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(7) ABSTRACT

A non-invasive blood pressure measurement system is dis-
closed. The system can include a processing unit, a non-
invasive blood pressure (NIBP) sensor, a first altitude sensor
and a second altitude sensor. The NIBP sensor can be config-
ured to transmit a blood pressure signal to the processing unit.
The first and second altitude sensors can be configured to
generate and transmit first and second height measurements,
respectively. The processing unit can be configured to gener-
ate an adjusted blood pressure measurement using the first
height measurement, which can be the height of a patient’s
heart, and the second height measurement, which can be the
height of the NIBP sensor. Methods for determining the blood
pressure of a patient using the system are also disclosed.
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AUTOMATED BLOOD PRESSURE
MEASUREMENT SYSTEM

BACKGROUND

[0001] Non-invasive blood pressure measurements require
the measuring device to be at heart level because hydrostatic
pressure in the arterial system can otherwise cause an incor-
rect measurement. Hydrostatic pressure can cause a signifi-
cant impact to such a measurement, in some cases equating to
a2 mm Hg per inch change when the blood pressure measur-
ing device is above or below the heart.

[0002] Some people with blood pressure conditions have a
blood pressure measurement device at their own home as a
means for monitoring their blood pressure more frequently
than their visits to a doctor’s office. Without proper guidance,
or adherence to that guidance, there is a risk that the blood
pressure measurement device could be incorrectly placed
during a reading, resulting in an incorrect measurement.
[0003] Further, orthostatic hypotension is a slow or absent
response of the body’s blood pressure regulation to a change
in vertical position. The condition can cause dizziness, light-
headedness or fainting if a person with orthostatic hypoten-
sion stands up too quickly. Traditional methods for screening
for orthostatic hypotension include measuring blood pressure
of a patient sitting and measuring the blood pressure of that
patient after the patient stands up.

SUMMARY

[0004] In one aspect, a non-invasive blood pressure mea-
surement system is disclosed. The non-invasive blood pres-
sure measurement system can include a processing unit, a
non-invasive blood pressure sensor configured to transmit a
blood pressure signal to the processing unit, a first altitude
sensor configured to generate a first height measurement and
transmit the first height measurement to the processing unit,
and a second altitude sensor configured to generate a second
height measurement and transmit the first height measure-
ment to the processing unit. The processing unit can be con-
figured to generate an adjusted blood pressure measurenient
using the first height measurement, the second height mea-
surement and the blood pressure signal.

[0005] In embodiments, the non-invasive blood pressure
sensor 1s a cuff including a pressure interface opening, and
wherein the first altitude sensor is positioned at the cuff and
the processing unit can be configured to calculate the adjusted
blood pressure measurement after receiving both the first and
the second height measurements. Inembodiments, the system
can further include a display module that displays the calcu-
lated systolic and diastolic blood pressure. One or both of the
first and the second altitude sensors can be configured to
transmit the height measurement to the processing unit wire-
lessly. The blood pressure signal can include the unadjusted
systolic and diastolic blood pressure. The blood pressure
sensor can be configured to transmit the blood pressure signal
to the processing unit wirelessly and the second altitude sen-
sor can be positioned at the heart level of a patient.

[0006] In another aspect, a method for determining the
blood pressure of a patient is disclosed. In embodiments, the
method can include receiving a blood pressure measurement
from a blood pressure sensor, receiving a first height mea-
surement from a first altimeter, receiving a first height mea-
surement from a second altimeter, adjusting the blood pres-
sure measurement using the first height measurement from
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the first altimeter and the first height measurement from the
second altimeter, producing an adjusted blood pressure mea-
surement comprising the systolic and diastolic pressure, and
displaying the adjusted blood pressure measurement. In some
embodiments the method can also include positioning the
first altimeter at the blood pressure sensor and positioning the
second altimeter at a heart of the patient. The patient can be a
person or an animal.

[0007] In embodiments, the blood pressure measurement
can be received from a pressure transducer and each of the
blood pressure measurement, the first height measurement
and the second height measurement can be received wire-
lessly. The example method can also include receiving a
second height measurement from the first altimeter, initiating
a second blood pressure measurement, receiving a second
height measurement from the second altimeter, and adjusting
the second blood pressure measurement using the second
height measurement from the first altimeter and the second
height measurement from the second altimeter, producing a
second adjusted blood pressure measurement comprising the
systolic and diastolic pressure. The measurements can be
recorded at different patient positions, such as, for example,
laying down, sitting, and standing.

[0008] The adjusted blood pressure measurement and the
second adjusted blood pressure measurement can be used to
diagnose orthostatic hypotension. The blood pressure sensor
can be a cuff including a pressure interface opening. The
second altimeter can be positioned at the heart level of the
patient.

[0009] In yet another aspect, a tangible, non-transitory
computer readable medium containing computer executable
instructions which, when executed by a computer, perform a
method for determining a corrected blood pressure measure-
ment is disclosed. The method can include the steps of receiv-
ing a blood pressure measurement from a blood pressure
sensor, receiving a first height measurement from a first altim-
eter, receiving a first height measurement from a second
altimeter, adjusting the blood pressure measurement using
the first height measurement from the first altimeter and the
first height measurement from the second altimeter, produc-
ing an adjusted blood pressure measurement comprising the
systolic and diastolic pressure, and displaying the adjusted
blood pressure measurement.

DESCRIPTION OF THE FIGURES

[0010] FIG. 1 illustrates a block diagram of an example
blood pressure measurement system.

[0011] FIG. 2 illustrates an example wireless blood pres-
sure measurement system.

[0012] FIG. 3 illustrates an example blood pressure cuff
with an altimeter.

[0013] FIG. 4 illustrates a second example blood pressure
cuff with an altimeter.

[0014] FIG. 5 illustrates example locations for altimeters
on a human body.

[0015] FIG. 6is aflow chart illustrating an example method
for using at least two altimeters in conjunction with a blood
pressure sensor.

[0016] FIG. 7isaflow chart illustrating an example method
for using an altimeter-blood pressure sensor system.

[0017] FIG. 8is aflow chart illustrating an example method
of conducting an orthostatic blood pressure test.

[0018] FIG. 9isa flow chart illustrating a processor-imple-
mented method of monitoring two or more altimeters.
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[0019] FIG. 10 is a flow chart illustrating a processing
unit’s interaction with a mobile blood pressure sensor.
[0020] FIG. 11 illustrates example locations on a human
body for wearing a wearable blood pressure sensor including
an altimeter.

[0021] FIG. 12 is a block diagram illustrating physical
components of a computing device with which examples and
embodiments of the disclosure can be practiced.

DETAILED DESCRIPTION

[0022] Blood pressure measurements are sensitive to the
location of the pressure measurement site because of the
weight of blood. In humans, the hydrostatic pressure effect
can be approximately 2 mm Hg per inch below the approxi-
mate level of the heart. For example, a blood pressure mea-
surement of 120/80 at heart level, for the same person, can
change to be 130/90 if the measurement site is about 5 inches
below the heart level. Common human blood pressure mea-
surement sites include locations that are not at heart level,
such as on a forearm, thigh, ankle, wrist, or arm of a person
lying on their side. Thus, without correction for a measure-
ment site that is not level with the heart, a normal blood
pressure could be incorrectly determined as hypertensive, and
vice versa. The instant disclosure is generally directed
towards accounting for the difference between the height of
the blood pressure measurement site and the location of the
heart.

[0023] FIG. 1 is a block diagram illustrating the compo-
nents of an example blood pressure measurement system 100.
The example system 100 includes a first altimeter 102, a
second altimeter 104, a blood pressure sensor 106, a process-
ing unit 108 and a display unit 110. Other embodiments of the
system can include more or fewer components. In embodi-
ments, the altimeters 102 and 104 are in communication with
the processing unit 108 via one or more wired or wireless
protocols, such as Bluetooth, Wi-Fi, Zigbee, etc.

[0024] In some embodiments, the altimeters 102 and 104
are configured to measure and transmit altitude measure-
ments. In some embodiments, the altimeters 102 and 104 are
configured to communicate with each other and determine the
vertical distance between the two altimeters 102 and 104. As
used herein, “vertical distance” means the distance between
the two sensors as measured in the direction of gravity.
[0025] The altimeters 102 and 104 can be micro altitude
sensors. For example, the altitude sensors 102 and 104 can be
an MS5607-02BA03 sensor from Measurement Specialties
(Hampton, Va.), an LPS331AP sensor from STMicroelec-
tronics (Geneva, Switzerland), or an FKS-111 air pressure
sensor from Fuji & Co. (Osaka, Japan).

[0026] In embodiments, the processing unit 108 is config-
ured to receive an altitude measurement from the first 102 and
second 104 altimeters. One of the altimeters can be placed on
or near the blood pressure measurement site and the other
altimeter can be placed at heart level. Potential arrangements
of the altimeters 102 and 104 and the blood pressure sensor
106 are shown and described in more detail below with ref-
erence to FIGS. 3-5 and 10.

[0027] The processing unit 108 can also be configured to
communicate with a blood pressure sensor 106 to, for
example, initiate a blood pressure measurement and/or
receive one or more blood pressure measurements. In some
embodiments, the processing unit 108 is configured to receive
an analog input from the blood pressure sensor 106, such as
air pressure pulses, and convert that air pressure signal to a
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blood pressure measurement for display on a display unit 110.
Example components that can comprise the processing unit
108 are shown and described in more detail with reference to
FIG.

[0028] In embodiments, the display unit 110 is configured
to receive a measurement or calculation of a patient’s blood
pressure and display the systolic and diastolic blood pressure
measurements. The display unit 110 can be configured to
display other vital signs of the patient, including, for example,
heart rate, respiration rate, temperature, SpO, (saturated oxy-
gen), mean arterial pressure (MAP), and ETCO, (end-tidal
carbon dioxide).

[0029] FIG. 2 is a block diagram illustrating the compo-
nents of an example wireless blood pressure measurement
system 150. The example system 150 includes a first altimeter
102, a second altimeter 104, a blood pressure sensor 116, a
processing and display unit 118, and a network 160. Other
embodiments of the system can include more or fewer com-
ponents. In embodiments, the altimeters 102 and 104 are in
communication with the processing and display unit 118 via
the wireless network 160. In embodiments, the blood pres-
sure sensor 116 is in communication with the processing and
display unit 118 via the wireless network 160.

[0030] The example blood pressure sensor 116 measures
the blood pressure of a person and wirelessly transmits one or
more measurements to the processing and display unit 118
via the network 160. The example blood pressure sensor 116
includes a wireless communication component for sending
and/or receiving data to or from the processing and display
unit 118 via the network 160. In embodiments, the blood
pressure sensor 116 can be placed on, for example, an arm,
wrist, finger, etc. Additional locations are shown and
described in more detail with reference to FIG. 5, below.

[0031] The example processing and display unit 118
receives readings from the two altimeters 102 and 104 as well
as the blood pressure measurement reading from the blood
pressure sensor 116. In embodiments, the processing and
display unit 118 can adjust the measurement received from
sensor 116 based on the altimeter readings 102 and 104 using
one or more modification algorithms. The processing and
display unit 118 can then display the systolic and diastolic
measurements as well as the mean arterial pressure.

[0032] In some embodiments, the processing and display
unit 118 are in the same vicinity as the altimeters 102 and 104
and blood pressure sensor 116, such as a person using the
sensor 116 at home with a display unit in the same or a nearby
room, or a hospital room. In some embodiments, there may be
one or more processing and display units 118 and one or more
of the units 118 can be located remotely from the person
whose blood pressure is being monitored, such as a central
monitoring station in a hospital. Additionally. a remote appli-
cation could be for a person conducting at-home monitoring
and their results are sent to a server at a health care facility for
review by a health care professional associated with the per-
son.

[0033] FIG. 3 illustrates an unrolled, example cuff with an
altimeter 200. The example cuff 200 includes an inflation
component 202, the altimeter 102, and an air port 204. The
example cuff 200 can be any blood pressure measurement
cuff known in the art. In embodiments, the example cuff 200
can also include securing components, such as Velcro, snaps,
reusable adhesive, etc. Also, the example cuff 200 can be
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configured for use on an arm, wrist, leg etc. The example cuff
200 can be of different sizes, such as, varying infant, child,
and adult sizes.

[0034] The example air port 204 can be configured to
include one or more inputs or outputs, such as an air intake
and an air outlet. Additionally, the example air port 204 can be
configured to couple to one or more tubes for routing air into
and out of the cuff’s inflation component 202. In some
embodiments, the cuff 200 does not have an air port 204 and
one or more tubes are continuous with the internal bladder
and extend outside the cuff to a measurement station.

[0035] Theexample cuff 202 has an x-y-plane that substan-
tially conforms to one side of the cuff. In embodiments, the
altimeter 102 is positioned on the cuff 202 such that the center
of the altimeter 102 is at the same as the center of the air port
204 in the y-axis direction. In some embodiments, the altim-
eter 102 is positioned on the cuff 202 such that the center of
the altimeter 102 is aligned with the center of the air port 204
in the x-axis direction. In other embodiments, the center of the
altimeter 102 is positioned on the cuff 202 such that it is not
in alignment in either the x- or y-directions with the center of
the air port 204.

[0036] Theexample altimeter 102 can transmit a reading to
a processing unit, not shown, via a wired or wireless connec-
tion. In embodiments, the altimeter 102 can be secured to the
outside of the cuff 202. For instance, the altimeter 102 can be
added to an existing cuff 202 as a retrofit. In some embodi-
ments, the altimeter 102 can be secured to the interior of the
cuff 202 in any of the locations previously described.

[0037] FIG. 4 illustrates another example 250 of the
arrangement of the altimeter 102 in relationto the air port 204.
The example embodiment 250 includes cuff 202, altimeter
102, air port 204, a connecting element 206 and a tubular
element 208. The example tubular element 208 can be in fluid
and/or electrical communication with a processing unit 108.
In embodiments, the connecting element 206 can rotate when
it is coupled to the air port 204.

[0038] Exampleconfiguration 200 shown in FIG. 3 option-
ally has an air port 204, whereas example configuration 250
requires an air port 204 configured to couple with connecting
element 206. In embodiments, the connecting element 206
can be sized to couple to different sized air ports 204. In
embodiments, the connecting element 206 and tubular ele-
ment 208 are reused for different patients and a new cuff 202
is used for each patient. A commercial embodiment of dis-
posable cuffs in connection with reusable connecting element
206 and tubular element 208 is the FlexiPort system manu-
factured by Welch Allyn (Skaneateles Falls, N.Y.).

[0039] Inexample 250, the altimeter 102 can be positioned
inside the connecting element 206. Alternatively, the altim-
eter 102 can be positioned on the outer surface of the con-
necting element 206. In embodiments, the altimeter 102 com-
municates the one or more measurements via a wire that can
pass through the tubular element to the processing unit 108. In
other embodiments, the altimeter 102 is in communication
with a processing unit 118 wirelessly.

[0040] FIG. 5 illustrates various locations for altimeters
102 and 104 on a human body 300. Showing locations on the
human body is in no way intended to limit the application of
the example systems to humans. The automated blood pres-
sure measurement system can also be used in veterinary
applications as well. In embodiments, the altimeters 102 and
104 can be positioned by the person or by a health care
professional.
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[0041] Generally, altimeter 102 can be placed wherever the
blood pressure sensor 106 or 116 is applied on the body for
measurement. As described above with reference to FIGS. 3
and 4, altimeter 102 can be secured to the cuff 202 or the
connecting element 206. As shown in FIG. 5, altimeter 102
canbe located in a person’s upper arm, between the elbow and
the hand, or on a finger. Additionally, altimeter 102 can be
located on a person’s thigh, calf, or ankle Altimeter 102 can
be positioned on either side of a person’s body. The locations
depicted inFIG. 3, all on the front and right-hand side of body,
are not intended to be limiting.

[0042] Generally, altimeter 104 can be positioned at the
heart level of the person. Altimeter 104 can be affixed to a
person or a person’s clothing using any means known in the
art, such as, for example, with medical tape, with a pin, or as
acomponent ina patch. The location of altimeter 104 can vary
depending on the orientation of the person’s torso. For
example, if the person s sitting or standing upright, altimeter
104 can be affixed anywhere on the person’s torso provided it
is at the same height from the ground as the person’s heart.
Alternatively, the altimeter 104 could be temporarily posi-
tioned at the heart elevation at the start of the blood pressure
measurement and the system can use that altitude to correct
the readings.

[0043] Each example method shown in FIGS. 6-10 can be
preceded by one or more preparation steps that are not shown.
For instance, in some embodiments, the altimeters and/or the
blood pressure sensor can be configured to be in wired or
wireless communication with one or more processing units.
In embodiments, the altimeters can be calibrated before use in
the example methods.

[0044] FIG. 6 is a flowchart illustrating a method 500 for
using at least two altimeters in conjunction with a blood
pressure sensor according to an example embodiment. In
various embodiments, various steps in method 500 can be
performed by one or more processing units. In some embodi-
ments, the method can be initiated by a health care profes-
sional or by a person. “Person,” as used with reference to
method 500, can be a patient in a medical facility or a person
outside a medical facility who has initiated a measurement of
their blood pressure.

[0045] Example method 500 includes receiving a height
measurement from a first altimeter (step 502), determining
whether a measurement has been received from each altim-
eter (step 505), waiting for or requesting a height measure-
ment from a second altimeter (step 504), calculating the dif-
ference between altimeter measurements (step 508),
calculating and storing a blood pressure correction parameter
using the difference between altimeter measurements (step
510), receiving a blood pressure measurement from a blood
pressure sensor (step 506), adjusting the received blood pres-
sure measurement using a correction parameter (step 512),
displaying a corrected blood pressure measurement (step
514) and sending the corrected measurement to a person’s
electronic medical record (step 516). Other embodiments
may exclude some orall of these steps or add additional steps.
[0046] In this example, the use begins with a processing
unit receiving a height measurement from a first altimeter
(step 502). The processing unit can receive the height mea-
surement from either the altimeter positioned at the blood
pressure sensor or the altimeter positioned at the person’s
heart level. The processing unit can receive the height mea-
surement via a wired or wireless communication protocol. In
embodiments, the processing unit has already been paired to
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the two or more altimeters before step 502. In some embodi-
ments, the processing unit can request a height measurement
from one or more altimeters in a step before step 502, which
can then initiate a height measurement by the one or more
altimeters.

[0047] After the processing unit receives one height mea-
surement, the processor determines whether it has received a
measurement from each altimeter (step 505). If it has, then the
processor calculates the difference between altimeter mea-
surements (step 508). If the processor has received just one
measurement, then the processor can wait for or request a
height measurement from the other altimeter (step 504).
[0048] After the processing unit receives a height measure-
ment from each altimeter, the processor calculates the differ-
ence between altimeter measurements (step 508). In some
embodiments, the processor can calculate the absolute value
of the difference between the two measurements. In other
embodiments, the processor can calculate the height differ-
ence by subtracting the height measurement of the altimeter
at the blood pressure sensor from the height measurement of
the altimeter at the person’s heart.

[0049] After the processor has determined the height dif-
ference between the altimeters, the next step in example
method 500 is for the processor to calculate and store a blood
pressure correction parameter (step 510). The blood pressure
correction parameter uses as input the difference between
altimeter measurements calculated in step 508. In embodi-
ments, the correction parameter can be calculated using the
following example formula(s):

Systolic, ~Systolic

corrected measuredt
ment Site= AtIUAS, o rever)

2(Altitude, -

Diastolic, ,,,perea=DIASTOLC,0psupeat 2(AltitUdC 1 e

ment Site= AIUAE, L e over)

MAP . rected™ MAP easiireat 2 A0 fosirement sice™
Altitudey ooy ever)

[0050] Atsome pointinexample method 500, the processor
receives a blood pressure measurement from the blood pres-
sure sensor (step 506). As used herein, “blood pressure mea-
surement” can mean a measurement comprising the systolic,
diastolic and Mean Arterial Pressure blood pressure measure-
ments. In embodiments, the processor can be coupled to a
pressure sensing device that receives air via a tubing from a
blood pressure cuff. In other embodiments, the blood pres-
sure sensor measures and processes systolic and diastolic
measurements and sends those measurements as a digital
signal to the processor.

[0051] In embodiments, the example method 500 begins
when the processor receives a measurement from the blood
pressure sensor, and then the processor requests one or more
measurements from the two or more altimeters. [n some
embodiments, the processor can send a request to the blood
pressure sensor to send a measurement after the processor has
received one or two height measurements from the two or
more altimeters.

[0052] After the processor has received a height measure-
ment at both the person’s height and the blood pressure mea-
surement site, as well as a blood pressure measurement, the
processor next can adjust the received blood pressure mea-
surement using the calculated correction parameter (step
512). Step 512 can include adjusting the received systolic and
diastolic blood pressure measurements, as well as the mean
arterial pressure. In embodiments, the processor can store the
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raw measurements and/or the adjusted elements in a storage
device in electrical communication with the processor.
[0053] In embodiments, the processor can compare the
times when the measurements were received. If one or more
of the measurements were not received within a given toler-
ance range, for example, 0.1 microsecond, 0.2 microsecond,
0.5 microsecond, 1 microsecond, 2 microseconds, or 3 micro-
seconds, the processor can request new measurements. In
some instances, when an unacceptably long period of time
elapses between measurements, the person can move an
appendage supporting the blood pressure sensor or altered
their posture. Thus, in order for the correction parameter to
accurately compensate for any difference in height in this
embodiment, the height measurements and the blood pres-
sure measurement must be performed within a given toler-
ance range.

[0054] When the processor has adjusted the blood pressure
measurement, the corrected measurement can be displayed
(step 514). In embodiments, the display unit can be located
near the person whose blood pressure has been measured. In
embodiments, the corrected measurement can be displayed as
part of a monitoring area where more than one person’s vital
signs are being monitored simultaneously.

[0055] Alternatively, or in addition to step 514, the proces-
sor can send the corrected measurement to a person’s elec-
tronic medical record (EMR) for storage and potential future
use or viewing (step 516). In embodiments, there may be one
or more alarm limits set in the patient’s EMR for either the
systolic pressure, diastolic pressure, or both. These alarm
limits can be configured to trigger a notification of a health
care professional associated with the person when one of the
limits is exceeded.

[0056] FIG. 7 illustrates a flowchart of an example method
of using an altimeter-blood pressure sensor system 600. The
steps of example method 600 can be performed by one or
more health care professionals, a person who is monitoring
their blood pressure, or one or more people helping or asso-
ciated with that person. Accordingly, the following discus-
sion of example method 600 leaves open which entity can
perform each step.

[0057] Example method 600 includes positioning a blood
pressure sensor (step 602), positioning an altimeter at heart
level (step 604), initiating a blood pressure measurement
(step 606) and viewing the corrected blood pressure measure-
ment (step 608). Other embodiments may exclude some or all
of these steps or add additional steps.

[0058] In example method 600, the use can begin by posi-
tioning a blood pressure sensor (step 602) somewhere on the
person’s body. A first altimeter is supported by the blood
pressure sensor or is integral with the blood pressure sensor.
Locations of where the blood pressure sensor can be placed
are described in more detail above at least with reference to
FIG. 5. Configurations of the blood pressure sensor and
where the altimeter is positioned relative to the sensor are
described in more detail above at least with reference to FIGS.
1-4. In embodiments, prior to step 602 the altimeter may have
been paired to communicate with a processing unit.

[0059] In example method 600, the use can also begin by
positioning a second altimeter at the person’s heart level (step
604). Possible locations of the second altimeter relative to the
heart are described in more detail above with reference to
FIG. 5.

[0060] Once theblood pressure sensor and second altimeter
are positioned, the blood pressure measurement is initiated
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(step 606). In embodiments, the blood pressure measurement
can be accomplished automatically by a blood pressure mea-
surement device or with the assistance of a health care pro-
fessional.

[0061] After the blood pressure measurement, the cor-
rected blood pressure measurement can be viewed (step 608).
An example determination of a corrected blood pressure mea-
surement is shown and described in more detail above with
reference to FIG. 6. As described above, the corrected mea-
surement can be viewed in the immediate vicinity of the
person, somewhere in the same facility as the person, or in a
separate location.

[0062] FIG. 8 illustrates an example method of conducting
an orthostatic blood pressure test 700. Similar to example
methods 500 and 600, example method 700 can be conducted
in a health care facility, a monitored-care facility, or in a
home-type setting. In some situations, a person’s blood pres-
sure is measured over a period of time as that person changes
orientation or position. Thereby a person can be screened for
orthostatic hypotension.

[0063] The example method 700 includes positioning a
blood pressure sensor (step 702), positioning an altimeter at
heart level (step 704), initiating one or more altimeter read-
ings (step 706), initiating a blood pressure measurement (step
708), instructing a person to stand up from a sitting position
(step 710), instructing a person to sit up from a lying down
position (step 714), instructing a person to stand up from a
sitting position (step 718), instructing a person to stand up
from a lying down position (step 722), viewing one or more
corrected blood pressure measurements (step 724), initiate
blood pressure measurement and altimeter readings (steps
712, 716 and 720), and analyzing the one or more measure-
ments to detect possible orthostatic hypotension (step 726).
[0064] Exampleuse 700 canbegin by positioning the blood
pressure sensor on the person’s body (step 702). Locations of
where the blood pressure sensor can be placed are described
in more detail above at least with reference to FIG. 5. A first
altimeter is supported by the blood pressure sensor or is
integral with the blood pressure sensor. Configurations of the
blood pressure sensor and where the altimeter is positioned
relative to the sensor are described in more detail above at
least with reference to FIGS. 1-4.

[0065] Exampleuse can also begin by positioning a second
altimeter at the person’s heart level (step 704). Possible loca-
tions of the second altimeter relative to the heart are described
in more detail above with reference to FIG. 5. In embodi-
ments, the altimeter is positioned such that it will accurately
reflect the height of the heart throughout the person’s chang-
ing positions in steps 710, 712 and 714.

[0066] After the blood pressure sensor and altimeters are
positioned, the altimeter readings are initiated (step 706). In
embodiments, the blood pressure measurement (step 708) is
initiated simultaneously or shortly after the altimeter readings
are initiated. In embodiments, the measurements can be ini-
tiated from a control unit that is in communication with the
altimeters and blood pressure sensor. The measurements in
steps 706 and 708 can provide a baseline blood pressure that
can be compared against the results of steps 712, 716 and/or
720.

[0067] After the baseline readings have been measured in
steps 706 and 708, the health care professional can next
instruct the person to stand up from a sitting position (step
710) or situp from a lying down position (step 714). When the
person has stood up (step 710) or sat up (step 714), another
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blood pressure measurement and altimeter readings are initi-
ated (step 712 or 716). After one or more processing units
receive the measurements in steps 712, 716, or 720, the one or
more processing units can perform a blood pressure correc-
tion similar to example method 500 shown in FIG. 6.

[0068] After the measurements have been recorded in step
712, the health care professional can ask the person to sit
down and then record another round of blood pressure and
altimeter measurements (not shown). Alternatively, after ini-
tiating the blood pressure and altimeter measurements (step
712), a health care professional can view the corrected blood
pressure measurements on a display (step 724). In embodi-
ments, the health care professional can repeat one or more of
steps 710-720, not shown in FIG. 8.

[0069] After the blood pressure and altimeter measure-
ments have been recorded (step 716), the health care profes-
sional can view the results (step 724) or instruct the person to
stand up from a sitting position (step 718). In some embodi-
ments, the person can be instructed to lie back down after
sitting up, which can optionally be followed by another round
of measurements, not shown.

[0070] In embodiments, the health care professional can
next instruct the person to stand up from a sitting position
(step 718) or stand up from a lying down position (not
shown). When the person has stood up, a blood pressure
measurement and altimeter readings can be initiated (step
720).

[0071] In embodiments, the system can be configured to
provide continuous or rapid (e.g.. every 0.1 second) measure-
ments during the person’s motion, for example, sitting up,
standing up, sitting down, lying down, etc. Those results can
be presented as a graph or chart in step 724.

[0072] After the one or more blood pressure measurements
have been corrected and viewed (step 724), the measurements
can be analyzed to detect possible orthostatic hypotension
(step 726). Inembodiments, the results are analyzed by one of
the health care professionals participating in one or more of
the steps of example method 700. In other embodiments, the
results can be analyzed by a health care professional who did
not participate in any of the steps of example method 700. In
this case, the altitude samples can be time-aligned with the
segments of the blood pressure determination cycle. For
example, the specific time segment when the systolic pressure
was recorded during the blood pressure measurement could
be corrected using the altitude measurements aligned with
that segment in time.

[0073] FIG. 9illustrates an example method of a processing
unit monitoring two or more altimeters 750. The example
method 750 includes receiving an altimeter measurement
from the sensor positioned at the blood pressure sensor (step
752), receiving an altimeter measurement from an altimeter
positioned at the patient’s heart level (step 754), evaluating
whether either value changed from a previous measurement
(step 756), continuing to monitor for changes in altitude
measurements (step 758), receiving or initiating a request for
a blood pressure measurement (step 760), calculating an
adjusted blood pressure (step 762) and storing the adjusted
blood pressure (step 764). Example method 750 can be imple-
mented by one or more processors. Example method 750 can
be conducted during, for example, an orthostatic hypotension
test. Other embodiments can include more steps or exclude
steps.

[0074] Example method 750 can begin when one of the
processing units receives a height measurement from the
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altimeter positioned at the blood pressure sensor (step 752) or
from the altimeter positioned at the person’s heart level (step
754). In some embodiments, either or both altimeters can be
configured to send a height measurement on a periodic basis
to a paired processing unit, such as every 0.05 second, every
0.1 second, every 0.25 second, every 0.5 second and every 1
second. In embodiments, the processor can store the received
height measurement along with other data, such as the time
and date the measurement was sent.

[0075] After the processing unit receives at least one height
measurement, the processing unit can determine whether the
received measurement changed from a previously-received
measurement (step 756). In embodiments, the processor
accesses a local or cloud-based storage device to search for
prior measurements received from the altimeter. In embodi-
ments, step 756 can include subtracting the previous mea-
surement, which can be zero if there was no previously-
received measurement, from the current measurement. In
embodiments, the evaluation in step 756 can include a mini-
mum threshold for a “yes”, such as, at least 0.1 inch, 0.25
inch, 0.75 inch or 1 inch.

[0076] Ifthe result of the determination in step 756 is “no,”
then the processing unit continues to monitor for changes in
altitude measurements (step 758). Continuing to monitor
could include entering a sleep state until the processing unit
receives a wake-up signal or a new measurement from one of
the altimeters in the system.

[0077] Ifthe resultofthe determination in step 756 is “yes”,
then the processing unit can receive or initiate a request for a
blood pressure measurement from the blood pressure sensor.
In embodiments, initiating a request for a blood pressure
measurement can be a message to a health care professional,
such as a text message, email, or display on a monitor. In
embodiments, initiating a request for a blood pressure mea-
surement can be an electrical signal to a paired blood pressure
sensor that is capable of automatically initiating and conduct-
ing a blood pressure measurement.

[0078] After receiving the blood pressure measurement,
the processing unit next calculates an adjusted blood pressure
(step 762). Insome embodiments, the adjusted blood pressure
is calculated in accordance with example method 500 shown
in FIG. 6.

[0079] The adjusted blood pressure can then be stored in a
local or cloud storage medium (step 764). In embodiments,
other parameters can be stored in addition to the adjusted
blood pressure, such as, time, date, heart rate, temperature,
saturated oxygen, etc. In some embodiments, the adjusted
blood pressure can be stored in a patient’s electronic medical
record.

[0080] FIG. 10 illustrates an example method of a process-
ing unit’s interaction with a mobile blood pressure sensor
900. Example method 900 includes initiating a blood pressure
measurement (step 902), recording a blood pressure measure-
ment (step 904), requesting an altitude measurement at the
heart level (step 906), requesting an altitude measurement at
the blood pressure sensor (step 908), recording an altitude
measurement from the altimeter at heart level (step 910),
recording the altitude measurement at the blood pressure
sensor (step 912), calculating an adjusted blood pressure (step
914), storing the adjusted blood pressure (step 916) and enter-
ing a sleep mode (step 918). Example method 900 can be
implemented by one or more processors. Other embodiments
can include more steps or exclude steps.
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[0081] The blood pressure sensor used in conjunction with
example method 900 is worn on the person and can be worn
outside of a hospital or care facility. In some embodiments,
the worn sensor can include a blood pressure sensor compo-
nent, processing and storage components, a wireless commu-
nication component, and an altimeter. Additionally, a second
altimeter is positioned or can be positioned at the person’s
heart level.

[0082] Example method 900 begins by initiating a blood
pressure measurement (step 902). In embodiments, the pro-
cessor can be configured to initiate a blood pressure measure-
ment at predetermined intervals, such as every 30 minutes,
every hour, every 2 hours, every 4 hours, or every 8 hours. In
some embodiments, the processing unit can receive a request
to initiate a blood pressure measurement wirelessly, for
example, over a Wi-Fi connection from a health care profes-
sional associated with the person.

[0083] Afterinitiating theblood pressure measurement, the
processing unit records the blood pressure measurement (step
904). Simultaneously or subsequently, the processing unit
can request height measurements at the heart level (step 906)
and at the blood pressure sensor (step 908).

[0084] After requesting and receiving the height measure-
ments from the altimeters, the processing unit records the
altimeter’s height measurement at the heart level (step 910)
and at the blood pressure sensor (step 912). The blood pres-
sure and height measurements can be stored locally and can
also include additional data, such as, the date, time or GPS
data when the blood pressure measurement was conducted.

[0085] After the processing unit has received the blood
pressure measurement and the two height measurements, the
processor calculates the adjusted blood pressure (step 914).
The adjusted blood pressure can be calculated using a method
similar to that shown and described with reference to FIG. 6.

[0086] After the adjusted blood pressure is calculated, the
processor can store the result (step 916). In some embodi-
ments, the adjusted blood pressure can be immediately trans-
mitted to a remote processing unit, such as a server at a health
care facility or to a computing unit of the person. In some
embodiments, the processing unit enters a sleep mode (step
918) until prompted to initiate another blood pressure mea-
surement.

[0087] FIG. 11 illustrates various locations for the wearable
blood pressure sensor including altimeter on a human body
950. The example arrangements show the possible position of
ablood pressure sensor 903 with an integral altimeter 905 and
an altimeter 901 positioned at the person’s heart level. Show-
ing locations on the human body is in no way intended to limit
the application of the example systems to humans. The auto-
mated blood pressure measurement system can also be used
in veterinary applications as well. The example arrangement
950 can be used in conjunction with example method 900
shown in FIG. 10.

[0088] In embodiments, the sensor 903 can be secured to
the person’s body using, for example, a fixed-length band or
a Velcro strap. As depicted in FI1G. 11, the sensor 903 can be
positioned at a person’s wrist, thigh, or lower leg. In embodi-
ments, the sensor 903 can be continuously worn or worn
during mild, moderate or heavy physical activity. Altimeter
901 can be affixed to a person’s shirt or directly to the per-
son’s skin underneath their clothing. In some embodiments,
altimeter 901 is only positioned at the heart level during blood
pressure measurements. For example, the sensor 903 can emit
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a vibration or audible signal that it is about to begin a mea-
surement, which can cue the person to affix altimeter 901 to
be positioned at heart level.

[0089] FIG. 12 is a block diagram illustrating physical
components (i.e., hardware) of a computing device 1800 with
which embodiments of the disclosure may be practiced. The
computing device components described below may be suit-
able to act as the computing devices described above, such as
processing unit 108 of FIG. 1. In a basic configuration, the
computing device 1800 may include at least one processing
unit 1802 and a system memory 1804. Depending on the
configuration and type of computing device, the system
memory 1804 may comprise, but is not limited to, volatile
storage (e.g., random access memory), non-volatile storage
(e.g., read-only memory), flash memory, or any combination
of such memories. The system memory 1804 may include an
operating system 1805 and one or more program modules
1806 suitable for running software applications 1820 such as
the altitude correction module 180 and blood pressure calcu-
lator 190. The operating system 1805, for example, may be
suitable for controlling the operation of the computing device
1800. Furthermore, embodiments of the disclosure may be
practiced in conjunction with a graphics library, other oper-
ating systems, or any other application program and is not
limited to any particular application or system. This basic
configuration is illustrated in FIG. 12 by those components
within a dashed line 1808. The computing device 1800 may
have additional features or functionality. For example, the
computing device 1800 may also include additional data stor-
age devices (removable and/or non-removable) such as, for
example, magnetic disks, optical disks, or tape. Such addi-
tional storage is illustrated in FIG. 12 by a removable storage
device 1809 and a non-removable storage device 1810.

[0090] As stated above, a number of program modules and
data files may be stored in the system memory 1804. While
executing on the processing unit 1802, the program modules
1806 (e.g., altitude correction module 180 and blood pressure
calculator 190) may perform processes including, but not
limited to, calculating adjustment parameters and calculating
corrected blood pressure measurements, as described herein.
Other program modules that may be used in accordance with
embodiments of the present disclosure, and in particular to
generate screen content, may include electronic mail and
contacts applications, word processing applications, spread-
sheet applications, database applications, slide presentation
applications, drawing or computer-aided application pro-
grams, etc.

[0091] Furthermore, embodiments of the disclosure may be
practiced in an electrical circuit comprising discrete elec-
tronic elements, packaged or integrated electronic chips con-
taining logic gates, a circuit utilizing a microprocessor, or on
a single chip containing electronic elements or microproces-
sors. For example, embodiments of the disclosure may be
practiced via a system-on-a-chip (SOC) where each or many
of the components illustrated in FIG. 12 may be integrated
onto a single integrated circuit. Such an SOC device may
include one or more processing units, graphics units, com-
munications units, system virtualization units and various
application functionality all of which are integrated (or
“burned”) onto the chip substrate as a single integrated cir-
cuit. When operating via an SOC, the functionality, described
herein, with respect to the altitude correction module 180 and
blood pressure calculator 190 may be operated via applica-
tion-specific logic integrated with other components of the
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computing device 1800 on the single integrated circuit (chip).
Embodiments of the disclosure may also be practiced using
other technologies capable of performing logical operations
such as, for example, AND, OR, and NOT, including but not
limited to mechanical, optical, fluidic, and quantum technolo-
gies. In addition, embodiments of the disclosure may be prac-
ticed within a general purpose computer or in any other cir-
cuits or systems.

[0092] The computing device 1800 may also have one or
more input device(s) 1812 such as a keyboard, amouse, a pen,
a sound or voice input device, a touch or swipe input device,
etc. The output device(s) 1814 such as a display, speakers, a
printer, etc. may also be included. The aforementioned
devices are examples and others may be used. The computing
device 1800 may include one or more communication con-
nections 1816 allowing communications with other comput-
ing devices 1818. Examples of suitable communication con-
nections 1816 include, but are not limited to, RF transmitter,
receiver, and/or transceiver circuitry; universal serial bus
(USB), parallel, and/or serial ports.

[0093] The term computer readable media as used herein
may include non-transitory computer storage media. Com-
puter storage media may include volatile and nonvolatile,
removable and non-removable media implemented in any
method or technology for storage of information, such as
computer readable instructions, data structures, or program
modules. The system memory 1804, the removable storage
device 1809, and the non-removable storage device 1810 are
all computer storage media examples (i.e., memory storage.)
Computer storage media may include RAM, ROM, electri-
cally erasable read-only memory (EEPROM), flash memory
or other memory technology, CD-ROM, digital versatile
disks (DVD) or other optical storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic stor-
age devices, or any other article of manufacture which can be
used to store information and which can be accessed by the
computing device 1800. Any such computer storage media
may be part of the computing device 1800. Computer storage
media does not include a carrier wave or other propagated or
modulated data signal.

[0094] Communication media may be embodied by com-
puter readable instructions, data structures, program mod-
ules, or other data in a modulated data signal, such as a carrier
wave or other transport mechanism, and includes any infor-
mation delivery media. The term “modulated data signal”
may describe a signal that has one or more characteristics set
or changed in such a manner as to encode information in the
signal. By way of example, and not limitation, communica-
tion media may include wired media such as a wired network
or direct-wired connection, and wireless media such as acous-
tic, radio frequency (RF), infrared, and other wireless media.

[0095] Embodiments of the present disclosure may be uti-
lized in various distributed computing environments where
tasks are performed by remote processing devices that are
linked through a communications network in a distributed
computing environment.

[0096] The flow diagrams depicted herein are just
examples. There may be many variations to these diagrams or
the steps (or operations) described therein without departing
from the spirit of the disclosure. For instance, the steps may
be performed in a differing order, or steps may be added,
deleted or modified.
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[0097] While embodiments have been described, it will be
understood that those skilled in the art, both now and in the
future, may make various improvements and enhancements
can be made.

What is claimed is:

1. A non-invasive blood pressure measurement system,
comprising:

a processing unit;

a non-invasive blood pressure sensor configured to trans-

mit a blood pressure signal to the processing unit;

a first altitude sensor configured to generate a first height
measurement and transmit the first height measurement
to the processing unit; and

a second altitude sensor configured to generate a second
height measurement and transmit the first height mea-
surement to the processing unit;

wherein the processing unit is configured to generate an
adjusted blood pressure measurement using the first
height measurement, the second height measurement
and the blood pressure signal.

2. The non-invasive blood pressure measurement system of
claim 1, wherein the non-invasive blood pressure sensor is a
cuff including a pressure interface opening, and wherein the
first altitude sensor is positioned at the cuff.

3. The non-invasive blood pressure measurement system of
claim 2, wherein the processing unit is configured to calculate
the adjusted blood pressure measurement after receiving both
the first and the second height measurements.

4. The non-invasive blood pressure measurement system of
claim 1, further comprising a display module, the display
including the calculated systolic and diastolic blood pressure.

5. The non-invasive blood pressure measurement system of
claim 1, wherein one or both of the first and the second
altitude sensors are configured to transmit the height mea-
surement to the processing unit wirelessly.

6. The non-invasive blood pressure measurement system of
claim 5, wherein the blood pressure signal comprises the
unadjusted systolic and diastolic blood pressure.

7. The non-invasive blood pressure measurement system of
claim 6, wherein the blood pressure sensor is configured to
transmit the blood pressure signal to the processing unit wire-
lessly.

8. The non-invasive blood pressure measurement system of
claim 1, wherein the second altitude sensor is positioned at
heart level of a patient.

9. A method for determining the blood pressure of a patient,
comprising:

receiving a blood pressure measurement from a blood pres-
sure sensor;

receiving a first height measurement from a first altimeter;

receiving a first height measurement from a second altim-
eter;

adjusting the blood pressure measurement using the first
height measurement from the first altimeter and the first
height measurement from the second altimeter;
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producing an adjusted blood pressure measurement com-
prising the systolic pressure, diastolic pressure and
mean arterial pressure; and

displaying the adjusted blood pressure measurement.

10. The method of claim 9, further comprising:

positioning the first altimeter at the blood pressure sensor;

and

positioning the second altimeter at a heart of the patient.

11. The method of claim 9, wherein the patient is a person.

12. The method of claim 9, wherein the patient is an animal.

13. The method of claim 9, wherein the blood pressure
measurement is received from a pressure transducer.

14. The method of claim 9, wherein each of the blood
pressure measurement, the first height measurement and the
second height measurement are received wirelessly.

15. The method of claim 9, further comprising:

receiving a second height measurement from the first

altimeter; and

initiating a second blood pressure measurement.

16. The method of claim 15, further comprising:

receiving a second height measurement from the second

altimeter; and

adjusting the second blood pressure measurement using

the second height measurement from the first altimeter
and the second height measurement from the second
altimeter, producing a second adjusted blood pressure
measurement comprising the systolic and diastolic pres-
sure.

17. The method of claim 16, wherein the adjusted blood
pressure measurement and the second adjusted blood pres-
sure measurement are used to diagnose orthostatic hypoten-
sion.

18. The method of claim 16, wherein the blood pressure
sensor 1s a cuff including a pressure interface opening, and
wherein the first altimeter is affixed to the cuff.

19. The method of claim 9, wherein the second altimeter is
positioned at the heart level of the patient.

20. A tangible, non-transitory computer readable medium
containing computer executable instructions which, when
executed by a computer, perform a method for determining a
corrected blood pressure measurement, the method compris-
ing the steps of:

receiving ablood pressure measurement from a blood pres-

sure sensor;

receiving a first height measurement from a first altimeter;

receiving a first height measurement from a second altim-

eter;

adjusting the blood pressure measurement using the first

height measurement from the first altimeter and the first

height measurement from the second altimeter;,
producing an adjusted blood pressure measurement com-

prising the systolic and diastolic pressure; and
displaying the adjusted blood pressure measurement.
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