physiological data. For example, as
described above, medical device 110-¢ may receive heart
rate information of patient 105-a. However, it may be
desirable to determine an adaptive health score of patient
105-a based on, for example, the patient’s blood pressure.
Thus, the medical device 110-a may receive blood pressure
data (e.g., second physiological information) of patient
105-a. The central station 135-¢ may ultimately receive this
data, determine a first and second patient health score based
on the data, assign first and second weighted value to the
patient health scores, and determine the adaptive health
score based on the new (e.g., second) physiological data.
[0040] In other examples, the central station 135-a may
aggregate the adaptive health score with one or more addi-
tional adaptive health scores to form an aggregated adaptive
health score. In some examples, the one or more additional
adaptive health scores may be determined using a same type
of first physiological data as the adaptive health score. For
example, the central station 135-a may, upon determining an
adaptive health score, store the adaptive health score asso-
ciated with patient 105-a to a database. In some examples,
the central station 135-¢ may utilize the stored adaptive
health score in a subsequent determination of an updated
adaptive health score for the patient 105-a. For example,
when determining an adaptive health score for a same type
of physiological data (e.g., heart rate data), the central
station 135-a reference the stored score in its determination.
In some examples, the central station 135-a may average
each of the stored adaptive health scores with its current
calculation to determine an adaptive health score for patient
105-a.

[0041] FIG. 3 illustrates an example process flow 300 that
supports determining an adaptive health score associated
with a patient. Process flow 300 may include medical device
110-5, central station 135-b, and remote computing device
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145-b, which may be respective examples of a medical
device, central station 135, and remote computing device
145 as described in reference to FIGS. 1 and 2. Alternative
examples of the following may be implemented, where
some steps are performed in a different order or not at all.
Some steps may additionally include additional features not
mentioned above.

[0042] Medical device 110-5 may receive first physiologi-
cal data associated with a patient (e.g., patient 105-a as
described with reference to FI1G. 2). As described above, first
physiological data may include heart rate information of the
patient or, in other examples, may include data received
from a pulse oximetry (SpO2) sensor, a capnography sensor,
a heart rate sensor, a blood pressure sensor, an electrocar-
diogram (ECQ) sensor, a respiratory rate sensor, a glucose
level sensor, a depth of consciousness sensor, a body tem-
perature sensor, an accelerometer, a global positioning sen-
sor, or a combination thereof. Upon receiving the first
physiological data, medical device 110-b» may transmit 310
the received data—or an indication of the received data—to
central station 135-b.

[0043] At block 315, central station 135-b may determine
a first patient health score. In some examples, the first patient
health score determination may include calculating a differ-
ence between at least one characteristic of the first physi-
ological data and at least one characteristic of historic
physiological data associated with the patient. Central sta-
tion 135-b may determine the first patient health score based
on receiving the first physiological data or the indication of
the first physiological data. In other examples, the central
station 135-b may re-determine the first patient health score
based on receiving second physiological data associated
with the patient, or updated physiological data associated
with the patient.

[0044] At block 320, central station 135-b may determine
a second patient health score. In some examples, the second
patient health score determination may include calculating a
difference between the at least one characteristic of the first
physiological data and at least one characteristic of popu-
lation physiological data associated with a population of
patients. In some examples, each of the patient and the
population of patients may include at least one similar
biological, environmental, or behavioral characteristic. Cen-
tral station 135-6 may determine the second patient health
score based on calculating the first patient health score. In
other examples, the central station 135-b may re-determine
the second patient health score based on receiving second
physiological data associated with the patient, or updated
physiological data associated with the patient.

[0045] At block 325, central station 135-b may assign a
first weighted value to the first patient health score as a
function of an amount of the historic physiological data. In
some examples, the central station 135-b may re-assign the
first weighted value to the first patient health score based at
least in part on a change in the first physiological data. In
other examples, the central station 135-6 may increase the
assigned first weighted value as the amount of historic
physiological data increases.

[0046] At block 330, central station central station 135-H
may assign a second weighted value to the second patient
health score as a compliment function of the first weighted
value. In some examples, the compliment function may be
referred to as an inverse function. In other examples, the
central station 135-b may re-assign the second weighted
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value to the second patient health score based at least in part
on a change in the first physiological data.

[0047] At block 335, central station 135-5 may determine
the adaptive health score based at least in part on the
assigning of the first and second weighted values. In other
examples, the central station 135-5 may re-determine the
adaptive health score based at least in part on the re-
assignment of the first weighted value and the second
weighted value, as described above. In some examples, the
central station 135-b may transmit the adaptive health
score—or an indication of the adaptive health score—based
on the determination, For example, the central station 135-5
may transmit an indication of the adaptive health score to
remote computing device 145-5 and the adaptive health
score may be displayed, in some examples, at block 345. The
adaptive health score may be displayed such that a clinician
(e.g., clinician 205 as described with reference to FIG. 2)
may review and/or monitor the score.

[0048] By way of example, a medical device may receive
first physiological data associated with a patient. The physi-
ological data may be heart rate information of the patient.
For example, when the heart rate data is received, the
patient’s heart rate may be 104 beats per minute (BPM). In
some examples, a first patient health score may be deter-
mined based on receiving the heart rate information. The
first patient health score, as described above, may be a
calculation of a difference between at least one characteristic
of the physiological data and at least one characteristic of
historic physiological data associated with the patient. In
some examples, one additional measurement of the patient’s
heart rate may have been taken, which may have been 105
BPM. Thus, the first patient health score may be calculated
as a difference between the patient data (e.g.. 104 BPM) and
the historical data of the patient (e.g., 105 BPM due to the
existence of little historical data). Thus, in such an example,
the first patient health score may be 1.

[0049] In some examples, a second patient health score
may be determined. The second patient health score may
include calculating a difference between the at least one
characteristic of the first physiological data and at least one
characteristic of population physiological data associated
with a population of patients. In some examples, each of the
patient and the population of patients comprise at least one
similar biological, environmental, or behavioral character-
istic. For example, the at least one similar characteristic may
be a same age. Thus the patient’s heart rate information may
be compared with the heart rate information of a same-age
patient for use in calculation of the second patient health
score. For example, the heart rate information of the same-
age patient may be 85 BPM. Thus, the second health score
may be a difference between 104 BPM and 85 BPM, or 19.
[0050] In another example, a first weighted value may be
assigned to the first patient health score as a function of an
amount of historical physiological data. Because little his-
toric patient physiological data existed at the time of calcu-
lating the first patient health score, the weighted value may
be 0.1. In some examples, a second weighted value may be
assigned to the second patient health score as a compliment
function of the first weighted value. Because the first
weighted value was 0.1, and because the second weighted
value is assigned as a compliment function, the second
weighted value may be 0.9 (e.g., 0.1+0.9=1.0). In some
examples, the adaptive health score of the patient may be
determined based at least in part on assigning the first and
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second weighted values. For example, the calculation of the
adaptive health score may begin with multiplying the first
patient health score by the first weighted value and multi-
plying the second patient health score by the second
weighted value. These two scores may then be added
together (e.g., (1x0.1)+(19x0.9)). This value may then be
divided by a sum of the first patient health score and the
second patient health score (e.g., ((1x0.1)+(19x0.9))/(1+
19)). The resulting value may then be multiplied by 100
(e.g., 0.86x100=86) to calculate the patient health score.
Thus, in such an example, the patient health is approxi-
mately 86.

[0051] Ina further example, the patient’s heart rate may be
98 BPM. The first patient health score, as described above,
may be a calculation of a difference between at least one
characteristic of the physiological data and at least one
characteristic of historic physiological data associated with
the patient. Because the received heart rate information as
received at a subsequent time as compared with the calcu-
lation above, historical patient health data may exist. For
example, the historical patient heart rate data may be an
average of each of the previous heart rate measurements. By
way of example, the historical patient heart rate data may be
100.6364 BPM. Thus, the first patient health score may be
calculated as a difference between the patient data (e.g., 98
BPM) and the historical data of the patient (e.g., 100.6364
BPM). Thus, in such an example, the first patient health
score may be 2.6364.

[0052] In some examples, a second patient health score
may be determined. The second patient health score may
include calculating a difference between the at least one
characteristic of the first physiological data and at least one
characteristic of population physiological data associated
with a population of patients. In some examples, each of the
patient and the population of patients comprise at least one
similar biological, environmental, or behavioral character-
istic. For example, the at least one similar characteristic may
be a same age. Thus the patient’s heart rate information may
be compared with the heart rate information of a same-age
patient for use in calculation of the second patient health
score. For example, the heart rate information of the same
image patient may be 85 BPM. Thus, the second health score
may be a difference between 98 BPM and 85 BPM, or 13.

[0053] As described above, a first weighted value may be
assigned to the first patient health score as a function of an
amount of historical physiological data. Based on the
amount of historical heart rate data collected (e.g., to aver-
age 100.6364 BPM), the weighted average may be 0.2. In
some examples, a second weighted value may be assigned to
the second patient health score as a compliment function of
the first weighted value. Because the first weighted value
was 0.2, and because the second weighted value is assigned
as a compliment function, the second weighted value may be
0.8 (e.g., 0.2+0.8=1.0). In some examples, the adaptive
health score of the patient may be determined based at least
in part on assigning the first and second weighted values. For
example, the calculation of the adaptive health score may
begin with multiplying the first patient health score by the
first weighted value and multiplying the second patient
health score by the second weighted value. These two scores
may then be added together (e.g., (2.6364x0.2)+(13x0.8)).
This value may then be divided by a sum of the first patient
health score and the second patient health score(e.g., ((2.
6364x0.2)+(13x0.8))/(2.6364+13)). The resulting value
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may then be multiplied by 100 (e.g., 0.7x100=70) to calcu-
late the patient health score. Thus, in such an example, the
patient health is approximately 70. In some examples, when
compared with the prior adaptive health score of 86, an
adaptive health score of 70 may indicate an improvement in
the patient’s overall health.

[0054] In a final example, the patient’s heart rate may be
85 BPM. The first patient health score, as described above,
may be a calculation of a difference between at least one
characteristic of the physiological data and at least one
characteristic of historic physiological data associated with
the patient. Because the received heart rate information as
received at a subsequent time as compared with the calcu-
lation above, additional historical patient health data may
exist. For example, the historical patient heart rate data may
be an average of each of the previous heart rate measure-
ments. By way of example, the historical patient heart rate
data may be 98.4 BPM. Thus, the first patient health score
may be calculated as a difference between the patient data
(e.g., 85 BPM) and the historical data of the patient (e.g.,
98.4 BPM). Thus, in such an example, the first patient health
score may be 13.4.

[0055] In some examples, a second patient health score
may be determined. The second patient health score may
include calculating a difference between the at least one
characteristic of the first physiological data and at least one
characteristic of population physiological data associated
with a population of patients. In some examples, each of the
patient and the population of patients comprise at least one
similar biological, environmental, or behavioral character-
istic. For example, the at least one similar characteristic may
be a same age. Thus the patient’s heart rate information may
be compared with the heart rate information of a same-age
patient for use in calculation of the second patient health
score. For example, the heart rate information of the same-
age patient may be 85 BPM. Thus, the second health score
may be a difference between 85 BPM and 85 BPM, or 0.

[0056] As described above, a first weighted value may be
assigned to the first patient health score as a function of an
amount of historical physiological data. Based on the
amount of historical heart rate data collected (e.g., to aver-
age 98.4 BPM), the weighted average may be 0.4. In some
examples, a second weighted value may be assigned to the
second patient health score as a compliment function of the
first weighted value. Because the first weighted value was
0.4, and because the second weighted value is assigned as a
compliment function, the second weighted value may be 0.6
(e.g., 0.420.6=1.0), In some examples, the adaptive health
score of the patient may be determined based at least in part
on assigning the first and second weighted values. For
example, the calculation of the adaptive health score may
begin with multiplying the first patient health score by the
first weighted value and multiplying the second patient
health score by the second weighted value. These two scores
may then be added together (e.g., (13.4x0.4)+(0x0.6)). This
value may then be divided by a sum of the first patient health
score and the second patient health score (e.g., ((13.4x0.4)+
(0x0.6))/(13.440)). The resulting value may then be multi-
plied by 100 (e.g., 0.4x100=40) to calculate the patient
health score. Thus, in such an example, the patient health is
approximately 40. in some examples, when compared with
the prior adaptive health score of 70, an adaptive health
score of 40 may indicate an improvement in the patient’s
overall health.
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[0057] FIG. 4 shows a block diagram 400 of a device 405
that supports adaptive health score in accordance with
aspects of the present disclosure. Device 405 may be an
example of aspects of a medical device (e.g., medical device
110 as described with reference to FIG. 1) as described
herein. Device 405 may include input 410, health score
determination component 415, and output 420. Device 405
may also include a processor. Each of these components may
be in communication with one another (e.g., via one or more
buses).

[0058] Health score determination component 415 may be
an example of aspects of the health score determination
component 715 described with reference to FIG. 7.

[0059] Health score determination component 415 and/or
at least some of its various sub-components may be imple-
mented in hardware, software executed by a processor,
firmware, or any combination thereof. If implemented in
software executed by a processor, the functions of the health
score determination component 415 and/or at least some of
its various sub-components may be executed by a general-
purpose processor, a digital signal processor (DSP), an
application-specific integrated circuit (ASIC), an field-pro-
grammable gate army (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to per-
form the functions described in the present disclosure. The
health score determination component 415 and/or at least
some of its various sub-components may be physically
located at various positions, including being distributed such
that portions of functions are implemented at different
physical locations by one or more physical devices. In some
examples, health score determination component 415 and/or
at least some of its various sub-components may be a
separate and distinct component in accordance with various
aspects of the present disclosure. In other examples, health
score determination component 415 and/or at least some of
its various sub-components may be combined with one or
more other hardware components, including but not limited
to an I/O component, a transceiver, a network server, another
computing device, one or more other components described
in the present disclosure, or a combination thereof in accor-
dance with various aspects of the present disclosure.

[0060] Health score determination component 415 may
receive, at a medical device, first physiological data asso-
ciated with the patient, determine a first patient health score,
the first patient health score determination including calcu-
lating a difference between at least one characteristic of the
first physiological data and at least one characteristic of
historic physiological data associated with the patient, deter-
mine a second patient health score, the second patient health
score determination including calculating a difference
between the at least one characteristic of the first physi-
ological data and at least one characteristic of population
physiological data associated with a population of patients,
where each of the patient and the population of patients
include at least one similar biological, environmental, or
behavioral characteristic, assign a first weighted value to the
first patient health score as a function of an amount of the
historic physiological data, assign a second weighted value
to the second patient health score as an compliment function
of the first weighted value, and determine the adaptive health
score based on the assigning of the first and second weighted
values.
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[0061] FIG. 5 shows a block diagram 500 of a device 505
that supports adaptive health score in accordance with
aspects of the present disclosure. Device 505 may be an
example of aspects of a device 405 as described with
reference to FIG. 4, or a medical device (e.g., medical device
110 as described with reference to FIG. 1) as described
herein. Device 505 may include input 510, health score
determination component 515, and output 520. Device 505
may also include a processor. Each of these components may
be in communication with one another (e.g., via one or more
buses).

[0062] Health score determination component 515 may be
an example of aspects of the health score determination
component 715 described with reference to FIG. 7. Health
score determination component 515 may also include recep-
tion component 525, determination component 530, and
assignment component 535.

[0063] Reception component 525 may receive, at a medi-
cal device, first physiological data associated with the
patient. In other examples, reception component 525 may
receive the first physiological data associated with the
patient at a first time. In another example, reception com-
ponent 525 may receive the first physiological data associ-
ated with the patient at a second time different from the first
time, where the re-assignment of the weighted value to the
first patient health score and the second patient health score
1s based on a change in the first physiological data from the
first time to the second time. In other examples, reception
component 525 may receive, at the medical device, second
physiological data associated with the patient that is differ-
ent from the first physiological data, where the determina-
tion of the first patient health score and the second patient
health score are based on the second physiological data
received. In some cases, the first physiological data associ-
ated with the patient may be continually received at the
medical device. In some cases, a frequency of receiving the
first physiological data may be based on a type of the first
physiological data.

[0064] Determination component 530 may determine a
first patient health score, the first patient health score deter-
mination including calculating a difference between at least
one characteristic of the first physiological data and at least
one characteristic of historic physiological data associated
with the patient. In other examples, determination compo-
nent 530 may determine a second patient health score, the
second patient health score determination including calcu-
lating a difference between the at least one characteristic of
the first physiological data and at least one characteristic of
population physiological data associated with a population
of patients, where each of the patient and the population of
patients include at least one similar biological, environmen-
tal, or behavioral characteristic. In other examples, determi-
nation component 530 may determine the adaptive health
score based on the assigning of the first and second weighted
values, and re-determine the adaptive health score based on
the re-assignment of the first weighted value and the second
weighted value. In some cases, the at least one similar
biological, environmental, or behavioral characteristic may
include an age, a gender, a height, a weight, an activity level,
a patient demographic, a patient posture, or a combination
thereof of each of the patient and the population of patients.
In some cases, the first physiological data may include heart
rate information.
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[0065] Assignment component 535 may assign a first
weighted value to the first patient health score as a function
of an amount of the historic physiological data. In other
examples, assignment component 535 may assign a second
weighted value to the second patient health score as an
compliment function of the first weighted value. In some
examples, assignment component 535 may re-assign the first
weighted value and the second weighted value to each of the
first patient health score and the second patient health score
based on a change in the first physiological data. In some
cases, the assigned first weighted value may be increased as
the amount of the historic physiological data increases. In
some cases, the adaptive health score may be a weighted
average of the first patient health score and the second
patient health score.

[0066] FIG. 6 shows a block diagram 600 of a health score
determination component 615 that supports adaptive health
score in accordance with aspects of the present disclosure.
The health score determination component 615 may be an
example of aspects of a health score determination compo-
nent 415, a health score determination component 515, or a
health score determination component 715 described with
reference to FIGS. 4, 5, and 7. The health score determina-
tion component 615 may include reception component 620,
determination component 625, assignment component 630,
and aggregation component 635, Each of these modules may
communicate, directly or indirectly, with one another (e.g.,
via one or more buses).

[0067] Reception component 620 may receive, at a medi-
cal device, first physiological data associated with the
patient. In some examples, reception component 620 may
receive the first physiological data associated with the
patient at a first time. In other examples, reception compo-
nent 620 may receive the first physiological data associated
with the patient at a second time different from the first time,
where the re-assignment of the weighted value to the first
patient health score and the second patient health score is
based on a change in the first physiological data from the
first time to the second time. In some examples, reception
component 620 may receive, at the medical device, second
physiological data associated with the patient that is differ-
ent from the first physiological data, where the determina-
tion of the first patient health score and the second patient
health score are based on the second physiological data
received. In some cases, the first physiological data associ-
ated with the patient may be continually received at the
medical device. In some cases, a frequency of receiving the
first physiological data may be based on a type of the first
physiological data.

[0068] Determination component 625 may determine a
first patient health score, the first patient health score deter-
mination including calculating a difference between at least
one characteristic of the first physiological data and at least
one characteristic of historic physiological data associated
with the patient. In other examples, determination compo-
nent 625 may determine a second patient health score, the
second patient health score determination including calcu-
lating a difference between the at least one characteristic of
the first physiological data and at least one characteristic of
population physiological data associated with a population
of patients, where each of the patient and the population of
patients include at least one similar biological, environmen-
tal, or behavioral characteristic. In some examples, deter-
mination component 625 may determine the adaptive health



US 2019/0223724 Al

score based on the assigning of the first and second weighted
values. In other examples, determination component 625
may re-determine the adaptive health score based on the
re-assignment of the first weighted value and the second
weighted value. In some cases, the at least one similar
biological, environmental, or behavioral characteristic may
include an age, a gender, a height, a weight, an activity level,
a patient demographic, a patient posture, or a combination
thereof of each of the patient and the population of patients.
In some cases, the first physiological data may include heart
rate information.

[0069] Assignment component 630 may assign a first
weighted value to the first patient health score as a function
of an amount of the historic physiological data. In other
examples, assignment component 630 may assign a second
weighted value to the second patient health score as an
compliment function of the first weighted value. In some
examples, assignment component 630 may re-assign the first
weighted value and the second weighted value to each of the
first patient health score and the second patient health score
based on a change in the first physiological data. In some
cases, the assigned first weighted value may be increased as
the amount of the historic physiological data increases. In
some cases, the adaptive health score may be a weighted
average of the first patient health score and the second
patient health score.

[0070] Aggregation component 635 may aggregate the
adaptive health score with one or more additional adaptive
health scores to form an aggregated adaptive health score,
where the one or more additional adaptive health scores are
determined using a same type of first physiological data as
the adaptive health score. In some cases, the one or more
additional adaptive health scores may be determined using a
different type of first physiclogical data as the adaptive
health score.

[0071] FIG. 7 shows a diagram of a system 700 including
a device 705 that supports adaptive health score in accor-
dance with aspects of the present disclosure. Device 705
may be an example of or include the components of device
405, device 505, or a medical device (e.g., medical device
110 as described with reference to FIG. 1) as described
above, e.g., with reference to FIGS. 1, 4, and 5. Device 705
may include components for bi-directional voice and data
communications including components for transmitting and
receiving communications, including health score determi-
nation component 715, processor 720, memory 725, soft-
ware 730, transceiver 735, I/O controller 740, and user
interface 745. These components may be in electronic
communication via one or more buses (e.g., bus 710).
[0072] Processor 720 may include an intelligent hardware
device, (e.g., a general-purpose processor, a DSP, a central
processing unit (CPU), a microcontroller, an ASIC, an
FPGA, a programmable logic device, a discrete gate or
transistor logic component, a discrete hardware component,
or any combination thereof). In some cases, processor 720
may be configured to operate a memory array using a
memory controller. In other cases, a memory controller may
be integrated into processor 720. Processor 720 may be
configured to execute computer-readable instructions stored
in a memory to perform various functions (e.g., functions or
tasks supporting adaptive health score).

[0073] Memory 725 may include random access memory
(RAM) and read only memory (ROM). The memory 725
may store computer-readable, computer-executable software
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730 including instructions that, when executed, cause the
processor to perform various functions described herein. In
some cases, the memory 725 may contain, among other
things, a basic input/output system (BIOS) which may
control basic hardware or software operation such as the
interaction with peripheral components or devices.

[0074] Software 730 may include code to implement
aspects of the present disclosure, including code to support
adaptive health score. Software 730 may be stored in a
non-transitory computer-readable medium such as system
memory or other memory. In some cases, the software 730
may not be directly executable by the processor but may
cause a computer (e.g., when compiled and executed) to
perform functions described herein.

[0075] Transceiver 735 may communicate bi-direction-
ally, via one or more antennas, wired, or wireless links as
described above. For example, the transceiver 735 may
represent a wireless transceiver and may communicate hi-
directionally with another wireless transceiver. The trans-
ceiver 735 may also include a modem to modulate the
packets and provide the modulated packets to the antennas
for transmission, and to demodulate packets received from
the antennas.

[0076] 1/O controller 740 may manage input and output
signals for device 705. I/0 controller 740 may also manage
peripherals not integrated into device 705. In some cases,
1/O controller 740 may represent a physical connection or
port to an external peripheral. In some cases, 1/O controller
740 may utilize an operating system such as i0OS®,
ANDROID®, MS-DOS®, MS-WINDOWS®, OS/2®,
UNIX®, LIMA®, or another known operating system. In
other cases, /O controller 740 may represent or interact with
a modem, a keyboard, a mouse, a touchscreen, or a similar
device. In some cases, 1/O controller 740 may be imple-
mented as part of a processor. In some cases, a user may
interact with device 705 via I/O controller 740 or via
hardware components controlled by I/O controller 740.

[0077] User interface 745 may enable a user to interact
with device 705. In some examples, the user interface 745
may include an audio device, such as an external speaker
system, an external display device such as a display screen,
or an input device (e.g., remote control device interfaced
with the user interface 745 directly or through the 1/O
controller module).

[0078] FIG. 8 shows a flowchart illustrating a method 800
for adaptive health score in accordance with aspects of the
present disclosure. The operations of method 800 may be
implemented by a medical device or its components as
described herein. For example, the operations of method 800
may be performed by a health score determination compo-
nent as described with reference to FIGS. 4 through 7. In
some examples, a medical device may execute a set of codes
to control the functional elements of the device to perform
the functions described below. Additionally or alternatively,
the medical device may perform aspects of the functions
described below using special-purpose hardware.

[0079] At 805 the medical device may receive, at a medi-
cal device, first physiological data associated with the
patient. The operations of 805 may be performed according
to the methods described herein. In certain examples,
aspects of the operations of 805 may be performed by a
reception component as described with reference to FIGS. 4
through 7.
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[0080] At 810 the medical device may determine a first
patient health score, the first patient health score determi-
nation comprising calculating a difference between at least
one characteristic of the first physiological data and at least
one characteristic of historic physiological data associated
with the patient. The operations of 810 may be performed
according to the methods described herein. In certain
examples, aspects of the operations of 810 may be pet-
formed by a determination component as described with
reference to FIGS. 4 through 7.

[0081] At 815 the medical device may determine a second
patient health score, the second patient health score deter-
mination comprising calculating a difference between the at
least one characteristic of the first physiological data and at
least one characteristic of population physiological data
associated with a population of patients, wherein each of the
patient and the population of patients comprise at least one
similar biological, environmental, or behavioral character-
istic. The operations of 815 may be performed according to
the methods described herein. In certain examples, aspects
of the operations of 815 may be performed by a determi-
nation component as described with reference to FIGS. 4
through 7.

[0082] At 820 the medical device may assign a first
weighted value to the first patient health score as a function
of an amount of the historic physiological data. The opera-
tions of 820 may be performed according to the methods
described herein. In certain examples, aspects of the opera-
tions of 820 may be performed by an assignment component
as described with reference to FIGS. 4 through 7.

[0083] At 825 the medical device may assign a second
weighted value to the second patient health score as an
compliment function of the first weighted value. The opera-
tions of 825 may be performed according to the methods
described herein. In certain examples, aspects of the opera-
tions of 825 may be performed by an assignment component
as described with reference to FIGS. 4 through 7.

[0084] At 830 the medical device may determine the
adaptive health score based at least in part on the assigning
of the first and second weighted values. The operations of
830 may be performed according to the methods described
herein. In certain examples, aspects of the operations of 830
may be performed by a determination component as
described with reference to FIGS. 4 through 7.

[0085] FIG. 9 shows a flowchart illustrating a method 900
for adaptive health score in accordance with aspects of the
present disclosure. The operations of method 900 may be
implemented by a medical device or its components as
described herein. For example, the operations of method 900
may be performed by a health score determination compo-
nent as described with reference to FIGS. 4 through 7. In
some examples, a medical device may execute a set of codes
to control the functional elements of the device to perform
the functions described below. Additionally or alternatively,
the medical device may perform aspects of the functions
described below using special-purpose hardware.

[0086] At 905 the medical device may receive, at a medi-
cal device, first physiological data associated with the
patient. The operations of 905 may be performed according
to the methods described herein. In certain examples,
aspects of the operations of 905 may be performed by a
reception component as described with reference to FIGS. 4
through 7.
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[0087] At 910 the medical device may determine a first
patient health score, the first patient health score determi-
nation comprising calculating a difference between at least
one characteristic of the first physiological data and at least
one characteristic of historic physiological data associated
with the patient. The operations of 910 may be performed
according to the methods described herein. In certain
examples, aspects of the operations of 910 may be pet-
formed by a determination component as described with
reference to FIGS. 4 through 7.

[0088] At 915 the medical device may determine a second
patient health score, the second patient health score deter-
mination comprising calculating a difference between the at
least one characteristic of the first physiological data and at
least one characteristic of population physiological data
associated with a population of patients, wherein each of the
patient and the population of patients comprise at least one
similar biological, environmental, or behavioral character-
istic. The operations of 915 may be performed according to
the methods described herein, In certain examples, aspects
of the operations of 915 may be performed by a determi-
nation component as described with reference to FIGS. 4
through 7.

[0089] At 920 the medical device may assign a first
weighted value to the first patient health score as a function
of an amount of the historic physiological data. The opera-
tions of 920 may be performed according to the methods
described herein. In certain examples, aspects of the opera-
tions of 920 may be performed by an assignment component
as described with reference to FIGS. 4 through 7.

[0090] At 925 the medical device may assign a second
weighted value to the second patient health score as an
compliment function of the first weighted value. The opera-
tions of 925 may be performed according to the methods
described herein. In certain examples, aspects of the opera-
tions of 925 may be performed by an assignment component
as described with reference to FIGS. 4 through 7.

[0091] At 930 the medical device may determine the
adaptive health score based at least in part on the assigning
of the first and second weighted values. The operations of
930 may be performed according to the methods described
herein. In certain examples, aspects of the operations of 930
may be performed by a determination component as
described with reference to FIGS. 4 through 7.

[0092] At 935 the medical device may re-assign the first
weighted value and the second weighted value to each of the
first patient health score and the second patient health score
based at least in part on a change in the first physiological
data. The operations of 935 may be performed according to
the methods described herein. In certain examples, aspects
of the operations 0f 935 may be performed by an assignment
component as described with reference to FIGS. 4 through
7.

[0093] At 940 the medical device may re-determine the
adaptive health score based at least in part on the re-
assignment of the first weighted value and the second
weighted value. The operations of 940 may be performed
according to the methods described herein. In certain
examples, aspects of the operations of 940 may be per-
formed by a determination component as described with
reference to FIGS. 4 through 7.

[0094] FIG. 10 shows a flowchart illustrating a method
1000 for adaptive health score in accordance with aspects of
the present disclosure. The operations of method 1000 may
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be implemented by a medical device or its components as
described herein. For example, the operations of method
1000 may be performed by a health score determination
component as described with reference to FIGS. 4 through
7. In some examples, a medical device ### may execute a set
of codes to control the functional elements of the device to
perform the functions described below. Additionally or
alternatively, the medical device may perform aspects of the
functions described below using special-purpose hardware.
[0095] At 1005 the medical device may receive, at a
medical device, first physiological data associated with the
patient. The operations of 1005 may be performed according
to the methods described herein. In certain examples,
aspects of the operations of 1005 may be performed by a
reception component as described with reference to FIGS. 4
through 7.

[0096] At 1010 the medical device may determine a first
patient health score, the first patient health score determi-
nation comprising calculating a difference between at least
one characteristic of the first physiological data and at least
one characteristic of historic physiological data associated
with the patient. The operations of 1010 may be performed
according to the methods described herein. In certain
examples, aspects of the operations of 1010 may be per-
formed by a determination component as described with
reference to FIGS. 4 through 7.

[0097] At 1015 the medical device may determine a
second patient health score, the second patient health score
determination comprising calculating a difference between
the at least one characteristic of the first physiological data
and at least one characteristic of population physiological
data associated with a population of patients, wherein each
of the patient and the population of patients comprise at least
one similar biological, environmental, or behavioral char-
acteristic. The operations of 1015 may be performed accord-
ing to the methods described herein. In certain examples,
aspects of the operations of 1015 may be performed by a
determination component as described with reference to
FIGS. 4 through 7.

[0098] At 1020 the medical device may assign a first
weighted value to the first patient health score as a function
of an amount of the historic physiological data. The opera-
tions of 1020 may be performed according to the methods
described herein. In certain examples, aspects of the opera-
tions of 1020 may be performed by an assignment compo-
nent as described with reference to FIGS. 4 through 7.
[0099] At 1025 the medical device may assign a second
weighted value to the second patient health score as an
compliment function of the first weighted value. The opera-
tions of 1025 may be performed according to the methods
described herein. In certain examples, aspects of the opera-
tions of 1025 may be performed by an assignment compo-
nent as described with reference to FIGS. 4 through 7.
[0100] At 1030 the medical device may determine the
adaptive health score based at least in part on the assigning
of the first and second weighted values. The operations of
1030 may be performed according to the methods described
herein. In certain examples, aspects of the operations of
1030 may be performed by a determination component as
described with reference to FIGS. 4 through 7.

[0101] At 1035 the medical device may aggregate the
adaptive health score with one or more additional adaptive
health scores to form an aggregated adaptive health score,
wherein the one or more additional adaptive health scores
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are determined using a same type of first physiological data
as the adaptive health score. The operations of 1035 may be
performed according to the methods described herein. In
certain examples, aspects of the operations of 1035 may be
performed by a aggregation component as described with
reference to FIGS. 4 through 7.

[0102] It should be noted that the methods described
above describe possible implementations, and that the
operations and the steps may be rearranged or otherwise
modified and that other implementations are possible. Fur-
thermore, aspects from two or more of the methods may be
combined.

[0103] The description set forth herein, in connection with
the appended drawings, describes example configurations
and does not represent all the examples that may be imple-
mented or that are within the scope of the claims. The term
“exemplary” used herein means “serving as an example,
instance, or illustration,” and not “preferred” or “advanta-
geous over other examples.” The detailed description
includes specific details for the purpose of providing an
understanding of the described techniques. These tech-
niques, however, may be practiced without these specific
details. In some instances, well-known structures and
devices are shown in block diagram form in order to avoid
obscuring the concepts of the described examples.

[0104] In the appended figures, similar components or
features may have the same reference label. Further, various
components of the same type may be distinguished by
following the reference label by a dash and a second label
that distinguishes among the similar components. If just the
first reference label is used in the specification, the descrip-
tion is applicable to any one of the similar components
having the same first reference label irrespective of the
second reference label.

[0105] Information and signals described herein may be
represented using any of a variety of different technologies
and techniques. For example, data, instructions, commands,
information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be repre-
sented by voltages, currents, electromagnetic waves, mag-
netic fields or particles, optical fields or particles, or any
combination thereof.

[0106] The wvarious illustrative blocks and modules
described in connection with the disclosure herein may be
implemented or performed with a general-purpose proces-
sor, a digital signal processor (DSP), an ASIC, an field
programmable gate array (FPGA) or other programmable
logic device, discrete gate or transistor logic, discrete hard-
ware compouents, or any combination thereof designed to
perform the functions described herein. A general-purpose
processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller,
microcontroller, or state machine. A processor may also be
implemented as a combination of computing devices (e.g., a
combination of a DSP and a microprocessor, multiple micro-
processors, one or more Microprocessors in conjunction
with a DSP core, or any other such configuration). A
processor may in some cases be in electronic communica-
tion with a memory, where the memory stores instructions
that are executable by the processor. Thus, the functions
described herein may be performed by one or more other
processing units (or cores on at least one integrated circuit
(IC). In various examples, different types of ICs may be used
(e.g., Structured/Platform ASICs, an FPGA, or another
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semi-custom IC), which may be programmed in any manner
known in the art. The functions of each unit may also be
implemented, in whole or in part, with instructions embod-
ied in a memory, formatted to be executed by one or more
general or application-specific processors.

[0107] The functions described herein may be imple-
mented in hardware, software executed by a processor,
firmware, or any combination thereof. If implemented in
software executed by a processor, the functions may be
stored on or transmitted over as one or more instructions or
code on a computer-readable medium. Other examples and
implementations are within the scope of the disclosure and
appended claims. For example, due to the nature of software,
functions described above may be implemented using soft-
ware executed by a processor, hardware, firmware, hardwir-
ing, or combinations of any of these. Features implementing
functions may also be physically located at various posi-
tions, including being distributed such that portions of
functions are implemented at different physical locations.
Also, as used herein, including in the claims, “or” as used in
a list of items (for example, a list of items prefaced by a
phrase such as “at least one of” or “one or more of”)
indicates an inclusive list such that, for example, a list of at
least one of A, B, or C means A or B or C or AB or AC or
BC or ABC (i.e., A and B and C). Also, as used herein, the
phrase “based on” shall not be construed as a reference to a
closed set of conditions. For example, an exemplary step
that is described as “based on condition A” may be based on
both a condition A and a condition B without departing front
the scope of the present disclosure. In other words, as used
herein, the phrase “based on” shall be construed in the same
manner as the phrase “based at least in part on.”

[0108] Computer-readable media includes both non-tran-
sitory computer storage media and communication media
including any medium that facilitates transfer of a computer
program from one place to another. A non-transitory storage
medium may be any available medium that can be accessed
by a general purpose or special purpose computer. By way
of example, and not limitation, non-transitory computer-
readable media may comprise RAM, ROM, electrically
erasable programmable read only memory (EEPROM),
compact disk (CD) ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or
any other non-transitory medium that may be used to carry
or store desired program code means in the form of instruc-
tions or data structures and that may be accessed by a
general-purpose or special-purpose computer, or a general-
purpose or special-purpose processor. Also, any connection
is properly termed a computer-readable medium. For
example, if the software is transmitted from a website,
server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and micro-
wave, then the coaxial cable, fiber optic cable, twisted pair,
digital subscriber line (DSL), or wireless technologies such
as infrared, radio, and microwave are included in the defi-
nition of medium. Disk and disc, as used herein, include CD,
laser disc, optical disc, digital versatile disc (DVD), floppy
disk and Blu-ray disc where disks usually reproduce data
magnetically, while discs reproduce data optically with
lasers. Combinations of the above are also included within
the scope of computer-readable media.

[0109] The description herein is provided to enable a
person skilled in the art to make or use the disclosure.
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Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the generic principles
defined herein may be applied to other variations without
departing from the scope of the disclosure. Thus, the dis-
closure is not limited to the examples and designs described
herein, but is to be accorded the broadest scope consistent
with the principles and novel features disclosed herein.
What is claimed is:
1. A method for determining an adaptive health score
associated with a patient, comprising:
receiving, at a medical device, first physiological data
associated with the patient;
determining a first patient health score, the first patient
health score determination comprising calculating a
difference between at least one characteristic of the first
physiological data and at least one characteristic of
historic physiological data associated with the patient;
determining a second patient health score, the second
patient health score determination comprising calculat-
ing a difference between the at least one characteristic
of the first physiological data and at least one charac-
teristic of population physiological data associated with
a population of patients, wherein each of the patient and
the population of patients comprise at least one similar
biological, environmental, or behavioral characteristic;
assigning a first weighted value to the first patient health
score as a function of an amount of the historic physi-
ological data;
assigning a second weighted value to the second patient
health score as a compliment function of the first
weighted value; and
determining the adaptive health score based at east in part
on the assigning of the first and second weighted
values.
2. The method of claim 1, further comprising;
re-assigning the first weighted value and the second
weighted value to each of the first patient health score
and the second patient health score based at least in part
on a change in the first physiological data.
3. The method of claim 2, further comprising:
re-determining the adaptive health score based at least in
part on the re-assignment of the first weighted value
and the second weighted value.
4. The method of claim 2, further comprising:
receiving the first physiological data associated with the
patient at a first time; and
receiving the first physiological data associated with the
patient at a second time different front the first time,
wherein the re-assignment of the weighted value to the
first patient health score and the second patient health
score is based at least in part on a change in the first
physiological data from the first time to the second
time.
5. The method of claim 1, further comprising;
receiving, at the medical device, second physiological
data associated with the patient that is different from the
first physiological data, wherein the determination of
the first patient health score and the second patient
health score arc based at least in part on the second
physiological data received.
6. The method of claim 1, wherein the assigned first
weighted value is increased as the amount of the historic
physiological data increases.
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7. The method of claim 1, wherein the adaptive health
score is a weighted average of the first patient health score
and the second patient health score.

8. The method of claim 1, wherein the at least one similar
biological, environmental, or behavioral characteristic com-
prises an age, a gender, a height, a weight, an activity level,
a patient demographic, a patient posture, or a combination
thereof of each of the patient and the population of patients.

9. The method of claim 1, wherein the first physiological
data comprises heart rate information.

10. The method of claim 1, wherein the first physiological
data associated with the patient is continually received at the
medical device.

11. The method of claim 1, wherein a frequency of
receiving the first physiological data is based at least in part
on a type of the first physiological data.

12. The method of claim 1, further comprising:

aggregating the adaptive health score with one or more

additional adaptive health scores to form an aggregated
adaptive health score, wherein the one or more addi-
tional adaptive health scores are determined using a
same type of first physiological data as the adaptive
health score.

13. The method of claim 12, wherein the one or more
additional adaptive health scores are determined using a
different type of first physiological data as the adaptive
health score.

14. An apparatus for determining an adaptive health score
associated with a patient, comprising:

a processo;

memory in electronic communication with the processor;

and

instructions stored in the memory and executable by the

processor to cause the apparatus to:

receive, at a medical device, first physiological data

associated with the patient;
determine a first patient health score, the first patient
health score determination comprising calculating a
difference between at least one characteristic of the first
physiological data and at least one characteristic of
historic physiological data associated with the patient;

determine a second patient health score, the second
patient health score determination comprising calculat-
ing a difference between the at least one characteristic
of the first physiological data and at least one charac-
teristic of population physiclogical data associated with
a population of patients, wherein each of the patient and
the population of patients comprise at least one similar
biological, environmental, or behavioral characteristic;

assign a first weighted value to the first patient health
score as a function of an amount of the historic physi-
ological data;

assign a second weighted value to the second patient

health score as a compliment function of the first
weighted value; and

determine the adaptive health score based at least in part

on the assigning of the first and second weighted
values.

15. The apparatus of claim 14, wherein the instructions
are further executable by the processor to cause the appa-
ratus to:

re-assign the first weighted value and the second weighted

value to each of the first patient health score and the
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second patient health score based at least in part on a
change in the first physiological data.

16. The apparatus of claim 15, wherein the instructions
are further executable by the processor to cause the appa-
ratus to:

re-determine the adaptive health score based at least in

part on the re-assignment of the first weighted value
and the second weighted value.

17. The apparatus of claim 15, wherein the instructions
are further executable by the processor to cause the appa-
ratus to:

receive the first physiological data associated with the

patient at a first time; and

receive the first physiological data associated with the

patient at a second time different from the first time,
wherein the re-assignment of the weighted value to the
first patient health score and the second patient health
score is based at least in part on a change in the first
physiological data from the first time to the second
time.

18. A non-transitory computer-readable medium storing
code for determining an adaptive health score associated
with a patient, the code comprising instructions executable
by a processor to:

receive, at a medical device, first physiological data

associated with the patient;
determine a first patient health score, the first patient
health score determination comprising calculating a
difference between at least one characteristic of the first
physiological data and at least one characteristic of
historic physiological data associated with the patient;

determine a second patient health score, the second
patient health score determination comprising calculat-
ing a difference between the at least one characteristic
of the first physiological data and at least one charac-
teristic of population physiological data associated with
a population of patients, wherein each of the patient and
the population of patients comprise at least one similar
biological, environmental, or behavioral characteristic;

assign a first weighted value to the first patient health
score as a function of an amount of the historic physi-
ological data;

assign a second weighted value to the second patient

health score as a compliment function of the first
weighted value; and

determine the adaptive health score based at least in part

on the assigning of the first and second weighted
values.

19. The non-transitory computer-readable medium of
claim 18, wherein the instructions are further executable by
the processor to:

re-assign the first weighted value and the second weighted

value to each of the first patient health score and the
second patient health score based at least in part on a
change in the first physiological data.

20. The non-transitory computer-readable medium of
claim 19, wherein the instructions are further executable by
the processor to:

re-determine the adaptive health score based at least in

part on the re-assignment of the first weighted value
and the second weighted value.

L S S T



patsnap

TREMOF) ENMREITS
[F(2E)F US20190223724A1 [ (r&)B 2019-07-25
RiES US16/246271 B H 2019-01-11

FRIEB(ERB)AGR) AEERANULT
i (E R AGR) COVIDIEN LP
HETHF(FFRN)AGE) COVIDIEN LP

[FRIRBAA MUKHERJEE AMIT
MISHRA ANKITA

RAAN MUKHERJEE, AMIT
YAMSANI, SHASHIDHAR
MISHRA, ANKITA
BALEGAR, POOJA DUGGAPPA

IPCH =S A61B5/00

CPCH %S A61B5/0022 A61B5/7275 A61B5/7282 A61B5/0006 A61B5/02055 A61B5/0008 G16H50/30
R 62/621736 2018-01-25 US

SNEBEEHE Espacenet  USPTO

RE(GR)

HRTRTHEBENRRIBN G L, REMRE, HETUNIEE
ErRgtEEEREEH AN ETAERERENSEAREA
RENBERBEE - NE-BEREI Y. ZAEETUABERER
ME-—NMB_INNESELHNNSH , ARKBESENBENRE
8. BH, RHETUETENERBEREBYIENREIUEN
TALRER K I EHE BB R RED B



https://share-analytics.zhihuiya.com/view/7c66500f-e471-4b1c-9128-90241292e2ac
https://worldwide.espacenet.com/patent/search/family/067298370/publication/US2019223724A1?q=US2019223724A1
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=%2220190223724%22.PGNR.&OS=DN/20190223724&RS=DN/20190223724

